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Evaluation of “proKNIT” system for determining
the fabric weight per unit area of wool blended
yarns

Efthymios Gravas
TEI of Piraeus, Departement of
Textiles

Paul Kiekens
Gent University, Departement of
Textiles

Lieva Van Langenhove
Gent University, Departement of
Textiles

Abstract

This project deals with the prediction of knitted fabric weight per unit area using
appropriate software called "proKNIT". The software has been designed according to the
existing bibliography and has the ability of determining the weight of knitted fabrics in
different relaxing conditions by entering process and material variables i.e. type of fabric
and fiber, knitting machine gauge, yarn count, fabric loop length and tightness factor. The
prediction of the fabric weight is dependent upon the non-dimensional parameters of K,
K. K and R, which have been fed into the system. Therefore, "proKNIT" has the ability
of calculating the fabric weight of single and double knitted structures, i.e. plain-knit, purl,
1 X 1 rib, 2 X 2 rib and interlock, for natural fibres such as cotton/cotton blends and
wool/wool blends.

Meidnyn

H ovyrexouuévn egyooio oyetiCetol pe Ty medyvwon Tov BEoovg avd novado emL-

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XIII, No 1, 2008, pp. 5-20
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PAVELOS TTAEXTOV VPAOUOTOS YONOLUOTTOLMVTOS OVAAOYO AOYLOWHKO OITOXOAOVUEVO
"proKNIT". To MOYLOWKS €xEL OYEOLOOTEL CVUPOVA, UE TNV VITAQYOVOA BLEALOYQOpLaL
OL EYEL TNV LULOVOTNTO TTQOCOLOQLOUOV TOV AQOVS £VOC TAEXTOV VPAOUATOS O OLOL-
(POQETLXA ETTLTTEDO. YONAQWONS UE TNV KATOYKDQLON TWV UETOPANTOV emeEEQYNTIOS KL
TOWOTWV VAWMV, TT.Y. TOITOC VPAOUATOS KOL (VAC, VOUUEQO TTIAEXTOUNYOVIG, TITAOS VIO
TOG, UN®Og ONALAG ®aL ovvteheotg ®dAvymc. H modfreym Tov fdoovg evog vpdouatog
EE0QTATOL OITO TLG TLUES TV U1 OLOOTOOLOXMVY TOQAUETQWV Tov K, K, K #at R ot
omoleg €xovv ewoayBel TEONYOUUEVIS 0TO GVOTNUOL. ZVVETTMDS, TO ovotnuo. "proKNIT"
EYeL TNV OUVOTOTNTO VITOAOYLOUOV TOV BAQOVS UOVOTTAOXMY %L OUTAOXWY TIAEXTMV
Ommg ™G TAEENS "KAATOO", MVE-MVE, 1 X 1 Quuat, 2 X 2 QUUITT %Ol (VIEQAOX YLOl TIG (V-
owég (veg PouBarton ®ot WOAALOY ROBMS KoL TV CUUUELXTOV QUTMOV.

Key Words: knitting, tightness, factor, dimensional parameters.

1. Introduction

The first paper of this series [1] is concerned with the presentation of the "proKNIT"
system where all the existing forms were presented and explanations were given for the way
of presenting the different data. However, the purpose of this work is to evaluate "proKNIT"
system by creating our own database of K values for wool and wool blended yarns.

The most important studies which have yielded the most useful information for a practical
approach and provided the basis and the necessary tools for further studies have come, on the
one hand, from Doyle [2], who has found that the stitch density depends only on the loop
length and is independent of the yarn and knitting variables, and Munden [3] on the other,
who based his own approach on Doyle’s research and then took it one step further.

On single jersey fabrics Munden suggested that the knitted loop length would take a
natural shape when released from mechanical strains and is independent of the yarn
properties. A further study by Munden [4] has shown that the dimensions of plain knitted
wool fabrics, in a state of minimum energy, are dependent only upon the length of the
yarn knitted into each loop. His experimental studies have indicated that courses and
wales per unit length and loop length are related to each other by constants as follows:

K.=cpiX € (D

K, =wpcX € )

K =SX € 3)
.p.1 K

K =R = D e )

wpi K
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In the original publication, there is K, = K, K, = K ,K, =K and K, = K. =R.In
the above equations c.p.i. and w.p.i. define the courses per inch and the wales per inch
respectively. S is the loop density and arises by multiplying courses and wales per inch.
Finally € is the loop length and can be measured in inches and K_ or R is the loop shape.
What is significant about the above equations (1-4) is that the length of yarn in the
knitting loop is the major factor determining fabric dimensions. Also, fibre content and
state of relaxation can also be identified as variables, which produce different constant
values. Experimental studies by Munden [3] on wool plain knit fabrics produced the
values presented on Table I below for the two relaxed states.

Table 1: Constants values (K) for fabric geometry on plain knit (Munden)

Fabric state Parameter

K, K, K, R
Dry-relaxed 5.0 3.8 19.0 1.31
Wet-relaxed 5.3 4.1 21.6 1.29

Also both Postle [6] and Munden were in agreement concerning the values of K and
R, in particular, which are influenced by the cover factor. Dimensions of a fully-relaxed
fabric are stable if the yarns have been adequately treated against felting. The values
obtained by Postle are presented in Table II.

Table 2: Constants values (K) for fabric geometry on plain knit (Postle)

Fabric state Parameter

K, K, K, R
Dry-relaxed 4.7+0.3 4.0£0.7 18.0£1.0 1.1620.12
Wet-relaxed 5.4%0.2 4.240.1 22.840.9 1.2840.04
Fully-relaxed 5.840.2 4.320.1 25.240.6 1.3240.04

Smirfitt [7] proposed a model for 1 X 1 rib structure based on the Nutting and Leaf [8]
equation. He was the first to show that for more practical purposes the dimension
properties of wool 1 X 1 rib structure could also be described by K parameters, which are
similar but not identical with those found for the plain knit structure. He defined the
repeating unit as the length of the yarn in the knitting loop showing on the face or the
back of the fabric. This means that the loop length (€) is associated with any one needle
and he calculated the courses and wales per inch as seen on the face of fabric. The values
of K as presented by Smirfitt appear on Table II1.
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Table 3: Constants values (K) for fabric geometry on 1X1 rib (Smirfitt)

Fabric state Parameter

K, K, K, R
Dry-relaxed 4.53 3.34 15.1 1.35
Wet-relaxed 5.00 3.19 16.0 1.57

A subsequent paper by Knapton et al. [9] introduced a new term called "structural
knitted cell" (SKC), that is, the smallest repeating unit of structure, and suggested the
following definitions. The effective loop length should be the length of yarn in one SKC,
defined as the structural-cell stitch length (€)), and the depth and width respectively of the
SKC were defined as 1/C and 1/W where C is equal to courses units/unit fabric length
and W, equal to wale units/unit fabric width. Therefore, Knapton et al. modified
Munden’s equations (1-4) as follows:

u . =C X4 o)
u, =W, X €, (6)
U =8, X C=C, X W, X € ©)
u  C g
BT W e 8)

In other words, the SKC of 1 X 1 rib structure consists of two single loops and that of
interlock of four, etc. According to this logic, the values found in the fully relaxed state
by Knapton et al, are recalculated and presented on Table IV together with Natkanski’s
[10] and Smirfitt experimental values.

Table 4: Constants values (K) for fabric geometry on 1X1 rib tully relaxed.

Parameter
K, K, K, R
Knapton et al. 5.30 3.00 15.9 1.76
Smirfitt 5.30 3.14 16.5 1.69
Natkanski experimental ~ 5.35 3.16 17.0 1.69

Knapton et al [9] also made a preliminary study of the dimensional behaviour of 2 X 2 rib
wool structure without, however, giving any details on the knitting process, which is an
important omission, since a 2 X 2 rib fabric can be knitted using either 2/3 needle
arrangement or 2/4 needle arrangement. A series of constant values (K) is obtained which are
then recalculated in order to be comparable with the results obtained by the author (Table 5).
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Table 5: Constants values (K) for fabric geometry on 2X2 rib (Knapton et al)

Fabric state Parameter

K, K, K, R
Dry-relaxed 4.84 3.66 17.69 1.32
Wet-relaxed 5.12 351 17.97 1.46
Fully-relaxed 5.57 3.16 17.59 1.76

A further study by Knapton and Fong [11] on interlock fabric, using wool yarns with
three different ranges of loop length or structural cell-stitch length (SCSL), as they call it,
has shown that the K values are not constant in dry and wet relaxed states but are
significantly dependent on loop length. However, in the fully relaxed state, no significant
dependency of K values on SCSL was observed. They also observed that the standard
deviations of K values in fully relaxed state were surprisingly large, suggesting that some
felting occurs in tumble-drying. The different K values, which they obtained have also
been recalculated and presented on the Table 6.

Table 6: Constants values (K) for fabric geometry on interlock (Knapton and Fong)

Fabric state Parameter

K, K, K, R
Dry-relaxed 4.23 2.57 10.87 1.65
Wet-relaxed 4.44 2.58 11.45 1.73
Fully-relaxed 5.12 2.45 12.54 2.10

2. Experimental Details

In order to calculate with substantial accuracy the fabric weight per unit area, it is
important to have our own database of K values, and to do this it was considered
extremely important to produce the knitted fabrics, which would be subjected to the
selected treatments. By analyzing the produced fabrics, the required results would be
obtained, which would be fed into "proKNIT" system, thus making it more accurate and
realistic.

However, due to the enormous amounts of data required in order to make the system
work but also to remain as realistic as possible, it was decided to carry out tests and make
predictions about wool mixture fabrics only in dry and wet relaxed states.
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Yarns used

The yarns used in this experiment were taken from industry and cover the most popular
mixtures and yarn sizes used in the production of knitted goods. The yarns were tested only
for yarn count, while the results obtained together with their specifications are listed on
Table 7. When knitting fabrics using a thinner yarn count, it is common practice to
combine two or three separate ends of the fine yarn, rather than to use a single multi-folded
yarn. The difference in K values for the fabrics produced by separate ends and those
produced by multi-folded yarn are fairly small, provided that the total number of ends
knitting singles and multi-fold yarns is the same [7]. It is seen from Table 7 that according
to the yarn count, two and three parallel ends were used to produce the required fabrics.

Table 7: Yarn specifications

Yarn composition Yarn count Number Total count Total count
Nm Tex of yarns used (tex) used (tex)
used (Theoretical) (Actual)

50% Acrylic / 50% Wool

extra fine (undyed) 2/28 2/36 3 215 218.4
70% Acrylic /30% Wool
(undyed) 2/28 2/36 3 215 218.1

50% Acrylic / 25%
Viscose / 25% wool

(undyed) 2/17 2/59 2 235 234.4
50% Wool Merinos /

50% Dralon (dyed blue) 2/28 2/36 3 215 219.6
Dry Relaxed 70% Wool /

30% Acrylic (dyed brown) 2/28 2/36 3 215 2184
50% Acrylic 25% Viscose 25%

Wool (dyed beige) 2/17 2/59 2 235 256.8

Knitting Details

The five fabrics (plain knit, purl, 1 X 1 rib, 2 X 2 rib and interlock) were knitted from
all yarns presented on Table 8 on a STOLL C.M.S. 411 selectanit electronic —V- bed-
knitting machine, with 7 needles per inch. The machine has two knitting systems, which
can work together or independently. The knitting process of all fabrics, however,
involved only one knitting system. The knitting speed was controlled electronically at 1.2
meters/second using the same knitting system for the production of all fabrics. Two or
three parallel yarns were fed to the front yarn feeder, which was used throughout the
whole knitting process. The take-down tension and the yarn input tension were kept
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constant for each type of fabric, by programming through the software of the knitting
machine.

Sample fabrics from each yarn were knitted at three different loop lengths so as to
cover a range of three different tightness factors (TF), very close to the average value of
1.46 according to the following equation.

tex
€
Table 8 presents the values used for stitch cam setting. The values shown do not
correlate to stitch length, nor to cover factor, however, 12.5 will create a smaller loop
length than 13.5 value and so on.

TF =

Table 8: Stitch cam details

Type of knitted fabric Yarn size (Tex)Stitch cam setting

Plain Knit and purl fabric 215 12.5 13.5 14.5
235 135 14.5 15.5
1 X 1 Rib Knit 215 105 115 12.5
235 115 125 135
2 X 2 Rib Knit 215 11.2 12.2 13.2
235 11.2 12.2 13.2
Interlock 215 11.5 125 12.5
235 11.5 12.5 12.5

Plain knit, purl and 1 X 1 rib were produced without needle selection, but directly from
the cam system. During the production of plain knit only, the front bed needles were active
with the back bed needles out of action. The purl structure was produced on the principle
that loops are transferred from one bed to another in order to draw reverse loops through
face loops and vice versa. For the production of simple 1 X 1 rib structure, both cam boxes
were activated to knit with all needles on both beds. Interlock fabric was knitted by selected
needles on both needle beds and using half racking to bring the needles alignment from the
front and back bed. Finally, the 2 X 2 rib structure was knitted using needle selection where
only two of every three needles are active in the front and the rear needle bed. All knitting
machine details have been saved for the production of the predicted fabric weight samples.

Fabric analysis

This investigation was concerned solely with the prediction of fabric weight per unit
area of wool mixture fabrics, while consolidation and felting conditions were not
considered. Static wet treatment was, therefore, used throughout, and agitation of the
samples was specifically excluded.
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Two sets of knitted samples were produced, one after the other, for all categories of
fabrics, yarns and stitch cam settings. One of the samples was placed directly in a testing
laboratory for conditioning and relaxing for a period of 48 hours before starting
measurements. The other sample was placed flat for two hours inside a large stain steel
tub containing water at 40°C. The excess water was hydro-extracted in a domestic
washing machine and the sample was left flat to dry. After drying, the fabric was placed in
a controlled atmosphere and brought back to standard conditions for a period of over 24
hours before measurements commenced.

After the conditioning of the knitted fabrics, courses and wales per centimeter were
counted using a magnifying glass of three by three centimeters viewing. Ten random
measurements of the three-centimeter viewer were taken and the values tabulated for
estimation of the mean value.

Unraveling the knitting yarn from a 15 ¢m wide fabric and using a crimp tester
1500mm long, the course length of each fabric width was calculated. From each type of
fabric, ten random course lengths were taken and their average value was calculated. It
was found, however, that course length variation rarely exceeded 1%. The loop length in
mm was calculated simply by dividing the average course length found in each fabric by
the amount of wales present in 15 ¢cm knitted fabric.

3. Results and Discussion

According to the values obtained for courses and wales per centimeter and loop length
in millimeters, the values of K, K, K. and R were calculated. Some of the results
obtained have been tabulated on the Table 9.

Table 9: Dimensional values

Type of fabric c.p.c. w.p.c Loop K, K, K, K/K,
length
(mm) R
Plain knit 12.5 undyed (dry relaxed) 53 4.1 9.50 50.3 39.0 1950 1.29
Plain knit 12.5 undyed (wet relaxed) 5.7 4.3 9.50 54.1 40.9 2213 1.32
Purl knit 14.5 undyed (dry relaxed) 5.6 2.9 12.20 68.3 354 2418 1.93
Purl knit 14.5 undyed (wet relaxed) 5.6 3.0 12.28 68.8 36.9 2539 1.87
1 X 1rib 10.5 undyed (dry relaxed) 53 4.012 8.52 452 34.1 1541 1.33
1 X 1 rib 10.5 undyed (wet relaxed) 5.9 3.72 851 50.2 315 1581 1.59
2 X 2 rib 13.2 undyed (dry relaxed) 4.0 3.12 12.25 49.0 37.9 1857 1.29
2 X 2 rib 13.2 undyed (wet relaxed) 4.3 2.9/2 12.21 525 354 1859 1.48
Interlock 12.5 undyed (dry relaxed) 4.2 3.92 11.57 48.6 45.0 2187 1.08

Interlock 12.5 undyed (wet relaxed) 4.5 3.712 11.60 52.2 429 2239 1.22
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At this point, it is necessary to make some comments as far as the obtained K values
are concerned. In SI units the recommended length unit for courses and wales per unit
length is the centimetre and that of the stitch length is the millimetre. This causes the
values of K, found in previous works, to be multiplied by 100 and those of K and K, by
10, in order to be compared with the values presented on Table 10. The ratio value R is
naturally, not affected. For double jersey fabrics (1 X 1 rib, 2 X 2 rib and interlock) the
values of wales per unit length are given with a slash and a value of 2 (i.e. 4.0/2). This value
refers to the number of wales on the back of the fabric. The estimation of K values has
been reached by multiplying courses and wales per centimeter shown on the face of the
fabric by the loop length respectively. The logic of the structural knitted cell (SKC) used
by Knapton et al has not been adopted in the calculations of K values. The small
differences, in tenths of a hundred, found in loop length between dry and wet relaxed
states have to be ignored because they do not affect the final values of K, nor the cover
factor of the fabrics (Table 9). According to stitch cam settings used, the cover factor was
kept within the reason of +18% of the recommended average value of 1.46, since various
authors [4, 8, 12, 13] have commented that the so-called "constants” K , K and K_ do not
remain constant over a wide range of tightness factors. The values presented on Table 10
indicate the above mentioned percentage variation of tightness factor.

Table 10: Variation of tightness factors

Type of fabric Yarn Count Loop length  Tightness
(tex) (mm) Factor
Plain knit 12.5 undyed (dry relaxed) 2184 9.50 1.56
Plain knit 12.5 undyed (wet relaxed) 2184 9.50 1.56
Purl knit 14.5 undyed (dry relaxed) 218.4 12.20 1.21
Purl knit 14.5 undyed (wet relaxed) 218.4 12.28 1.21
1 X 1 rib 10.5 undyed (dry relaxed) 2184 8.52 1.74
1 X 1 rib 10.5 undyed (wet relaxed) 2184 8.51 1.74
2 X 2 rib 13.2 undyed (dry relaxed) 218.4 12.25 1.21
2 X 2 rib 13.2 undyed (wet relaxed) 218.4 12.21 1.21
Interlock 12.5 undyed (dry relaxed) 218.1 11.57 1.27
Interlock 12.5 undyed (wet relaxed) 218.1 11.60 1.27

The constant values (K) that were achieved with 95% confident limits for all fabrics
produced, from dyed and undyed yarns in dry and wet relaxed states, were tabulated on
the Table 11. The non-dimensional parameters of Table 11 have been fed into "proKNIT"
system in order to make it operational. The prediction of fabric weight per unit area is a
result of these non-dimensional parameters (constant K values) in conjunction with yarn
linear density, loop length and/or tightness factor.
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The values of the non-dimensional parameters (K., K, K and R) presented on Table 11
are significantly dependent on the relaxing condition (dry, wet) as well as the type of yarn
used, dyed or undyed. Comparing the author’s K values with those presented by Munden
(Table 1), it becomes clear that the general conclusion is that there is no significant difference
between them. In dry relaxed state for undyed wool the values of K are about the same. In
wet relaxed state, the authors have estimated separate K values for dyed and undyed yarns
in order to have a higher accuracy or small deviations when determining fabric weight in
correlation with real fabric weight. When determining the average K values, which result
from both yarns, dyed and undyed, it is apparent that there is a very close correlation with K
values presented by Munden. In trial testing conducted by applying Munden’s K values to
"proKNIT" system, it was proven that the results produced did not differentiate greatly from
those obtained by measuring the real fabric weight in both states of relaxation (dry and wet).

Moreover, in plain knit fabrics in a dry relaxed state, the K values presented by Postle
do not approach either those obtained by Munden or those presented on Table 11. On the
contrary, in wet relaxed state there is a clearer picture as far as the constant values are
concerned. Postle’s K values are very close to those presented by the authors for undyed
yarns; however, the ratio of K_to K presented is lower, something which probably has
to do with the tightness factors used by Postle.

Table 11: Non-dimensional parameters used on "proKNIT’ system.

Type of fabric Process K, K, K, R

Plain knit undyed yarn Dry 50.0£0.3 38.840.2 1940 1.29
Plain knit dyed yarn Dry 50.0£0.3 39.5+0.2 1975 1.27
Plain knit undyed yarn Wet 54.0£0.3 41.0£0.2 2214 1.32
Plain knit dyed yarn Wet 53.0+0.3 40.0+0.2 2120 1.32
Purl fabric undyed yarn Dry 68.810.7 36.210.4 2490 1.90
Purl fabric dyed yarn Dry 70.210.7 37.0£0.4 2585 1.90
Purl fabric undyed yarn Wet 70.0£0.7 37.0£0.4 2590 1.89
Purl fabric dyed yarn Wet 72.410.7 38.3104 2773 1.89
1 X 1 Rib undyed yarn Dry 44.0+0.6 34.0£0.3 1500 1.30
1 X 1 Rib dyed yarn Dry 45.0+0.6 34.010.3 1530 1.32
1 X 1 Rib undyed yarn Wet 50.0+0.6 31.510.3 1575 1.58
1 X 1 Rib dyed yarn Wet 50.0+0.6 32.54£0.3 1625 1.54
2 X 2 Rib undyed yarn Dry 49.0+0.2 38.010.2 1862 1.29
2 X 2 Rib dyed yarn Dry 50.0+0.2 38.0+0.2 1900 1.31
2 X 2 Rib undyed yarn Wet 52.4+0.2 35.540.2 1860 1.50
2 X 2 Rib dyed yarn Wet 53.0+£0.2 36.0+0.2 1908 147
Interlock undyed yarn Dry 48.0+0.2 45.0+0.2 2160 1.06
Interlock dyed yarn Dry 48.8+0.2 45.840.2 2235 1.07
Interlock undyed yarn Wet 51.6+0.2 42.7+0.2 2203 1.21

Interlock dyed yarn Wet 52.440.2 43.310.2 2270 1.21
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As far as double knitted fabrics are concerned, or 1 X 1 Rib in particular, Smirfitt
analysed this structure using the logical path of plain knit fabrics and thus produced the
non-dimensional parameters of K values presented on Table 3. Comparing these values
with those obtained by the authors, it seems clearly that there is a very close correlation
between them. Knapton et al also presented a set of K values for dry and wet relaxed states
using the logic of structural knitted cell (SKC) for 1 X 1 rib structure. The results as they
have been presented do not agree with those listed on Table X1 and this is because the logic
behind the calculation is different. By recalculating the values presented by Knapton et al,
S0 as to be more easily comparable to those on Table 11 it appears that there is still a great
difference between them. When applying Smirfitt’s values to "proKNIT" system for
determining the fabric weight per unit area of 1 X 1 rib it is obvious that the predictions of
fabric weight are more realistic than those of Knapton et al.

Looking at the Ks values obtained for dry and wet states of double knit structures
(1 X 1rib, 2 X 2 rib and interlock) as presented on Table 11, it becomes apparent that
there is no substantial increase in the values as the state of relaxation passes from dry
to wet. This is due to the fact that the loops inside the structure rearrange themselves,
giving out approximately the same total K_ value. However, an increase in the K value
for 1 X 1 rib structure in wet state particularly, does not necessarily mean that there
will be a proportionate increase in K, value, which, in fact, decreases. The same
behavior is also characteristic of the rest of the structures of 2 X 2 rib and interlock
where the rearrangement of loop position inside the structure results in giving out very
small differences in K| values. This rearranging behaviour of courses and wales per unit
length inside the structure is indicated by the value of R, which is directly affected and
determined by the increase in differences between courses and wales per unit length and
width respectively. The values obtained for the interlock fabric in a dry relaxed state,
however, are of particular interest since, while the ratio between courses and wales per
centimeter is about equal (1.06 or 1.07), this ratio increases as the process of relaxation
moves from dry to wet state. The same behaviour is also the case for 2 X 2 rib
structures.

Knapton et al have also shown this tendency of loop rearrangement in 2X2 rib
structure (Table 5). The Ks values they obtain in two relaxed states, dry and wet, do not
change distinctively but remain more or less about the same, while at the same time there
is an increase in ratio values. All constant values presented by Knapton et al are lower
than those recorded by the author on Table 11, therefore, it is precarious to use any of
these values for determining fabric weight.

For interlock fabrics Knapton and Fong presented a set of K values in dry and wet
relaxed states (Table 6), which are completely different from those presented by the
authors on the above table.
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4. Estimations of fabric weight per unit area using "proKNIT"
software

All the values of K, K, K and R presented on Table 12 were fed into the software
of "proKNIT" system so as to set it up with the necessary data. In order to compare the
theoretical fabric weight predicted by "proKNIT" system with that of actual fabric weight,
new samples called "reference samples" were knitted by the same knitting machine, Stoll
CMS 411 selectanit electronic —V- bed-knitting machine with a gauge of 7 needles per
inch. The new knitting machine was programmed with the data obtained from
experimental trials also using the same types of yarns. All "reference" knitted fabrics
produced were relaxed in dry and wet states and then the fabric weight in grams per
square meter as well as the loop length of each fabric was determined. The tightness factor
for each fabric was calculated using the values of loop length and yarn count.

Then the values of machine gauge, yarn count and tightness factor were entered into
"proKNIT", which processed the data given and produced the estimated loop length,
courses and wales per centimetre and theoretical fabric weight. Some of the results
obtained by both procedures are presented on Table 12.

By making a simple overall comparison of the figures presented on Table 12, it
appears that "proKNIT" system has predicted the fabric weight per unit area with a
variation of less than *3.8%. The small differences presented in loop length values
between actual and theoretical fabric weight have to do with diversion in calculations. The
system always starts the prediction of the theoretical fabric weight by determining fabric
loop length through the variables of yarn count and tightness factor.

On Table 12 the interlock values of fabric weight represent an undyed fabric knitted
at 13.5 stitch cam setting, in both dry and wet relaxed states. According to the values
obtained, the increase in mass weight from dry to wet relaxed state is 26gr/m? for the
tested fabric and 22.5gr/m? for the estimation values of "proKNIT" system. In other
words, the increase in weight for dry to wet relaxation of the tested fabric is 3.5% and
3.1% for the theoretical values predicted by "proKNIT". The difference between the two
percentage values is 0.5%, a value that can be considered as negligible.
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After a closer look at the other estimated values on Table 12, it becomes clear that
"proKNIT" software is, indeed, capable of making predictions of fabric weight per unit
area with substantial accuracy, provided, of course, that the values of non-dimensional
parameters (K., K, K and R) at different states of relaxation fed into the system are
realistic.

Using "proKNIT" system the estimated fabric weight for each reference fabric was
predicted simply by entering the values of machine gauge, yarn count and tightness factor.
The predicted values of fabric weight were plotted against the real values of fabric weight
and the graphs of Figure 1 were produced for plain-knit and interlock structures in dry
relaxed state.

The graphs of Figure 1 show the alignment of the results obtained from a plain-knit
structure produced from undyed yarn. The square dots show the values of the fabric
weight estimated by "proKNIT" system and the rhomb ones the fabric weight found after
testing. It is clear that the predicted values largely coincide with the actual ones along the
line, which means that the deviation is extremely small. The second graph of the same
figure, which represents estimations for the interlock structure, presents a similar picture
where most of the dots coincide with each other, giving out small differences between the
predicted and the actual fabric weight.
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5. Conclusion

After a close study of the results given, the following conclusions can be drawn:
O "ProKNIT" system has been created according to the existing literature on the
geometry and dimensional properties of weft knitted fabrics.

Q The first attempt to predict fabric weight for wool mixture yarns was successful and
the predictions did not show significant differences from actual fabric weight.

Q The whole system is constantly being replenished with more data in order to cover
a much wider variety of yarns so as to make it more flexible and minimize errors.

At the moment, the system is being tested with a considerable degree of success by two
knitting factories, one of which produces cotton knitted fabrics and the other one woollen
knitted goods.
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oUVIOL oTtO TO 99% TWV UNYOVOV ECWTEQIUNG KOVOEMS, TO OTTOLO AITOOELXVVEL KL TT
oToVdaLOTNTA AVTNG TNG £0eVvac. Ewdurdtea Ba moomafioovue vo. TQOOOL0QLo0UUE
TG OLOPOQES oo TN xonom Peviivng Tomov covmeQ, ue Tdobeta. LOAVRdOV, M omola
HOTAQYNONXKE, xOL Ue TTQOOOETA KAALOV TTOV TNV OVTLROOLOTE, OTNV LOYY, OTNV ELOLKY KO-
TAVAAWOT), 0T QOTTY| KO OTLS EXTTOWITES QUITMWV EVOS TTOALVOQOULLOV ALVNTHQO ECMTEQL-
UNG RAVOEMS ELEYYOUEVNG EVAVONG, TTOMALAS TEYVOLOYLOC.

AgEearg Khewwa: Kavowua, Beviivn, M.E.K., Oxfuota, MolvBdo, Kdiio, ITegifatlo-
vrixn Pumavon.

Abstract

Interest in fuels for internal combustion engines has increased in recent years because
of the big environmental pollution that is involved, as well as the big demand to due
increased consumption of energy. Depending on the type and the characteristics of fuels
that are used a considerable influence on the design, manufacture, efficiency, consumption
of fuel and often the reliability and durability of the enginemay result. In this work we will
deal with the liquid fuels that are used by the 99% of internal combustion engines. That
also proves the importance of this research. More specifically we will try to determine the
differences from the use of petrol type super, with additives of lead which is suppressed
and with additives of potassium that replaced it, in efficiency, in special consumption, in
torque and in emissions of a reciprocating internal combustion engine with spark ignition
and carburetor.

Key Words: Gasoline, Fuels, Internal Combustion Engines, Vehicles, lead, Kalium,
Environment Pollution.

1. Ewcoyoyn

ZTOVUC TTAALVOQOULXOVS HLVNTNQES EOMTEQLXNG XOVONG, T DEQULXY EVEQYELO TTOV e~
TOTQETETAL O UNYAVLRO €0Y0, OLVETOL OTTO TLS YNUWLKES AVTLOQAOELS OEELOMWONS TOV KO-
ooV Ue TO OEVYOVO TTOV TTEQLEXETOL OTOV 0£QO. AVTES OL YNUWKES OVTLOQAOELS TTQOLY-
UOTOTTOLOVVTAL UEOO OTOV (OLO HVALVOQO TOV ®IVNTNQO ®oL Ba TTRérmel VoL ohoxANowBovv
o€ £V0. TTOMD WAXQO YQOVIXO SLAOTNUO TNS TAENS UeQmV [ms]. METOED TV ®avoinmy
JTOV YONOLUOTTOLOVVTAL OTLS UNYOVES ECMTEQLUNG KOVONG TOL VYOG KOVGLUM, ATTOTEAOVV
TNV ®VQLAL TTNYN EVEQYELAS YLOL OUTOVS TOVG KLVNTNQES KOl WAALOTA EXE(VOV TTOV TTQOXV-
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TTTOVV OO TNV KAQOUATLAY ATTO0TOEN TOV AQYOV OQUXTOV TTETQEANLOV.

210 TAAOLOL TOV €EQEVVNTIXOV €QYOV “AQyuudNG” oL elye 0o aTOXO TNV £EeVeON
EVOANOX TRV MICEWV VLG, TNV %{VNOTN TV QUTOXLVATWVY TOOO 0ITO OLXOVOULXNG AITOYNG
000, ®VOLWG, A0 TEOOTAOLUS TOV TTEQURAMAOVTOS, TTQAYUATOTOWONXAY TELQANATOL,
eXTOS TV AWV, OUYAQLONG TNG OTTOO00NS TOV OOV ®LVNTHQO OTOV 0VTOS XONOLUO-
TTOLEL ROVOLUO UE OLOPOQETIXES TTOQAUETQOVS OTTWG YLO. TTOQAELYUO BEVEivN, VYQOEQLO
PUOLKO TEQLO %OL TENOS VOQOYOVO.

Me v evraiQio Tng ®otdynons s Peviivng ue Teoobeta evinoemwv LOAVPOOV ®oL
TNV OVILXOTAOTOONG TNG UE EXELVN e TTQOODETO EVIOEMV KOALOV YLO TNV RiVNON TOALY-
OQOUXMV KIVNTNOWV ECMWTEQIXNG KOVONG TTAAULAS TEXVOMOYIOC, TEONKE TO €QWTNUA
TTOLEG OO NTAV OL ETMLTTOOELS TOOO OTNV ATO00T OGO KUl OTNV ETLOQOON OTO TTEQLBGA-
Aov. T TV artdvinomn autoy ToV EQMTHUATOS TTQAYUATOTOLONKE TTLO KATW. EQEVVNTL-
%0 €QYO T ATTOTEAEOUOTO TOV OTTOLOV TTaQOTiBEVTOL

2. AvTxQovoTixég 1dLoTNTES TOV fEvitvarv

Mo atd TLG YOQUXTNOLOTIXES TTOQOUETQOVS TV BEVELVIV TTOV YONOLUOTTOLOVVTOL
VL0 TNV QUTOXEVNON ELVaL 1) VTLOTOON TTOV TTOQOVOLALOVV GUTEG OTNV XQOVOTIXY KO-
omn. H noovotixn ®avon artotehel o LoQen ovAOUUANS ®aoNg 1 OTTola TTeQLOQIleL TV
oTOdO0N TV ALVNTHOWV, XVOLMS TNG LOYVOS KoL TNG ELOUNG RATAVAAWONG EVAD TAVTO-
QOVa, TNV (OLaL OTLYUN, ETTLBALEL OQLA OTNV TTOQAYWYN T®V BeViLVadV. To QaLvOUEVO Ov-
TO eUPAVICETOL TTQOS TA €€ OITO TOV KLVNTHQO UE EVA YOQUATNQLOTIXO UETOAALXO NYO
OUOLO UE EXELVO EVOC OPUQOXOTNUATOC, e TOAIVTMWON TWV TOLYWUATWY TOV XLVNTHQOO,
VeQbEQUOVON aVTOV, OGVOVTAS 08 CUVONKES ELOWA ETTLXIVOUVES TTOV UTTOQOUV VA
TTQOEEVIOOVV 0OPaQES PAGPES OTOV KLVNTHQO.

TO QOLVOUEVO TNG KQOVOTIXNG OLVAOUOING HOONG elvor oUVOETO noL CVUITEQLAAUPEVEL
OxOUN OLAPOQES HOQOATNOLOTLXES TTOQAUETQOVS TOV KOVOLUOV OItme, N ®abvoTtéonon g
AQYNG TNS KOONG, TOYVTNTO OUOANG XOVONG K.ATT., XOOWS KoL UEYHAO AQLOUS TTOQUUETQWV
TNG ROTOOKEVNS KOL TNG AELTOVQYLOS TOV ®nivnTha. "Etoerte va 0QLoTel pe Tov athovoTe-
00 dUVATO TEOTTO LA LOVAD UETENONG TNG OLVTLXQOVOTIXNS LOLOTNTOG TV EVILVMV.

H avtiotaon oty meomen avagpheEn Tov ®oVoiov TQoodoLoQileTal pe TOV aQLBud
TV OXTOVIWV TOV avtLoTtolyel oe avtn (NO), Tov OelyVveTal Ue €vov axéQalo aQLOud
TTOV €LVaL O TTANOLEGTEQOS OTOV ETTL TNS EXATO KAT ~ OYXO £VOC UELYUOTOG TTOV OTOTEAEL-
TOL QIO LOO-OXTAVLO %KUL OITO KOVOVIXO ETTTAVLO, TOV OITOLOV Ol OVTIXQOVOTIXES YOQU-
UTNOLOTLXES LOLOTNTES ELVAL (OLEC UE EXELVES TOV HOWOLUOV TOV 0TTOLOV TTEOGOL0QICETOL
0 0.0LBUOC oxTOviwy Tov. H oUryxoLom ot YiveTal Tdve o Tumomotnuévo xivntniea C.
F. R. (Cooperative Fuel Research) pe duadixaoio avotnod Tumomotnuévn. ALdgoQol Ué-
Bodol éyxovv meotabel Yo vo tooynatoronel 1 oVYRQLON YLl TOV TTQOGILOQLOUS TOV
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0QBnov Twv oxtaviwv (NO) evdg rovoipov. MeTtaED autmv OV0 ETEXQATNONYV KL
epaouotovtal uéxor onueoa: n uébodog Research g omolag m draduxacion paivetal
0TOVC XOvOVLOUoUS ASTM-D 2700 %ot 1 uéBodog Motor Tng omoiag 1 dLadLxaoio qoii-
VETOL 0TOVG ®OVOVIOUOUS ASTM-D 2 ASTM-D 2699.

ZTLC EQPOQUOYES YLOL TNV TTOLOTIXTY BEATION TV OVILXQOVOTIXMV LOLOTHTWY TV [3EV-
CLVOV YONOLUOTTOLOVVTOL OL UEBodOL:

» EL0ux1) €TTLAOYN TV VOQOYOVAVOQHXMV TTOV AITOTEAOVV TO XAVOLUO UE A0 TN XN-
Uy Tovg ovoToon

* H yonon nelyunatog ammd vdQoyovavleares Tov €xouv Ueydaio aQliud oxtovimy

e Tnv EOG0E0N ELOUMV AVTLXQOVOTIXMYV OVOLMDV.

OL PevCiveg OV YONOLUOTOLOVVTIAL CNUEQD JLOULQIVOVTAL 0€ OVO KOTNYOQLES: OTLG
“mdoLveg Peviives” TV OTOLWV Ol OVTIXQOVOTIXES LOLOTNTES ETLTUYYAVOVIOL UE TNV
eaQUOYY TNG OEVTEQNG TTLO TTAVM UEBOOOV KOl YQNOLUOTOLOVVTAL YLOL TNV %{VNon TwV
QUTOXLVIATOV VEAC TEXVOAOYIOG %ol 0TLS BeViiveg Super TV OTolwV Ol AVTLXQOVOTIXES
LOLOTNTEG ETMLTUYYAVETOL UE TNV EQOQUOYN TNG TOITNG LeBAOOV INAAON Le TNV TTEOGOTXT
OVTIXQOVOTIXWDV OVOLMDV.

ATO UTEG TLS 0V0TES TTOM) OQUOTIXES VTTNOENY 0QLOUEVO. GAATO. TOV LOAVROOV, OTTMG:
* O teTa0LBVALOVY0S LOAVPROOS (TEL): Pb(C2HS5)4
* O tetoauefvilovyog woAVBdog (TML): Pb(CH3)4

OL ovoteg avTég yonoLuomolovueves oe Urég mooodmteg (0,1+0,4 [gr/dm3]), avEd-
VOUV TIG OVTLXQOVOTIXES LOLOTNTES TOV XOWOLUOU U YOUNAO ®O0TOG 0¢ avtifeon we tn
oL dLraota tov Ba UITOQOVOE VO TTEAYUATOTTOMOEL KOTA TN OLAQXELD TNG HAAOUATIXNG
atOOTOENS CANALOVTAC TN YNULXY 0VVOEON TOV VOQOYOVAVOQUXA, TTOV GITOLTEL OUMC UE-
YOAUTEQO OLXOVOULKO ROOTOG.

H 060d.om Tovg @aivetol OTL arodidetol 0Ty OLoxomn ™G CAVGiO0S 0VTIOQUOEWY e
TNV 0VYXQOVON TMWV SQMVIMV COUATIOIWV UE To dTtopa TS medobetng ovotac. Etou
VITAQYEL Wal OQAON OTAUATHUATOS KOl OITOOQO.0TNQLOTOIMONS AITd TO UEQOS TOV OEELD(-
0V TOV HOAVBOOV (FToV dNULovEYElTOL 0TTd TNV AITOoVVOEON TOV 0QYLXOV GAITOS) TV
QULOV UETAPOQAS TG CAVOLdNG, TTOV TTAQEUPRAIVOUV OTIS YOQUXTNQLOTINES YNULKES
OVTLOQAOELS, TTOV MUBEVOUV Y MQEA 0T OEVTEQN PAOCT TN XAOVOTEQNONS TNS 0RYNS TNG
novong (oymua 1). Ot eTLOQAOELS TWV TOELKMV OVOLMV OTO TEQLRAAAOV AITO TLS EVAOELS
TOV UOAVPOOV TTOV €EEQYOVTAL WOLE UE HOWOOEQLO KADWDC AL N KATAOTQOPN TV KOTO-
ATV YL, TN UELON TV QUITOYOVMV OVOLMV OTO. EEEQYOUEVA HAVTOEQLAL, OAAG VLG
TG 00PaQOTATES EMLOQAOELS TTOV TTQOEEVEL OUTO 0TN VYELD TV COVIWY 0QYUVIOUMV,
odMyNoe TNV ®ATAQYNON NS XONONS TWV EVIOEWV LOAMIPOOV MG OVILLQOVOTIXA TTQO-
o00eta 0TN Peviivn.
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Syrjua 1: Métonon tng xabvoTéononsg g aoxns TG xaUons eVOg OUOYEVOUS UELYUOTOS
HOVOLUOV UE TN XONON TNG UETAPOANG TNG TTLEONG EVIOS EVOG XVNTHO YOIYOONS
OUUTTLEONS: ) OTNV TTEQLITTWON TNG AVTOAVAQPAEENS O EVaL UOVAOLHO OTAOLO KOl

b) o€ exeivo ov meayuatomoeital o€ OV0 atdadle. Me xaBvotéonon EvagEn tng xavong.

Me TV ®oTdQYNom Tmv PeViLvav te tedobeTo LoAIBOOV TEOMKOY 08 EQOQUOYY| YLOL
™V avtoxivnon Peviiveg diyxwg evmoelg LoAUBOOV oL ovouoloueves “modotves” Bevii-
VEC UE TNV TAVTOYQOVN AVATTTUEN TNG VEAS TEXVOLOYIOS RATAOKEVNG TMWV QUTOXLVTWV
UE TNV TAVTOYQOVT QITOUAXQUVON TOV OTOAOV TV GUTOALVITMV TTOANLAS TEXVOLOYIOC.

2V EAAGO0 eXTOS aatd TNV €l0000 TNG VEOS TEYVOAOYIOS OLUTOXLVATMV %AL TN YON-
on TV aUOAMIPOWV PeEVILVOV, xONoLUoTToLelTaL PEVEIVN te TEOOOETH XAALOV YL TNV Ki-
VNOTN TWV OVTOXLVATOV TAAOLAS TeYVOLOYIOGS, ONhadn Oev vioBetnOnxe TO UETQO TNG
0ITOOVQEONG TWV QVTOXLVATWV TTOAALAS TEXVOAOYLOG.
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Me 5edOUEVO TO TTLO TTAVW, £YLVE TTQOOTTAOELDL VAL TTQOOOLOQLOTOVV OL ETTLITTWMOELS TOV
vEOU TUITOV NS PBeviivng, TO00 TNV AItdd00N TMV XLVITHOWY TWV CUTOXLVNTWV OGO KL
01O TTEQLRAANOV OITO TLS EXTTOUITEG TV KOVOUEQLV. ZEALVIOVTOG UE TNV EE0XQIPWON OTL
oL OVo Peviiveg pe medobeta LOAVBOOV %ol HAALOV ELOVV TOV (OL0 aQLBUO oxTaviwy 98
NO %0l TQOPOSOTWVTOS TOV (OO XLVNTHQOL TTOAALAS TEXVOLOYLOC, UETQNONHAV OL OLdpO-
QEC WNYOVLXES K AQOUTNQLOTIXES TTOQAUETQES CLUTOV WE OXOTTO VA, YEVEL 1) GVYRQOLON QLUTMV.

3. ET000e1g TaAvOQouLZoU XIVITIQU ECMTEQLXIG XAVOTG

T Tov %aB0QLOUS TV LOQUKTNOLOTIXMV UeYEDDV 0TO OO0 TTEETTEL VO Y(VEL OV-
YXQLONG B0l TTQOOOLOQLOTOVV EXEIVA TTOV BOL OMOOUV Ll 0P ELOVO TWV OTTOTEAECUA-
TWV QUTNG.

T vo oarywatortonBet ot 000 0VCEVEN OTLS TTQUKTUKES EQAQUOYES EVOC TTAALY-
OQOULXOV KLVNTHQOL HOL ULOALS HOTAVOADTOLAS UNYOVIS (QUTOXIVNON, NAEXTQOTTOQAYWYO
Cevyog, YEWQYLA UNYOVAUOTO X.A.JT) ELVOL OVAYROLO VO, ELVOL YVWOTO TG UETOPAANO-
VTOL Ol ETLOO0ELS TOV XLVNTHQM O€ CUVAQTNON TWV OITULTNOEMYV TNS HUTAVUADTOLAS UN-
xavic. H ammodtdduevn toig, ®oL QO 0TOV GEOVA TOV ®LVNTHQO, 1 ELOLXY KOTOVAA®-
01 TOU XOVOLUOV RO 1) TTAQOYOUEVT) QUITOLVOT OV TTEQLRAAAOVTOG AITOTEAOVV TLG POOIXES
TTO.QUUETQOVS TNG AELTOVQYIOG KOL TWV ETLOO0EWV EVOS TTAALVOQOULLOV KLVNTHQOL.

ZVVETTMOC M 0VY®QLOM Bal TEETTEL VAL YIVEL OTLG UNYAVIXES YAUQOXTNQLOTLAES TOU KLVN-
TNOO OTNV TTEQLTTWOMN TTOV CLUTOC YONOLUOTTOLELTOL YLOL TNV %EVNON TOV CUTOXLVITOV.

H 100¢g 010 dEova evOC TAALVOQOULXOV ©LVNTROO Bl dlveTal amtd Tn oyéon:

P,=C, o [1]

omov P elval n woyig otov dEovVa TOU TTOALVOQOULXOV KLVNTHQO

elvoL 1 QOTTY) 0TOV GEOVA TOV XLVNTNQO.

o elval M yoviox T TNTo Ue TNV 0TT0L0 TTEQLOTEEPETAL O GEOVAS TOU AL~
VITNQO.

@)

H yovioxn) toydtnta o 0o dlvetal mg yvwoTtdv agtd ) oyéon:

_2'.‘1‘['[1 drsec! 5
W= = oe [rad*sec] (2]

Ue N 0 0QLOUOS 0TQOPMV VAL TTEWTO AeTtTd [0TQ/mMIn]
avTLXaOLoTOVTOG 0TNV [1] TTEOXVITTEL:

P —C _c 2-n-n_2-n c 3
u_ m(’o_ m 60 - 60 mn []
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Emtiong 1 {dwa 1oy vg 0tov dEova Tov TahvoQouxov xivnteo. P, Ba diveton xow atd
™ oyéom:

iV

P,=P iV —=—0"P -n (4]
omov P, elvoL N LEOM TTQOYUOTLXT TTLEGT TOV KLVNTYQO
i elvol 0 aQLBUOS TV KUAVOQMV EVOS TTOALVOQOULKOU XKLVNTHQO
elval 0 ®nVPBLoUOS Tov £VOg ®UALVOQOU
elvol 0 0QLOUOS 0TEOPMV AELTOVQYLAS TOV KLVITHQO
elvol €vag 0TaBeQdg CUVTELEOTNG KL ELVOL:

m=1 Otav o ©VNTIEOS elval diyQovog

m =2 46tov 0 ®LVNTNEOCS elval TETQAYQOVOC
O oMxog Babuog ardo00Mg £VOS TAMVOQOULXOV XLVNTAQOL 1, dlVETOL ATTO TN OYEOM:

8= <~

WPEALLO OTTOTELEOLOL

- - ' =L\m -H (5]
! Katavalmon evEéQYELOg uh Tvitsd
omov Lu elvoL TO WEEMLUO £QYO TTOV TTAQAYETOL OF £VOL XUXAO £QYOV TOU KLVN-
TOOL.
H, ¢ €lvar nxatoteon Beouoyovog dSUvaLn TOV ®OVGILOV TTOV €YEL TQOO-

OLoQLoTel ne novomn otabeov dyrnov o1y Bepuoxrgaoio standard
H magoyn tov agea m, Ba divetow armd ™ oycon [6]:

m =i, -— [6]
omov A, elvar o ovvtekeotig TAQmOoNG (1) OV elval xQOTEQOS TNG LOVAOUS

v, elvar 0 eldmog 0Yrog TOV a£QUL
AOL OVTLXOOLOTOVTOC TTQOXVITTEL:

Hivtsd i-V n Hivtsd i-V n
Pu:nu.xv.%. '_:nid'nei'no.xv"—“' [pe— [7]
o VO( m o Va m

1 oxoun
n H. i-V n
P =L, -—=n, -}, -—x C— (8]
m o A% m

O ohwrdg PBabuog amédoong m, dtvetar ad ) oyton [9]:
Ny = N~ Mg~ Mo (9]

OOV My, Elvar 0 0QLaxog Babrog arTvdooNg
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Ny €bvar o Beouoduvourog Babuds arvdoong
N, elvor 0 0Qyavinog Babuodg amddoong

Metd v eEoxoifmwon xat tn drafefaimon Twv 0QUOdIMV VITNEECLOV TOV YITOVQ-
velov Brounyaviag 6tL 1 Beouoydvog dvvaun xot Tmv 0Vo Beviivav eival 1 tdua, amd ™)
oxéon [8] gaivetor OtL, epooUOtovTag Tovg xavoviouovg DIN 70020 yio ) yQopuxm
TOQAOTAON TNG LOYVOG P, = f(n), OAeg OL TOQAUETQES TNG OxEoNS [8] TOQAUEVOVV OTOL-
0e0éc, TOUAGYLOTOV OL UEOES TLUES OVTAV, EXTOS TNG TTO.QOUETQOV TOU CUVIEAEOTH|
Lo YOG (5) My; 0 000G EXTOS TV AAAWVY €EAQTATOL 0ITO TOV TEOTTO HLAdOONG TOV Ue-
TOITOV TNG HOVONG TOV UELYWOTOC TO OTTOLO UE TN OELQA TOV EE0QTATOL QIO TN doun TOV
HOVOLLOV.

ATTS TV AVAAVOT TOV TTLO TTAVED OYECEMV TTQOUVITTEL OTL OL UNYOVIXES KO.QUXTNOL-
OTUXES TOV TTOALVOQOUXMDV XIVNTHQWYV €XOUV TN WOQMY) TTOV POLVETAL OTO OYNUa 2:

cV -

kam -
o Kamg
9/evh 1 )
1 ] 1 | i
P Lo M)
| P b \\1
2 | ! |
ol S O N I S
f:'mm 7y A1y iz fmax. amp /mm

Sytjua 2: Toa@uxt TaQdoToon TWV UNYOVIXWOV XQQOUXTNOLOTIXWV TAALVOQOULXOV
nvntijoa woyvog P, oo C, xat e1dLx1g xaTavaAwons q, OUVaQTHOEL
TWV OTQOPMOVTOU XLVNTHOA.

OL 710 AV HAUTVAES TTEOOOLOQILOVTOL EQYOLOTNQLOXA UE TNV EQPAQUOYN TWV KAVO-
vov Turtortoinong DIN 70020. Zta oynuota 3 ®ou 4 peQovTol S0 JTaQdelyYLOTO. UNyo-
VIRV {OQOXTNOLOTIXMV EUPOROPOQMV AVNTHOWV.
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TAXYTHTA IEPISTPO®HE n [otp/min]
1500 3000 4500 6000

100
1 90
Z 182
a7 F
]
e
>~ -
2 70 E
4 60
10 L -
25 50 75 100

TAXYTHTA TEPISTPO®HS n [otp/sec]

Synjua 3: TIQa YUt LOYUS xOL QO OTOV dEOVX TOV XLVNTHOO O€ GUVAQTNON TWYV OTQOPDV
auToU g€ OUVONXES TTAOOUS TOOPOSOTNONG TTOU TTQOEXVYAY O EVA XIVNTHOW UE EAEYYOUEVN
Evouon g xavong yLa xivnon autoxivitov. Teyvird xooaxTnoLotixd: xUxAog éoyov OTTO,
QLOUOS HUAIVOQWV 4, 0ALx0U nufLouov V, = 999 [cm’], D = 70[mm], C = 64,9 [mm], P,=33
[KW] ot n = 83,3 [ot0/sec], CmMax = 78 [Nm] ot n = 45 [oTo/sec]

{1900
= 41
- 700
= —
& {1s00 Z
g ~
1 =¥
4 a
1300 %
A
1100
/ 900
AB_ N

[+] 5 10 15 20 25 30 35 n [otp/sec]
900 1200 1500 1800 2100 n[oto/min]
TAXYTHTA [IEPIZTPO®HZ

Synjua 4: TIoayuatixnn LoYUS koL QO OTOV dEOVa TOV XLVNTHOA O€ GUVAQTNON TWV OTQOPDV
aUTOU 0¢ OUVONKRES TANOOUS TOOPOOOTNONG TTOU TTQOEXVYPAY O EVA XLVNTNHOO UE EVAVON TNG
novong ue ovurtieon Texvixd yaQoxtnoLlotixd: xUxAog éoyov DIESEL, 00t0uds xvAivoowv 6,
0Aux0V xufLouov V, = 9.5 [dm’], D = 120[mm], C = 140 [mm], P, =234 [KW] otig n=36,7
[oTo/sec], CmMax = 1270 [Nm] otis n = 22,5 [oTQ/sec]



30 Emotnuovix Exetnoioa Eqaguoouévns Eoevvag, Vol X111, No 1, 2008

Mo GAAY TTOQAUETQOC XONOLUN ELVOL M) TTAQAUETQOS TNG EAQOTIXOTNTAS TOV KLVNTH-
Qa1 ool ovuPoriteton pe To oVuPoro I, xow oQitetar amrd T oyéon :

CM
mMax 9
C [9]

m

[ =M.

€ nM

Omov n,,  elval oL OTQOPES TOV KLVNTNQA OTIG OTTOLES 1) QOTUN OTOV GEOVA TOV C_ €i-
vou ueyiom

n ElVOL OL 0TQOPES TOV ALVNTHQA OTIG OTTOLES N QOTN OTOV GEOVA Tov C |
avTLoToLyEl 0T WEYLOTN LOYY.

Mot GAAN LoONUOTLXY OYEON TTOV KONOLUOTTOLELTOL YL TOV TTQOOOLOQLOUO TNG EAOL-
OTLROTNTOS TOV XKLVNTHQO ELVOL:

I’ = (np —n, )2 CmMaX B Cmp (
e ) Ny, = ) n
l’lp CmMax - CmMax ’ (m_> np mMax (1 - <_M))

)

p mMax

H évvolo tov cuufOrmv Qaivetal 0to oymua S.

O %LVNTNQOG TTOV AELTOVQYEL CUUPMVA [LE TO OYNUCL O AVOTTTVOCEL TNV UEYLOTT QOTTT|
TTANGLOV 0TOV EAAYLOTO AOLOUO OTQOP®VY AELTOVQYIOG TOV XLVNTHQO UE ULOL XOUTTVUAN TNG
LOYVOC M OTTOLOL LELDVETOL OQAOTLXA , UETA OTAV avTY POAoEL 0TN UEYLOTN TLUNY TO OO0
elval wxoteov peyédovc.(14). Emeldn Sumg to ®ahVTeQO TTedlo XQnong Tou ®kLvnTioo.
elval EXEVO TTOV TTEQLEXETOL UETAED TMWV OTQOWMMYV TTOV GVTLOTOLYOVV OTN UEYLOTT QOTTT
nM %0l EXELVWV TTOV OVTLOTOLLOUVV OTN WEYLOTN LOYV NP, QuTOC O ®LVNTHQOC TTQOOPEQEL
€va. VU JLAOTNUA UETAEY QUTOV TMWV ONUELWV, e TTOTELEOUA QUTOS VO TTAQOVOLALEL
ULOL XOAN EAAOTLROTNTO KOL OLEVKOMVUVEL T1 OYEDLOIOMN KOl TNV KATAUOKEVY] TOU CUOTHUOL-
TOG UETAOOONS TNG %IVNONG 0TOVS TQOXOVS TOV CUTOXLVATOV.

O %LVNTNQAG TTOV AELTOVQYEL OCVUPVO UE TO OYNUO b TTAQOVOLALEL ULOL XOUTTUAN TNG
QOTNG ALYO TTETAQTUOUEVY, UE ULOL UEYLOTYN TLUT TTOV €XEL UETOTOTTLOOEL TTEOG éva ueya-
AUTEQO QOO 0TQOQYMV Ny, Eetdn 0 n QoI OLoTnQeiTaL ueyohuteQn o VPnAOTEQES
OTQOMES TTQOUVITTEL VO OLOTIOETOL (Lol UEYOAVTEQT WEYLOTN TLUY TNG LoYVOS, O¢ BAQOS
NG EAAOTIXOTNTOS TOV ULVNTHQO XOTA £VA UKXQO UEQOS OLUTNG.

O ®LVNTNEAC TTOV AELTOVQYEL CUUPWVOL UE TO OYNWUCL Y TTOLQOVOLATEL ULo QUOULOT %L
wio YEmUETQLOL TOV OVOTHUOTOS ELOAYWYNS ETOL CLUTO VO TTOLQOVOLALCEL TN BEATLOTN AEL-
TOVQYLO YLoL VoL €xeL TN UEYLOTN QOTIN 08 VYNAES OTQOPES AELTOVQYLOC TOV ©vnTiQa. T
vo. emLTeEVYOEl aVTO TO GTOTEAEOUT, M UETOPOM] TNG QOTTNS CVAYRALETOL VO UELWVETOL
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YO1YOQO. OTAY UELDVOVTOL OL OTQOPES AELTOVQYLOG TOV ALVNTHQOA (YL NN, ) KO OLOLTY-
el pLa TETAATVOUEVN LOQYPY 0Tt TOV aQLOUO 0TEOPMV My, £wG NP. AVTO €€l ooy oto-
TELEOUOL ULOL TTOQOITEQEL UELWON TOV OLAOTHUATOG My, - M KO CUVETIDG TNG EAAOTIROTY-
TOG TOV XLVNTHQO.

Kwnmipag a

IZXYZ
POTTH

API®OMOZ. TPODON [o1p/min]

Kwntiipog B Kwnriipog ¥

IEXYZ
POTTH
IZXYZ
POTTH

API®OMOE. XTPODON [o1p/min] API®OMOZ. STPODON [otp/min]

Synuoe 5. Tumixd SLoyQAUUOTO TWV JTQOYUOTIXWY UNYOVIXWV YXOQOKTNOLOTIXWY TNG LOYVOG,
TNG QOIS O€ CUVAQTNON TWV OTQOPWY TOV vNTHOA. TO SLAOTNUN TTOV TEQLAAUBAVETOL
UETAEY TOV aQLOUOT 0TEOQMY IOV QVTLOTOLXEL OTN UEVLOT QO] 1y, X0 EXEIVOV
JTOV QVTLOTOLYEL OTN UEYLOTN LOXU n, uati ue v avriotoryn UETAPOAN TNG QOTNG,
OlveL éva uéyeog TG EAQOTIXOTNTAS YLOL TN XOTON TOV XLVNTNHOO OTNV QUTOXLVION.
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4. Ta yonowmomotovueva 6Qyava

T TV EXITOVNON TV QOXLLADV KoL TN AMYPN TV TTELQUUOTIXMV OESOUEVIV QNOL-
WOTTOLNOOUE TOV TTOQUXATM EEOTALOUO.

4.1 H Mnyovn Ecoteguxng Kavoesmg

Tlo TLS TTELQOUATUAES LOIG UETQYOELS XQNOLUOTTOL|OGUE TNV TETQOYQOVY] UNYOVY|, TTOL-
hawdg teyxvoroyiog tng FORD m omoia foioxetal 0to eQyaotioro Mnyavwv EcwteQiung
Kavoemg tov T.E.IL Iewgotd. H oQomdvm unyovi ®o0mg #al To YEMUETQLUA KL AEL-
TOVQYUA TNG OQUXTNQLOTIXA TTOQOVOLALOVTL TOOO OTOV Tivaxo 1 600 ROl OTLS ELXO-
veg 1 now 2.

Hivaxag 1: X0Qaxtnolotixd Tng Unyovig..

EQY00Ta0L0 RATO.OXEVNG FORD

Tvmog 2261E

Tdog YUENS YOO punty

ALOUETQOC 80,98 mm

Aradoou 53,29 mm

KuBropog 1.098 cc

Abyog ovumieong 8:1

2eLQd avApPAEENS 1-2-4-3

MéyLotn Loyvg 32 HP otig 4.000 rev / min
MéyLotog aQLiudg 0TQOPWYV 5.000 rev / min
ExnevtQopdoog ‘Evag emneqaing
AQLOUOS POABIOMV avd ®KVUALVOQO AVo

‘Evyyvon tov novoipov Movog eEaeQLMTNG X0B0OLKOV QEVUATOS
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Ewxova 1: H MLE.K. eleyyouevns évouv- Ewxova 2: H MLE.K. eleyyouevns évouv-
ong s xavons s FORD a6 ) uegLd ong s xavons s FORD a6 ) uegLd
™G moAAaArc eEaywyng. NG TOAAQUTANS ELOQYWYIG.

Ewxova 4: O uetontiisc xavoiuov tov &
Froude metpduatog.

Ewxova 5: Métonon xataviiwons 50 cn?’ xavoipov
aITo TNV QXUN TOV TQWTOV dioXOU
g TNV axu1} TOV OEVTEQO.
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5. EneEeQyacio petonoeov — yoopixés Ta.QUoTAOELS

Ta ueyédn wov mEOoodLORICOVTAL 08 GUVAQTNON TMV OTQOPMV TOV KLVNTHQW ELVAL OL
unyavireg yoaxtnootirés n omn C oe [Kgf*my], n 1ox0g tov xivnmmeo P, [kW] xow n
eLown xotavaiwon g, o¢ [gr / kWh] ovugwva pe tovg xavoviouovg DIN 70020. A7o ta
TTELQOLULATLXGL UEYEDN TTQOEXMPOLY OL UNYOVIXES YOQUATNOLOTIXES TOU %LVNTHQO YLOL TLS
OV0 TTEQUITTMOELS TMWV ROVOLUWV Ue TeoobeTa ®ohiov xol LoAVBOOV.

cmsPu;qb =f (n)
25 1000
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= | & i Qb
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¥
(JE 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3750 4000 4250
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Iytjua 6: ALGyQo Ui TWV UNXOVIXDV YOQOXTNQLOTIXWDV
otV JTEQLITTWON LEVEIVNG e TEOTOETA XaALOV.
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Xyjue 7: ALGYQOUUO TV UNXOAVIXWDV XOUQOXTNOLOTIAWY OTNY JTEQIITTWON
pevEivng ue moobeta LoAvpoou.
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6. Tvyxzortizd dwoyodunata.

Me 0TOY0 TOV EVIOTLOUO TUYMV OLOPOQMV TTAVM OTLS UNYOVIXES YUQOXTNQLOTUAES
OTOV 0 ®LVNTNEOG €QYALETOL Ue TLS OVO SLAPOQETIXES Beviives oyedLdodnnay ovyyQo-
VG 0UTEG OTOL CUYRQLTLNA OLOLYQGUUATAL.

Cn=f(n)
65 |
60
_55 ah 90N i ® e at
§ 50 R ! QTK
=45 py mTp,
O 40 g
35
30
0 1000 2000 3000 4000 5000
n [rpm]

Sytjua 8: ZvyxoiTino OLdyoouue Twv OU0 QOTWV Ue TQOOOETA XaALOV xat LOATBOOV.
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Sytjua 9: SvyxoiTino SLdyQauue NG Loyvos Twv OUo Peviivav
e TEOoOEeTA KAAIOV %0 LOAVBOOV.
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qp = f (n)
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Sytjua 10: SvyxQuTino SLdyQauuo TNG ELOLXNS XATAVAIAWONS TWV SUO
pevivav e meoobeta xaAiov xot LOAVBOOV.

MeTtd TNV OAOXANQWON NG EMEEEQYOOLOC TWV TTELQUUATIXMV OEOOUEVWV YIVETOL
TTQOOTTAOELDL YLOL TNV EQUNVELDL AUTAOV KoL WAALOTO OTN OVYXLOLON TV UNKAVIXOV Y0Q0-
HTNQLOTLAWDV TOU XLVNTHQO TOOO OTOV QUTOS AELTOVQYNOE UE XOVOLUO Ue TTEOOHETO HO-
AMOPOOV 600 xoL ue xovoLua pe TeOoBeTa xohiov. To ATOTEAEOUOTA OUTMOV TV OV-
YHQOLOEWV OVOPEQOVTUL OTO. CVUTTEQA.OUATO TNG €QYOCTAC QUTNC.

‘Onwe @atvetol amd To T TAVED eV YIVETOL OVAQOQE. 0T, EXTTEWTOUEVH HOVOUE-
OLOL OTNV ATUOCPOLQC. OV KOl TTAQONKOY LETONOELS KOl O€ TTOCOTNTA OANG KAl OF TOLO-
ta.. Ou Aoyou gival d00. O mEmTOG elval OTL dev emiPefalmbnue amd xopia INyn wé-
¥OL OTLYUNG 1) LOQEYT) TTOV EXTTEUTTOVTOL OL EVAOELS TOV XUALOV OTNV ATUOOPALQO. XAl OV-
VETTMOS WO avapoQd. 0T0 ®0Vo0EQLo. B NTOV OTEANG KOl WS EX TOVTOV TTQOTLUNONKE VA
unv erextobel n eQyaoia Eog T exel. O OeVTEQOS KO KVQLOTEQOS AOYOS TAV OTL AITO
TO, TTQWTO ATTOTEAEOUOTA OLOLPAVIHALY KOl TQOTTOL YLOL TTOQOITEQO. UELMON CUTMV UE TNV
EPOQUOYN VEMV TEXVOROYL®V. MEYQL OMOXANQWONG TNG £QEVVAS OTA TAAIOLO TNG OTTOL-
0G TTOOYUATOTTOLNONXKE %Ol M ETTLPERALWON TWV ATOTEAECUATMOV QLUTDV TV TEYVOLOYLDV
TTQOTLUNONKE O€ AUTN TN GAOT VO UNV ovoroLvmBoUv 0g auTth TNV £QYaoiaL.

7. Xvumegdopato

e H oUyxoLon Tng unyavixng xaQoxTNOLOTIXIS TV QOTMV OTOV GEOVO TOU XLVNTHQO
€0woe OTL M TmeQlmTmwon Tng Peviivng 0oVITEQ Ue AVTIXQOVOTLXG TQOOOETA EVIOEWV
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UOAVBOOV OlVeL LEYOAVTEQES TUUES OTLG ULHQES KOL UECUIES TOYVTNTES TTEQLOTQOPNS,
eV exelvng Ue TEO00ETA A0V divel UeYOAITEQES TLUES OTLG VYNAOTEQES TLUES TTE-
QLOTQOYYC TOV %LVNTNQO. AVTO oNUaiveL OTL M TTEQITTTWON TV PEVILVOV ROALOV TTO-
QOVOLACEL XQOTEQT OATIVO KAUTVAOTNTOG KOl CVVETTOS AAMATEL EAAPOMS 1) OUVOL-
WL TOV EAALOTIXOTNTO TOV XLVITHQOL.

e H oUyxQLon g Unyoavirig x0QoxUTNOLOTIANG TNG LOYVOS OTOV GEOVA TOV KLVNTHQO
TTAQATNQELTOL OTL OTNV TTEQITTTWON TNG PeViivng we Todobeta LOAMIBOOV TAQOVOLALEL
OVTOC UEYUAVTEQES TLUES OTLS ULXQES AL UECTLES TAYVTINTES TTEQLOTQOPNG, EV( UE-
YOAUTEQES TLUES TTOQOVOLALEL AUTOS OTAV AELTOVQYEL 0 VYMAES TOXVUTNTES TTEQL-
O0TQOYNC Ue TN XONom Peviivav pe todobeta xaliov. Eival TQogaveég OTL yYLa Vo, €TTL-
TeVYO0VV OL CVTES EMLOOO0ELS EVOC OYNUATOC e TN YoNon Peviivdv xokiov Ba Témel
VO XOTAVOMDVETOL TTEQLOCOTEQO KOVOLUO.

e Me avopOQd OTN WNYOVIXY KOUQUXTNOLOTLAT TNG ELOLKNC KOTOVAAWONG TOV ALVNTHOO
0TLS OVO OVTEG TTEQUTTMOELS TMWV PEVELVAV, TTOQOUTNQELTOL OTL 1 ELOLXT XOTAVAAWOON
OTNV TEQLITTWON TNG PEVEIVNS 1e TEOOBETA LOAUBOOV ELVOL XQOTEQT OTLS YOUNAO-
TEQEG KO OTLS UEOQLES OTQOWES TNG AELTOVQYIOG CUTOV, EVM OTNV TTEQITTTMWON eXELVNG
UE EVIOELS KOALOV TTOQOVOLALOVTOL WHQOTEQES TUUES OTLS VPNAES TOXVTNTES TTEQL-
0TQOPNC. ANA0OY) OTNV TTEQITTTON TNG PeVEivng ne mEOoHETO KAAIOV O KLVNTNQOC
HOTOVIAMDVEL TTEQLOOOTEQO OOV YLO. VAL O0BE( 0TO dymua N 0ItGO00N TNS TEQLITTWONG
™G Beviivng WOAIBOOV Ol TTEETTEL VAL ELVAL TTEQLOOOTEQO AVOLXTY 1) TTETOAOVA KOl (1
EX TOVUTOV VO XOTAVOMDVEL TTEQLOOOTEQO. ZTLS VYNAES OTQOMES AELTOVQYIOG ETTELON|
TTAQOVOLALETOL UELWON TS OUVAULANG EAQOTLXOTNTOS GUTO onuaiver Bol TTEETeL va
XONOLUOTTOLELTOL VY VOTEQO TO KUPMTLO TAXVTNTWV UE OTTOTELEOUO TNV AVENOT TNG
HOTOVAIAWONG.

e A0 TIC TTLO TAVW OVYRQIOELS TTQOXVITTEL OTL YLOL VO ETTLTEVYHOVV OL QUTES ETTLOOOELS
Omwg oL ( xonon Pevivav LOAVBOOV ) T OYNUOTO TTOV RkLVOUVTOL UE KLVNTNQES
eAeYYOUEVNC EVAVONG TNG XOVONS TTAAULAS TEXVOLOYIOG Bal TTOETEL VO XATAVOAD VOV
TTEQLOOGTEQO UE QTOTEAEOU VYNAOTEQO ROOTOG AELTOVQYIOG KOLL TTEQLOCOTEQQ. EXTIE-
UTTOUEVOL XOWOAEQLO. OTNV ATUOCPOLQC. ELOLKOTEQO OTLS WXQES KOl UECOLLES OTQOWES
AettovQylog Tov ®xivnto. Me v vitdBeom Ot avtd o emiBefatmbel OTL LoYVEL TO-
TE YEVVATOL TO EQMTNUOL EQV E{VOLL OLXOVOULKA OCUUPEQOV YLOL T XMQO. VO, SLATNONOEL
TO 0TOMO OYNUATWV TTOAALAS TEXVOAOYLOC 1) VO TTEQUOEL TNV AVILXATAOTOON TOUS UE
OYNUATO. VEOS TEYVOLOYLOC. ZTNV ATAVINOT TOV EQMTHUOTOS cvToV B oVUPEAEL N
OUVEYLON TMWV QOXLUMVY OTA TTAOLOLO TOV EQEVVNTLXOV TTQOYQUUUATOS MOTE VO, VITAQO-
%EL M PEPOlmOon TV ATOTEAECUATWV TTOV OVOPEQONKAY TTQONYOVUEVA.

e ZT0 TQWTO TTELQOUOTIXG OTTOTEAEOUATO £0ELEQV OTL OL 0T OYXO TTOCOTNTES TWV
EVIOEMV HOUALOV NTOV TTEQLOOOTEQES EXEIVIIV TMV EVOEWV TOV UOAVPBOOV. Ouwg
YOELALETAL TTOQOITEQO. £QEVVAL YLOL TNV ETTOANOEVON TOV TTLO TTAVM ATTOTEALECUOTOC.
IToQOAO OV €lval YVWOTH TO. ATOTEAECUOTA TOV KOAOV 0TO €EMXVTOQIXO VYQO
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0TOVC LWVTOVOUS 0QYAVIOUOUS, OUMS OEV lvaL YVWOTO TG ETLOQOVV OTAV CUTES
ELOEQYOVTOL OTOV OVOQMITLVO 0QYOVLOWS WECT OITO TLG CIVOITVEVOTIXOVS 000VS KL
€AV ITOQQOPMVTAL N 0L aTT6 TO i, ETPAAAETOL O€ 0LUTH TNV TEQLITTMON ULKL TTQO-
oexTIXOTEQN %O 08 BABOC £0EVVOL TOV TQOPANUOATOS CLUTOV KL 1 OTTOL0L LEYOL ONUE-
Q0L OeV £)EL TQAYUATOTTOINDEL.

H dLapoeTivy ouT) OUUITEQLPOQE TOV ALVNTHQO OPEIAETAL e FAOT TO. TTELQOUOTIAA
OedOUEVA 1VQIMG OTN UETABOMT TOV OUVIEAEOTH LOYVOG 1y, UL ALYOTEQO OTOVG Cih-
AOVG OV0 OUVTELEOTES M) HaL AV .

Me ovTd TO TTOWTO OTTOTEAEOUOTO TTQOXVITTEL OTL B0 TAV TTEOTLUOTEQO 1 OVTLXOTA-
0T00N TOV 0TOAOV TV CVTOXLVATOV TTOAALAS TEYVOLOYIOS TOOO OO OLXOVOULUNG
000 %L aITd TNV QUITOVOY TOV TTEQLRAAAOVTOS

H ovvéyela tng £€0euvag ovtig JTAvm oTn XeNom TV BeviLlvdv ®oAlov emBAALETOL
TOOO YLl TO O%EAOS TTOVS OPOQU. TLG EVIOELS CLUTOV TTOV EATTEUTTOVTOL OTNV A TUO-
OQOLQA %KAL TLS ETTLITTMOELS OVTMV 0TO TTEQRAAAOV, 600 otV emifPefaimon Tov o
Tévm ovuteQdouatog. Emiong omme mooéxuype Ba fitav duvaty n xQnom g ®ota-
AMUTIUNG TEYVOLMOYIOS VIO TNV TTOQOTTEQN UELMON TMWV RAACLXDV QUITWV OTNV OTUO-
oQaLQOL. Mo €0evval TEOG VTRV TN xatevbuvon B UToQovoe YONOLUO. CVUTTEQC -
OUOTO YLOL TN XQNOT TOV XATOAVTOV 08 AUTH TNV TEQLITTMON TV BeVELVOV W TTQO-
ofeta naAiov.
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TO, LOOTQOTTLAE doxIULe NTay TO TOAVOLBUAEVIO. H peyoluten emitevyBeion meQlextL-
©OTNTOL O PUayvnTny ®ovn eival meQimov 93% x.. Le avTioToL O EVEQYELOLO YLVOUEVO
(BH)max~ 8 MGOe. IdL0.{teQ0. 0T0. JOXIULOL LE LOOTQOTTLXT UOLYVNTIXY 0ROV KOOMDS KOl
OTLS EVOLAUEDES OUYAEVTQWOELS, OITOV 1 LOLYVNTLAT CUUTTEQLPOQE KL 0TTOOO0N ELVOL YE-
VUXG TTTMYT VL0 XOY0N TMWV QOXLIMV QUTMV WG UOVLUMY WOYVNTOV, LETONONK®E 1 ac nie-
UTOUXNY AYOYLUOTNTA ®AOMOS %Al 1 SINAEXTOLXT 0T0OEQA. Tol AITOTEAEOUOTA TTOV TTQOERV-
YAV OTTOOELLVIOUV OTL YLOL TLG UEV VYNAES OUYHEVIQWOELS KOL TTAVW OITO TO KATWMEQAL
aymywuottog (percolation threshold) n vitohoyCouevn oymyLudOTNTO , OVTLOTOLYEL O€
ayoyuomto DC (aveEootnoio amd Tn ovyvoTnTa), EVMD VL0 CUYXEVIQMOELS RATW OTTO
TO ROTOPAL OYWYLLOTNTAS eUPAVICOUV OINAEXTOLXY O0TOOEQA (€ ) TQAXTING OVEEAQTN-
™ oIt TNV OUYVOTNTO UE LOLOLTEQX YOUNAES TLUES OTLS OLNAEXTOLUES OTTMAELES (€7 ).

A€Earg Krewdra: ac, dc aywyluotnra, ovyxexOANUEVOS uayvites, ac, dc otnAextouxn
otabeod, Nd Fe B.

Abstract

In this work we report our results on the preparation and magnetic characterization
of polymer samples with magnetic inclusions of nano size dimensions. It is well known
that bonded magnets are of extreme importance for several industrial applications today,
due to their low manufacturing cost, high magnetic performance and the ability of further
morphological shaping-machining ability - using milling and lathe. These are the
advantages of these magnets when compared with the sintered permanent magnets,
although presenting a compromise in their magnetic performance (moderate values of
BHmax-their energy product).

By processing first the commercially available magnetic powders with powder
metallurgy methods (ball milling in inert atmosphere), we successfully produced samples
made out of polyethylene with magnetic inclusions of the type of Nd2Fel4B with
isotropic properties. The mixing of the magnetic powders with the polymers was made at
elevated temperatures (180 C for polyethylene and 270 C for the NYLON 6) by using the
technique of roll milling in inert atmosphere.

The magnetic characterization which was performed by using a Quantum Design 9T
Physical Property Measurement System showed that the high density samples (with filling
ratio 93% by weight) indicated a superior quality bonded magnet behaviour and
performance and for the isotropic samples the BHmax value of 8 MGOe was obtained.

Subsequently we measured the dielectric constant and the ac conductivity of the
samples as a function of the frequency and also as a function of the concentration of the
magnetic inclusions.

It is found that for the high concentration samples (magnetic particle concentration
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above the percolation threshold) the calculated ac conductivity corresponds to DC one,
meaning no dependence on frequency (sample 7) suggesting that the material could be
good candidate for electromagnetic shielding.

For concentrations below the percolation threshold (samples 1,2,3,5) the values of the
real part of the dielectric constant ( €"), is independent of the frequency while the
imaginary part values (¢ ") are very low and also independent of the frequency, suggesting
that these materials might be good for use in the capacitor manufacturing industries.

Key Words: ac-dc conductivity, bonded magnets, ac-dc dielectric constant, Nd Fe B.

1. Evcayoyn

Eival yvootd OTL Ta TOAVUEQT VALXA UE VAVOOWMUATLOLIKA LOyVNTLIXE eyrAelopaTol
UE VYNAES OUYREVTQWOELG TETOLWV OWUATLOUWY, ATTOTEAOVV LD ELOLXY] XATNYOQLO €V OV-
vauer povinwv poyvntomv mov ovoudtovrol ouvyxrexohAnuévol uoyvites (Bonded
Magnets)[1]. ZnueQa, elLxd OL OVYREXOAANUEVOL paryViTeS TOV Tumov Nd,Fe B €yovv
TOYEL EVQEWV EPAQUOYMDV, MOV TOV EVXOAOV OYETLXA TQOTTOV TTOQUOXEVNS TOVS, TOV Y-
UNAOU ®OOTOVG KoL TNG OUVOATOTNTOS VO TUXOUV JTEQULTEQW UNYOVOVQYLXNG emeEeQya-
olog TéQUV TNG 0LRYLXNG TOVS LOQEPOTTOINoNGS.

‘Evag ovyrexolnuévog noyvitng (bonded magnet) ovviototal otny ToTo0¢Tnon ot
OUOLOYEVY OLOOTTOQA MAS UOLYVNTLANG OXOVNG UECO OE TTOAVUEQES VALXO (OTNV TTeQi-
TTTWON TTOV 1) CVYROAANTLXY VAN ELVOL £V TTOAVUEQES) OTTOV TOL TTOMVUEQN TTOV XONOLUO-
TTOLOVVTOL €M elval MAeXTOWA un ayoywwall, 2, 3, 4].

AV %0l OL LayVNTIXES LOLOTNTES TMV TTOQAITAV® VAXMV €xouv dieQevvnOel 0QreTd
AOL OTTO TTOANOVS EQEVVNTES, TOUVOVTIOV Alya €xovv dteQeuvniel wg TQOC TNV NAEXTOL-
%N TOVUG OUUTTEQLPOQE. EVVOMVTOG TNV OLNAEXTQOLXY OTOOEQA TOVUS KOl TNV ac MAEATQLXN
ayOYLOTNTA Tovs. Emetdn »olfnxe 6Tl 1 ouUITeQLpoQd TmV NAEXTQILMV LOLOTHTMV TWV
VAMROV QUTOV (060G VoL eUPAVIEE EVOLAPEQOV QITO TTAEVQAS EPOQUOYWDV, OF QLUTY|) TNV €Q-
Yo {0 TUQOVOLALOVTOL TO ATTOTEAECUATO YUQUXTNQLOUOV WS TTQOG TIG NAEXTQLRES TOVG
LOLOTNTES 08 BEQUONQAOLA dWUATIOV TTOV OVIMC TTOQOVOLALOVV £VTIOVO EVOLAPEQOV KO
AQUVOTOTNTES PLOUNKAVLXDV EQAQUOYMDYV.

2. [Tewgapatizd

Me emmituyio oQnyOn oeled doxLlwY VOvOGUVOETMV CUYREXOAAMNUEVOV UAYVITMV
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(Bonded Magnets) Tov T070v Nd,Fe ,B YONOLOUOTOLOVTOG Uy VITLXY 0XOVN TNG PAong
OVTNG Ue LOOTQOTILXES[4] LOLOTNTES, KATAAANAO ETTEEEQYAOUEV UE UEBOOOVS HOVIOUE-
TOAMOVQEYI0G. OL 0QYLKES LOOTAOELS TV KOXWV TOV LOYVNTLXOUV VALKOV TTOV XONOLUO-
momBnxe MTov 200u - 4000 OTov UeTd TV emeEeQyacia To nuéyebog Twv nORWV NTaV
otV 7TEQLOYT TV 0,5u. - Su. H ouyrolMAntinn ovoio ov xonoporotidnxe ytov to mo-
MalBvAEVLO. Ta dOXIULO VL0 TIG NAEXTOLHES UETQNOELS, LOQEOTTOLONXaAY O¢ dLonia TTd-
¥OVS Imm %ol OLUETEOV 25mm.

OL HayvnTnég UETQNOELS EYLVOV e TNV XONON UAyVNTOUETQOV TOV TUItov PPMS 9T
g Quantum Design oe Beguoxgaoio 300K.

3. Anoteréopata
210 oyua 1, TOQOVOLALETOL O TVTTLXOS PROYYXOS VOTEQNONS 08 BEQUOXQACTO dWUL-

Tiov, eVOC TAOOTLXOELOOVS UAYVITY, O OTTOL0g TTEONADE atd emeEeQyaoio LOOTQOTIUNG
uaryvnxng xdvemg tov tomov Nd,Fe B pe molvatbuiévio.
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Xynjue 1: BoOyy0g voTEQNONG LOOTQOMIXOV TAAOTIX0ELO0VS uayvitn Nd,Fe, B otovg 300K. H
TURvVOTNTd TOV Elvan 4,38g/cc ue He = 15KOe xair Ms = 120emu/g.

Elvol epugavég 1o yeyovog un xoeecuot onoun xot oto 40 kOe, ov ogetAeTal 0TO
OTL M xonoluostonBeion uoryvnTixy oxoOvn €ivoL LOOTQOTTLXM.

ZT0 OYNUO 200 TTOQOVOLALOVTAL Ol KOWTVAES EVEQYELOXOV YLVOUEVOU OOXLLIMWV TTO-
MOLOVAEVIOU e OLOPOQETINES TTUAVOTNTEG (OLOPOQETIXY] OUYHEVIQWON WUAYVNTIXNG
orOVNG) KoL 0TO OYNUA 2P TTAQOVOLACETOL TTOS EUTELQLXE. EEQQTATOL TO UEYLOTO EVEQ-
yerono yrvouevo (BH)max atd tnv muxrvotnto Tov SoXLUov.
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—»— A (d=2.46)
—0— B (d=2.59)
—#— C (d=4.10)
—0—C1 (d=4.38)
—— D (d=5.20)

Sytjua 20: ITagovoidiovral ot xaumrvAes tov (BH)max yia SoxiuLa Ue OLOQOQETIXES
TURVOTNTES. OL VTEQPOAES O€ VITEQDETN AVTLOTOLYOUV OF EVEQYELOKO YLVOUEVO
OLAPOQWYV TUUWDV, OTTMWG PALVETAL OTTO TO O UL

12
10 resin bonded O
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Sytjua 2. IlagovoldCetal N TELQOUATIXYG E5GQTNON TOV VEQYELAXOV Yivouévou (BH)max
aTTO TNV TURVOTNTA TOV doXLuiov. H ueyaAvteon Suvaty TuxvoTnTo avVTLOTOL El
o€ JTEQUITOV 93%x1.3. TTEQLEXTIXNOTNTA OXOVNG OTO TAAOTIXO. TO VYNAOTEQO EVEQYELAKO
YLVOUEVO ETTETEUYON xdvovTag yonon oxovng tvmov HDDR (aviooTQomixn)
oe mAaotixn ujtoa NYLON.
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210 oyMua. 3, TAQOVOLALOVTOL Ol XOUTTVUAES TNS UOyVATLIONS M 08 0UvVAQTNON UE TO
mtedio H (Itomto TeTaQTUoQLo TOU FROYYXOV VOTEQNONG), YLO. OOXIULOL OLAPOQWV OUYXE-
VIQWOEWYV UOyVNTIXNG oxOVNC.
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Sytjua 3: Mayvition M (H) tov doxwuiowv: 1, 2, 3, 5, 7. H O0yxEéVTomon uayvntixnig oxovns
XL OUVETTWG TNG TUXVOTNTAS TOVS faiver avEavouevn ue tnv avnon tov aotbuov
T0V doxtuiov. To doxiuto 1 eivar xabapd moivarbviévio (M = 0).

To doxiwo 1, amotekeltal amd ®abad TohvatbuAévio xal N uayvition Tov M = 0
(TTQOYUOTLXGL ELVOLL EAALPOMS OLOUAYVITLXO UE TLUN eTdexTIvOTNTOC ¥ = 100 emu/g/Oe).
Ta ovyxexguuéva donipa (1,2, 3,5, 7) x0QoATNOLOTNHOV 1S TTQOS TNV SINAEXTQLXY| OTA-
0eQd. TOUG %Al TTAQUUATW TTOQOVOLALOVTAL TO OTTOTEAEOUOTO TV UETQNOEMV OLUTMDV.

2710 OYNUOL 4 JTOQOVOLALETOL M TTQUYUOTIXY) CUVLOTMOW TNG OINAEXTOUXNG 0TaBEQAS
£, Mg OVVAQTNON TNG CVYVOTNTOS XAl OTO OYNUC 5 TTAQOVOLALETOL 1) PAVTAOTLXY OUVL-
01O € g oVVAQTNON TNG OUYVOTNTOS. Elvol eugaveég OTL TO TTQAYUATIXG UEQOS TOV
€, YLOL OUYXEVTQMOELS HATW OITO TO XAUTMEAL TNG NMAEXTQIXNG ayOYLUOTNTAS (donima 1,
2,3,5) 1 Ti) TOU QUEAVEL CVOTNUATLXA e AOENOT TNS CLVYXREVTQMWONG TOV doxLuiov. Ot
TUUES TNG OVYREVTOMONGS YLO. TO RAOE dORLULO EVROA VITOAOYILOVTAL OO TO SLAYQUUUOL
NG UAYVATLONG TOVG, OTTOV OUUITEQOLLVETOL OTL Ol OUYXEVIQWOELS TV OOXLUWV elval
d, <d, <d; <d; <d,. Qg ovvaQmnon g ouyvOTNTOS YL TO (010 dOXIULO TO € Q.-
UEVEL 0YeOOV 0TABEQO YLO L LEYAAT TTEQLOYT CUYVOTHTMV. ZTNV TEQITTMON OUWS TWV
OTTOAELMOV (POVTOOTIXOV UEQOVS €7 7) 0TO OYNUA 5 TOQOTNQELTAL LDl LOLOLTEQ. YOUNAT)
T M oTTola elvol aveEAQTNTN TN OV VOTNTAS AL OXEOOV OVEEAQTNTY TNG CUYHEVTIQM-
ong TV OOXLUIMY, GTaV 1 OVYREVIQWON LVl XOUNAOTEQN OO AUTH TOV XATWEALOV
aymywuotmrog-percolation threshold (doxiwa 1, 2, 3, 5). I'ia To doxiplo Ouwg 7, Ue mo-
A0 VYNAY CUYHEVTQON COUOTLOIWY, 1 TLUY TOV €~ eAATTOVTAL CUOTNUATIXG UE TNV Od-
Enon mg ovxvoTNTOS. ZVUPOVO UE T TTAQAITAV® OeQOUEVA EEQVETAL TO CUITEQUOWCL
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Ot T doxtula 1, 2, 3 wou 5 amroTtehoVV eV QUVAUEL HOMES EQPOQUOYES S OLNAEXTQLXA TTV-
UVOTOV.

Y
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Xyjua 4: TTooyUaTIXY OCUVIOTWOO TNG OLNAEXTOLXNG OTAOEQAS (€ ) O ouvaQTNON
ue n ovyvotnta. T'ia 1o SoxLULo UE CUYHEVTQWON OXOVIG XATW OITO TO XOTWPAL
AYOYLUOTNTOS TTAQATNOELTAL CVOTNUATIXY QUENON TNG TLUNG TOV €
g€ oVvVdQTNON UE TN OUYXEVTOWOT).
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Sytjua 5: PavraoTixy CVVIOTWOO (QTWOAELES) TNG OINAEXTOLXIS 0TAOEQAS (€") O ouvdQTnon
ue T ouxvotnta. 2ta doxiua 1, 2, 3 xat 5 (OUyxEVTQWON oxOVNG XATwW IO TO XOTWPAL
AYWYLUOTNTAS) TAQATNQOVVTAL TTOAU UIXQEG OINAEXTOLXES QUTAELES UE TXEOOV OTAOEQN TLUT
yLa évar eVoU QAoud ouxvoTHTwVY. To doxLULO 7 TTOV €XEL OVYXEVTQMWON OUPMS TAVM A0 TO KO-
TOPAL QYOYUOTNTAS TUQATNOELTL OTL O CITWAELEG EAQTTOVVTAL UE TNV AUENON TNG OUXVOTNTAG.
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210 oYNUOL 6 TOQOVOLALETAL M EEGOTNON TNS VITOAOYLLOMEVNS OITO TO € MAEXTQIUNG
AYOYLUOTNTOG 0 WS OUVAQTNOT TNG OV VOTNTOS Yo OAO To doniuta. TTagatnoeitar OTL
TO UEV donLUO VYNANG ovyrnéviomwong (7) TaQOVoLElelL oy yLUOTNTO VPNAY ROl OVe-
EGOTNTN TS OUYVOTNTOS (YOQUXTNQLOTIXO UETOAALUNG CUITEQLYPOQAS) EVM TO SOULULOL
UE YOUNAES OUYREVIQWOELS (HATW OO TO KUTMPAL AYWYLUOTNTOC) TO.QOVOLALOVY V-
ENnomn ™G aywyLLOTNTOS 08 OUVAQTNOT UE TNV OUYVOTNTO. ZVWTEQUOUOTIXG AOLTTOV WITO-
QOVUE VO TTOVUE OTL TO SOXIULAL UE VYNAES CUYREVTQMWOELS OUOLALOVV UE TOVS UETOAAL-
HOVG Ay YOUS %Al Yo VTS B0 WIT0QOVOY VA X ONOLUOTTOLNOOVV VL0l NAEXTQOUAYVNTIXY
BwodnLon..
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Sytjua 6: Aywyyuotnra oe ovvdetnon ue ™ ovyvornta. Iia to doxiua 1, 2, 3, 5
N aywyuoTnNTe AVEAVEL 08 GUVAQTNON UE TN OUXVOTNTA X0l VTAQXEL EAAQQd eEdoTnon
aTTO TN OVYHEVTQWON TNG UAYVNTIXNIG 0%0vNG. Tia T0 doxiuio 7 (OVyxEVTomon oxovng
AV OO TO XATWOPAL QYWYLUOTNTAG) 1 AYWYLUOTNTO QUSAVETOL ATTOTOUC.
(meoimov 13 td&eig ueyéhovg) eival atabeon xol un eEQQTaUeVN aTo TN TUYVOTNTA.
Hapatnoeitar dnAadt To Tégaoua amo T UOVWTILXY 0TV aydyiun gdon [4, 5]

4. Yvuregaonato

ZUYREXOAMNUEVA TTOAVUEQT] UE UOLYVNTLXA VOVOOWUOTLOLOXG EYUAEICUATO TOV TVITOV
Nd,Fe,,B moQaoxevdotnuav ue emtuyion pue oudgoQes OUYAEVIQWOELS CMOUATLOLWV.
‘Otov 1 oVYREVTQMON TNS UOYVNTLKNG OXOVNG ELVAL XATW OTTO TO KOTMPAL OYOYLUOTN-
TOC, EUPAVICOUV OMAEXTOWY OTAOEQA (&) TTQUXTIXA QVEEAQTNTN GITO TNV OUYVOTNTO
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AOL YOUNAES TUUES OTLS OUNAEXTQIXES QTTAELES (€77). Ta VALXG auTd TTQOOMEQOVTOL (G
€Y TOVTOV VL0 EQPOQUOYES O€ TTUAVITEC.

€ TeQlImTon O IOV N CUYXEVTOWOT TN WAYVNTLXNG 0xOVNG elval TTév® otd TO K-
TOPAL OYOYLUOTNTOS, M VITOAOYLLOUEVN Oy®YLUOTNTO OITO TO € AVILOTOLYEL O aywyL-
uomto DC (aveEamota atd ™ ovyvoTnTa) He SUVOTES EQPUQUOYES TT.Y. WG VALXE KO-
TAMANAQ YL0L NAEXTQOUAYVNTIXY BwQdxLon.
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Abstract

Ejectors are used for a wide range of applications. Even though the coefficients of
performance (COP) for ejector refrigeration systems are lower than those for
conventional compression systems, the input thermal energy that can be used is solar
energy, industrial waste heat and exhaust heat instead of electrical energy that the cost is
Very expensive.

The present work tries to verify a theoretical model with the experimental results. The
model is referenced on an ejector refrigeration system driven by solar energy and R134a
as working fluid in the Athens area.

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XIII, No 1, 2008, pp. 51-58
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The design of the ejector operating in refrigeration system with a low thermal source
is presented.

The operation of the system and the related thermodynamics are simulated by suitable
computer codes and required local climatologically data are determined by statistical
processing over a considerable number of years.

The influence of three major parameters:generator, condenser and evaporator
temperature on coefficient of performance is discussed.

The comparison between theoretical model and experimental results showed that this
model estimates satisfying the experimental results.

Key Words: Ejector; Cooling system; Solar energy; COP; R 134a.

Iegidqyn

OL €YY VTNOES YONOLUOTTOLOVVTOL O€ EVQV TTED(O EQPAQUOYMDV. AV %Al O CUVTEAEOTNS
ovuteQLpodg (COP) Twv ovotnuatmv YUENS UE EYXUTNQO Elval YOUNAOTEQOS aTTd
TOV OVTLOTOLYO TWV OVOTNUATWV CUUITLEONS ATUMV, M TTQOOMEQOUEVN BeQuIxy eVEQ-
YELOL TTOV UITOQEL VO %ONOLUOTTOLNOEL lval n MALOXT EVEQYELQL, T BLOUNYOVIXE BeQULnd
artoPANTO, TA BEQUE RAVOOEQLOL OVTL YLOL NAEXTQLUY EVEQYELOL M OTTOLOL KOOTICEL TTOAV
onQLBdL.

H mogovoa egyaoio mooomabel va. emipefalmoel To BemoNnTivd LOVIEALO UE TO. TTEL-
QaUOTXG 0TTOoTEAEOUOTO. TO UOVTELO OVOPEQETOL OF PURTLXY EYLATAOTOON EYYXVONG
OTUOV TQOMODOTOVUEVN UE NALOXY EVEQYELD KOl EQYOLOUEVO UETO R134a, eyrateotnué-
VO OTNV TTEQLOYN TV ABNVOV.

ITaQovoldletar 0 oyedLIoUOS eVOg EYXUTNQO O OTTOLOG AELTOVQYEL 08 PYURTIXO OV-
OTNUOL e YonAn Beopux sTnyn.

H Aertovgyia ToU OVOTHUATOS KoL M OYETLEOUEVT BEQUOdUVOULKY AvAAVOoT, €XOVV
TTQOOOUOLMWOEL 0Tt €Vl KATAMANAO KDOLKO NAEXTQOVLXOU VITOAOYLOTH KOl TC GITOLTOV-
UEVOL TOTTLXA HALUATOMOYLXA OTOLYELD €x0UV 0QLOBEL OITO OTOTLOTIXEG EQEVVES YLOL €Vl
UEYAAO X QOVLXO OLEOTNUCL.

Zvinreltal n emTtidQoom TV TOLHY ONUOVTIXMV TTUQAUETQWV: BEQUORQAOLN ATUOYEV-
VITOLOLG, CUITUAVITH X0l OTUOTTONTY AV OTO OUVTEAEOTY) CUUTTEQLPOQUIC.

H ovyxoLon ueto£ BemonTino LOVIEAOV %L TELQOUATIAMV OITOTEAEOUATOV OE(-
KVOUV OTL OUTO TO LWOVTELO EXTLUGEL LXOVOTTOLNTLXG TO. TTELQOUOTIXG. ATTOTEALECUOTOL.

A€Earg Khewdra: Eyyvrioag; Zvotnua YiuEng; Hiwaxr evéoyewa; COP; R134a.
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Theoretical analysis

Figure 1 illustrates the operation of a solar ejector cooling system and a schematic
view of ejector. Saturated motive vapor of working fluid enters the ejector at a high
pressure P, temperature T, and zero velocity, corresponding to state (1) and expands to
a pressure P, through a converging/diverging nozzle, with isentropic efficiency n,,. The
motive stream emerges the nozzle and remains as an identifiable stream for some distance
downstream. The saturated secondary vapor enters the ejector at pressure P,
corresponding to state (2). Rao and Singh [1] and Kouremenos et al [2] showed that the
model based on the conservation of fluid momentum in the mixing process gives results
in close agreement with those obtained from available design charts. After mixing the
stream is brought to near-zero velocity, corresponding to state (3) in the diffuser, with an
assumed efficiency of n,,, taking into account the chocking phenomena proposed by
Munday & Bagster [3]. To better understand how a typical ejector cooling system
functions, a description of its operation is given on a T-s chart in Figure 2.

\ 7
N
N\
.
S‘ SC G C E
N
A
8| %6 5
9 O @ : D
P, P, EV

Figure 1: Schematic view of solar ejector refrigeration system and ejector.

G: Generator EV: Expansion valve
C:  Condenser SC: Solar collector
E: Evaporator P, Liquid pump
EJ: Ejector P,: Water pump
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Figure 2: T-s chart of an ejector.

In the present study, R134a is selected as the working fluid for the ejector cooling
system. R134a has a low boiling point (—26.5°C) and critical temperature (101.1°C). For
thermodynamic properties of R134a, the equations proposed by Wilson and Basu [4]
have been used. Also, in the present study has been used a computer model of ejector
refrigeration system developed by Alexis and Karayiannis [5].

The governing equations for each unit in the system are:

» Evaporator: Q, = m(h, — hy) (1)
» Generator: Qg = rflg(h1 —hy) )
. Pump: W, = r,(h; — h,) 3)

Thus the COP of the ejector cooling system is determined by its operating conditions
and may be calculated from equation:
Q. h, — hy

COP=—"—=w-
Q+ W, h,—h

)
where w = rfle/rha the flow entrainment ratio (kg of secondary stream per kg of motive
stream).

The equivalent coefficient of performance for Carnot cycle is calculated from the
equation:

T, - T, .
COP, = —+——*- S
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Experimental equipment

The ejector is manufactured by brass, shown in Figure 3. The two main parts of the
ejector were connected by fine screws to prevent leakage. In brief, this system works as
follows (Figure 1). The solar collector (SC) was used to heat the solar system fluid, which was
water and to collect the energy needed to boil the refrigerant R 134a in the generator (G). The
generator contained two copper spiral heat exchangers (shell and coil). It was used to tranfer
the heat effect of the solar fluid to the refrigerant in the generator. The generator was
connected to a liquid pump. The following control devices were used with the installation.

1. Safety valves
2. Manometers
3. Thermocouples

4. Control valves

42

Figure 3: The ejector

The vacuum tube solar collector is performing superior in unfavorable cloudy, windy
and cold conditions too. The vacuum envelope eliminates weathering influences such as
condensation and moisture that causes early deterioration of internal materials resulting
in reduced performance and system failure.

The obtained refrigerant vapor expands through the primary convergent-divergent
nozzle at a high velocity and emerges into the mixing section so that the vapor may be
drawn from the evaporator (E), (DX air-cooler coil). The mixture was compressed in the
diffuser and sent to the condenser (C), (air-cooled condenser). The Figure 4 shows the
photo of ejector. Some of the condensate liquid was forced back to the generator used a
liquid pump (P,) and the other part entered the evaporator.
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Figure 4. The photo of ejector

Results

In this study, the influence of the generator, condenser and evaporator temperatures
on the ejector refrigeration system performance is shown experimentally.

Figure 5 shows the influence of evaporator temperature T, under different condenser
temperatures T on coefficient of performance ratio COP/COP_. for a constant generator
temperature Tg. It can be seen that the coefficient of performance ratio increases with
increasing evaporator temperature and decreasing condenser temperature.

0.21
& — '
Q 020 T =90°C |
3 |
2 0194
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Q
g 018 7
13 o
5 T,230°C
5 017 .
Q T=2 C
k]
_‘S 0.16
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. . . .
2 4 6 8 10 12 14

Evaporator temperature Ta(“C)

Figure 5: The effect of evaporator temperature T, under different condenser
temperatures T, on coefficient of performance ratio COP/COPC
for generator temperature Tg = 90°C.
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The comparison between theoretical model and experimental results showed that this
model estimates satisfying the experimental results.
The coefficient of performance is low but the solar energy is available in Athens.
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Nomenclature

cop coefficient of performance

coefficient of performance for Carnot cycle
heat rate (kW)

temperature (°C)

work rate (kW)

specific enthalpy (kJ/kg)

isentropic efficiency

mass flow (kg/s)

flow entrainment ratio

£ 335 2.3 0.8
=

Subscripts
1,2... cycle locations
a,b... ejector locations
C condenser

e evaporator
g generator
p pump
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Abstract

This paper tackles the Economic Load Dispatch (ELD) problem by providing a
solution methodology based on a memetic algorithm. Memetic algorithms are a
population-based approach for heuristic search in optimization problems and combine
local search heuristics with crossover operators.

In particular, this paper suggests a memetic algorithm to deal with equality and
inequality constraints found in the ELD problem. The memetic algorithm is applied to
sample ELD problems which are composed of six generators.

Specific results analysis is performed, as is also a comparison with respective results
from the application of the Particle Swarm Optimization algorithm (PSO).

Meidnyn

Ze vt TV eQYaolo ToQovaLdleToL (o ueBodohoYia YLoL TNV ETTLAVOY TOV TTQOPAN-
uatog e Owovournig Katavoung tov Hientouov doQtiov, xoNoLUoTOLmVINS TOV
wunTd alyoepo. To TEOPANU. aVTO TOQOVOLALEL CVUVOETA KOL UM YOOUULXA YOQO-
UTNOLOTLXE XOOMS HOL JUVATONVS TEQLOQLOUOVS LOATNTOG AL AVLOOTNTOG.

ITLO OUYXEXQLUEVO, LOG OTTALOYOM|OEL TO TTOCO TNG LOYVS TTOV JTQETTEL VO HATOVAAW-
Oel 0rtd éva memeQaouévo aQLOUO YEVYNTOLMV TTOQAYWYNG EVEQYELACS, £TOL (DOTE 1) OLTTOL-
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TOVUEVY] TTOQOYOUEVY EVEQYELDL VO, ETTLTUYXAVETAL UE TO ENAYLOTO ©OO0TOG. Ommg elvat
PLOLXO TO TOQATTAVW® TTEOPANUC FOIOKEL EQAQUOYYN 08 TTOALOVS TOUELS TNG rounyaviog
%O TO. AITOTEAEOUOTO TNG AVONG TOV OITOTEAOVV XQLTNOLOL YLOL TOV X0.B0QLOUO TOV 0TQOL-
TNYWOV OYEOLALOUOV TOVG.

Ou ppmtixot alyooBuor eivar eEehntivol ahydLBuot, oL 0Totol eaQUOtouV (Lo
EexmOLOTN OLOOLXAOLa TOTTLXNC avaliTnong. evindteQa, EXUETAMAEVOUEVOL TO OVUPLM-
TG OITOTEAEOO TOV GUVOVAOUOU OVO OLOPOQETLXMV OTQATNYLXMV avolnTnong, evow-
UATOVOUV OAYOQLOUOVS YELTOVIXNG 0VOCHTNONG, AVEGVOUV TNV OvOCHTNON, VD 1) €EEL-
HTURY) OLAOXOO(0L OLEVXOAMIVEL TNV CTTOTEAEOUOTIXY OCUVEXY OLOPOQOTTOINOM TWV TTLba-
VOV AMOEMV TOV TTEOPAMUATOS. Me T fonbela Twv Muuntinwv AhyoQibumv emttuyyd-
VETOL 1 TTQOCEYYLON EXELVOV TOV CUVOVOGUOV TLUMV LOYVOC £TOL WOTE VO. £YOVUE TO EAN-
YLOTO ROOTOG TTOQOYWYNS EVEQYELOC.

Ta aoteAéouaTa ard TNV EQOQUOYY TOU WLUNTLXOV 0AY0QIBUOV TTdvm ot dedoue-
VO TOV TTQOPANUOTOC OVAAVOVTOL XOL OVYXQIVOVTOL e OVTE TTOV TTQOXVITTOVV KOTA TNV
ertiAvon tov OOV TEOPANUATOS UE TNV EQAQUOYN TOU CAY0QiBUOV PeATLoTOTOINONG
ouUnNvoug LoQimv.

Key Words: Economic Load Dispatch, evolutionary algorithms, memetic algorithms.

1. Introduction

Many power system optimization problems, including that of the Economic Load
Dispatch (ELD) problem, have complex and non-linear characteristics and carry
constraints of equality and inequality. During the past decades, the solution to this
problem was performed through complex mathematical methods. An alternative solution
to the ELD problem, in contrast with classic mathematical methods is that which
originates from heuristic optimization techniques such as genetic algorithms, simulated
annealing, Tabu search and Particle Swarm Optimization (PSO) algorithms.

Memetic algorithms (MAs) are a category of metaheuristic algorithms that
successfully solve problems of combinational optimization (Gnanadass et al., 2004).
Memetic algorithms are also known as "Hybrid Genetic algorithms", as they combine
heuristic methods of local search with crossover operators or "Genetic Local searchers"
(Gnanadass et al., 2005).

Memetic algorithms produce results faster than genetic algorithms. Their success is
mainly due to the exploratory capabilities of genetic algorithms, as well as those
attributed to the use of the local search method. They usually combine local search with
the crossover procedure (Proenca et al., 1999).
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This paper includes the following sections:

- Section 2: Short introduction to memetic algorithms;

- Section 3: Formulation of the problem;

- Section 4: Memetic algorithm for solving the ELD problem;
- Section 5: Case study;

- Section 6: Conclusions.

2. Memetic Algorithms: A Short Introduction

Memetic algorithms belong to the field of metaheuristic algorithms, yet they are a
composite of heuristic and evolutionary algorithms that include elements that imitate
biology principles, as well as social actions. They perform searches using a population of
solutions rather than a single solution. The computational time for executing a memetic
algorithm is larger than that of a heuristic algorithm, but the anticipated results are of
better quality than those of a heuristic or evolutionary algorithm.

2.1. Main Characteristics of Memetic Algorithms

The main characteristics of a memetic algorithm are as follows (Digalakis, 2005):

— Population. One of the fundamental characteristics of a memetic algorithm is
population size (Moscato, 1999), which constitutes an important evaluation criterion for
exploring the solutions. The individuals that make up the population and exchange
information in a memetic algorithm are termed as "parents", while the individuals that have
recently been created or modified are termed as "children". Each individual of a population
represents a possible solution to the problem. The size of the population can be either
constant or variable during the search. The information exchange mechanisms are the
operators of recombination and mutation, as well as local search techniques (Moscato, 1999).

During the execution of a memetic algorithm, information regarding the progress of
the population thus far is most important. This information represents the knowledge
which sets the rules of evolution for the population and is collectively termed as the
population’s "history". The population’s "history" is the piece of information that is given
at evolution’s disposal and is used at the stage of selection, which is based on the quality
of individuals. Local search contributes to finding the best individuals for recombination
and mutation. Following the execution of a local search, the population’s "history" is
updated and recombination and mutation take place next, through which the structure of
individuals is disrupted providing further possibilities for exploration of the search space
(Digalakis, 2005).
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Memetic algorithms do not just use random rules but also take into account
information that they acquire during the exploration of the viable space. Hence, the steps
are not fully random but adaptable to new circumstances.

— Coding. Every solution is codified into a string. The solutions that represent
individuals in a memetic algorithm are not maintamed in their original form, but in a
codified format so that they simulate chromosomes, which hide coded characteristics of an
individual. In this manner, genetic operators, such as reproduction, can be applied to the
codified solutions.

There are various methods for representing memetic algorithms, such as binary
strings, Gray coding and real coding.

Real coding improves memetic algorithm performance for applications that involve
continuous variables, and for which finding a solution with great accuracy is required
(Lozano et al., 2004).

— Recombination. In memetic algorithms, recombination is the operator that which
with a P_ probability select two parents from a population and then recombines them in
order to create two individuals.

The mechanism of recombination is not applied to all pairs that have been selected for
reproduction. The usual values for the recombination probability are P, = 0.60 (Radcliffe
and Surry, 1994) and P, = [0.75,...,0.95] (Jog at al., 1989).

— Mutation. The mutation operator in memetic algorithms changes certain bits of
individuals by reversing them. The probability of mutation P_3[0,1] per bit is usually
very small in memetic algorithms (Digalakis, 2005).

The mutation mechanism assists the memetic algorithm in avoiding local extrema,
providing an additional randomness component for the evolution process (Merz, 2001).

In the case that the optimum solution has been determined fairly well, the mutation
operator creates slight disturbances in the local optimum region thus accelerating
convergence.

— Neighborhood Function. The neighborhood is defined as the group of individuals
that belong within the boundaries of a geometric shape with the original parent at its
center (Digalakis, 2005). The wealth of individuals that exchange information in the case
of a memetic algorithm is of great value. The plurality of these individuals depends on the
neighborhood function

N:P—(P)

The neighborhood function assigns a subgroup P to every individual X. An operator
that is applied to an individual X &P can be run on another individual that is selected
from N(x). In a memetic algorithm the search space is defined, based on the neighborhood
function, as

VeP, Nx)Ux = P
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— Replacement Methods. The evolution of a population within series of generations
(repetitions). We use the full replacement model (Merz, 2001) in the case when the whole
population is replaced by a single generation, yet in the case when part of the population
is replaced we use the consistent replacement model (Merz, 2001).

— Local Search Methods. By contrast to evolutionary algorithms, memetic
algorithms have the ability to locate the global optimum within a relatively small number
of repetitions. In evolutionary algorithms, the process for finding the global optimum is
slow because there always exists a random factor. Using the local search method
(simulated annealing, Tabu search) before the stage of recombination or mutation, as well
as during the population initialization, the algorithm is aided in finding the local optimum
(Merz and Freisleben, 2000). Using guided local search, the entrapment of the memetic
algorithm in local minima is avoided.

In figure 1, the pseudo code of the memetic algorithm is given.

Procedure MA;
Begin
For j:=1 to popsize do
i:=generateSoluution();
i:=Local-Search(i);
Add individual i to P;
endFor;
repeat
For i:=1 to recombinations do
Select two parents i, i, € P randomly ;
i:=Recombine(i , i,);
i.;=Local-Search(i );
add individual i, to P;
endFor ;
For i:=1 to mutations do
Select an individual i€ P randomly ;
i :=Mutate(i);
i _=Local-Search(i_);
Add individual i to P ;
endFor;
P:=select(P);
If P converged then P:= mutate ANDLS(P);
Until terminate=true;
End ;

Figure 1: Pseudo code of memetic algorithm.
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3. Formulation of ELD Problem

The goal of the Economic Load Dispatch problem is to achieve optimal electric power
production in conjuction with minimilization of the production unit’s (generator’s)
function costs, while keeping equality and inequality restrictive conditions satisfied.

The objective function that describes the ELD problem is:

mini‘Fi(P,) = mini(ai + bP. + cP?) (1)
i=1 i=1
when n
Z; P, =P, @)
Pi,min = Pi = Pi,max (3)
where
n is the number of production units (generators)
P, is the output power of the i-th unit (generator) in MW,
F.(P)  is the hourly production of P, MW measured in euros per month,
P i is the minimum power limit of the i-th unit (generator) in MW,
Pl 08 the maximum power limit of the i-th unit (generator) in MW,
P, is the overall load demand in MW,
and

a, b, ¢, are the cost coefficients of the i-th production unit (generator).

4. Memetic Algorithm for Solving the ELD Problem

In order to minimize the overall function cost of the production units (generators),
Equation (1), with the help of a memetic algorithm, we implement the steps below which
we analyze in the following section:

Step 1: Data representation

Step 2: Formulation of initial population
Step 3: Population optimization

... Begin of repetitive process

Step 4: Selection of population

Step 5: Execution of recombination

Step 6: Population optimization
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Step 7: Execution of mutation operator
Step 8: Population optimization

... End of repetition

4.1 Data Representation

The main characteristics of the problem that need to be numerically represented are
the number of production units (generators), the power produced by each unit (generator)
and the population (chromosomes) data that define the presumed solutions to the
problem. For our convenience, we have chosen to express the power produced by each
unit (generator) using real numbers.

A supposed solution to the problem will be of the form:
X, = [pll 9 PJ2 7"'9Pjn] (4)

where
j is the number of the chromosome or alternatively the number of the respective possible
solution to the problem, while jE [1, NJ.

The initial possible solutions are given in the form of a matrix j X i, where
chromosomes are arranged in j rows and the various values of produced power, that need
to be evaluated and combined (with each other) in order to minimize the overall function
cost of the units (generators), are arranged in 7 columns.

The initial solutions are represented by the following matrix:

P 11 P 12 p 13 p In

PZ 1 P22 P23 P2n
M =

PN] PNZ PN3 PNn

4.2 Population Initialization

Finding the initial possible solutions to the problem that will form the beginning of the
memetic process is achieved with the help of the rand function of MATLAB. According
to this function, the presumed initial solutions are random selections of real values for the
power of each unit (generator), within a range of values that we define.

In this program, population-initial is the function that is responsible for data
initialization and uses as input arguments the overall power demand and population size.
The population-initial function outputs the initial population that we desire to optimize
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(Viana et al., 2002). The size of the population is given within the function with the
argument pop-size, and therefore we end up with matrix M of initial solutions with a
number of rows N = pop-size and n columns that correspond to n power production units
(generators). The size of the population we select is of order 1.5 to 3.5 times the total
number of variables. We then enter the limits of the power values of each production unit
(generator) (P, . and P )

Through executing the program (or software) a matrix pop-size X n is produced with
completely random values for power P. The above matrix does not satisfy the problem’s
demands (constraints of equality and inequality). Moreover, it is necessary that the sum
of powers produced by each production unit (generator) is equal to power demand, while
every production unit (generator) must function within the limits [P, .. P, 1.

We can satisfy the restrictive condition of inequality of implementing a repetitive
procedure during initialization for the first n-1 production units (generators) (Park et al.,
2003). Each time a value occurs, we check whether it lies within the acceptable limits and
either accept it if it does, or we repeat the initialization process until we get the desired results.

Since we require that the constraint expressed by equation (2) is not violated, for
practical reasons, the output power of the n-th unit (generator) value is calculated, if we
subtract the sun of the power produced from the first n-1 production units (generators)
from the overall power demand:

n—1
P, :PD_;Pi )

Using equation (5) might give us an unacceptable value for the n-th production unit
(generator), a value which is therefore rejected. The repetitive procedure is in that case
applied, which stops when the above initial values satisfy both constraints (2) and (3).

4.3 Population Optimization

In this section, we describe the third step of the algorithm that includes the optimization
of the initial solutions. Our goal is to reach the same number of solutions but with values of
the objective function, that describes the given problem, that are smaller than the respective
values of the solutions of step 2. The method that is used is the local search method which is
an integral part of every memetic algorithm and is based upon finding the neighboring set
of the initial possible solution to the problem. The local search procedure is as follows:

Suppose N(s’) is the neighboring set we are looking for and X/EN(s) is the
neighboring solution of the solution Xj. The value of the power P,’, of every neighboring
chromosome X j’ arises if we add a Gaussian random variable with a zero mean and
standard deviation o}, to the value of the power P, of every production unit (generator)
of the initial chromosomes. The standard deviation of the above variable is dependent
upon the particular characteristics of each production unit (generator).
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If
X/ =[P, P}, ... P/]
is a point with N(s’), then each variable Pﬁ can be found as follows:
P/ =P, +0,-NQO. 1) (6)
where
j=1..,Nandi=1,..n
Term N(O, 1) defines a Gaussian random variable with a zero-mean and unit standard
deviation.
In equation (6), standard deviation is given by the formula (Jayabarathi et al. 2000):

fi
Oi = ﬁ ’ f— (Pi,max - Pi,min) (7)

min

where

f ., is the minimum value of the objective function among N different solutions of the
population,

[ is a weight operator that determines convergence, and

f.  is the objective function value of production unit (generator) i of chromosome j.

The size of the weight operator is determined according to how different we want
neighbouring chromosomes to be from their respective initial ones.

As in step 1, we need to create chromosomes that satisfy constraints (2) and (3),
respectively. Since the Gaussian variable is random, it is very possible that the above
restricting conditions are being violated. In order to satisfy the constraints of the
problem, we initially compute the values that emerge for the n—1 production units
(generators) of each chromosome.

Suppose that for the first chromosome, we have computed values P;,, P),, P/;....P, _,.
If the aforementioned values lie within the limits P . and P__, then they are accepted and
the value P, is computed next, meanwhile controling in a similar manner as presented in
step 1, for the inequality constraint, thus ensuring the overall power demand for the system.

If a certain value of the n—1 production units (generators) does not lie within the
power limits, then we examine whether this violation occurs below the P . value or
above the P value.

Therefore:

i,min® i,min

If Pﬁ < P. _ then Pﬂ. =P, and
If Pﬁ > P then Pﬂ. =P,

i,max’® i,max
Next, we compute the power value of the n-th production unit (generator) using
equation (5), and the algorithm continuous repetitively until we end up with neighbouring
chromosomes that satisfy the problem’s constraints and have objective function values
less than those of the chromosomes acquired in the early phase.
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4.4 Population Selection

Since we have optimized the calculated random initial solutions with the help of local
search, the algorithm continues to run evaluating and selecting the solutions that
originated from step 3.

In this fourth step, we implement a selection method to evaluate which chromosomes
are able to continue through the evolutionary procedure and to reject those unable to do
SO.

Able chromosomes are termed as "parents”, to which evolution operators will be
applied and will thus give "offspring".

Two of the most well-known selection techniques that are used in evolutionary
algorithms are the roulette technique and the tournament technique (Srinivas and Patnaik,
1994).

The tournament technique is the method used for this project in order to select the
parents amongst the chromosomes.

We select a random number k within the interval [0,..., pop-size], where the pop-size
parameter indicates the size of the population. We then select kK chromosomes, which we
compare to each other and only the one with the best suitability, meaning the least
objective function value, passes on to the next generation. The above procedure occurs
repetitively and, hence, some of the chromosomes will disappear, while others will appear
more than once in the new population, since the population size remains fixed.

For our case study, we chose k=2. We, therefore, compare chromosome pairs and the
process ends when the number of repetitions equals the population size.

4.5 Execution of Recombination Operator

Following the selection of the population, the recombination operator is executed
next. For its execution, two or more solutions/chromosomes are required from whose
recombination. We will end up with two or more new chromosomes.

The recombination operators constitute the procedure through which a set of
chromosomes ('parents”) is modified so that another set of chromosomes termed as
"offspring", arises that inherits all the characteristics of the parents.

We use as recombination operator the method of single-point crossover.

If the electrical power production system consists of six units (generators), the length
of the multivariable, which is termed as chromosome, is £=6. We randomly select
crossover points that take on values in the interval [1,..., €—1]. The probability is the
same for any value in the internal [1,..., €—1] these points take on.

Nonetheless, chromosome crossover (Ouiddir et al., 2005) does not always occur.
Even though the parents we have selected for crossover have emerged from step 4 of the
algorithm and are considered the appropriate chromosomes for the task, we do not wish
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that the whole population be subjected to crossover, since that would be ineffective.

We create random numbers within the interval [0, 1] as many as the number of
chromosomes. Each number created corresponds to a chromosome. We then assign a
crossover ratio which for the current project is determined by the Pr-cross variable and is
equal to 0.7. We select a chromosome pair each time, and to each chromosome of the pair
selected a number form the [0, 1] interval is assigned. If this number is greater or equal to
Pr-cross, the chromosome is selected for crossover, otherwise it is rejected.

For the current case-study, we have six production units (generators); therefore we
have the following two parents:

X, =[PP, P, P, P, P(]
X, =[P}, P,, P}, P, P;, P(]
We choose two random numbers within the [1, 6] interval, for example 2 and 4. Hence:
X, =1[P,,P,, /I P,,P,, /[P, P]
X, =[P, P,,// P}, P,, /| P, P(]

If the above chromosomes correspond to numbers greater or equal to Pr-cross then
during crossover, we have the exchange of the common segment between the
chromosomes resulting in the following new chromosomes (offspring):

X/ =[PP, //P, P //P,P,]
X, =[P, P, /[P, P, // P, Pl]

As in the previous steps, in the recombination procedure the new chromosomes arise
through a repetitive process. No one can guarantee through that these new chromosomes
do not violate restrictive conditions (2) and (3) of the problem. The procedure that is used
in order to satisfy the restrictive conditions of equality and inequality of the problem is
the same as that used in step 3.

Thus, by interrupting the repetitive process when we reach an equal number of
offspring as parents, we have the population that will continue the evolutionary process.

4.6 Execution of the Mutation Operator

Having executed the recombination operator, the memetic algorithm subjects the
offspring that have arisen to optimization, so that emerging chromosomes have
objective function values smaller than the respective values of any population that
emerged thus far.

As already mentioned in step 3, the rate at which population optimization takes place
must be small since we do not want the chromosomes that emerge to have lost their basic
properties.
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Moreover, the crossover procedure to which the population is subjected in step 5 leads
to a better population in the end, as does optimization in step 6, yet the main goal is the
exchange of information between chromosomes and so the differentiation of the objective
function is not especially distinct.

The mutation that takes place in step 7 is especially and objectively meant to
differentiate the chromosomes from each other, and hence cause significant changes to the
objective function that will more objectively approach the purpose of the problem.

Through the execution of an operator, the mutation process is applied to the
chromosomes’ variables, so that new chromosomes will emerge carrying different pieces of
information. The operator used is the same we introduced in step 3 for finding the
neighbouring set of the respective population (Wong and Yuryevich, 1998), Equations (6)
and (7).

One could claim that the mutation process is the same as the process for finding a
neighbouring set in step 3. Our utter goal is to find a population with considerably different
chromosome objective function values. The first important difference when compared to
step 3 is that coefficient 5 that determines the pace of change is greater than that used for
finding the neighbouring set and thus than that used in the local search method. As a result,
chromosomes arise that at no previous step of the algorithm but even at none of the
repetititions did they belong to the field of attraction of chromosomes that resulted from
local search.

Coefficient f5 plays a very important role in results convergence. Next in the process
we are called upon to deal with the violation of restrictive conditions (2) and (3) of the
problem.

Just as in previous steps, the manner in which we ensure that equality and inequality
constraints are satisfied is the same as the one initially presented during the population
optimizitation and the local search method process.

The algorithm closes with yet another population optimization that results from the
execution of the mutation operator.

The number of step repetitions is used as a criterion to terminate the algorithm. A size
of 15 to 20 (Park et al., 2003) repetitions is enough in order for us to get the desired
results.

S. Case Study

Suppose we are called upon to solve the Economic Load Dispatch proble of six
generators, whose characteristics are given in Table 1. Coefficients a., b.and c, are the fuel
consumption coefficients.

Suppose that these generators are expected to cover an overall power demand
P, = 1680 MW.
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Table 1: Generator characteristics

UIllt ai bi Ci E ,min R ,max

(Generator)

1 561,0 7,92 0,001562 150,0 600,0
2 310,0 7,85 0,001940 100,0 400,0
3 78,0 7,97 0,004820 50,0 200,0
4 102,0 5,27 0,002690 100,0 500,0
5 51,0 9,90 0,001720 40,0 350,0
6 178,0 8,27 0,006930 100,0 280,0

The memetic algorithm that is used to solve our problem is run within the Matlab
environment.

For an initial population size equal to 14 and overall power demand P, = 1680MW,
the initialization function gives the initial population presented in Table 2.

Table 2: Initial population

# Chromosome P1 P2 P3 P4 PS5 P6 D
1 339.98 400.00 166.95 323.81 335.20 114.06 1680
%) 466.10 341.05 86.676 462.48 81.309 242.39 1680
3 525.23 343.90 124.85 364.15 145.99 175.88 1680
4 510.51 241.02 77.120 286.88 322.57 24191 1680
5 441.86 274.21 186.81 296.85 281.44 198.82 1680
6 531.17 144.18 173.24 321.70 316.70 193.01 1680
7 364.98 374.12 94.219 304.07 340.02 202.58 1680
8 557.93 268.92 132.69 136.05 331.32 253.10 1680
9 343.47 387.12 125.60 292.44 288.66 242.71 1680
10 420.23 330.65 181.38 436.08 99.757 211.90 1680
11 489.68 263.62 165.68 396.38 229.69 134.95 1680
12 499.90 260.73 79.004 432.62 253.25 154.50 1680
13 449.08 312.64 136.95 379.35 211.82 190.17 1680
14 342.71 375.58 185.33 292.98 294.71 188.69 1680

We notice that the chromosome random variable lie within the limits defined by
equation (3) for each production unit (generator). In the last column, the sum P, for each
population snap-shot is recorded and we notice that the sum for all 14 chromosomes is
1680 MW, just as constraint (2) demanded.

Following 11 repetitions of the memetic algorithm, convergence occurs which is
shown in figure 2. In Table 3, the best chromosome is presented, meaning listed are those
generator values, whose combination minimizes the function cost of the production units
(generators).
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Table 3: Best chrosome achieved at 11" Memetic Algorithm Repetition

Best Bl P2 P3 P4 P5 P6 D
Chromosome
11 487.73 400 152.26 500 400 100.01 1680
x104
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Figure 2: Convergence of memetic algorithm for the ELD problem
after 11 repetitions.

Running the memetic algorithm to solve the ELD problem, we notice that greatly
influences the convergence of the algorithm is the selection of factor 3 of the Gauss method
during the mutation process. In Figure 3, the change in convergence of the memetic
algorithm is given with respect to Gaussian operator 3 during the mutation process.
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Figure 3: Change in convergence of memetic algorithm with respect to the Gaussian [3 operator

during the mutation process.

In table 4, the ranges of values are given for the parameters that are used for the

memetic algorithm.

Table 4: Range of values for parameteres of Memetic Algorithms used for solving

the ELD problem.

PARAMETER RANGE OF VALUES
Population Size 14-18
Crossover Ratio 0.6-0.9
Mutation Rate 0.4-0.8
Gaussian operator 0.05-0.2
Number of repetitions 8-18
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In Figure 4(a), (b) a comparison between the solution to the ELD problem using a PSO
algorithm and a Memetic algorithm (MA), respectively is presented.

ELD by PSO

15025

14975

14925

14900

2 4 6 8 10 12 14

Figure 4: Comparison between the solution to the ELD problem using a PSO algorithm (a) and
a Memetic algorithm (b).

The smallest objective function value is achieved after the 4" repetition of the
memetic algorithm, for which 14 chromosomes were used, with crossover ratio equal to
0.7, mutation rate equal to 0.6 and a mutation coefficient of 0.3.

6. Conclusions

In this article, we used the memetic algorithm to solve the Economic Load Dispatch
Problem in the particular care of six production units (generators). The results were
compared to the respective ones from running the PSO algorithm. In the case of running
the memetic algorithm, the best results are achieved, while the population size that tends
to convergence must be on one hand fairly large in order to ensure the credibility of the
results and the other hand small enough so as to avoid large computational time.

The selection of the Gaussian [ coefficient is of outmost importance to the
convergence of the memetic algorithm.

Finally, the number of repetitions changes in an inversely proportionate manner to
the convergence speed and thus to the § Gaussian coefficient.
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IMegiinyn

v eQyooio maQovoldleTol wor ToMTOTUITN UEBOOOS OVTOUOTNG OVVOEOTS TOU
VITOAOYLOTLXOV LOVTEAOV UE TNV “TTQOYUOTIXT” TQLOOLAOTOTY YEWUETQLO EVTOC £VOC OV-
omuatog oxedtaong CAD, xdavoviag yonmon e NURBS-BREP avamaodotoaong twv
OVYYXQOVWV OTEQEMYV UovTehoTomTwy. H epaouoyn tng uebodoroyiog éyLve o€ oToLyela
OoxwV (beams) we UETARAALOUEVN LATE TO UNHOC TOV QOQEN TVYOVON OLOTOUN, KOTA Té-
TOLO TQOTO, MOTE VAL E(VOL UVOTH 1) CUTOUOTY TTOQAYWYY TOV AVTLOTOLYOV VITOAOYLOTL-
%OV UOVTEAOV OTNV TTOAY ovvion oVVOETN XOTATOVNON AMOENG ®AUYNS ®al OTQEYNS AdiUL-
Bavovtag vtdyn TLg artaQaitnTeg TaRad0YKES. Méow TG avastTuyeioag uebddov emL-
TUYYAVETOL ) VTAEN TNG VITOAOYLOTLXNG SLadXO0(0G EVIOS TOV CVOTHUATOS OYEOLOCUOV
CAD ymotg ™ xNom EEMTEQLAMV VITOLOYLOTIXMV EQYUAELWV UE OTTOTELEOUO TNV CLVEN-
01 NG TTOQOYWYLXATNTOS OTN OYEILOOTIXY OLAOLKAOLA.

T'o TO TOQOYOUEVO VITOAOYLOTLXO UOVTELO avostTUyOnre uebodoroyio avtouaTou
TQOOOLOQLOUOY TNG OVYXQLTIANG TAONG O, YLO. OTTOLOONTTOTE ONUELD TNG KATUOKEVNG, 1
omola elvol aITaQaiTNTN YLOL TNV EXTIUNON TOV CUVTEAEOTY| OLOPAAELOC TNG KATAOKEVIC,
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1OOMC %L YLO TOV TTQOGILOQLOUS TOV ONUELOV ETTL TOV 0QIOV TNG EXAOTOTE OLO.TOUNS OTO
omoio n o, hapPdver T uéyot Tl TG, O VITOAOYLOUOG YIVETAL UE YQNON AVOAVTIXO
VITOAOYLOUOV 0€ ouvOvOoUo e tn wébodo Tmv ogranmv otolyeimv (Boundary Element
Method). H aQBuntixy avtn uébodog emeréyn, emeldr] EXTOS 0Itd TO TTAEOVEXTNUA TNG
VYPNAIC axQIPELOS, TTAQOVOLALEL KOL TO TTAEOVEATNUO CUUBOTNG TTEQLYQAPNS TNG OITOL-
TOVUEVNC VITOMOYLOTIXNG YEWUETQLOS UE TN YEWUETQLXY COIVOITALQAOTAO0N TOV Oy eILOLOUE-
VOV avTXeELUEVOY 010 ovotnuo. CAD. IToQovoldletal ovaAvTind O TOOTTOS OVTOUNTING
uetdfaong amd ™ “ovveyn)” yemuetoia tov CAD woviéAov oto. “OLorQLTd” OToLyElo T
omoia Paoiletar n aQuunTxy vitohoyrotixy uébodoc BEM, doxtudCovrog avaueoo og
GAAO oL eQYONelO PEATLOTOTTOINOMC.

Abstract

In this paper a novel method for automatically connecting the computational model
to the “real” 3D geometry inside a CAD design system, using the NURBS-BREP
representation of modern solid modelers is been realized. The way to extract the
information needed for the stress calculations from the 3D-CAD-geometry is shown. The
method is to be used on beamlike mechanical parts of arbitrary cross-sections, which can
also change along the beam. Through the presented method, redundant data collection is
avoided, since the beam stress calculation is executed in the CAD-System environment in
contrast to the conventional use of an external strength calculation module.

A methodology was developed for the automatic determination of the equivalent
stress 0, on any point of the construction, which is essential to obtain the construction’s
safety factor, as well as for the determination of the exact point on the cross section
boundary, where 0 takes its maximum value. The calculation is conducted by using a
combination of analytical method together with the Boundary Element Method (BEM).
The latter, besides the increased accuracy advantage it offers, provides also the advantage
of description compatibility with the required computational geometry by geometrically
representing the object being designed in CAD. The automatic transition from the
continuous CAD geometry to the discrete elements, on which the numerical calculation
method is being based, is analytically presented, together with optimization tools used to
achieve this goal.

Introduction

In the construction industry there is increasing demand for construction performance
evaluation to be included as an integral part of the design process, using simulation
analyses. When designing a construction using a CAD/CAE system, it is useful for the
engineer to be able to perform stress analysis calculations inside the integrated design
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environment of the CAD system he already uses, without there being need for recourse
to additional computer tools. Hence emphasis is placed upon the computational analysis
of a structure to constitute an active component of the design process. The above may be
implemented if modern design, calculation and simulation CAD/CAE tools cooperate
uninterruptedly in order to avoid as much as possible double work, while data collected
once in the system database can be used throughout the entire range of the product design
phases.

Studying and processing complex geometric models using arithmetic analysis codes to
establish their mechanical properties definitely requires a first simplification of the model.
Despite the existence of powerful CAD-geometry processing algorithms, its
uninterrupted use for stress analysis calculations continues posing problems.

Alongside with the widely used Finite Element Method (FEM), the Boundary
Element Method (BEM) is also used to analyze constructions. Among others, it presents
the advantage of compatibility in describing the required computational geometry using
the geometrical representation of the object being designed in the CAD system.
Although BEM analysis offers increased accuracy in many construction calculation
problems, and in particular in stress analysis [7], there are very few computation codes
that have gone beyond research and are not yet widely used in the industry, while its
direct relation to CAD systems, although it offers significant advantages, has not yet
matured.

The aim of this research program was the development of an original method for
automatically creating a computational model inside a CAD design system, using the
NURBS-BREP geometric representation of modern solid modelers. This method is
applied to strength analysis for general beam elements with random cross sections.

Geometric modeling in the CAD system

In modeling 3D geometry the method used to store information and in general the
management of the geometric model during the design phase play an important part. It is
upon these that access to geometric data and the possibility of making changes to it
depends, in order to create the respective computational model which will in this case
cooperate uninterruptedly with the geometry form required by the calculation method
presented above.

3D CAD systems have various geometric model management philosophies. The object
description method selected as the basis for this paper is to describe an object using some
type of a CSG type “construction history” tree, where objects are a result of an addition,
extrusion, linear and rotational scanning operations sequence, as well as of set operations
(union, disjoint union, intersection) in the form of parametric features, such as for instance
bolts, holes, threadings and other construction elements. Such elements constitute an
assembly described in BREP format, where curves and parametric surfaces are described
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using NURBS analytical equations and splines. NURBS geometry description provides the
advantage of immediate use to generate the computational model for BEM calculation. In
this way, the methodology being presented can directly cooperate with the geometric cores
used by the most important solid modelers of today’s CAD systems.

Analyzing and generating a computational model

The first step in creating the computational model is the reverse redesign of the cross-
sections along the structure, in a way to be usable according to the stress analysis
calculation needs. For preservation of the method generality and its ability to analyze the
3D solid model, we consider that the processed cross-sections, result by sectioning the
solid model using perpendicular surfaces. This way ensures the possibility of integrating
stress analysis of arbitrary beam calculations in the CAD system. On the contrary,
existing methods require a constant cross-section along the beam, which is stored from
the very beginning in the CAD database, providing thus the complete cross-section
topology along the beam.

In order to ensure the advantage of design freedom, in combination with the automatic
creation of the computational stress analysis model, we have to accept the disadvantage of
the topology information loss. The type of consisting elements and their interconnection
is no longer provided for the cross sections. However this information is a basic
component of the BREP object representation. Depending on the type of element (linear,
arc of circle, ellipse or spline), an adequate geometry management is conducted, while
essential topological elements are added in order to obtain the final computational model
on which the stress calculations will be carried out. During the reverse redesign procedure,
each used element type is examined and stored for all cross-sections. Through a repetitive
procedure, the starting and ending point of each element in right handed direction is being
stored, providing a list of all used elements. This list is essential for the later process of new
nodes addition for the stress calculation needs that are presented below.

We consider a beam shaped solid model with random cross section designed by using
a 3D CAD system. Our goal is to calculate the maximum equivalent stress o (x,y) as well
as its position P(x,y) on the boundary for every cross-section along the beam. For this
calculation, the von Mises equation of combined fatigue in sidelong bending and torsion
will be used. The equivalent stress for a point P(x,y) on the cross-section is

0,(%,Y) = VOo,AxY) + 3TAXY) (1)

ML = M )x = (M1 — M)y

XXy
— 2
LI =1,

With bending stress being 0, (X,y) = 2)

By taking into account that both bending and torsion stress take their maximum
values along the cross-section boundary, a solution is preferable in which the problem is
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reduced by one dimension, thus only along the cross-section boundary. We can search
that point for which
do,(u) ~ o

du ®)

The new parametric variable u that is introduced in equation (2) follows the one-
dimensional coordinates along the cross-section boundary as seen below.

v

The numerical solution of equation (2) needs the formation of function ¢ (u) along the
cross-section boundary as following;:

o) =\/0,%(u) + 312(u) = max 4)

The distribution of torsion strains as a result of applying a torsion torque on the cross
section boundary shall be calculated for all verticals to the beam cross section where they
shall obtain their higher values.

The use of BEM requires for the purpose of generating the computational model, the
description of the cross section geometry using a suitable number of nodes on its
boundary. To create such nodes, an analysis is performed in the CAD system of the cross
section elements. These may be straight line parts, circle arcs, ellipse sections, splines or
a combination of all of them.

For such geometric elements, their topology is analyzed determining the starting and
ending points P,(x,y) of each element and these are placed clockwise to generate a closed
cross section. To these parts of the CAD geometry “sides” and depending on the size of
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the cross section, a sufficient and adjustable number of nodes is added depending on the
length of the side, for BEM calculation, for the accuracy of results to be acceptable. Each
cross section element (straight line part, circle arc, ellipse, spline) is converted into its
NURBS representation inside the CAD system so that there is a single mathematical
function of the closed cross section. The nodes added may be equidistant amongst them,
or their geometric position may be determined by a function as that for instance suggested
by Sauer [12] where nodes become more dense towards the edges.

Each one of the nodes in the computational model have two degrees of freedom. In

the case of torsion it is strain function ® and cross section distortion tangential

1 v
component v, = — Go In” In many cases (i.e. in polygonal cross sections) during the

transition from the one “side” of the cross section to the next one there appear
discontinuity points and the vector that is vertical to the side changes from n, to n, (see
Figure 3) resulting in y, not being unambiguously defined in the angle. To face the problem
at such points, a second node is added so that there is a double node for each angle. Such
second node has the same coordinates as the existing node but in the calculation is treated
as independent.

For BEM resolution linear or circular elements are used depending on the initial CAD
geometry connecting the continuous nodes on the cross section amongst them. Where an
angle between two continuous “sides” of the cross section is 6 < 180°, then the derivative
of strain function d®/on at the angle tends towards infinity hence rendering the BEM
calculation impossible. Various methods have been suggested to tackle the problem that
appears when boundary Dirichlet conditions - such as in this case - apply, as is shown for
instance in references [15], [16], [17].

The solution selected is to analyze the cross section in terms of the problematic points
and to automatically change the CAD geometry for the computational model. In the angle
area a suitable conversion of the NURBS-BREP description is made to round the
“problematic” geometry of the computational model. At the rounded points of the cross
section 2" degree circle arc sections are used, once its geometry has been created, which
depends on the topology of the construction geometric elements in CAD before and after
the “problematic” point.

For the needs of the calculation, the model topology is automatically converted, the
existing straight line boundary elements reduce their length and two 2" degree circular
boundary elements are inserted amongst them.

Summarizing, we can list the steps towards creating the computational model. Initially
the cross section is redesigned reversely based on CAD geometry. Individual geometric
elements are analyzed and placed and using their NURBS representation, depending on
their length, the additional nodes are determined and placed on the cross section
boundary. At the points where there angles “double” nodes are created, while at those
points where 6<180° the geometry is converted in order to enable BEM calculation.
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Depending on the geometry of the boundary, a combination of linear and circular
boundary elements is used for calculation purposes.

Conclusions

This paper presented a new way of analyzing the geometric model of modern solid
CAD models to obtain the computational model needed for stress analysis calculations.
The used NURBS-BREP representation of the 3D object in CAD presents advantages as
compared to others, because it is compatible with the computational model description
requirements regarding the use of the Boundary Element Method. The boundary is
automatically discretized at the required number of boundary elements by analyzing the
topology of the geometric elements making up the 3D body and the calculation is
automatic providing results of increased accuracy. The method presented for calculating
3D cross sections may be expanded to include 3D bodies where for calculation purposes
the external surface shall be automatically discretized at boundary surface elements.

This paper falls in the scope of the ARCHIMEDES research program cofunded by the
European Union (75%) and the Ministry of Education (25%).

AéEaig Khewdowd: Computer Aided Design, Computer Aided Engineering, Boundary
Element Method, Stress analysis, YmoAoyiotixd MovtélLa.

1. Evcayoyn

H uetwon tov x0xAov Cong TV TQOTOVIWY KoL OL CUENVOUEVES OTTOLTHOELS OTN BLO-
unyovio yuo feAtimon g ToLdTNTAS Ue TOUTOXQOVN UELWOT TOV KOOTOUS KAl TOV YQ0-
VOU 0YEOLALOUOV YLOL VO, BYEL £Vl TTQOTOHV OTNV AYOQU, OONYEL OVATTOPEVATO KL OTNV €EE-
MEN TV gQyalelmv avdmTuEng avtmv. Ta otddia Yo To neBodxd oyedLaond ULog ®a-
TOOXEVNG €LVOL M OLOOAPNOT TOV TTQOPANUOTOS, 1| CUAMATYN TNG LOEOS, N OYEOLOUEAETN
nol  eme€egyaoio. [1], [2]. Zto Tola TEAEVTOLO OTAdLA, OTA OTTOLOL YIVETOL UEOW ETTOVAL-
ANTTTLROV OLAOLKAOLMV M LOQEPOTTOINON (YEWUETQLO) TN HATOOXKEVNS, ELVOL OTTAQOITNTY
N TOQAUAANAY EXTELEON VITOAOYLOUMV OF UOQEPN TTQOOLOOTACLOAOYNONS N CLVAAVTLRWDV
vIroloyLoumv (7. ®atd Niemann [3]), eite vitoAoyLoumv ue fdon uebddovg aoLbunti-
NG avahvong ue memegaouéva otolyelo FEM [4], oouomd otolyelo BEM [5] nal GhAeg
MyOTeQO dLadedouéves nebodoug.

EmbBuuia elvar va divetor n duvatdtnta EviaEng vtoAoyLoUmY 0 000 TO JUVOTOV
AQYWXO OTAALO TOV OYEOLACUOV ULOG XOTAOREVNS HOL CUYLEXQLUEVOL OTO OTAOLO TNG OVA-
MYng ™ LS YLaL TN AMDOT TOU XOTAOXEVAOTLXOV TTQOPAMIUATOS KAl OTNV TTOMTYN QAo
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NG OYEOLOUEAETNC, OTTOV KOBOQILOVTAL YOVOQIXA 1 LOQPN KAl 1 SOUN TNG CUVOMAKNC KO-
TOOXEUNG KAOMG KAl TWV ETLUEQOVS EEQQTNUATWY.

TNV HOTAOKEVAOTLXY Broumyavio vitdoyel avEavOUevN 1 atalTnom vo TeQLAaUSd-
VETOL 1) AELOAGYNON TNG OTTOO00NS ULOG KOTO.OXEVNG (S OVOITTOOTTALOTO TUNUOL TNG SLadL-
1OOL0G 0% EOLAOUOV, UECW OVOAVOEMV TTQOOOUOLMWONG. ¢ X TOVTOV OlOETAL UEYAAN -
(OO MOTE N VITOMOYLOTIXY OVAAVON ULOG ROTOUOKEVIS VO OTTOTEAEL EVEQYO GUOTATLXG
™G OYEILOOTIUNG OLOOLKOOLOC.

Ta ToATdvem WToQovV va, VAOTTOOOUV av T 0y QOoVa eQYUAELD Oyediaong, VITo-
hoyLopov xou teooopoiwong CAD/CAE ouveQyalovTal 0mtQO0oX0TTTA UETAEY TOVS £TOL
(DOTE KOTA TO OVVATO VO ATTOPEVYOVTAL OLTTAEC EQYOOIES, EVM OEOOUEVA TTOV OVALEYO-
VTOL U0 OQAL OTT FAON OEOOUEVIV TOV CUOTHUATOC, VO, UTTOQOVV VO XONOLUOTOLNOOVY
0g OMO TO €VQOG TMV (PAOEWV TYEOLOLOUOV TOV TTQO TOVTOC.

210 TALOLL TOV OYEALOOUOV TNG ®RaTooxeVNg oe éva ovotnuo CAD/CAE eival xon-
OLUO YLOL TO UNYOVLXO VO, WTTOQEL VOL TTQAYLOTOTTOLEL TOUS VITOAOYLOUOVG AVTOYNG OTO O)E-
OLOoTLHO TEQLRAMAOV TOV oVoTHUaTOS CAD 1OV 1ON YONOLUOTTOLEL Y WOIg Va. elval ao-
QULTNTN M TTEOOYUYN 0€ TEOOBETA VITOAOYLOTLIXA eQyaheln. OL GVYXQOVOL TOLOOLAOTOTOL
uovrehostontéc CAD Potoxoviar o VYMAO 0TAOL0 aItd TAEVQAS OUVATOTHTWYV (LOVTELO-
ToiNoNg ®oL CVAAIPNG TNG TEODEONS TOV OYEOLOOTY] YLOL TNV KOTOOXEVT TQLOOLAOTATWV
OVTUAELUEVMV KOAL OONYOUV OTNV TTOQOYWYN EYHVOWV YEMUETQUAMV LOVTEAWV.

H pehétn Oumg #o emteEeQyaoiol TOMITAORWV YEMUETQURMY LOVTEAMV UE HDOLKES ALOLO-
UNTIXNIS AVEAVONG YLOL TOV TTQOCOLOQLOUS TMWV UTYAVIXMDV TOUS LOLOTHTWV, OITOLTEL OTTAQOL-
TNTOL TTQWTO. [LLCL AITTAOTTOMOT TOV UOVTEAOV. TTaQA TV VITOQEN Lo VWV GAYOQIBUWY €rTe-
geoyaoiog g CAD-yemuetolog eE0oAOVOEL KO TTAQOUEVEL TTQOPANUATIXY 1) ATTQOCKOTITY
¥ONOMN TNG YL VITOAOYLOUOUS AVTOYNS. 2T PAom dedopévwv Tov ovotiuotog CAD vtdQyeL
ULOL QTTELXOVLOT) TNG “TIQAYUOTLXNG” YEWUETQLOS e VYNAO PoBUO aniPeLag xaw ITAQOVS TTe-
QLYQUNG TV YEWUETQIXMV AETTTOUEQELMDV TOV OYELOLOUEVOU OVTLXELUEVOD, EVA) YLOL TOV
VITOAOYLOUO e 0oBuntinéc uebdoovg etvarl amaoaitnto vo dnuoveyndel éva daxoltd uo-
VIELO, 0TO 0TT0LO Bl TTEETEL VO ANPOOUV VTP GUYHEXQLUEVOL KOVOVES YLOL TNV EQPO.QUOYT
OTTAOTTONTIXMYV TTOQAOOYWV OTNV VITOAOYLOTIXY] YEMUETQLAL, MOTE VO ANBel 0uTOUATOTTOL-
NUEVOL TO UNYAVIXO VITOXOTAOTOTO TNG XATOOXEVNS. Emimedobeto meopinua eivar ot 1 do-
W NG YEMUETQIUNG AVAITTOUQAOTOONG KOL O TQOTTOC TTEQLYQOPNG TV YOUWMDYV, ETTLPAVELDV
AL OYROV OF €VO. TOLOOLA0TATO oVoTNUO CAD dev eVOEIXVUTOL YLOL XONOT TOU O€ RDOLKES
oQuBunTnc avdivong. I'a To Adyo ovtd 1 ovvhOng néBodOS TTRAYIATOTOIMMONS VITOAOYL-
ouwmv ebvorl n netdgoaon g CAD-yewuetolag we BE.om #dmroLa TUIToTonuUEVN XmWOLKOTTO(-
non omwg IGES, VDAFS, 1 STEP[6]. Ztn ovvéy el ovtn eeEeQyYALETOL KOl UETOTQETTETOL
HATAAANAOL YL xQnom TS astd To ovotnua CAE yia tov vitohoyloud. To petovéxtmua eivor
1 OITOAELO YEWUETQLAWV TTANQOPOQUIDV KOl TTQOPANUATO 08 TTEQLTTTMON “Un ®o0oQng” wo-
VTEAOTTOIMONG TOV aVTIXELUEVOV. ETLITAEOV, Yial OAES TLS OLOOOYIXES OAAAYES OTN YEWUETQLO
JTOV TTQOXVITTOVV 0ITO TOV VITOAOYLOUO, TTQETTEL VO YIVEL X VEOU LOVTELOTTOINON 0TO OVOTN-
uo CAD, HetdipQaom NG YEWUETQLOS, VEOS VITOAOYLOUOS %.0. .
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Zvyvé 0to edio TOU MnyavohdyYou Mnyoviroy xONOLULOTOLOVVTOL WS OTOLYELN
UOTOOAEVMV (POQELS, OL OTTOLOL WTOQOVV VO. ATAOTTOLNOOVV S TTQOS TOV VITOAOYLOUS
TOVG 0€ dOXOVS dLOPOQWV OLATOUMV. ZTO TOQOV €QEVVNTLXO £QY0 avVATTUXONX®E UL
ueBodoroyio novtehomoinong g teLodLdotatng CAD yemuetoiag Aaupavovtog mg
TAQAOELYUD EQPAQUOYNG OTOLXElD doxmwV (beams) we UETARAANOUEVN KATE TO WKOG
TOU (POQEQ TVYOVOO dLOTOUT, AT TETOLO TQOTTO, MWOTE VO ELVOL OUVATN M UTOUOTY
TOQUYWYN TOV OVI{OTOLYOV VITTOAOYLOTLXOV LOVTELOV GTNV TTOAD cuvHOn cUVOeTN na-
TotdVNoN MOENS RAUYNS %ol 0TEEYNS AAUPEVOVTAS VITOYN TIS ATTAQALTNTES TTAQO-
doyéc.

270 VITOAOYLOTIXO QUTO WOVTEAO avOTTTUYONKe eméxtaom TG uebodoroyiag mou €L-
oMyOn 070 [9] Yo TOV TTQOGALOQLOUS TNG OVYRQLTIKNG TAONG O, M OTTOLCL ELVOL OTTOQOL -
TNTN YL TNV EXTIUNON TOV OUVTEAEOTY QOPOAELOS TNG HATOUOKREVNG, HOOMDS KAl YLOL TOV
TQOOOLOQLOUO TOV ONUELOV €TTL TOV 0QLOV TNG EXAOTOTE SLATOUNG 0TO OO0 M O Ao
Bavel ™ wéyLotn T ™G. O VITOAOYLOUOC YIVETAL UE YONOT CVIAVTLIXOV VITOAOYLOUOV
og ovvdvaoud pe ™ ueBodo tmwv oguoxmv otolyelmv (Boundary Element Method). Té-
Aog avamtixOnue mEwToTLIN nebodoroyio Yo epoouoyr uebBodwv PBeltiotomoinong
OTNV QUTOUOTT TTO.QOYWYT TOV WITOAOYLOTIXOV WOVTELOU YLOL TOV OXQLBY TTQOGOLOQLOUS
NG OUYHQLTLXNG TAONC.

2. Kvguo népog

2.1 Awyeigion Tov yeouetoxov povréhov CAD

[0 TN LOVTEAOTTOINON TNG TQLOOLAOTATNG YEMUETQLOC TTaileL onuavTivd QOAO O TQO-
TTOG QITOBNKEVONG TNG TTANQOPOQIOS KAl YEVIXOTEQM. 1 OLOYELQLON TOV YEMUETQLROV UO-
VIEAOV ®OTA TN SLAQXELD TOV OYEILAOUOV. ATTO 0VTA €E0QTATOL 1 TTEOOPMON OTOL YeW-
UETOLXE OEOOUEVA KA 1) SUVOTOTNTO CAAOYMDV O QUTY], WOTE VO ONULOVEYNOEL TO avTi-
OTOLYO VITOMOYLOTIXO UOVTEAO.

Xyx. 1: Aox0g UeTafaldouevng Statoung
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Bemwovue 00%O TUXALNS, UETOPBOALOUEVNC KOTA TO UNXKOG TOV (POQEN. OLUTOUNG,
OIS QalveTol 0TO TOQAOELYUD TOV OYNUOTOS 1, N omola €xel o eOLAOTElL 0 TOLOOLA-
otato ovotnua CAD, otn fdon 0edoueé vV ToV 0T0LoV VPLOTATAL WG 0TEQED WOVTENO.

H dratoun g doxo0 WtoQel vo. amroTeLelTal amrd cuVOVAOUS OTOLYELMOMY YEMUE-
TOUAWV OTOLYELWV (0Y. 2) OTTmS VBVYQUUUO TURUOTA, XUXAOVS 1) TUNUOTO XUXAWV, EN-
helpelg M noumvio TunuoTa splines.

10 9 8 7
.
11 6
+ +
12 5
L
1 2 3 4

Xy. 2: Alatour aroTeEAOVUEVN OTTO AAANAOUX LA YEWUETQLKWV TTOLYELWV

To o®dTO fMjua oTa TAOLoLEL TNG MMULOVQYINS TOV VITOAOYLOTIXOU UOVTEAOV elvaL M
ovTioTEOPN VOO EDLOON TNG OLOTOUNG MOTE QUTY| VO YIVEL ETEEEQYAOLUN AVANOYOL UE
TG OVAY®ES TOV VITOAOYLOUOV. T'Lal xdion TNg yevirdTnTag TS Uebddov ®at Tng dSuvaTto-
NTOS AVAAVONG TOV TOLOOLAOTATOU OTEQEOV LOVIELOV, BEWQOVUE OTL OL TTQOC ETEEEQ-
Yooio OLOTOUES TTQOXVITTOUV OTTO TOUES KATAE KOS TOV OTEQEOD e HADETES O QUTO
emupdveres. O TQOmog otog eEaopalilel ™ dSvvatotnta évia&ng vwoloyiouov Tns xa-
TaoxeVg eviog Tov ovotiuatos CAD, og avtifeon ue vdaQyovoeg uebodovg [7] dmov
0 VITOAOYLOWOS OTOLYELWV OOXMV, OEV ELVOL EVTAYUEVOS OTN OLOOLXOGTO OYEOLOLOUOV KOl
astaLteltol 0Tafe1) HOTA WHXOG TOV (OEX OLOTOUN, 1 OTTOLOL ATTOONKEVETAL EEAQYNG OTN
péaon dedouévirv TOV CVOTHUATOGC, TAQEXOVTIAS £TOL TNV JTTANQON TOTOAOYIO TV OLOTO-
UV ®ATE WKOS TS SOXOV.

T va eEaogohlotel To TAeovEXTUO TNG eheVBeQlag dLAUOQPLONG 08 GVVOVUOUO
UE TNV QUTOUATY TTOQOYMYY) TOV VITOAOYLOTIXOV UOVTEAOV, OEXOUAOTE AVOLYXAOTIXG TO
UELOVEXTNUOL TNG CITMAELALS TTANQOPOQLAC YLoL TNV TOTToAOY (0. EToL yia TG ®(G0eTeS TO-
UEC 0TO 0TEQED OEV elvaL TAEOV YVWOTO OO TL €00V OTOLYEID GITOTEAELTOL 1) TTQOXV-
JTTOVO0, OLOTOUN KOl 1 CVUVOEON TV OTOLYElwV weTaEV Tovg. H tAngogooio avty eivol
Ouwg foowd ovotativd Tng astartovuevne BREP avomad.otaong Tov avIreluévov, 1
0TTOl0L AITOTEAEL TOV KOQUO TTEQLYQOPNG TOV GVTIXELUEVOV. AVAAOYO UE TO €O TOV
oToLYElOV (EVOVYQUUUO TUNUA, TOEO ®UXAOV, EAAeLym, spline) TO omolo oVVOETEL TN dLo-
Toun, YIVETOL ELOLXY] OLOXELQLOT TNG YEWUETQLOG %Al TTEQOOONUN TWV OTTAQAITNTWY TOTTO-
AOYLRMDV TTANQOMOQLAV MOTE VA, TTQOXMPEL EVOL eVLALIO TEMAKO LOVTELO TTOV Ot ATTOTENE-
oeL TN Aon Lo ToV VITOAOYLOUS TS 0oxoV. Katd tny avooyedioon eEeTaleTal KoL oIto-
ONxreVETOL YLOL TNV EXAOTOTE OLOTOWY) TO €(00G %xdEBe OTOLYELOV %Al UECO OTTO ULOL ETTOVOL-
ANTTTLxy OLadLxaoto arobnreveTAL UE TN OELQA, O€ OEELOOTQOWN (POQC, N ALOTO UE TLG KO-
QUPEC TOV OMNUELOV EVAIRENG KOl TEAOVC nADE EMLUEQOVS OTOLYEIOV (ROQUYEC 1-12 OTO OY.
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2). H Alota ovt) elval omtaQaitnTn yuo T UETETTELTO. OLOOLXaota TQO0Be0oNS VEWV ®OU-
BV Y10 TLS OVAYRES TOV VITOAOYLOUOD TTOV TTOLQOVOLALETOL TTOQUKAT®.

Xx. 3: AoxOg TUXaiaS dLaTouns

O vohoyLopdg oToLXELV SORWMV TT.Y. O0TN OLUVNOLOUEVT QOQTLON CUVOVAOUEVNS
OTQEYNS %Ol HAUPNG, TTAQOVOLALEL TTAVTOTE EVOLAWMEQOV, ETELON OVOAVTIXESG AVOELS
VITAQYOVV WOVO YL TTOAV Abyal (01 SLOTOUMV, (TT.). TETQOUYMWVILES, HURAKES), EVHD YLO
TO, VITOAOLTTOL €O OLoToUmV TTRETEL VoL avalnTnBovv aLdunTIrég TQOOEYYLOTIXES AV-
0elg [8]. ZTO TOQAJELYUO TOV OYNUATOC 3 £)EL KATOOKEVOOTEL OTOLYEIO OOKOV UE QY L-
AN TETQAYWVLXY] OLOTOW, TO OTTOL0 KOTUANYEL 08 nUXALXY dlatoun. H rotoaoxeun éyvve
ue xonom g teLodtdotatng AettovQyiog LOFT pe tnv ostolo diveTal 1 duvatotnTo opo-
MC UETAPOANG TNG SLATOUNG HATE KOS TOV (oQéa. TLol T OLOTOWY TTOV TTQOKVITTEL O
AATTOLO EVOLAUECO ONUELD TNG OOXOV TOV TTOQUOELYUATOS OTTWS QUTY QOLVETAL OTO OYN-
ua 4 0ev VIdQyeL avaAuTixy AVon. o To MOYO autd 08 TETOLES TTEQUTTMOELS 1) KATO-
oxeVN 0ev VITOAOYILETOL WS 0TOLYKEID dOXOV AL cVVIOWES Ue TN Bonbeld TETQAEdQLHWDV
OTOLYELV OYHOV RAVOVTOG XQNOT TS UeBGOOV TV TemeQaouévav otolyeiwv (FEM). H
¥ONOM TETQOEDQMYV OLVEL TN dVVATOHTNTO CVTOUOTNG ONULOVQYIOS TIAEYUATOS OO T Ye-
WUETOWXN PBdion dedouévwv Tov ovoTiuatog CAD. Emeldn duwg ovyva eival embuunt
N XONOTM OTOLXELWV SORMV KOTE TOV VITOAOYLOUS KOTAOXEVMV JTTOV WTOQOVV VO OV
00UV og TETOLES, VITA.QYEL TO TTQOPANUA TNG CVUTOUOTOTTOLNUEVNS TTOQAYWYNS TOV UNY Q-
VIXOU VITOXATAOTATOV OVOTHUATOS OOXMV MOTE VO TTOQAYOEL 0VTOUATA TO VITOAOYLOTL-
%10 Lovtého amd v CAD yewuetoia.

Xy 4: Tour 60x0U TuxaiaG UETOPUAACUEVNS XOTA TO UNHOG OLOTOUNS

‘Evag 100T0g Yol va. Yivel avtd néom avalvong OLOTOUMmY HATE UNXOS TOV (POQEQ
TTALQOVOLALETOL TTOQUKATM.
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2.2 AvaAvon %ot dONuLovEyic vToAoyYLOTIXOU HOVTEAOV

OemEOVUE 0TEQED MU OYNUATOS OOXOV TVYOLAC SLOTOUNG OYESLUOUEVO O TQLO-
odotato ovotnuo. CAD. Zt0)0g elval 0 VITOAOYLOUOS, EVIOS TOU CUOTUATOS Oy Eedio-
ong, TOV onuetov P(X,y) Tng 0QLoxNg ®AUITOANG TNG SLATOUNG, 0TO 000 N TLuN 0, (X,Y)
NG LOOOVVOUNG TAONS AMaUBAEvEL TN UEYLOTN TLUY NG, ®ABMOS ®oL TOV ueyéBoug TS Loo-
OVVAUNG TAONS 0¢ OTTOLAONTTOTE OLOTOUN HATA TO UNKOS TOV POQEQ.

T v ertihvon B yonorpomolndel 1 eElowon e ®aToTrdvVNonNg o€ AOEN AU KoL
OTQEYN, YL TNV OTTOLOL 1 LOOSVVAUT TAOTN O, (VLo OAXLUO VALKO) ®aTd von Mises yio xdi-
mtoLo onuelo P(x,y) ot dtatour eivor [10]:

0,(%,y) = Vo, 2xy) + 3TAXY) (1)

Me Bdon v moaynatixy CAD yewuetoia mwémel va ONuLovyndel To vItoAoYLOTIXG
uovtého Tov Ba emLTEéPEL TOV TEOOALOQLOUO TOV onuetov P(x,y) atn dotony, dmtou
0,(X,y) = max %abmg %ol 0 VITOAOYLOUOS TNG TLUNG TNG O, .

Emelon 1600 N xopumwuxn taon o,, 600 xoL 1 OTQETTIXY TAON T, AAUPAVOLY TIG UEYL-
O0TES TLUES TOVS OTO OQLO TNG OLOTOUNG, TTAEOVEXTEL ULaL ADoM UElwoNg ToV TQOPAMUOTOS
o€ (o SLAoTaoT, ®ATE UNXOS TOV 0QLoV TN dtaToung 6mov Ba avalntioovue To onueio
YL TO OTTOLO

do (u)
du

H véa moQaueTouxn LETASANTY U TTOV ELOGYETOL UE TNV EELOWON (2) axohoVDEL TIG ®al-
UWTTUAGYQOUUES CUVTETOLYUEVES TNG TUXOLOG VITO avAAVOT OLATOUNS OTTWS POLVETAL OTO
0y. 5. T Ty aQuBuntixy ertihvon g (2) Ho Teémer va oynuaTLoTel N ouvaQTNom o, (u)
HOTA UWKOG TNG KOWTUANG TNS OLOTOUNG.

@)

A —

ra P
ra ”\
1 T A — oy

P,
)
\ i
Pn Pi Py Py
u  u, Y
X

Xx. 5: KaumvAdyQauues CUVIETOYUEVES U O€ TUXALC OLOTOUN
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['o TOV VITOAOYLOUO TOV TUNUOTOS TNG LOOOVVAUNG TAONS TTOV AVOPEQETAL OTY OTQE-
T Taon T,(X.y) yivetar xenon g Boundary Element Method. H uébodog avt eivar
LOAVLXY YLOL TY) OUYHEXQLUEVT TTEQITTTOMN, KATE TNV OTTOLO. UELWVOUUE TN OLAOTOON TOV
TTQOPMIUATOS Atd TNV ETTLPAVELD. F (X,Y) TNG OLOTOUNS ®oL 0VOCNTOVUE TN OTQETTTIXY Td-
on 070 60Lo U (X,y) ™G OLatouns, Ortou AAUPAVEL TIG UEYLOTES TLUES TNC.

H yonon tng BEM amottel yio tn ONuovQyio. ToU VITOAOYLOTLXOU LOVTEAOV, TNV TTe-
QLYQOLPY TNG YEMUETQLAC TNS SLATOUNS UECM RATAAMNAOV 0QLOUOV XOUPWV €TTL TOV 0QL-
ov ™g. 't ™) dMuoveyia TV xOUP®Y VTWOV, Yivetal eviog Tov ovotiuotog CAD avd-
AoT TV OTOLYEIWV ATTO TA OTTOLO ATTOTEAELTAL M OLaTOWY]. AVTA WtoQel va elvar evdv-
YOOUUG TIWUATOL, TOEM ®UXAWV, TURUOTA EAMAEWYNS, spline 1] CVUVOVUOUOS CUTMV.

P14

Pi3 Pio
O x x X—X—Ox
"
Py
P12 P11 r“
x

X

Py

X

E 2 P; P4 d
Pis X
X x P7
X
P4 P, Ps Ps

Xx. 6: TewUeTOLXA OTOLXELQ OLATOUNG, TTEOCOETOL XOUBOL VITOAOYLOTIXOU UOVTEAOU

[0 TOL YEWUETQUXA OUTA OTOLYE(OL AVOAVETAL 1) TOTTOAOY(O, TTQOOOLOQILOVTAL TO ON-
ueto évaQEng xaw TéAovg P(X,y) #dbe otouyelov xow Tomobetovvton e 0eELOoTQOQN OtL-
Q4L (HOTE VO SNULOVQYOUV ULOL KAELOTY SLATOUN. 2 OVTES TLG “TTAEVQES” TNG OLOTOUNS TNG
CAD-yewpetQiog, avaloyo ue To uéyeBog e dLotouns eootifetal txovog xot QuiuL-
Couevog aQLBIOg ®OUPWV AVALOYO UE TO UNXOS TNG TTAEVQAG, YL TOV VITOAOYLOUO UE TN
BEM (0y. 6), 00TE 1 axQifeLo TV oToTeEAeoUdTOV va. eivol amodextn. Kdbe otouyeio
™G dtatoung (evbiyauuo Tuqua, TéE0 ximhov, Ehhenn, spline) UETOTQETETOL OTNV
NURBS avamoQdotoon Tov eviog Tov ovotiuatog CAD, €ToL (00TE VO VITAQ)EL LaL EVL-
ata uodnuaTy ouvaeTnom g *XAELoTNS dtatoung. Ou ©OuBoL Tov TEOoTiBEVTAL UITo-
QOVV VO, LOATTEXOVV UETOED TOVG, €lTE VOl TTQOOOLOQILETOL M YEMUETQLXY TOVS BEom artd
ULOL GVVAQTNON OTTWG YLOL TTOQADELYUO. EXELVY TTOV TTROTELVETAL 0ITd TOV Sauer [12] otnv
oTroi0 0L XOUPOL TTUXVDHVOVV TTQOS TLG OXUES :

si:%l{l_(ngi)’,/z]

OOV 8, TO UWIXOG TOV OLOOTHUOTOG UETAED VO ®OUPwWY, i 0 0ubudg Tov #OuUpov ue Ti-
wég amd 0 €mwg n, Ye N TO CVVOALXO aLBUO ®OUPWV eTtl TNG ®AEOe “TAeVQAC”.
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ZVUPWVO. (e TO avopeQBEVTO 0TV TOAYQOQO 2, ®aBévag amd Tovg ®ROUPOVS TOV
VITOAOYLOTLXOV OVTEAOV €xel OVO Babuovg elevbeQiog. ZTnV TEQLITTWON TS OTEEYNS
elval m oo ouvaoTnon @ %ol M EQUITTOUEVLXY] OUVLOTMOO NS OLATUNTLXNG TTOQ0

1

. R . , . .
HoQpmong v, = — Go fn 2e JTOMMES TEQUTTMOELG (TT.Y. OF TOAVYWVLXES OLOTOUES)

HOTA TN LETAPOON OTTd TN WO “TTAEVQA” NG OLOTOUNS OTNV ETOUEVN TTO.QOVOLALOVTOL
ONUELDL OVVEYELOG ROl TO KAOETO TTQOG TNV TTAEVQA SLAvuoua GAAGLEL atd N o€ N, (BA.
oynua 7) Ue aIOTEREOUOL 1 Y, VO UMV ELVOL LOVOOTUAVTO. OQLOUEVN OTN Ywvic. To va
OVTLUETWITLOTEL TO TTQOPANUO 0T ONuela VTd TEOOTIBETAL £Vag 0eVTEQOS ®OUPOC, £TOL
MOTE 08 ®AOE YWV v VITAQYEL EVOG OLTTAOG ®OUPOC. O deUTEQOG 0VTAOC XOUPOS EXEL TLG
(OLEC OUVTETOYUEVES UE TOV TTQOVTTAQYOVTO OAAG OVTLUETWITLLETOL OTOV VITOAOYLOUO G
OVEEAQTNTOC.

ototyeio 1

>

| durhog kopfog
{
n

e

ototyeio 2

~

N
o

Xx. 7: Anuiovoyia STAmV xOufwv o€ o

o v eidvon pe m BEM yonowwomolovvior avdioya pe v oy CAD-yew-
UETQLOL YQUUULAG 1} KUXALXA OTOLYELD TO. OTTOL0 CUVOEOVV TOVG OUVEXOUEVOVS HOUPBOVS
ertl ™G OLoToung UETAED TOVg. ZTNV TTEQITTTWON OUWS TTOV M YWVIo UETAED OV0 GuveyO-
UEVOV “TTAEVQMOV” TNG dtotoung etvor B < 180° toTe 1 TARAYWYOS TNS TAOLKNG OUVEQ-
Tong dd/an oTn YwVvia TE(VEL 0TO GITELQO UE ATTOTEAECUO. O VITOAOYLOWOG e T BEM va
elval 0oUvatoc. 'l TNV AVTLUETMITLON TOV TQOPANUOTOS TO OTTOL0 TOQOVCLALETAL OTAV
EQAOUOLOVTAL - OIS €W - 0QLOMES ouvOnreg Dirichlet, €xouv xotd ®oLQOVS TEOTAOEL
OLAQOES UEBOJOL OTTMC PAVETOL EVOELXTLIXG OTLS ovapoécg [15], [16], [17].

O TQOTOC OVTLUETMITLONG TTOV ETLAEXONKE ELVOL 1] AVEAVON TNG OLUTOUNG (G TTQOC TOL
TTQOPMUATLXG onuelol ®aL 1 avTOUaT) UeTABOAN TG CAD-YE®UETQIOS VL0l TO VITOAOYL-
OTMO UOVTELO. ZTNV TTEQLOYN TNG Ywviag yivetor ®otdAinin uetateomy g NURBS-
BREP meguyQagng, mote vo. dnuovyndel otooyyVhevon tng “mQofANuatixis” yio 1o
VITOAOYLOTLXO UOVTENO YEWUETQIOGC. ZTO OTQOYYVAEVUEVO onuelo TNS SLaTOUNG YiveTa
¥ONoM oToLXelwV TOEOV ®UnAOV 2°V FoOUOV, 0OV ROTOUOKEVOOTEL 1 YEWUETQLO TOV, 1
0OTTOL0 EEQTATAL OTO TNV TOTOAOYIO, TWV YEWUETQUAMV OTOLYELWV KOTOOREVNS OTO
CAD moLv %0t UeTd amd to “meofAnuatind” onueio.
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ZUYREXQLUEVO OTTMC POLVETAL KL OTO OYNUO 8 UETAED TV VOVYQOUUWY TUNUATWV
v xoL v + 1 woootiBevial 600 xurhind otoryeio wg eENg: TIQ0odL0QILETOL 1) XTIV %l
UWITVAOTNTOGS G 6% TOV WrQOTEQOV Unxoug | amrd ta dvo evBuygauua otovyeio. H moo-
TELVOUEVY TLUT| YL TNV OXTEVO LOUTTVAOTNTOS Q TTQOOOLOQIOTNHKE ETOL RATOTILY EAEYY WV
anQiPeLag Tov VIToAoYLOUOV [18], aAlG wtoel va puetafindel xatd fovAnomn. Ztn ovvé-
YELOL TTQOOOLOQILETOL TO ONUELO M TTOV LOOTTEYEL OTTO0TOON Q ATTO TLS dVO TTAEVQES TTQOG
TOV NUWLYWMQEO TTOV eV VITAQYEL VALKO ROl OYNUOTICETAL 1 OLXOTOUOS UETAEY TV vOV-
YOOUUMY TUNUATOV EEXALVAOVTAS atd TN Yovia I'. Amo 1o onueio M oymuatiCovrol gv-
BUYQUUUO TUNUOTO XAOETO TTQOG TLS TTAEVQES TNS OLOTOUNS KOl TTQOOOLOQICOVTAL Ta, ON-
uelo 2, 2, naw 25, To 2, ebvon 1 Toun HeToE0 TG oL 0TOUO %0l TOV TOEOV ®UKAOL Ue
®€VIQ0 T0 M %ol axtiva 9. Me Tov TQOITO QUTO OTTd TNV 0QYLKY “TIQOYUATIUY YEWUE-
TQULOL TTQOXVITTEL ULOL TTQOOEYYLOTUAY] VITOAOYLOTLXT] YEWUETQIO VIOl TIG CVALYHES TOV VITO-
AOYLOTIXOV LOVTEAOV OTTOV YONOLULOTOLOVVTAL OV0 ®uxhixd otolxeioc. BEM 2°V fabuov

2.2, nol 22
Ay 7
i

0 <180° TAcupd v

*OIXOTONOG

TTAEUpPd v+1

Tynua 8: ANULOVQYIQ XUXALXWOV OQLOXWYV OTOLYELWV O€ YWV

ZUVETTMOS YO TLS AVAYAES TOV VITOAOYLOUOV UETOTQETETOL QUTOUATO 1) TOTTOAOYLOL
TOV LOVTEAOV, TO. TTQOUTTAQYOVTO EVOVYQOUUO OQLOXA OTOLYELD LELDVOUY TO KOG TOVG
AOL LETOEV TOVS TTOQEUPAMAOVTAL OVO KUXALXA OQLUKA oTOoLyElo 2°V Fabuov.

ZVVoWPILovTog UTTOQOVUE VA OVOMEQOVUE TO. PUOTA YLOL TN dNULOVQEYLO TOV VITOAO-
YLOTLXOU UOVTELOV. AQyLXd YiVETOL 0VTIOTQOPN Ovaoyed0om TNG OLoTOUNS Ue Baom Tnv
CAD-yewpetQio. Ta eUeéQOVS YEMUETQUARE OTOLYELD OLVOAVOVTOL KOl TOTTOOETOVVTAL Ue
™ 0eLRd. %o we TN Pondeta Tng NURBS avomaQdoTtaong Tovg, avaloyo Ue TO UNXOG
TOVC, TTEOOOLOLLOVTAL KoL ToTToBeTOVVTAL, OL £TLITEO0HETOL HOUPOL €Tl TOV 0QLOV TNG
OLOTOUNS. ZTO. ONUELD OTTOV VITAQYOVV YWVIES ONULOVQYOUVTAL “OLTTAOL” ROUPOL, EVHD



92 Emotnuovix Exetnoioa Eqaguoouévns Eoevvag, Vol X111, No 1, 2008

010 onuelo 6rov B<180° YiveTal LETOTQOTN TNS YEMUETQLOS XOTE TQOTTO MOTE VO. VOl
OVVATOS O VITOAOYLOUOS te T BEM. AVALOYQ Ue TN YEMUETQLO TOV 0QLOV YONOLULOTTOL-
elTOL OUVOVOOUOS YOOUULKMV HOL KUXALKMDV OQLAXMV OTOLXELWV VL0 TOV VITOAOYLOWO.
O VITOAOYLOUOS TNG OTEETTTLXNG TAONG T,(U) YIVETOL YLl TOVG 11 ®OUPBOVS TNG OLOTO-
UNC. ZTN OUVEXELD XOTAOXEVA-CeTOL Ue TN fonbera pLag cubic spline maoeufoing [13] n
oVvVAQTNON T,(U) XOTA UHXOG TNG KOUTOANG TNG OLOTOUNG.
O VTOAOYLOMOS TNG TAOMG 0, (X,Y) YLl AOEN ndupn steonvrttet [11] artd ™ oyton:

ML = MI)x = (ML = ML)y

XXy
— 2
LI — 1,

0,(X.y) = 3

Ta peyebn gotioemv ota 6V0 ertimmeda yio T QO M, %ait M, elvo TTAQAUETQOL EVD
oL QOTTéS adQdveLag Ix, Iy xau IXy eE0QTMVTOL aITd TN YEWUETQLO TNG OLOTOUNG KL VITO-
hoyiCovtou evtog tov ovotiuatog CAD.

H tdon »xauymg vrrohoyiletor yior OAa ta. meoxaboguouevae onueio P, e tng %o-
WITUANG TNG OLOTOUNG %Ol OVTLOTOLYICOVTIOL OTLS HAUTVAOYQOWUES OUVTETOYUEVES, £TOL
0oTe péow TG cubic spline waReufoing [13] va xataoxevaotel N oVvaQTNON O, (U).

E@ooov €xouv oynUATLOTEL OL OUVOQTNOELS TTOV avTLOTOLX(CovV O¢ %dBe onueio
U (X,y) TG OLOTOUNG TLG TUES O (1) %ol T (1) UWITOQEL atd T 0%£0M (2) VoL OYNUATLOTEL 1)
oUVAQTNON YLOL TNV LOOOUVOUN TAON UE OTOYXO TNV avolHTNOoT TOV onuelov u(x,y) g oLo-
TOWNS OTO OITOLO CUTH YIVETAL UEYLOTY).

o, ) = Vo, 2(u) + 317(u) = max )

T TV ertihvon yivetow weooouoyr oto tedpAnua s uebddov tov Brent [14]. To
6010 U tng dtotoung xmoIletol avaloyo e TNV TEQLUETQO TNG O€ LXOVO aLOUo onuei-
ov. To #dBe dLaotnua LETAED dVO OLOOOYLRMDV onuelwv eEeTAleTaL €AV 1| OUVAQTNOT

o, (u) , .
F(u) = dv—u UETAPGALEL TO TEOONUO TNG. ZTA OLOOTHUATO TTOV OCVUPALVEL VTS OvaL-
Intelton To onueto undeviouov T™g. Me ™ dtadwaoia auty oynuatiCetol N AMoTta Twv
onuetwv et TS OLATOUNG GITOV TTOQOVOLALOVTAL TO TOTLXA UEYLOTOL YLD TY) CUYXQLTLXT
G0N 0,(u). I1000dL0QICETAL N ®OT” ATOAVTN TLUY UEYLOTN OUYXQLTLAY TAON ®KOL OTN OV-
VEYELOL IO TO OVTLOTOLYXO ONUELO U TNG OLATOUNG, YIVETOL O LWOVOCHUAVTOS TTQOGOLOQL-
oudg Tov onuetov P(x ) TO 0TTOLo avalnToVueE.

max’ymax

3. Svunepdopato

2TV TaQoVo0 €QYOGT0 TTAQOVOLAOTNHE TTEMTOTLVIN webodoroyia yia TV cvtduoTn
TTO.QOY WYY TOV VITOAOYLOTLXOV UOVTELOV aItO (Lo TQLOdLGOTOTY Yewueteio CAD, Ommwg
OUTY XONOLUOTTOELTOL OTOVG OVYYQOVOUS OTEQEOVS LOVTEAOTTOLNTEC.

H yonon tng NURBS-BREP avostaQdoto.ong Tov TOLOOLEOTOTOV OVILXELUEVOV OTO
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ovotnuo. CAD mheoventel évavtt GV, eeldn elval oVUBOTN e TLS TTOLTHOELS TTEQL-
YQOPNS TOV VITOAOYLOTIXOU UOVTEAOU YLOL TNV €QPOQUOYT TG UEBOOOV TV OQLOKMYV
otouyelov. H dromourtomoinon ®ot 0 xmwoLoudg Tov 0QloV 0TOV OTTULTOVUEVO aLOUO
OQLUXMV OTOLYXELWV TTETEVYON UECW AVEAVONS TNS TOTTOAOYIOGS TMV YEMUETQURMDV OTOL-
¥elov 1oV CUVOETOUV TO TELOOLE.OTATO OMUO XOL O VITOAOYLOUOS TTQAYUATOTTOLELTAL OLV-
TOUATO OlVOVTOG OTTOTEAEOLATO VYNAIS axQIPELOG.

ISLaiTeQo eVOLAPEQOV TTAROVOLALEL I epaoUoYn LeBOGOWV PeATLoTOTOINONG OTN dLOL-
AQLTOTTOLNOM TOV 0QIOV TV OLOTOWDV KATE UWKOS TOV (POQEX. ZTOYO0G elval N TO Uéye-
00¢ TV 0QLIXMV OTOLYXELWY, 0T oTTola BaoiCetor 1 BEM, va €40V TO 10avIX0 UNXOG
MOTE N OXQIPBELD OTOV VITOAOYLOUO TNG OVYXRQLTLKNG TAoNg va elvar uéyLom. T'a orthég
OLOTOUES €OV ETLTEVYOEL LLOVOTTONTLXG. ATTOTELECUOTOL, EVMD €EETATETAL M YEVIXOTNTA
™G ovostTuyOeioog ueBodohoyiag Yo LeYGAO €VQOS SLOTOUMY TUXOVOOS LOQPNGS.

O 1QOTOC TTOV TOQOVOLAOTNALE YLO. TOV VITOAOYLOUO SLOOLAOTATMWYV SLATOUMY WTOQEL
va. OLEVQUVOEL Y10l TOLOOLAOTATO OMUATO OTTOV L0 TOV VITOAOYLOUS B0l OLOXQLTOTTOLEL-
TOL QUTOUOTO 1) EEWTEQUXY| ETTLPAVELD O OQLUXCA ETTLPAVELOXA OTOLYELCL.
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Abstract

Active Noise Control (ANC) refers to the application of automatic control methods
on acoustic systems aiming to minimize the acoustic noise. Large rooms ANC is an active
research field, employing, among others, multichannel control systems. These systems
require large numbers of sensors (microphones) and actuators (loudspeakers) and demand
high computational power. In search for a low-cost yet quality solution, the "soft
microphones" have already been proposed and their effectiveness has been investigated
in the frequency domain (octave-band noise level measurements/ mapping). Their
effectiveness in the time domain has yet to be proved before they can be fully exploited
in ANC systems. This calls for a specially designed electroacoustic measurements
experiment that would provide all the data necessary for a thorough investigation on the
practical aspects of the definition, implementation and evaluation of soft microphones. In
this paper, first we present briefly the soft microphones idea, then we address the practical
aspects of the involved functions/signals that are necessary for the definition and
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evaluation of soft microphones, and finally we present the electroacoustic measurements
experiment that has been performed in order to provide a full set of measurements that
can lead to a thorough investigation on soft microphones time domain efficiency.

IMeeidyn

O eveQYog €heyyog tov Boupov (Active Noise Control, ANC) avogéQetal oty
eaQUOYN LEBOdMV atd TO TTEGLO TOV CVTOUATOV EAEYYOV OF AXOVOTIXG OVOTHLATO KL
UGALOTO Ue 0TOYKO TN Uelmwon Tov axovoTLro BoeUBov. O eveQyog éheyyog Tov Booupou
o€ UeYAAOVG HAELOTONS YMDQEOVS elval €va oy QOVO TTed(0 €QEVVAG, TTOV YONOLUOTTOLEL,
ovAaueoQ o€ GANOL, TTOAMVOLAVALKES OOUES EAEYXOV. OL QOUES OUTES €XOUV AVAYXT| QITO UE-
YOAO 0QLOUO EVEQYOTTOLNTMV (ULXQOPMVMV) KOL CLoONTROWV (MYelwV) ROl OTALTOVV
VYPNAN VITOAOYLOTLXY] LOYDV. ZTNV ovalTNon YLo. ULl OLXOVOULXY GAAG KOl TTOLOTLXY AV-
omn YL TEToLoV el00VG CVOTHUOTA EAEYYXOV €xOoVV 11ON TTEOTOOEL TAL ULXQOPWVA AOYLOUL-
%0V (“soft microphones”) oL 1 ALOdOTIXOTNTA TOVS €xEL dLeQevvnOel 0TO TEd(O TWV OV-
YVOTNTOV (OXTOPLKY avalvom 0tdBung BooUpBov, xaToyedenon Boeupov). H amodott-
®OTNTA TOVG 0TO TTEQ(O TOV XOOVOU UEVEL VO OTTODELYDEL TTQOAELUEVOV VO WTOQECOVV VO,
€aQUOOTOVV TTANQMS 0¢ ovoTHUaTe. ANC. KTl T€T010 OnuLovgyel Tnv ovayxn yua évo.
ELOHA OYEOLOOUEVO NAEXTQUXOVOTIXO TTELQOUC TTOV B0 UTTOQOVOE VO, TTOQEYEL TO. OITOL-
QalTNTA OEdOUEVA TTOV E(VOL KATAAANAL YL (LLOL OLEEOOLXY OLEQEVYNON TWV TTQUXTIXMV
TTAEVQMYV TOV 0QLOUOV, VAOTTOINONS %ol 0ELOAOYNONG TwV soft mi-crophones. Ztnv €Q-
yooio autn 0QyLrd aQovoldovue ovviono TV WEa Twv soft microphones, 0Ty ovVvé-
¥eLo Bétovue o OEUATA TTQOXTLXNG VAOTTOINONG TTOV O eTICOVTOL e TO EUTTAEXOUEVD. ON-
LOTO, OLEQYOO(ES TTOV ELVOL OUTO.QULTNTES YLOL TOV OQLOUO XOL TNV 0ELOAOYNON TV soft
microphones xoL TEAXE TAQOVOLELOVUE TO NAEXTQOXOVOTIXO TTELQAUOL TTOV EXTEAEOTNHE
YLOL VO, QTTOXTNOOVUE ULaL TTAON O€LQE. LETQNOEMV TTOV WTOQEL Vo 00N YNoEL 0e dLeE0dxN
OLeQelvnom %ol aELoroinomn Twv soft microphones 0To 7edio TOV YEOVOL.

Key Words: Active Noise Control, Soft Microphones, Acoustic Room Measurements.

1. Introduction

The use of multi-channel structure control systems for the Active Noise Control
(ANC) of large rooms is a necessity, since the ANC systems aim in achieving a so-called
“quiet zone” around the error microphone/s. These quiet zones cover small volumes
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around each microphone; therefore, large numbers of sensors (and actuators) are
necessary to cover larger spaces such as large rooms, [1]. The idea of “soft microphones”,
already proposed in [1], offers a possible solution to the reduction of the number of
necessary microphones / input channels. The cost of the overall solution is thus shifted
from the need for large numbers of input channels (increased hardware and computation
power) to the need for increased computation power per input channel. An ANC system
implementing the soft microphones idea would require fewer microphones — even one
single microphone placed at one single position within the room (depending on the room
dimensions and room acoustic properties) — to operate.

In brief, soft microphones are based on the following idea: If the room impulse
responses (RIRs) of the acoustic paths connecting a specific (“base”) location, where the
real measuring microphone is to be installed, with each one of a set of other locations of
interest within the room, are efficiently extracted, then the noise (error) signal at all the
desired locations where the soft microphones are considered can be estimated or
predicted, based on

(a) the extracted room impulse responses and

(b) the noise signal acquired from the single measuring microphone at the “base”
position.

This technique is especially advantageous provided that the room acoustics do not
vary significantly with time. In such a case the acoustic path modeling (RIRs extraction)
can be car-ried out only once and off-line.

Although the theoretical background of soft microphones is solid and simple, [2], there
are significant practical aspects that have to be considered and investigated before soft
microphones can be applied for the ANC of large rooms. As it is presented in the
following, these practical issues are mostly related to mathematic constrains, the accuracy
of numerical computations and room acoustics parameter. A first approach to the
evaluation of soft microphones has already been performed, as their effectiveness has
been investigated in the frequency domain (octave-band noise level measurements/
mapping), [2]. Although the results have been positive and rather encouraging, this does
not warranty their effectiveness in the time domain — a necessary step before they can be
used on ANC systems. This calls for a specially designed electroacoustic measurements
experiment that would provide all data (measurements) necessary for a thorough
investigation on the practical aspects of the definition, processing and evaluation of soft
microphones.

In this paper, first we present briefly the soft microphones idea, then we address the
practical aspects of the involved functions/signals that are necessary for the definition and
evaluation of soft microphones, and finally we present the electroacoustic measurements
experiment that has been performed in order to provide a full set of measurements that
can lead to a thorough investigation on soft microphones time domain efficiency.
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2. Soft Microphones

2.1. Outline of the soft microphones approach

If the impulse response, h, ,(n), between two points within a given room (for example
points A and B, Figure 1), is known, then the acoustic signal time-series at point B, h,(n),
can be calculated via the acoustic signal time-series at point A, b, (n), by:

by(n) = h, (M) *b,(n) ey

Figure 1. The acoustic path (direct and reverberant) in a room from point A, where the real
microphone is to be placed, to each one of points B and C, where soft microphones are
to be considered, is expressed by a long impulse response for each one of them.

Generalising [2], if the room impulse response {hOj ,j=1,2, ..., L} of the path
connecting locations 1, and I, is known forall j =1, 2, ..., L, then the noise signal {b,m),
n=20,1,2,...,N — 1} can be estimated or predicted, rather than measured, as follows:

b(m) = h, () * b (n) @)

where {b,(n), n=0, 1, 2, ..., N— 1} denotes a noise signal recording of length N,
obtained at the “base” location of the plant area, hereafter referred to as location 1y,
while{bj(n), n=0,12,....N—1,j=1,2,..., L} denote the noise signal recogdings, each
of length N, obtained at a series of L other locations {Ij, j=12,....,L} and b(n) are the
corresponding noise signal estimates.

The acquired response ?10_,, is in fact the convolution of the “anechoic” response of the
acoustic system (amplifier, filters, sound source, connecting cables, microphone), hz;, with
the desired room impulse response, hoj:

hy () = hy(n) * () 3)
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The room impulse response h,, can be deconvolved out of it, by resorting to the fre-
quency domain, if the “anechoic” acoustic system response h?; is known.

To put it simply, in order to predict the sound signal in a number of points around a
single microphone in a room, we need to know a model of the relation (acoustic path)
between each one of those points and the unique position of the microphone. As the
impulse response is the absolute time-domain model of a Linear and Time Invariant (LTI)
system, this can be achieved by measuring the room impulse response (RIR) functions
connecting the unique position of the microphone to all other positions, either

(i) using a sound source at the position of the microphone and measuring the impulse
response at each other point, or

(ii) using a sound source at some other point within the room (for example, at the
place where the noise source is actually located) and simultaneously measuring the
acous-tic signals at the microphone position and each one of the other points of
interest,

depending on the modelling method to be used.

2.2. Practical aspect of soft microphones definition and use

The theoretical background of the soft microphones is simple enough to give someone
the misleading impression that it is straightforward to put them to work. However,
several practical issues arise and have to be addressed for their successful practical
implementation. These issues extend from room acoustic properties that have to be taken
into consideration before measurements are taken that will be used for room impulse
responses and finally for soft microphones, down to numerical problems rising from the
discrete and finite duration nature of the calculations.

The actual measurement of the room impulse response is not a trivial procedure, and
considerable effort has been put in doing it well. In principle, one could measure impulse
responses simply by “feeding” the system under test with a sharp impulse input and
measuring the response at the system output. In practice, however, the power of an
impulse that can safely be fed to a speaker and amplifier without overloading them is
limited, leading to the compromise of using short orthogonal pulses of limited energy
instead. Apart from the bandwidth limitations thus imposed, any room noise will degrade
measurement accuracy. For this reason, the standard approach of researchers is to use test
signals that have much higher power than an impulse; typically, either a pseudo-random
test sequence or a chirp test signal. Such test signals last long enough to have many
thousands of times the power of a single impulse and therefore give a correspondingly
improved signal-to-noise ratio in the measurement.

Even if such a widely recognised method of measuring impulse response is adopted,
other problems still arise. It could be claimed that one option for the estimation of the
RIR is to
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(i) perform an independent, anechoic measurement of the impulse response of the
elec-troacoustic system used for the measurement of the total (RIR and
electroacoustic system) acquired response, and then

(ii) deconvolve it out of the total response, to obtain the RIR.

In practice, however, it is usually not easy to perform anechoic measurements, so this
approach degenerates to using a semi-anechoic (or pseudo-anechoic) limited duration
impulse response of the electroacoustic system. This can be obtained from the signal
measurement interval before the first major reflection is superimposed to the directly
transmitted acoustic sig-nal. This is possible by inspection of the time domain data, since
the first reflection is typically of high amplitude and can easily be located within the time-
domain measurement. The first practical issue arising if we adopt the above approach is
that it remains to be proved whether the limited duration impulse response of the
electroacoustic system provides a satisfactory alternative. Obvious problems are (i) the
limited low frequency accuracy resulting from the limited duration of the semi-anechoic
response, and (ii) the windowing necessary for the transition to the frequency domain.
Moreover, numerical problems due to zero-padding — typically employed to prolong
measurements for computational efficiency purposes — have to be taken into
consideration as well.

Furthermore, equation (3) is not realistic, since the measurement always carries a
noise component, even if it can be considered as additive. So, more accurately (3) should
be re-written as:

ﬂoj(n) = hy, () * hy(n) + n(n) )

The importance of this additive noise component depends on the measurement method
used. The Maximum Length Sequence (MLS) is a deterministic signal typically employed as
input in acoustic measurements. If MLS is used for the above measurements, an averaging
procedure can be applied to improve the SNR, giving +3dB after each average, [3], [4]. Also,
the MLS period should be longer than the 60dB reverberation time, t,,, . > RT, in order to
avoid time aliasing and obtain a good measurement SNR. Usually, in building acoustics
measurements, a t,, . of 10 times the RT, is selected, giving over 20dB rise to the
measurement SNR, [3], [4]. Another rather popular method for impulse response extraction,
reconsidered and highly appreciated during the last decade, [5], [6], is that of the exponential
(or logarithmic as often found) sine sweeps /chirp, which provides a more insensitive to
distortion and time variance alternative to MLS-based impulse response extraction.

Even if the above condition is satisfied, there still remain two major practical problems.
The first problem is related to the deconvolution methods employed for room impulse re-
sponse evaluation (RIR) and the required length of the measured signal (regardless of the
test signal and method used). This problem is also present in the closely related problem of
room transfer function (RTF) equalization by inverse filtering [7]. It results in an
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extremely large filter order (following the filter order of a real RIR). In practice any of the
hoj(n) is a finite-length sequence, defined for 0O<n = n_ , where n_ is the maximum
value of the time index, usually dictated by the dynamic range of the involved
measurement. This can be related to actual time (in seconds) via the well-known acoustic
parameter of 60dB reverberation index, RT,, of a room. Then the number of samples
required to measure ho; (n) and also to perform all related calculations is given by:

n,=RT,, - f (samples) 5)

where £ is the sampling rate in Hz. When shorter impulse responses (filters) are used the
method deteriorates, as the acoustics of the specific room path are not sufficiently modelled.

The second practical problem is related to the variation of RIR with the position of
source (actuator) and receiver (sensor); in our case, though, it should not be considered,
because we deal only with specific positions within the room, i.e. the positions of the
reference (real) microphone and the positions of the soft microphones.

Another practical problem is the directivity of the source (loudspeaker) and receiver
(microphone) used for the measurements. Theoretically, the best case is the use of an
omni-directional point source and an omni-directional microphone.

After having successfully addressed all the practical issues mentioned earlier, the
deconvolution process itself is a serious theoretical and practical challenge. The creation of
the inverse filter involved in the deconvolution process is not an easy task for a mixed-phase
impulse response, such as that of a loudspeaker, and thus of an electroacoustic measurement
system, although it was addressed by many researchers. In particular, in [8] and [7] is
introduced the least-mean-square algorithm in the loudspeaker equalizer design, while the
deconvolution-based scheme is developed in [9]. The use of direct inverse response filtering
(given the mixed-phase character of room responses) can introduce pre-echo and strong
narrow-band colouration effects, rendering undesirable the perceived results of the processed
audio signal, [10]. In some cases, better results are obtained if a simple zero-phase (or
equivalent minimum phase) inversion is done, [8], following the well-known Neely and Allen
approach, [11], [12]. In this way a simple frequency domain equalisation is performed, the
all-pass component of the measurement system is left unequalised, the complete filters
produced are more stable and no audible artefact is introduced.

Alternatives to the above deconvolution methods have been widely investigated and
different methods have been proposed, from homomorphic deconvolution, [13], [14] and
parametric estimators (maximum-likelihood, [15], Bayesian, [15], [16]) to other
nonlinear methods [17], [18].

It could be argued that the room impulse response task should be addressed as a
common system identification task and proceed to white noise based methods, based only
on measured input-output data and just pre-requiring long enough measurements to
account for room acoustics aspects. Then, apart from a linear (ARMA) model that could
be fit to the specific acoustic paths of interest, non-linear models based on universal
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approximators like NARMAX, Neural Networks, Fuzzy Systems and any possible
combination of them could also be used, [19].

In order to use soft microphones efficiently, the related RIRs should be pre-calculated
off-line and pre-stored, under the assumption that essentially they remain unchanged over
time as far as the major architectural characteristics, major noise sources and equipment /
furniture set up of the room remain unchanged. In practice, the whole procedure should be
repeated in order to update the stored room impulse responses each time this assumption is
violated — something expected not to occur frequently, though. Sensitivity to changes could
also be reduced by use of non-linear models, especially those based on fuzzy logic, [19].

3. Measurements for time-domain investigation

Along the line of thought presented above, our aim is to find the most effective way
to soft microphones practical definition and use. At this point, maximum accuracy on RIR
estimation is not the objective. Rather, the objective is to follow the simplest way in
measuring and practically defining soft microphones that will prove their efficient use in
ANC systems.

In this direction, an electroacoustic experiment was designed that would provide all
necessary data for a thorough investigation of the practical aspects for the definition,
processing and evaluation of soft microphones.

A closed room like the one depicted in Figure 2 was first chosen and analyzed.

Mc_1 Mc 2

O O

Noise Source

- o

Mc 3 Mc4

O 0

Figure 2: Ground plan sketch of the room used for measurements, showing (a) the positions
of soft microphones (Micl, Mic2, Mic3, and Mic4), (b) the position of the real (reference)
microphone, and (c) a noise source. Room dimensions are
(L X WX H) = (4.85m X 4m X 2.75m). During the measurement process,
the two doors on the sides (bold lines) were closed and nobody was inside the room.
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The acoustics of the room were first analysed by simulating the tendency of the room
to resonate at specific frequencies. The room modes were determined for this purpose,
(see Table 1 and Figure 3). The total number of modes up to 200 Hz has been calculated
and 70 modes were found, with 1.5 Hz mode spacing (@200Hz), while up to 500 Hz 837
modes were found with 0.2 Hz mode spacing (@500Hz).

Table 1. Eigenfrequencies tor the first axial modes.

1 w h Hz
1 0 0 35,5
0 1 0 43,1
0 0 1 62,7
2 0 0 71,0
0 2 0 86,1
0 0 2 1254
3 0 0 106,4
0 3 0 129,2
0 0 3 188,1
4 0 0 141,9
0 4 0 172,3
0 0 4 250,7
240,0 Room Modes 70,0
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Figure 3. Eigenfrequencies (bars, left vertical axis) and mode spacing
(points, right vertical axis) of the first 70 modes of the room.

The measured RT s Was more than 700ms, revealing after analysis that the mean
absorption index of the room was less than 0.14.
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The measurements performed can be divided into two groups. The first group contains
impulse response measurements by classic electroacoustic methods using MLS and Log-
Chirp signals while the second group contains measurements using other test signals.

An omni-directional sound source is usually preferred for measurements of room
impulse responses. Albeit the ideal dodecahedron does not correspond to the effective
directivity pattern of real-world sound sources (such as musical instruments or human
talkers and singers), the use of an omni-directional sound source is predicated by current
standards (i.e. ISO 3382), as it avoids exploiting strange room effects (abnormal
concentration of energy and focalizations for selected orientations of the source), as it
might happen with highly directive loud-speakers, [20]. Omni-directional laboratory
microphones and an omni-directional dodecahedron laboratory spherical source were
available; however, we performed impulse response measurements using a regular
commercial loudspeaker for home use, as well. In this way, the corresponding
measurements could be use to investigate the influence of a common directional
loudspeaker on the soft microphones and to evaluate the actual need for an expensive
laboratory omni-directional source.

A laboratory power amplifier was used to drive the sound sources, while an audio
generator was used when other than MLS or Log-Chirp signals were used, following the
period and acquisition length conditions presented in paragraph 2.2, for the measured
room RT,, Sampling rate was 48 KHz for the Praxis™ measurement system and 100kHz
for the MLSSA ™ measurement system, and the precision was set to 16 bits per sample.

The room impulse responses (convolved measuring system and room responses) were
measured with the sound source (first omni-directional and then directional) placed at the
future real position of the microphone (indicated in Figure 2 as the reference microphone)
and measurements were taken at each one of the other positions where the soft
microphones are to be evaluated.

Semi-anechoic measurements of the measurement configurations (all combinations of
the different measurement instruments and sound sources) where taken separately in
open area conditions, ensuring maximum length of anechoic sections (latest possible
arrivals of the first reflection).

The well known measurement systems MLSSA™ (DRA Labs) and Praxis™ (Liberty
In-struments) were used, the first one with MLS signal and the second with MLS and Log-
Chirp signals, to measure the above impulse responses.

Apart from the impulse response measurements, simultaneous measurements at the
reference microphone and each one of the other positions were taken while a sound
source was reproducing each one of the following test signals:

« White noise,
» Pink noise,

« Brown noise (centre frequency = 400Hz, bandwidth = 100Hz),
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* A 400Hz sinus,

each signal lasting for more than 2 minutes. The real-time sound analyser Symphonie
™ (01dB-Metravib) was used for these measurements.

4. Conclusions-Further research

We have investigated some of the practical issues concerning the implementation of
the soft microphones solution. Some of them are related to room acoustic properties,
other to the acoustic room impulse response methods or generally to modelling methods
of acoustic room paths, while others are related to theoretical and practical issues of the
involved operations and processing. Taking into account all these practical aspects, we
have designed and conducted an electroacoustic experiment that provides a full set of
measurements that can lead to a thorough investigation of the efficiency of the soft
microphones approach in the time domain. Further research should be concentrated to the
optimisation of the parameters discussed here, as well as the exploitation of the
measurement data obtained, for the practical implementation and evaluation of soft
microphones time domain efficiency for large room ANC applications.
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Emiooaon  @Quotxo-Ynuixwv TaQuUETOWY
oTNV TOQOVOL0 TOV faxtnoiov Tne Legionella
0TO VEQO EOMTEQLXWV OVOTNUATWY VOQEVONG
KO HALUOTLOUOV VOGOXOUELWY

2. [Mloxavrwvdaxn
TEI AOnvag EAY

A. MmAdton
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A. Mavoidov
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O. Ilanna
ESAY

II. ®codwodTog
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IMegiinyn

To Poxtoo g Legionella amwavtdtal ovyvd 0To eQLBdAlov xoL artotehel cofaQd
©{VOLVO VL0 TOL CVOTHUOTA VOQEVONG AL VOQOWYUXTOV KALUATLOUOV OF UEYANES KTLOLAL-
AEC EYRATOOTAOELS OTTWG elvoL TO. ueyYAha NOOOXOUELD. AVATTTUOOETOL OTO VEQO UETAED
18°C naw 60°C, pe PEATLOTO €VQ0G 25-45°C. MeTadideTOL 0TOV AVOQWITO UE TNV ELOTTVOT
UOAVOUEVV OTAYOVLOUWY VEQOV.

ZTNV JTOQOVO0. EQEVVO OVUUETELYOV 14 UEYANES VOCOROUELAKES LWOVAOES TNG EVQUTE-
NG TEQLOYNG TNG ABNVAC OTLS OTToieg dLeQevvnONray:

1. Kotoo®evooTtird oToLyelo koL ouvOnres AELTOVQYLOS TV VOQOYUXTWV GUOTNUA-

TV AALUOTLOUOU %OL TOV ECWTEQLLMV OLXTVWV TTAQOYNG CEOTOV XA XQUOV VEQO.

2. OL oVVOT®ES AITOAVUAVONS TOV VEQOV OTO WS GV diXTVA. ZTO TAELOTOV TWV JTE-

QUITTMOEWV OTTOV YONOLUOTTOLELTOL TO YAMOLO WS BAOLLO OTOAVUAVTIXG WECO WE-
TONONXE M ETTAQKELQL 1) W1 TNG VITOAELUUOTIXOTNTOS TOV O€ XQUOLUOL ONUELDL EAEYYOV.

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XIII, No 1, 2008, pp. 111-130
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3. H ovoyétion twv OeTirdv Setyudtmv veQov 0Tto PoxTioLo tg Legionella pe To ev-
QOC TLUMWV OQLOUEVIV PUOLXOYNULLMV TTOQUUETQWVY TOV VEQOV OTtwg TN OBeQuo-
xnpaotag, Ttov PH, Tng aywyuudtntag, Tng 00AGTNTAC, TNG 0XANQOTNTOS, TV OLL™-
QOVUEVOV OMUOTLOIWV, ROOMDS KoL UETAAMADV OTOLYEIWV TTOV TEQLEXOVTOL OTO.
HOTOOXLEVAOTIXA VAUG TOV ayWYDV TOU OXTVOV VEQOY (TOV OLOY|QOV, TOV PEV-
daQYVQOV, TOV YUAXOV)

Abstract

Legionella is a common bacterium in many environments and poses a significant
threat to water distribution networks and water-using air-conditioning units in large
buildings such as Hospitals. It is usually encountered in water temperatures ranging from
20-60°C, with an ideal growth range between 25 and 45°C. Legionella transmission is via
aerosols —the inhalation of mist droplets containing the bacteria.

In the course of this research project, 14 hospitals in the Greater Athens area were
examined, with a focus on:

1. Structural data and operating conditions of central air-conditioning systems through

wet cooling towers and hot and cold water supply networks.

2. The effectiveness of water disinfection methods applied to the said networks. In
most cases chlorine is used as the main disinfectant, and its residual concentration
was measured in critical control points.

3. The correlation between positive Legionella samples and the range of values for
certain physicochemical water parameters (temperature, pH, conductivity,
turbidity, hardness of water, suspended particles, Fe, Cu and Zn).

AgEerg Khewdwa: Baxtijoio Legionella, xevtoixd ovotiuata vOQOYUATOV XALUNTLOUOT,
EOWTEQLXA OiXTVO VOQEVONG NOOOXOUELWY, QUOLKOXNULKES TTAQAUETQOL VEQOU,
aITOAYUOVOT.

1. I'evixn) Meoryoagn

H mogovoa ¢€oeuva OLeEnyOn oto TAOLOLO. TOU €QEVVNTLXOV JTQOYQAEUUATOC
APXIMHAHZ tov T.E.L.- ABivog oe ovvepyaoio ue tnv EOviry Zxoin Anuoorog Yyei-
ag, To Noooxoueto Evayyehonodg »at to EMII.

SVUTEQLAAUPAVEL:
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0) TN OLEQEVVNON TV EMILQUTOVOMYV OUVONKMV OTC OVOTHUOTO KALUOTLOUOV KO
oTa OixTva CEOTOV %L ®QVOV VEQOV 13 NOOOXOUEIWV %Al EVOS TTOQUQTHUATOS
OTNV €VEUTEQN TTEQLOYN NS ABYvac.

[) emLTOMTLES LWETONOELS O€ KOLOLUOL ONUELD TV WG AV EYRATAOTAOEWY KOl OLUTVWV
000V 0OoQG TNV BEQUOKQAOLO. TOV VEQOV AL TO VITOAELUUATIXO YAMDQLO EPOCOV
TO YAMDQOLO 1 GALES EVEQYEC LOQEPES TOU YONOLUOTTOLOVVTOL G UEGT OTTOAVUOVONG
OUTOV TOV VEQOU.

V) OELYUOTOANPLES VEQOV YLOL (PUOLKO-YNULKES EEETAOELS OTO £QYAUOTNQLO (ETTLAEYON-
®owv vo. Let@nBov m BordTnTa, N ayoyLLOTNTA, 1| OXANQOTNTC, TO. CLLIWQOVUEVO.
0TEQEN, O G{ONQOG, O PEVAAQYVQOS KOL O XUAROG).

0) OELYLOTOAMPLES VEQOV YLOL ULXQOPBLOAOYIXES EEETAOELS OTO EQYNOTNOLO TTQOXELWE-
VOU VO eVTOTTLOBOUY TUXOV TTowriec AeYLOVEALAGS.

€) OUWITEQAOUOTO IO TTLOAVY) CUOYETLON TV TLUMV TWV QUOLLO-YNULKOV TTOQOUE-
TQWV UE TLG OVTIOTOLYES TUUES TV ULKQOPLOAOYLXWDV EEETAOEMV YLO. AEYLWVEAL,
©aOMOS KoL UE TIG ETIXQATOVOES GUVONKES AELTOVQYINS, CUVINENONS KOL OTTOAV-
UOVONG TV EYAATOOTAOEWV.

2. H v0060¢g TV AeYEMVAQLOYV, TOOTOL UETAOOCS

H Nooog twv AeyewvagQlwv eival 0.o0£VeELD TOV OVATTVEVOTLIXOV CVOTHUOTOS, UETO-
OlOETOL UE ELOTTVOY] UOAVOUEVWV OTOYOVLOLWVY VEQOV amd TO Paxtnolo Legionella
pneumonophilla ®oL exONAMVETOL Ue OVO UOQPES, TOV TVEETO Pontiac 1 tnv dTumn
srvevpovio n ortotar éxel VPmAy Bvnolpndtnta (sTegimrov 20% o010 yevird minbuouo). To
BOATHOLO ATTAVTATOL OVY VA OTO TTEQLRAALOV KOl QITOTEAEL GOBOQO AKIVOUVO L0 TO. OV-
OTNUATO VOQEVONG XL VOQOYUXTOU KALUOTLOUOV O UEYANES KTLOLUKES EYRATAOTAOELS
ommg etval ta ueydia Noooxoueta. Eival otoiteQo avOerTind ®ol avosttiooeTolL 010
veQd netoEV 18°C raw 60°C ue BEATLOTO gVQog 25-45°C.

e EYHOTOOTAOELS KOl OTO ONUELD OTTOV dMULOVQYOVVTOL OTAYOVIOLO VEQOU XL TO
AvVTLOTOLYO OIXTVO €XEL ETOLXLOTEL QO TO OTEAEXOS TNG Legionella, o nivouvog Yo )
UETAO00N TNS Q0BEVELOG elvaL VITOEKTOS. H ®0TAITOO0N LOAVOUEVOU VEQOV OV UETAOLOEL
™ vooo. Emiong n Aeyuwvelhwon 0ev HeTadldeToL 0t dvOQwIto o dvBQmITo.

3. Eyzatoaoctaceig vegov-Ilgopinuata

Ol eY®OTAOTAOELS VEQOV TTOV OTTOTEAOVV TLS CUVNHBOELS 000U UETAOOONS TNG VOOOU
elval:
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* Movdoeg VOQOYUXTOV RKALUOTLOUOV.

 OL TVQyoL YUENG.

» Ta eomTeQA OlxTUa CEOTOV KOl XQVOV VEQO.

e Ta ouvtQpdvia, to SPA, oL mLoives, To. AOVTQA, OL VYQUVINQES, TO. AQOEVTLAE OV-

OTNUOTO TEXVNTNS POOYNS KATT.

O rivovvog elval ovaAoyog ne Tov aLiuod tTwv amowlmv g Legionella otig wg dvw
EYNATOOTAOELS OL OTTOLES OVLYVEVOVTOL UE EQYOLOTNQLOXES EEETAOELS OTO VEQD. AV OL
EYNATOOTAOELS TOV VEQOU OEV ELVOL KATAOKEVAOUEVES GMOTA XOL 1 CUVTNONOY TOVG LXOL-
VOTTONTLXY TOTE WITOQEL VO CUUPAAALOVY OTNV EUPAVLON XOL EVIOYKVOT TNS WOALVVONC.

O TTEETTEL TO VEQO KVXAOPOQLOG VO BOLORETAL HOTA TO OUVATOV EXTOS TOV KQLOLUOV
PAOUOTOS TLUMVY TNG BeQUOXQAOLAS TTOV guvoel TV avamtTtuEn g Legionella (20-60°C)
OL VO EYEL YOUNAO QUOUO QONg.

4. H mowdtnta Tov vEQOU

To veQd ®UrAOQOQILOG TTEETEL VA elvol xaBUQO AL HATAAANAO YLOL TNV avTioTOLYM
xoNom ue PAaon tig OeopuobeTnuéves TEOOLAYQAPES. ElOMAOTEQA VL0l TO E0WTEQLXA Ol TV
©QVOV ®oL Ce0TOV veQOU 0T NooO®OUE(0 TO VEQO TTQETTEL VAL TNEEL TLS TTQODLALYQOPES TNG
eMnvinn vouoBeoiog KYA Y2/2600/2001 «ITowdtnto Tov veQoy avBQmmivng ®otovd-
AONC», 08 CVUUOQPWON TTEOS TNV 0Nyl 98/83/EK tov Zvufouviiov tng Evowmaiung
"Evowong tng 3™ Noegufolov 1998, dmwg ToomomotOnue amd AY2/T.I1. 0un.38295 (PEK
B 630/26.04.2007.

ZVVNPELS TTAQAUETQOL TNS TTOLOTIXNG VITOREOULONG TOV VeQOU eival M ovENUévn Bo-
AOTNTA, 1) TTEQLEXTLXOTNTA OAATWV, UETAAMAXMDV OTOLYEIWV AOYW® SLEFOWONS TWV OWAN-
VIOOEWYV, 1 TTOQOVOL0. ULKQOOQYUVLOWMYV, UAYMDV, EVTQOMLRMV VALKMV %.AJT.

Elval avoyraio n omotr duayelouon Tov veQo OGOV apoQd TN XNULXY %L WLXQO-
[froroyixy) Tov oVvBeo PECM OLEQYAOLMV TTQOMMPNG KOl OVILUETMITLONG, OTIMWS CUYVOL
TTOLOTIXOL EAEYYOL, EQPAQUOYT (PUOLXMV %AL YNULKDOV UEBOdMV ROOAQLOUOV KOl OITOAD-

UOVONG).

5. Yhomoinomn tng €0evvog

Ao 10 0UVOLO TV NOCOXOUEIWV TTOV GUUUETELY OV OTNV TTOQOVON €QeVVa. ANQON-
1OV OUVOALXA 71 SelypaTa veQou artd OLApOQO ®QIOLUOL ONUELD TV OXTVMV VOQEVONG
HOL XEVTQLXOU KALUATLOUOV-TTQYWV YUEEWCS. Ta delyuata eEeTaodNUaY wg TQOS TIS (PU-
OLLOYNUXES TTOQUUETQOVS TTOV CUITEQLAAUBEVOVTOL OTOVG EMLUEQOVC TTivaxes avd No-
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ooxoueto. Tovtdyoova, aviiotolyog aoLiuog detyudtwy Mgdnxe amd To (OLo onueio.
Tao delypato eEETAOTNXAY OTO £QYAOTHOLO WS TTQOS TNV TTO.QOVOia oTehey OV Legionella
TTQOXELUEVOV VO, £QEVVNOEL OTTOLAONTOTE CVOYETLON UETAED TV TLUMV TV QUOLXOYNUL-
UOV TOQAUETQMV KO TNG AVAITTUENS TOV FOXTNOLOV.

OL 1EBOOOL LETQNONG AL EQYALOTNQLUXMYV OITTOAVUAVOEWV TTOV YQNOLUOTOMONUAY €~
VoL oL ®ATwOL:

e DuoWOYNUIXES TAQAUETQOL:

PH . Hlextoouetoury

AvoyLuomnTa : Ayoyuouetoio

OoldtTnTa : Ne@ehOUETOUAT

ZnANQOTNTA : ZUWTAOXOUETQLXN

Y moretuuaTivd YAweLo : XQWUOTOUETQLXN

Oeouoxaoio : OgououeTQN

ALwQOoVUEVA 0TEQEN : ZtoBuwmn

Fe : DPaoUOTOPOTOUETQLO ATOMKNG 0TTOQQOPNONG
Zn : DAoUATOPWOTOUETQLO OTOULKNG ATTOQQOPNONG
Cu 1 GOOoUATOPMOTOUETOLO ATOULKNS ATTOQQOYNONG

* Baxtijoto Legionella

XonowwomomOnxe n uéBodog mov meoPArémetor oto ISO 11737 »al n TavToTOinon
€yuvve ue latex agglutination kit (Pro-Lab Diagnistic, Canada).

6. ITegryQa@n cvoTNUATOV YOENS %L (EGTOV VEQOU VOGOXOUEL®V
2O OTTOTEAECUATO UETQNOEMY

Noocoxopegio A

[NEPITPA®H ZYZTHMATQN KAIMATIZMOY, YAPEYZHZ KAI AIKTYOY
ZEZTOY NEPOY

IToOxeELTAL YLOL UEYAAO TUYHQOTNUO KTLQLWV TTOV £X0VV EYROTAOTAOELS OLOPOQETIUNG
NAL0G. MeQIXEg €XOUV OVAXOLVIOTEL TEOOMATO. e UEQIXES TTEQLITTMOELS Ol EYXOTA-
0TAOELS EEVITNQETOVV TTEQLOCOTEQO OTTO €Val XTIQLAL KOl O GANES EVval.

To voooxoueio dLabétel THQyous YPuEemg na tootiBevrol ymund Tedabeto. To meo-
oBeta etvar To C-Fine 3001 xow to C-Fine 1009 (xonouomolovvToL UETd oItd aQoiman).

To Ceotod ved maéyetol omtd boiler ®ow VITAQYEL AvarVrAOPOQI 0TO dinTVO TOL Le-
O0TOV VEQOV.

To vepd 1oV voooxoueiov teoéQyetol amd TV EYAAIL Ymdyovv deEoueveg aro-
Orevons. To dinTvo amroteleiTon aItd YoAVPOLYOUS OWANVEC.
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2HMEIA AEI'MATOAHWIAZ NEPOY

NOX A-1
NOX A-2

NOZ A-3

NOX A4

NOZ A-5

NOZX A-6

NOZ A-7

NOX A-8

NOZX A-9
NOZ A-10

¢ Yrdyero mréQuyog IT. NeQd emmotQognc ard Tov QYo YPusems NO3.
;. Zeoto veQod emotQopns mrtéQuyag Iatéga. To Ceotod veQod éxel O = 75°C

%o eTLOTEEEL Ue B = 60°C.

: Ned emotogng Yueng ovvinonong 6 = 22,8°C.
1 Nepd emoteogic YUENS xatdpvEng 6 = 22,50C. EEvmmoeteitor T

PYUyTHo VYO OAOV TOV VOOOXOUELOV QITO OVUTTLEOTES TTOV OTEYALO-
vIoL 0To ®tiQuo I1.

: Ned emoteoPNg TUQYOV YVENS YELQOVEYELOV ®TLRloV A B = 22°C. O

QYOS YUENS Poloxetal 0To €mimedo TOV LooYelov axQUPMS TLom
artd EEMTEQLHO LAVTQOTOLYO TOV VOOOXOUELOV.

: Z£0T0 veQO ETLOTQOPNS XTLRLOV A 6 = 49,5°C.(teooaywyn 75°C).
1 Zeotd ved emotoogng TTahato xtuptov 6 = 52,7°C.(Toooaymyn

68°C).

1 Ze016 veQOd YELQOVQYELOV, LOOYELD, TEQUOTIXY PRvomn B = 63,7°C.
: EEwteuun fovom, xQuo veQo.
: Koatdotnuo extdg Tov VOOOROUEIOV, EVOVTL KEVTQLUNS ELOOOOV.

AITIOTEAEZMATA NOXOKOMEIOY A

Enueia pH Ayoywo- Ooko- Xxingo- Cl Ogouo-  AlwQov- Fe Zn Cu Amotedré-
Agiyparo- ™o ™o ™mra VoA,  %QUGiw pneva ouata
Miog us/cm FTU mg
CaCO,/L mg/L °C) mg/L mg/L mg/L ppb  Legionella’

NOZ A-1 6,90 487 1,36 246 20 70 <0220  <0,04 AQvntno
NOZ A2 727 269 0,87 138 60 75 <020  <0,04 OeTird
NOZ A-3 7,90 1103 1,81 584 22,8 250 <0,20 0,16 AQVNTLXO
NOZ A4 8,00 7390 1,17 >1698 22,5 145 <0,20 0,35 AQWNTLHO
NOZ A-5 8,24 288 0,7 146 29 20 <0,20 <0,04 Aovntind
NOZ A-6 8,08 270 2,48 144 495 0 <0,20 0,13 AQVNTIXO
NOZ A-7 7,97 268 0,88 138 52,7 35 <0,20 0,09 OeTLnd
NOZ A-8 7,90 261 2,11 130 63,7 45 <0,20 0,06 AQWNTLHO
NOZ A-9 7,92 271 22 142 45 <0,20 <0,04 Aovntind
NOZ A-10 8,03 272 0,74 100 175 <020  <0,04 AQWNTIXO

" Oetind: >100CFU, aovntindé <100CFU.

Noocoxopseio B

MEPITPA®H ZYZTHMATQN KAIMATIZMOY, YAPEYZHZ KAI AIKTYOY
ZEZTOY NEPOY

To voooxoueio dev OLOBETEL TTVQYOVS YPUENS, GALGE OVO KEVTQUAG XALUOTLOTUXA.
To dixtvo VOEevong amoteleltor aTd cOAMVES YOAIBILVOUS AAAG HOL YGAKLVOUC.




Emid0aon Quotxo-ynuixmy TaQoUETOWY OTNV JTaQovoia Tov faxtnolov tns Legionella... 117

YaQyovv OeEaUeVES eeEOQELOS VEQOV OTNV TAQATON (TTOQAAANAC CUVOEdEUEVES, AT
TTOAVALOVAEVLO).

To veod meoéoyetal amd Ty EYAAIL Ae yivetal x0Mon ymuLxov tedobetwyv 0T1o
veQO.

To dixTvo TOoV CeoTOV VEQOV dLoBETEL avaruxAogoia. YmdQyel boiler oto vtdyelo
v Tovg 2° émg 6° 6poqo. To boiler avtd aivetor wxo oe uéyebog. H Beouoroaoia
TOV VEQOV ETLOTQOPNG NTOV YOUNAY. YTTAQYOUV %ol OLdpOQOL OLE.OTAQTOL GTOULKOL
NAextowol BeQuoacipmvec.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ B-1 : AteEouevr amobirevong veQov otny TaQdTo

NOZ B-2 : Bouon xuov vegov xovlivag otov 6° 6Q0@o (OTTOUUKQUOUEVO ON-
ueto)

NOZ B-3 : Bouon Ceotov veQot amd BAAOUO (TOVUAETA) KOQOLOAOYLXNG HALVL-
NG 0TO 2° GQOQO

NOZ B-4 : Buon xQuov veQov artd Tovaléteg vitoyeiov. Eivol 1o TAEOV ®OVTL-

VOTEQO ONUELD TOV XKTLRLOV 0TNY TEOOdOGia amd Tnv EYAAIL.

AITOTEAEZMATA NOZOKOMEIOY B

Inueio pH Ayoywo- 0Ooko- Xxingo- Cl Ozouo- AwwEov- Fe Zn Cu Amotehé-
Agiypavo- e e e vToh. xQUOia nevae onaTe
Mppiag us/cm FTU mg
CaCO,/L. mg/L (°C) mg/L mg/L. mg/L ppb  Legionella’

NOZ B-1 6,62 320 0,67 154 0,10 19 0 <020  <0,04 7,1 Agvntird
NOZB-2 7,03 318 2,11 150 0,60 19 15 <020  <0,04 2,0  Agvnuxd
NOZB-3 7,12 317 0,96 150 0,00 35 0 <0,20 0,56 320 AQVNTIRO
NOZ B4 738 319 1.5 150 0,60 16 5 <020  <0,04 <2,0  Agvnuxd

"Oetind: >100CFU, aovntiné <100CFU.

Noocoxopeio I'

IMEPITPA®H ZYZTHMATQN KAIMATIZEMOY, YAPEYZHZ KAI AIKTYOY
ZEZTOY NEPOY

To voooxroueio dLabétel dVo (2) mipyovg PUENS. Avtol folonovtol ®ovid o€ TaQd-
Buoa o 0pOuo. Tnv oy TNg emioneyne uag 0to voooroueio (Noéuporog 2004) nrov
exTog AettovQyiog, ®helotol. Eiyxav veQd 0TaoLno, OTTmS elye TAQUUEIVEL QITO TN TEAEV-
TOl0 MUEQD AeLTOVQYLaC TOVG. OTOV (PTACEL 1 ETTOYN VO ETTAVOAELTOVQYNOOUV OL TTVQYOL
PYUENG, EXREVAOVOVTOL OITO TO VEQO %L CVVINEOUVTOL. To veQd TV VYWV PUEEWS &l-
VOLL OLPOAATOUEVO KOl OEV TTEOOTIOEVTAL YNULKE OF aUTO.

To dixTvo TOV Ce0TOV VEQOU OLOBETEL AVOXUXAOQOQLO KALL YLOL TO. TEGOEQN KTLQLO TOV
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VOOOXOUELOV VITAQYOVV TéooeQa boiler avtiotouyo. To Ceotd veQod xoMong elvol apoho-
Touévo. H agpahdtmon yiveTal ue oNTiveg Tov avayevvouv oL (dLoL.

To vepd maéyetor ammd ™V EYAAIT xau vidoyel voyela oeEauevy veQov. To di-
KTVO VOQEVONG AUTTOTEAELTAL OUTO CWANVES YOUAVPOLVOVS OAAG KO YAAKLVOVG.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ I'-1  : Wuytatouxn xhvixy (LodyeLo)

NOZTI-2 : Anym mov TN deEauevi veQou (aQytxd veQod)

NOZTI-3 : Ktiplo Nod, 3° 60ogog, TovaréTes, Leotd veQd

NOZ TI'4  : Krtigo No3, 3° dpogoc, xovliva yerpovgyeliov, Leotd veQd

NOZ I'-5 @ THohowd ®TiQLo, 4°° GQOpOg, TOVUAETES TTOALMY £QYAOTNOIWY, LE0TO VEQd
NOZ TI'-6  : IIVgyog YvENg ABoToLplag, amtd OTAOLUO VEQO TNG AEXAVNG TOV

AITOTEAEZMATA NOZOKOMEIOY I

Tnueia pH Ayoywo- Ooko- Xxingo- Cl Ogouno-  AlwEov- Fe Zn Cu Amotels-
Agiyparo- ™mro ™o ™mra VTOA.  %QAGiw pneva ouata
Mypiog ps/cm FTU mg
CaCO,/L. mg/L (°C) mg/L mg/L mg/L ppb  Legionella’

NOZ I'-1 752 291 1,2 140 0,00 343 10 <0,20 0,12 <2,0 AQvnTino
NOZ I'-2 7,75 292 1,28 144 0,70 12,5 5 <0,20 <0,04 <2,0 Ao
NOXTI-3 7,85 292 2,11 144 0,00 44,6 15 <0,20 0,07 9,0 Ao
NOXT4 6,30 297 0,91 8 0,00 52,2 0 <0,20 0,04 360 Aovntnd
NOZ I'-5 6,60 285 1,12 130 0,00 48 100 <0,20 0,07 33,6 AQvntuxo
NOZ I'-6 8,65 387 32 142 0,00 12,8 40 <0,20 0,06 14,1 AQvntuno

# Oetuno: >100CFU, apovnuixd <100CFU.

Noooxopegio A

HEPITPA®H ZYZTHMATQN KAIMATIZEMOY, YAPEYXZHX KAI AIKTYOY
ZEZTOY NEPOY

To vooorouelo OLaBETEL TEOOEQLS (4) TVQYOVS YPIENS TTOV FQIOKOVTAL OTNV TO.QATOC.
1OL AELTOVQYOVV TTOQAUMANAC VOQUUALXA.

AnOUN %L TO YELUWDVA, ELVAL KL M ETOYN TOV TQOYUOTOTOWONHE M emioneyn Uag
0TO VOOOXOUELO, AELTOVQYOVV €X TTEQLTQOTTNG TOV AVEWOTNHQO TOV £vOg TTVQYyov. To ve-
Q0 ETTLOTQOPNS OTOVG TTVQYOVS elye B = 26°C.

XNoLuoToLovV ynuLra.:

1) Amolvuavtind NaClO ST,0,NaOH, »now Alkaline Bromine

2) Avtuamobetind 8504: phosphonocarboxylic acid oQyavixd, 6ELvo

3) AL00TToQTIXO BLOUALAS WKQOOQYAVIOUMY 7348

4) AvtdwaBowtind 73400: poogoorrd 08V ot ZuCl,
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To Ceotd veQd yoNong nunhooel ovvexmg we xuxhogoonty. H deEauevn Ceotov
VEQOU ELVOL RATOANOQUYPN YWEIC avadevToa. Exel OeQuoxQaolox) 0TQMUATOTOMON.
To tdoLUo veQod mEoeQyeTaL atd TV EYAAIL, amoOnxevetol o€ OeEaueveS xo SLavEue-
TOL UE OVTALES.

To dirTVOo VOQEVONS ELVAL XAAKLVO KOL OL OVTAIES OLOEQEVLEC.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ A-1  : ©dhauog 615, pevon CeoToV VEQOD (ATOUOXQUOUEVO OTUELD)

NOZ A-2  : Drain cohe A, Ypimtng N°1. Elye oxetint otaondtnta Aoy emoyng

NOZ A-3  : Wintng N°3, veQo miQyov YVENG o€ AeLTovQYia

NOZ A4 : Ymdyero, moLv T OeEauevi) ammobixevong vepov (veed EYAAII otny
€(0080 TOV %TLOLOV)

NOZ A-5 : Nepd EYAAIT petd t OeEauevn

NOZ A-6  : AcEouevr) Ceotov veQov. ANYn astd YouUnAd. Agv VITAQYEL OVUOEVTY-
Qac otn deEouevn.

AITOTEAEZMATA NOZOKOMEIOY A

Inueio pH Ayoywmdé- ©Oold- Xxzingo- Cl1 Ozouo-  AwwEov- Fe Zn Cu Amoteré-
Agiyparo- e ™mra mro VTOA.  XQAGILM eV onoto
Mpiog us/cm FTU mg
CaCO,/L. mg/L (°C) mg/L mg/L.  mg/L ppb  Legionella’

NOZ A-1 7,16 320 1,84 156 0,20 524 0 <0,20 <0,04 240 AQvnTiro
NOZ A-2 7,10 872 3,38 196 0,00 12 55 <0,20 2,28 380 Agvntixo
NOZ A-3 7,68 883 3,50 186 0,00 26,6 95 0,24 2,91 280 OeTrO
NOZ A4 7,20 328 0,95 200 0,45 10,7 5 0,20 0,04 <2,0 Agvntxod
NOZ A-5 7,16 238 1,02 116 0,30 13,4 5 <0,20 0,04 12,6 Agvntixo
NOZ A-6 7,05 326 2,02 204 0,00 36,7 10 <0,20 0,10 420 ©etnd

* Oetind: >100CFU, apvnrixd <100CFU.

Noocoxopeio E

IMEPITPA®H 2YZTHMATQN KAIMATIZMOY, YAPEYZHX KAI AIKTYOY
ZEXTOY NEPOY

To voooxouelo Og dLaBétel muQYoug YUENG. YITAQXOUV OTOUKE HALUATLOTIXG KOl
fan-coil.

Agv mooTiBeTaL yMUuIXd 0To VeQO.

I to Ceotd vepd vrdyovv dVo boiler, 0To TAVVINQLO KUL OTO KEVIQUKO ATIQLO
(paivovtol umeov ueyéboug). Ymdoyel avaxuxAopoQio Tov CeoToU vEQOU.

To moowo veed eivalr EYAAIT %ol vitdyovv T€00eQLe UeYAAeS OEEAUEVES KL OITO
exel OLovEUETOL Ue avTAlaL.

To OirTVO VOQEVONS ATTOTEAELTAL OTTO CWANVES YOAVBOLVOUG OAAG KOl LAAKLVOVG.
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2HMEIA AEI'MATOAHWIAZ NEPOY

NOX E-1
NOZ E-2

NOZ E-3

NOX E-4

: Boiler %eviouxon ©TLoiov
: TItéouya WAL, 1°° 6oogog, Tovaiétes, Povon Ceotov veQoU (aroua-

HQUOWUEVO ONUELO)

. Nevoohoywnn nAvviry) ovtoov (NA) 1odyelo, mtéouya Katoaod, 04d.-

Aapog 3, Ceotd vepd

1 ATTO HOQETEQLOL EVAVTL KEVTQLUTS ELOOGOOV TOV VOOOXOUEIOV (EL00O0G

orté EYAAIT)

AITOTEAEZMATA NOZOKOMEIOY E

Tnueia pH Ayoywo- Ookd- Xxineo- Cl Ogono-  AlwQov- Fe Zn Cu Amotelé-
Agiyparo- ™mra ™mra mre vok. %QuoGic ueve onoTe
Miog ps/cm FTU mg
CaCO /L. mg/L °C) mg/L mg/L mg/L ppb  Legionella’

NOZ E-1 723 292 1,04 192 0,20 434 0 <0,20 <0,04 6,0 AQvntro
NOZ E-2 7,16 288 1,19 184 0,15 42 0 <0,20 <0,04 68,2 AQvntiro
NOZ E-3 7,09 284 1,08 136 0,30 64 0 <0,20 <0,04 66,0 Aovntuind
NOZ E-4 7,05 289 1,08 184 13 0 <0,20 <0,04 29,3 AQvnTnd

#* Qetino: >100CFU, aovntind <100CFU.

Noooxopsgio XT

I[TEPITPA®H ZY2XTHMATQN KAIMATIZMOY, YAPEYZHZX KAI AIKTYOY
ZEZTOY NEPOY

1. TTodomua 1: TIohowd TTOAMXATOWX 0, AELTOVQYEL G EEWTEQIXA LOTQELM. Ag YIVETOL
OLOVUXTEQEVON.

2. TToodotnua 2 : ITalord uxen rolurotownic, AELTOVQYEl wg Eevavag 0.oBevav.
Ko to Ovo xtiguas:
- Agv €40V TUQYOVS YPUENS
- Ze016 veQd ToQAYETOL aItO OVVNROELS NAEXTOLXROUS BEQUOOTpmVES
- To veo maéyetol amd Tnv EYAAII xal O yivetal xouio aéupoon ovte ammodn-

AEVO).

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ >T-1
NOZ 2T-2
NOZ 2T-3
NOZ 2T-+4

: K1igLo A, 2° 6gogog, Tovaiéta, Leotd veQd

: Ktiouo A, 106yeLo, fouon »ovov vepov (eloodog amd EYAAITD)

: Ktiouo A, 2°° 600gog, Tovaréta, Leotd veQd

: Ktiguo A, 1w006yel0, Tovaiéta, FQUom xQUov veQOV (el00d0g OItd

EYAAII)
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AITIOTEAEZMATA NOZOKOMEIOY =T

Inueio pH Ayoywpo- Ooko- Xxingo- Cl1 Ozouo- Awwgov- Fe Zn Cu Amoteré-
Agiyparo- ™mra ™mro ™mro VTOA. QUG neva onota
Mpiog ps/cm FTU mg
CaCO,/L. mg/L 0 mg/L mg/LL.  mg/L ppb  Legionella’

NOZ 2T-1 7,50 279 1,58 194 41,5 0 <0,20 <0,04 3,0 Aovntind
NOZ XT-2 746 288 1,18 200 12,8 5 <0,20 <0,04 3,6 Agvntixo
NOZ XT-3 745 285 1,45 204 46,5 5 <0,20 <0,04 <2,0 Agvntixo
NOZ 2T-4 743 288 1,82 210 14 0 <0,20 <0,04 <2,0 AQvntind

*

Noooxousio Z

Oetind: >100CFU, apvntixd <100CFU.

[NEPITPA®H ZYZTHMATQN KAIMATIZMOY, YAPEYZHZ KAI AIKTYOY
ZEXTOY NEPOY

To VOOOXOUELD €YEL OXTM VOOMAEVTIXG KTIQLO. SLAOTTAQTO. O UeYOAN €XTAON. Agv
VITAQYOVV TTVQYOL YVENG. O #ALUATIONOS YivETAL 0TTd TECOEQLS UeYAAES avTAleg BeQUO-
TNTOC KOl OLAPOQA. CUVION XALUATLOTUXA.

To Ceotd vepd mapdyetol amod boiler ota nevtownd xtioua (1tioLo N, #tipLlo E) %ot
aItd NALOXOVS / NAEXTQIHOVS BeQUOTTpMVES 0TO AALO KTLQLO.

To vepd moéyetal amd TV EYAAIT ot Og yivetol TQootniun ynuixmy.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ Z-1
NOZ Z-2
NOZ Z-3

NOZ Z-4

Krtiolo E, 1odyero, 0dhapog 16, fovon Ceotov veQov

EEwteouxn) fovion, mhnoiov eloddov amd EYAAIL
Ktiglo N, 106yeL0, guotroBeQosevTioLo, oxQPMS eTAV® OItd TO Ag-
ntootdoto, fouon CeoTov veQOU
Ktiplo N, 4° 6gogog, Bdlapog 51, fevon CeotoV veQoV(TO TTLO Ua-
®QLVO onueto artd to boiler)

AITIOTEAEZMATA NO2XOKOMEIOY Z

Inueio pH Ayoywo- 0Ooko- Xxingo- Cl Ozouo- AwwEov- Fe Zn Cu Amotehé-
Agiypavo- e e e VToh. xQUCiC neva onaTe
Mppiag us/cm FTU mg
CaCO,/L mg/L °C) mg/L mg/LL. mg/L ppb  Legionella’|

NOZ Z-1 7,67 304 1,33 214 0,15 37 5 <0,20 0,24 <2,0 OeTrO
NOZ Z2 1756 307 1,40 220 0,30 14 5 <020  <0,04 <2,0  Aogvnuxd
NOX Z-3 759 304 3,660 208 0,00 475 5 0,50 0,34 250 Oe1rd
NOX Z-4 748 311 1,01 224 0,00 45 0 <0,20 0,17 100 AQVNTIRO

*

Oetino: >100CFU, apvntixo <100CFU
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Noocoxopeio H

IMEPITPA®H XYZTHMATQN KAIMATIZMOY, YAPEYZHX KAI AIKTYOY
ZEZTOY NEPOY

To voooxouelo €xel 3 TVEYOVS YPUENS TOV €EVANEETOVV TO ®TLOLO NA %0l TO HTIQLO
NB. Ot mieyotr YuENg elval TomofeTnuévol 0To dMW TOV KTLRLOV TOV KEVIQLAOV UN)-
YOVOOTOOLOV-TEYVIXMV VITNEECLDOV. OL TUQYOL PVENG AELTOVQYOVV aveEGQTNTO. XQN-
OLUOTTOLOVV TO YNUHO TEOoheTo pe v ovopaoia C-fine 1009. Adyw un Aettovgyiog
TOV TUEYWV PVENS TOV MdLo Tov 2005 Toayuotorolnonxe véa emioxeyn Tov ZemTéU-
foro Tov 2005. Ta véa UTLQLOL TOV VOOOXOUELOV €XOVV AEQOPUATES UOVADES HALUATL-
ouov.

To Ceotd veQd moQdyeTal 08 AEPNTOOTAOLO, O LOLALITEQO UTIQLO KOl OLALVEUETOL OF
OLO TO vOoOROUELD. YTTAQYEL OlXTVO avVOrVRAOPOQLAC.

To dinTVO VeEOU asmoteleliTol amrd YahPBOLVOUS CwANVES. TO veQO TTQOEQYETOL OTTO
v EYAAIL 210 VOGOXOUELO VITAQYEL KEVTQUXY] LOVADO OTTOAVUOVONG [LE AVOILAL Y OLh-
%©0V. To veQd g EYAAIT petd amo g OeEaueveg amofnevong VpioToTol aITOAVUAY-
oM Ue LOVLOUO %L OLAVEUETOL.

2ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ H-1 : K1iQLo teyvinng vmneeoiog, TovaAEtes Looyelov, FQUon CeaTol veQou
NOZ H-2 : Ym;dyera deEapevn veQou
NOZ H-3 : Mayelgeia, Tolv ®ovtd ota boiler, fouon CeoTov vEQOV

NOZ H4 : Krtigio NB, 7°¢ 6gogog, dwudtio 709, Ceotd veQd
NOZ H-5 : TIvgyog YuEng 1, veQd mmoog migyo

NOZ H-6 : TIVQyog YuEng 2, veQd atd QYo

NOZ H-7 : IIVgyog YvEncg 3, veed amtd QYo

AITIOTEAEZMATA NOZOKOMEIOY H

Inueia PH Ayoywo- Oodré- Xxzingo- Cl Ogouo-  Awwgov- Fe Zn Cu Amnotehé-
Atgiyparo- o mro ™mro VTOA.  %QUOiC pneva ouata
Mviog us/cm FTU mg
CaCO,/L mg/L (°C) mg/L mg/L mg/L ppb  Legionella®

NOX H-1 7,54 162 0,93 140 48 10 0,46 0,48 260 AQvntixo
NOX H-2 7,50 173 041 148 0,20 17 0 <0,20 <0,04 20,1 Aovntnd
NOX H-3 752 166 0,42 142 57 5 <0,20 0,18 16,3 AQvntuxo
NOX H-4 750 164 0,35 142 56 10 <0,20 0,09 24,8 AQvntiro
NOX H-5 7,50 195 0,70 158 0,00 23 25 <0,20 0,04 60,4 AQvntixo
NOZ H-6 7,63 217 0,85 164 0,00 22 20 <0,20 0,07 60,2 OeTLx0
NOX H-7 7,64 402 0,73 310 25 <0,20 0,09 38,7 AQvnTiro

# Qetino: >100CFU, apvnrixo <100CFU.



Emid0aon Quotxo-ynuixmy TaQoUETOWY OTNV JTaQovoia Tov faxtnolov tns Legionella... 123

Nocoxousio ©

IMEPITPA®H XYZTHMATQN KAIMATIZMOY, YAPEYZHX KAI AIKTYOY
ZEZTOY NEPOY

To vooonoueio dev dLobételL THEYOVS YUENS, AAA( aItAd ovviiOn air-condition.

To Ceotd vepd xoMmong Twv BOAGUWV TOQEXETOL ATTO NAEXTOLROVS BEQUOTTpWVEC.
YmaQyovv boiler oto poryeLeio (LOVO YL TO YELUMVAL), OTA XELQOVQYELD ®oL TV ME®.

To vepd meotyetal artd Tnv EYAAII xou dgv yiveTol ®owia toobxn ynuwxmy. To
voooxroueto €xel 4 xtiola Bohdumy xot OLdpooa AAAa ®TloLo. TTOMAG ®TiQLO NTOVY OE €Q-
vooieg avoxaivions. To dixtvo Voevong amoteleital oo yohvBooowAinves xupims. Ta
VEOTEQO OIS AUTLQLOL EXOVV KAAKLVOUS CWANVEC.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ ©-1 : ME®, 1o0dyeLo, fovon Leotov veQoU
NOZ ®-2 : Mayelpela, Povon Ceotov veQo (Ttapoym atd boiler)
NOZ ©-3 : Awodooia, fovon Leotov veQon (taQoyt) amrd Beouoaipmva)

AITOTEAEZMATA NOZOKOMEIOY ©

Inueia pH Avyoywoé- ©Ooko- Xxingo- Cl Otono-  Awwgov- Fe Zn Cu Amotedé-
Agiypavo- e e e voh. xQUoia nevae onaTe
Mpiog us/cm FTU mg

CaCO,/L mg/L °C) mg/L mg/L.  mg/L ppb  Legionella’|
NOZ ©-1 743 188 0,27 132 474 0 <0,20 0,04 <100 Agovnuwxd
NOZ ©-2 746 187 0,27 134 49,4 5 <0,20 0,06 <100 Agvmuwxd
NOZ ©®-3 750 166 0,24 126 41,0 5 <020  <0,04 <100  Aovntxd

* Oetino: >100CFU, apvntixd <100CFU.

Noocoxopeio I

IMEPITPA®H ZYZTHMATQN KAIMATIZMOY, YAPEYZHZ KAI AIKTYOY
ZEXTOY NEPOY

To vooorouelo drabétel éva ueyaiho QYo YuENG Tov eival TomobeTnUévog e JTQO-
QUAMO YMQO. YTTAQYovv axoun atoixd, ovvion, air-condition xol peyoAvteQes 0.eQo-
PYURTEG LOVADES. O QYOS YUENS ®AOE 5-6 UNVES OCUVINQELTOL KOL TO VEQO TOV JTVQYOV
arrohvpaivetor unvioia ie NaClO. Axoun moootibetol xoOMUeQLVE yNuIKo e TNV OVO-
uaoto BUSAN K148 ue xonon 000LUETOLNG OVTIALOG.

To veQd 0TLS TOVUAETES KO TO CEOTO VEQD KONONG TTQOEQYOVTAL OITH TTNYAdL TOV VO-
ooxouelov. To veQd avTd YAWQUOVETOL X0l OTOONKEVETAL 08 OEEAUEV. ZT1 CUVEYELD.
vplotatol orooxAneuvon. To Ceotd ved maQdyetal o€ boiler ®oL VITEQYEL AVARVAAO-
ooia. H amolvuovon tov vegol tov mnyadtov yivetal ue NaClO. YadaQyovv 0ootue-
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TOUXEC AVTALEC ®OL OTOYEVOVV 08 YAmQLO 0,3mg/L.

To veQd TTOV YONOLUOTTOLELTAL WG TOOLUO, TO VEQO UNYAVNUATWV KOl TO VEQO TOV
VYOV PUENG EOoEQyeTOL 0Ttd TNV EYAAIL.

To dixTVo VeEQOU €xel VOIS KOAVBOLYOVS OWAVES, UEQLLOL OUMG ELvaL XAAXLVOL.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ I-1 : NeQO mnyadLov HeTd TV arooxAMiQUVoT, YAWQLOUEVO

NOZ 12 : Neo mnyadLo oLy TNV ItoorANQUVOT, YAWOLMUEVO

NOZ I-3 1 Zeotd veQd xoMong, INyadLov, eTLoTQogn 0To boiler, Bohduwy (VTod-
YELO)

NOZ 14 1 Zeotd vepd yonong, myadlol, emLoteogy oto boiler, yewpovQyeiwv
(vtdYELO)

NOZ I-5 : Eloodog vegou EYAAII (vitdyelo)

NOZ 1-6 : NeQo migyov YUENG, emLoTQOT 0Ttd TVEYO (VITOYELD)

AITOTEAEZMATA NOZOKOMEIOY I

Tnueia pH Ayoywo- Ooko- Xxingo- Cl Ogouno-  AlwQov- Fe Zn Cu Amotedré-
Agiyporo- e e e ok, xQuoia pevae opaTe
Mypiog ps/cm FTU mg
CaCO,/L mg/L (°C) mg/L mg/L. mg/L ppb  Legionella’

NOZ I-1 7,88 651 0,32 10 0,10 0 <020  <0,04 <100 Agvntwd
NOX 1-2 7,17 627 0,08 430 0,20 5 <0,20 <0,04 <100 Agvntwod
NOX I-3 7,75 648 0,48 110 43,7 5 <0,20 0,12 300 OeTnd
NOZ 14 7,69 652 0,31 80 57,5 5 <0,20 0,09 <100 OeTnd
NOZ I-5 747 172 0,27 122 0,60 0 <0,20 <0,04 <100 Agvnuwod
NOZ I-6 743 211 0,86 136 0,00 10 <0,20 <0,04 <100 OeTnd

#* Oetuino: >100CFU, apvntixo <100CFU.

Noooxopsio 1A

HNEPITPA®H ZYZTHMATQN KAIMATIZEMOY, YAPEYXHX KAI AIKTYOY
ZEZTOY NEPOY

To VOOOXOUELD €xEL 2 TVQYOVS YUENS, TOTODETNUEVOVS OTO dMDUC TOV ®TLRiov AK,
Lo MOLOUEVOVG VOQAVALXA. OL JTVQYOL PYUENS ovvToua B ovTaTaoTafoUV Ue aeQod-
YPYUATES WOVAOES. ZTOVG TTVQYOUS YPUENG €M KOL VAL YOOVO OEV YONOLUOTTOLOVV YNULKAL.
Extdg To0v TUQymV YUENS VITAQYOVV KoL 0EQOWYUXTES LOVAOEC.

To veQd meotyetal amd v EYAAIT %ot 0ev ooobétouy ymuxd. To Teotd ved
To.QdyeToL 7td boiler mov vTdyovv oe Tl ®TioLa (Avatolxrd K, Avtind K not A) xat
VITAQYEL AVOXVRAOPOQLQL.

To dixTVO VEQOV ATTOTEAELTAL OTO CWANVES KOAVPOLVOVS KL YAAKLVOVC.
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2HMEIA AEI'MATOAHWYIAZ NEPOY

NOZ [A-1 : TIVgyog YuENS dutrdg

NOZ IA-2 : TIVQyog YUENS avaTOAKOG

NOZ IA-3 : Krtigo Avtixo K, Aoua (405 000¢og), “1ovliva’ xeLQovQyeiov, LeoTod
veQO

NOZ IA-4 : KtipLo A, 3° 600¢og, xovliva (LoxoLvd onueto), Leotd vepd

NOZ IA-5  : WuylatQury XALVIxY, LoOYELo (LoxQLvo onueto amd 1o AK), Ceotd vepd

NOZ IA-6 : Eilocodog vepov EYAAII, ouon xnimov dimAa oTn 7TeQipoutn

AITOTEAEZMATA NOZOKOMEIOY IA

Inueio pH Ayoywo- 0Ooko- Xxingo- Cl Ozouo- AwwQov- Fe Zn Cu Amotehé-
Agiyparto- ™mro ™mro mro V0L,  %QAGL nevae onoto
Mmypiog us/em FTU mg
CaCO,/L. mg/L C) mg/L mg/L mg/L ppb  Legionella’

NOZ IA-1 7,72 337 0,80 234 0,05 16,0 5 <0,20 0,05 <100 etrd
NOX 1A-2 7,78 374 0,52 250 0,00 16,5 10 <0,20 <0,04 <100 Agvntixo
NOX IA-3 7,75 168 0,47 120 48,6 5 <020  <0,04 250 Agvntxod
NOZ IA-4 7,68 165 0,43 114 522 0 <0,20 0,04 <100 AQvnTixo
NOX IA-5 7,63 169 0,32 118 36,6 5 <0,20 0,04 530 etrd
NOZ 1A-6 7,64 167 0,55 116 0,00 194 0 <0,20 0,90 <100 AQvntiro

# Oetund: >100CFU, apvnuind <100CFU.

Noocoxoueio IB

[EPITPA®H ZYZTHMATQN KAIMATIZMOY, YAPEYXZHZ KAI AIKTYOY
ZEXTOY NEPOY

To voooxouelo dLabétel évav migyo YoEng ov eEvmnoetet Ta eEmTeQurd Lateta. O
TTVQYOCS PYUENG auTOS CUVINQEELTAL VO POQRES TO XOOVO, XOUBAQLLOUEVOS e XOTAAINAQ
ynuxd. EmmAéov, 10 voooroueio otaBeétel ouviOn xAUOTLOTUXE KoL HEVIQLKES, 0EQD-
YULTES, KALUATLOTINES LWOVADEC.

To ved motoyeTol artd 10 dixTvo TS EYAAII extog 0mtd évo aveEGQTNTo OlxTvo
JTOV (ONOLUOTTOLEL VEQO YEMTONONGS KL ALPOV YAMQLMWBEL TQOPOJOTEL (LOVO) TCL TTAVVTNQL.

To Ceotd vepd modyetol ortd 3 boiler xoL VITAQYEL AVORVXAOPOQLCL..

To dixTVo VOEEVONG OTTOTELELTOL KVQIMG OITO OLONQOOMAMIVES %L ALYOVS YAAROOW-
Mjvec.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ IB-1 : Krtigio II, Io0yelo, TOVUAETO TTQOOMITIXOV, GITOUAXQUOUEVO ONUELD,
Ceotod veEod
NOZ IB-2 : Krtigio Matgvutixov, Io6yeLo, otoioxQuopévo onueto, Ceotd ved
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NOZX IB-3

NOZ IB-4

AITIOTEAEZMATA NOXOKOMEIOY IB

: TTVgyog YUENG, artévovtl amd 1o eEmTEQUHA LOTQELD (EXTOC AELTOVQ-
viog amo To TéEAN @OLVOTMQEOV).
1 Ouoweeto, xovtd otnv ooy Tng EYAAIL

Tnueia pH Ayoywo- Ooko- Xxingo- Cl Ogouo-  AlwQov- Fe Zn Cu Amotedré-
Agiyporo- e e e ok, xQuoin pevae opaTe
Mpiog ps/cm FTU mg
CaCO,/L mg/L (°C) mg/L mg/L. mg/L ppb  Legionella’

NOZ IB-1 7,76 159 0,08 116 50 5 <02 0,15 <100 Agvnuwod
NOX IB-2 7,83 157 0,09 114 535 0 <0,2 0,13 <100 Agvntwo
NOX IB-3 7.6 1843 0,96 940 0 55 1,52 0,53 <100 Agvntwo
NOZ IB4 7,92 159 0,07 120 04 20 0 <0,2 0,04 <100  AgQvntwo

#* Qetino: >100CFU, aovntind <100CFU.

Noooxopeio IT'

HEPITPA®H ZYZTHMATQN KAIMATIZEMOY, YAPEYXZHX KAI AIKTYOY
ZEZTOY NEPOY

To voooxouelo dev €yel TVQEYOVS YPUENS, AAAG OEQOYUATES UEYAAES HALUATLOTIXES
uovdoes. To veQod mEotyeTal WOvov ot v EYAAIIL %ol 0ev mQooTiBevTaL ynuixd oe
auto. Eyxer 0vo deEauevég dynov 40 m3. To Teotd vepd mapdyetol ortd dvo boiler wov

€VOLONOVTAL 08 SLOLPOQETINA UTLOLO KOLL VITAQYEL AVOXVRAOPOQLOL.

To dixTVO VEQOV ATTOTEAELTAL OITO YOUAROOWAIVES KOl GLONQOCWANVES.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ IT-1

NOZ IT-2

NOZ IT-3

AITOTEAEZMATA NOZOKOMEIOY IT'

ueto, Ceotd ved

. Néa tréQuya, extOg 00OV, YQ. TEOTOTAUEVNS, OTTOUOXQUOUEVO ON-

: THahoud wréouya, TQlitog GQOYOC, YQUPELD, AITOUAXQUOUEVO ONUELD,
Ceoto veQod
: KvAwxeto, dtmmha oty (0000, novtd oty mooyn EYAAII

Tnueia pH Ayoywo- Oord- Xxingo- Cl Ogono-  AlwQov- Fe ZIn Cu Amotelé-
Agiypato- ™ T e VTOA. %QUOLQ uevae opaTe
Myiog ps/cm FTU mg

CaCO /L. mg/L °C) mg/L mg/L mg/L ppb  Legionella’
NOX IT-1 7,81 168 0,09 124 43,7 0 <0,2 <0,04 <100 Agvnuwd
NOZ IT-2 7,85 164 0,11 120 51,3 5 <0,2 <0,04 350 AQvNTind
NOZ IT-3 795 165 0,08 120 04 15,6 0 <0,2 <0,04 <100  Agvntwod

# Qetino: >100CFU, apvnrixo <100CFU.
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Noocoxopeio IA

IMEPITPA®H XYZTHMATQN KAIMATIZMOY, YAPEYZHX KAI AIKTYOY
ZEZTOY NEPOY

2T0 VOGOROUELD VITAQYOVV VO TTVQYOL PUENS, TTOV EVEIOHOVTAL OTNV TAQATON TOV
©TLRLOV. ZTOVE TTVQYOVS YPUENS YiVETOL YONON yMUuLxdv. Ol Tyol YOENG AeLtovQyouv
artd Tov ATTRIALO g TOV OXTMPOLO ®ABE £TOVG KO AVALOYO UE TLS HOLQWKES OUVOTKEC.

To vepd VOpevong mEoéyetal amd TV EYAAII ®ot vidQyovv TELg OeE0UeEVES TV
30m3. To Ceotod ved mopdyeTol artd boiler mov vEiorOVIAL 0¢ VITOYELO AENTOOTACLO
O VITAQYEL OVARUXAOQPOQLCL.

To OirTVO VEQOV OTTOTENE(TAL OITO YUAXOTWANVES KO OLONQOCWATVES.

ZHMEIA AEITMATOAHWIAZ NEPOY

NOZ IA-1  : TIVQyog YuENg 2 (VOTLOG).

NOZ IA-2  : TIvgyog YuEng 1 (B6QeLog).

NOZ IA-3  : Aéx0T0g 0QOQOS, TOVUAELTO OMUATIOV LOTQWYV, OTTOUOXQUOUEVO ON)-
ueto, Ceotd veQo.

NOZ IA-4  : Ymdyero, Teyvinn vineeoia, TAnoiov magoynic EYAAIL

AITOTEAEZMATA NOZOKOMEIOY IA

Inueio pH Ayoywpoé- Ooko- Xxingo- Cl1 Ozouo- AwwEov- Fe Zn Cu Amoteré-
Agiyparo- ™mra ™mro ™mro VTOA. QUG neva onota
Mypiog us/cm FTU mg
CaCO,/L. mg/L 0 mg/L mg/LL. mg/L ppb  Legionella’|

NOZ IA-1 7,6 366 0,53 244 0,1 20,8 10 <0,2 <0,04 <100 AQvntind
NOZ IA-2 753 340 0,45 230 0,05 24,3 10 <0,2 0,19 <100 etrd
NOZ IA-3 7,7 282 0,1 170 0 44 0 <0,2 <0,04 <100 Oetrd
NOZ IA4 78 282 0,1 174 0,3 23,3 0 <0,2 <0,04 <100  AQvntwo

*

OeTino: >100CFU, apvntixé <100CFU
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TuyxevigoTind Anoteléopnata Otz deryndTtov 6hwv tov Nosoxoueimv
Tnueia pH Ayoywo- Ooko- Xxingo- Cl Ogouno-  AlwQov- Fe Zn Cu Amotedré-
Agiypnato- mra mra mro VTOA. %QUOi HEVQ opaTU
Mpiog ps/cm FTU mg
CaCO,/L mg/L (°C) mg/L mg/L. mg/L ppb  Legionella’

NOZ A-2 727 269 0,87 138 60 75 <0,20 <0,04 OeTind
NOZ A-7 797 268 0.88 138 52,7 35 <020 0,09 OeTnd
NOZA-3 7,68 883 3,50 186 000 266 95 024 2,91 280 OeTnd
NOZ A-6 7,05 326 2,02 204 0,00 367 10 <020 0,10 420 OeTn6
NOZ Z-1 7,67 304 1,33 214 0,15 37 5 <0,20 0,24 <2,0 OeTind
NOZZ-3 759 304 3,66 208 0,00 475 5 050 034 250 OeTnd
NOZH-6 7,63 217 0.85 164 0,00 22 20 <020 007 60,2 OeTnd
NOZ 13 775 648 0.48 110 43,7 5 <020 0,12 0,30 OeTn6
NOZ -4 7,69 652 0,31 80 575 5 <0,20 0,09 <0,10 OeTind
NOZ1-6 743 211 0.86 136 0,00 10 <020 <004  <0,10  @etixd
NOZ IA-1 7,72 337 0,80 234 0,05 16,0 5 <020 0,05 <0,10  ©etwo
NOZ IA5 7,63 169 0,32 118 36,6 5 <020 0,04 0,53 OeTnd
NOZ IA-2 753 340 0,45 230 0,05 24,3 10 <0,2 0,19 <100 OeTind
NOZ IA-3 7,7 282 0,1 170 0 44 0 <02 <004 <100  @etid

*

7.

1.

Oetino: >100CFU, apvntixd <100CFU

Yvuregaopuata

A7td TO 0VVOAO TV 71 JELYUAT®V VEQOV TTOV ANPONKAY aItd OAES TIG CUWITEQLAN-
@Beioeg oV €0evva Noooroueloméc Movadeg xal To 0ol avolBNKaY yio foot-
€S PUOLKOYNULKES TTOQUUETOOVCS, Ta. 14 PoéOnuay Betind (>100CFU/mI) 610 ontn-
010 ™ Legionella vjtol 1000016 19,7%.

TTagovoia VITOAELUUOTIXOV YAwEioV UeTEOnxe 010 55% TV deLyudtmv, Ve O€
ETTOOUT OVYAEVTOWON UeyaAvTtegn twv 0,20 mg/l netonnxe wévo oto 37,5% twv
deLynatmy. Ze Oha To. Betind delyuota 0to foxtiolo g Legionella, To vitoheluuo-
TG YAOOLO NTAV UNOEVIXO M OVETTAOXRES. AVTO ONUALVEL OTL TTEETEL VoL ANgOOVV Ué-
TQO OTNV TTAELOYMPia Twv Noooxouelwv — 0To omroio n ueBodog auth eTTLAEYETAL YLO
TNV AWTOAVUAVOY TV OUTVMV VOQEVONS KOl KALUOTIOUOV — MOTE Vo, PeLwBel 0 niv-
OUVOC OVATTTVENG ®al uetddoong tng Legionella.

‘Ocov agod to pH, oT0 BeTind delypuato xvpaivetor amd 7 émg 8 LOVAdES eV 0T
delynata pe pH %xd1m tmv 7 ®ol Tavem Tov 8 LovAdwY OeV avLyveubnxe TO FOXTNOLO.

ZVOTNUOTIXY OVOYETLON UETAED TV BETIXMV OELYUATOV ROl EVQOVS TLLWDV OQLOUE-
VOV QUOLXOYNULXDV TTAQUUETOWY TTOV ETEAEYNOOV YLOL EEETOLOMN OTNV TTOQOVOC. £QEV-
vao. dev RO Mpe (OMA0OY TNg BOAGTNTAC, TNG AYWYLLOTNTAC, TNG OXANQOTNTAS, TNG
OVYXEVTQMONG TWV OLWQOVUEVWV CWUONTIOIMV ROOMDS KOl TMWV OUYAREVIQWOEWY e~
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TOMIXDV LOVIWV TTOV EUTTEQLEXOVTOL 0T VAL KOTUOKEVUNG TWV VOQUUALKMV €YK
TOOTAOEMV OTIMWS XUAXROG AL PEVIAQYVQOG).

EvtomioOnxe ev To0TOLS ONUovTinog a.olBuds ooty Legionella ota pepovouéva
OelyloTo. ToV TOQOVGTLOO0V EEALQETING VYNAES TLUES -TLG UEYLOTES TTOQaTNENOEloES-
o€ LOVTO PEVOGOYVQOU KOl YOAKOV.

5. 'Ocov a@oQd 0TV TAQAUETQO TNG BEQUOXQOOTOG OTO ONUEL OELYLOTOAMPLOG EUPd-
Vioe TLUEG ATA 92,5% €xTOg TOV %QLoLUoV eVQOVS TV 22-60°C OOV €UVOELTOL M
ovamTuen g Legionella.

Empdidetar n UbuLon tg Beouoxaoiog tov Ceotov vepoU mdvw omtd Tovg 60°C
10D KoL TOV VEQOV ETTLOTQOPNS N TV TVQYWV PVEEWS TV KEVIQLUDV VOQOYPUXTDV
OVOTNUATOV XAUATLOUOV ®ATW TV 20°C hoTe Vo OVAOTEAAETOL 1 AVATTTVEN TOV Pa-
«ntnotov g Legionella. ‘Etou Bo petwBel onuovtird o xivouvog netddoong g oe Gto-
UQL TTOV £QYOVTOL O ETTAPN UE TA WG AVM OIXTVO VOQEVONG XL XEVIQLXOV XALUATLOUOV
©VOLWS UEow OTOYOVLOLWV.
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Me emitvyio maQrOn 0Ll TTOAVUEQMV OOXLULWY UE WOLYVNTLKE VOVOOWUOTIOLOXA
eynhetopato Tov TUmov Nd,Fe B, xONOLOTOLOVTAS VOVOXQUOTOAMKTY 0%OVN TNG Qd-
OoNg QUTNG Ue LOOTEOTTLXES 1) aviooToTixeés (HDDR-hydrogenation, disproportionation,
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desorption and recombination) LOLOTNTES. AVALOYO Ue TNV YonoluomomBeion uébodo
TTO.QOOXEVNG KOl ETTEEEQYAOTOGS TN 0QYIXNG LOYVNTIXNG OXOVNG, TTQOXVITTOUV KL OL QIVL-
OOTQOTTLUES N UM LOLOTNTES TV TEAMXWV O0XLUiwY. H cuyrohnTiny ovoia sov yonot-
UOTTOLNONKE MTOV YLOL UEV TO. LOOTQOTILXA dOX{UL TO TTOAMOLOVAEVLO Yia € TOL OVLOO-
toOoTLrd doxrtpta To NYLON 6. H peyaAvteon emitevyDeloo TeQLeXTivOTNTO 08 UayVn-
Twnn ®OvVn elvan eQimov 93% x.B. Yo TaL LOOTQOTTLLA QOXRIULOL UE AVTIOTOLYO EVEQYELORO
ywouevo (BH)max~ 10 MGOe.

A€Earg Khewdra: vavoouvletor NdFeB uayvites, ovyxexoiinuévor NdFeB uayviteg,
UQYVNTIXA EYHAELOUATOL

Abstract

In this work we report our results on the preparation and magnetic characterization
of polymer samples with magnetic inclusions of nano size dimensions. It is well known
that bonded magnets are of extreme importance for several industrial applications today,
due to their low manufacturing cost, high magnetic performance and the ability of further
morphological shaping-machining ability - using milling and lathe. These are the
advantages of these magnets when compared with the sintered permanent magnets,
although presenting a compromise in their magnetic performance (moderate values of
BHmax-their energy product).

By processing first the commercially available magnetic powders with powder
metallurgy methods (ball milling in inert atmosphere), we successfully produced samples
made out of polyethylene with magnetic inclusions of the type of Nd2Fel4B with
isotropic properties and in addition samples based on NYLON 6 including magnetic
particles of the above mentioned magnetic phase but produced with the well known
HDDR process (Hydrogenation, Disproportionation, Desorption and Recombination)
leading to anisotropic samples. The mixing of the magnetic powders with the polymers
was made at elevated temperatures (180 C for polyethylene and 270 C for the NYLON 6)
by using the technique of roll milling in inert atmosphere.

The magnetic characterization which was performed by using a Quantum Design 9T
Physical Property Measurement System showed that the high density samples (with filling
ratio 93% by weight) indicated a superior quality bonded magnet behaviour and
performance and for the isotropic samples the BHmax value of 8 MGOe was obtained,
while the anisotropic ones (using the HDDR magnetic powder) approached a value of
about 10 MGOe.

Key Words: nanocomposite NdFeB magnets, bonded NdFeB magnet, magnetic
inclusions
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Ewsoyoyn

Eival yvootd OTL Ta TOAUEQT VALKA UE VAVOOWMUATLOLIKA LOyVNTLXE eyrAeiopatal
UE VYNAES OUYREVTQWOELG TETOLWV OCOUATLOLWY, ATTOTEAOVV LD ELOLXY] XATNYOQLO €V OV-
VAUEL UOVIUWV UOyvnNTOV TTOV OVOUdLovtal ovyrnexolnuévol uoryvnteg (Bonded
Magnets)[1]. ZMueQa., eLOA OL OVYREXOMANUEVOL paryvhTeg ToV TUmov Nd2Fe 14B éyovv
TOYEL EVQEWV EPAQUOYMDV, MOV TOV EVXOAOV OYETLXA TQOTTOV TTOQUOXEVNS TOVS, TOV Y-
UNAOU ®OOTOVG KoL TNG OUVOTOTNTOS VO TUXOUV JTEQULTEQW UNYOVOVQYLXNG emeEeQya-
olog TEQUV TNG 0LRYLXNG TOVS LOQEPOTTOINONGS.

‘Evag ovyrexolnuévog noyvitng (bonded magnet) ovviototal otny Too0¢Tnon xot
OUOLOYEVY OLAOTTOQA WAG UOLYVNTLANG OXOVNG UEOO O€ TTOAVUEQES VALXO (OTNV TTeQi-
JTTWON TTOV 1 CVYROAMNTLXY VAN ELVOL £Vl TTOAVUEQES) OTTOV TOL TTOMVUEQN TTOV YONOLUO-
TTOLOVVTOL €0 ElVaL NAEXTOWA Un orydyLual1,2,3,4].

Me 0%07d vo. OLeQevvnOel 1 LoryvNTLXY) CUITEQLPOQE TV TTOAVUEQMV UTMV UE T
UAYVNTIXA VOVOOWUOTLOLOXA EYRAELOUOTO KO TNV OUVATOTNTO EQAQUOYNG TOVS WG UO-
VLUOL OUYXEXOAMUUEVOL LWOLYVITES, TTAQXONOOV SOXIULO TO. OTTOl0 UeAETNONKAY ™G
TTQOS TNV UOYVNTLXT) TOVUG CUUTTEQLPOQU.

Iewpapatind

Me emituyio oQnyOn oelQd SOV VOVOGUVOETMV CUYREXOAMNUEVOV UOYVITOV
(Bonded Magnets) Tov Tomov Nd,Fe,, B 0noLopomoumvtog woryvntixt oxovn g @aong
QUTNG UE LOOTQOTILXES 1) 0viooTEOTTLXES (HDDR)[4] 1010TNTES RATAMANAOL ETTEEEQYAOUE-
v ue ueBddovg ®oVIOUETOAAOVOYLOG. OL Y *ES OLOOTACELS TMWV XOKRWV TOV UAYVNTL-
71OV VALXOV TTOV yonotportotninxe Nrov 200u-400u 6rtov petd tnv emeEeQyooio To uéye-
00c TV ®OrWV NTAV OTNV TTEQLOYN TV 0,5U-51. AVAAOYO e TNV YQNOLUOTOMOELON (Le-
0000 TAQOOXEVNC KO EMEEEQYOOTOS TNG TOYIUNG UOLYVNTLANS OXOVNG, TTQOARVITTOVV KOl
Ol OVLOOTQOTILXES N UN LOLOTNTES TV TEAMKMDV doxLUtwy. H ouyroAlntixy ovoio mwov
XONOLUOTTOLNONKE NTOV YL, UEV TOL LOOTQOTTLKE. QOXIULAL TO TTOAVALOUAEVLO YLOL OE TOL OIVL-
00tQOTTINd doxtpta To NYLON 6.

OL HayvnTinég LETQNOELS EYLVAV LE TNV XONON UAYVNTOUETQOV TOV TUTTOV PPMS 9T
g Quantum Design oe Beguonraota 300 K.

Amoteléopato

270 ZyMua 1, ToQovoldletal 0 VKOS BROYY0S VOTEQNONS 08 BEQUOXQUCT0 O~
Tiov, evOg TAAOTIXOELOOVS UOyVITY, O 0TTOl0g TTEONADE Qo emeEeQyaoio LOOTQOTIXNG
uaryvnuxng ®ovemg tov Tomov Nd,Fe B e wohvatbuiévio.
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—=— PET1 (d=4.38)‘,»"' - L80
I’.’

M (emu/g)

T T T T T T 120
-40 -30 20 -10 O 10 20 30 40

H (kOe)

Xyjua 1: Booyyos votéQnons L00TQomixov TAaoTixoewdovs uayvitn Nd,Fe, B otovg 300K. H
TuxvoTnTd TOV elvar 4,38g/cc ue He = 15kOe xat Ms = 120emuy/g.

Elval engpovég To yeyovog un ®oQeoiov oxdun kot ota 40 kOe, mov ogelietal 0To
OTL M xONOLUOTOLNOELoO UOryVNTLXY OXOV ELVOL LOOTQOTTLXM.

27O TAQUUATM OYNUO 2, TTAQOVOLALOVTAL Ol XUUTTUAES QITTOUOLYVITLONG UEQLLWY OO-
AWV e VYNAT OYETIHA OUYHEVTQMON UOLYVNTLKNG OROVNG. O TTQETTEL £ VAL ONUELM-
Bel OTL OL VYNAOTEQES GUYHEVIQMOELS OONYOUV KOL O€ VALXA KOTAAANAQ VL0 XQNON WG
UOVLUMY UAYVNTOV VYNADV TTQOOLAYQAPMDYV, KoL UE EVEQYELOKS Yivouevo (BH)max ~8-
10 MGOe [1] aQreTd ueyaAVTEQO GO AUTO TMV AVLOOTQOTILXMV (PEQOLTLRMV UOyVNTMOV
(BHmax~3-4 MGOe).

8
—v—PL1, (d=2,42glcc), 4 M
—v—PL1, B
—0— TAP1, (d=2,83 glcc), 4n M (FERRITE) 4
—=—TAP1, B A
—— RES4, (d=5,93 g/cc), 4n M,y o
—*—RES4, B e * (_;2
T / ~
*// * s
/ ¥ L
* =
o
/ A V vvTB— / o
w v v */
/ / T T / T 0
-10 -8 -6 -4 -2 0

H (kOe)

Iynjua 2. Koumvdes amouayvitions ola@ogmv TAQOTIXOELOWDY OOXLULDV.
Toa pavoiouéva ovuffola avriotowyovv ato B xal ta avouxtd oto 4xM.
Tt Adyovs ovyxoLons ovumeQilaufavetar xot doxiuto peooitn (TAPI).
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270 OYNUOL 300 TTOQOVOLALOVTUL OL ROUTUAES EVEQYELAKOV YLVOUEVOD OOXLULMWV TTO-
MOLOVAEVIOU UE OLOPOQETIXES TTUKRVOTNTES (OLOPOQETIXY OVYXEVIQWON WUAYVNTIXNG
OorOVNG) KoL OTO OYNUA 3 TO.QOVOLALETOL TTMS EUTELQLKE EEQLQTATAL TO UEYLOTO EVEQ-
veword yrvouevo (BH)max amrd v muxrvotnto Tov OOXLULOV.

—»>— A (d=2.46)
0 B (d=2.59)
#— C (d=4.10)

—0— C1 (d=4.38)

—m— D (d=5.20)

Symjua 3a: [Togovoidlovral ot xaumwvres Tov (BH)max yio OoxiuLo e OLOQOQETIHES
TURVOTNTES. OL VITEQPOAES O€ VUITEQDETN AVTLOTOLYOVUV O EVEQYELOHO YIVOUEVO
OLAPOQWV TLUWYV, OTTWS PALVETAL CITO TO TYTUC.

12
104 resin bonded O
—~ 84
[}
o]
g 6 Nd,Fe,,B- Polyethylene bonded
x
Ag O
T 44
o O
=~ O
2 4
L]
D:I
0 'T‘ T T T T T T T
0 1 2 3 4 5 6 7 8
Density (g/cc)

Xyjuo 3B. [TapovotdCetar n TELQOUATIXT E£G0TNON TOV EVEQYELAXOV YIVOouévoy (BH)max amo
Vv TURVOTNTA TOU doxLuiov. H ueyaivteon Suvaty TuxvotnTo avilotoL el o€ meoimov 90%x.L.
TTEQLEXTIXOTNTCL OXOVNG OTO TAAOTIXO. TO VYNAOTEQO EVEQYELOXO VIVOUEVO ETETEUXON HAVOVTOG

xonon oxoévng tumov HDDR (avicotoomixn) o€ wAaotixn untoa NYLON.
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210 oyMua 4, TAQOVOLALOVTOL OL XOUTTVUAES TNS UOyVATLIONS M 08 OUvVAQTNON UE TO
mtedio H (Itomto TeTaQTUoQLo TOU FROYYXOV VOTEQNONG), YLO. OOXIULOL OLAPOQWV OUYXE-
VIQWOEWYV UOyVNTIXNG oxOVNC.

120
—1
'l///‘.?://
s o 100
.,l/'// /l’.
-
o 4 —k— 1 F80 .~
n
) / > 2 >
5 3 5
2 —e— 5 60 £
/ _ 2,
-/ 140
) =
./.7.»;/./.—./*5.r~.*. L 20
hop-E-F-E-R /g&WEgﬂE—E’E)E
>—>’Vtyg£!: —:——:—_LHIA —) o
0 10 20 30 40

H (kOe)

Synfuo 4: Mayvijtion M (H) tov doxwuiwv: 1, 2, 3, 5, 7. H OUyx€vTomon uayvntixns oxovng
XL OUVETT(OG TNG TUXVOTNTAS TOVS faivel avsaviuevn ue tnv avEnon tov aotbuov
0V doxtuiov. To doxiuto 1 eivar xabapo modvarbviévio (M = 0).

To doxiwo 1, amwoteleital amd ®0bad ohvatBuAévio xal n uayvition Tov M = 0
(TTQOYLOTLXGL ELVOLL EAOLPOMS SLOUOYVITIXG Pe TLuT eTLdexTIxOTNTOC % = 100 emu/g/Oe).

Youtegdonota

ZVUYREXOAMNUEVO TTOAVUEQT] UE UOYVNTLXA VOVOOWUOTLOLOXE EYXAEIOUATO TOV TVITOV
Nd,Fe,,B mogaoxevaotnrav pe emtuyio e duiqoQes CUYXEVIQWOELS OMUNTLOLWV. Ta
donipa e MPNAES OUYAEVTQMOELS OTTEOELEOY ULOL LLOLYVITLXY] OUUITEQLPOQEL TVITOV UOVL-
uwv nayvntov (bonded magnets) pe eE0LQETIXG VYNAES TQOALAYQUPES YLO XONOMN TOVS
0€ ULVNTNQES OUVEXOVS QEVUATOS, EVEQYOTTONTES (actuators) (Lo ©OL TO EVEQYELOXO Yi-
vOUEVO TOVG (LOLOLTEQO TV OOXLULWY (e avio0TQOTTILAT 0OV HDDR) épbaoe tnv TLum
(BH)max~10 MGOe.
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2UYAQUTIXT] UEAETN OAOXANQWUEVOV (X QOUN-
YAVIXOU aLoOnTNOo QVEIYVEVONS QEQLWV L€
prounyavixn oaTaEn UETONONG XAVOUEQIWY
unyovng Otto

A. MovoAdg
Tunua Mnyavoldoyias, TEI ITetootd

M. KaAtooywdvvn
Tunua Mnyavoloyiag, TEI I1etoaid

L Aexaxng
Tunuoa Mnyavoloyias, TEI Ielpotd
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Tunua Mnyavoldoyias, TEI Ielpotd

A. Xatinoamootolov
Tunua Eveoyetaxns Texyvixrs TEI
Abnvag

X. Todung
E.K.E.®.E. “Anuoxottog”
IvotiToUTO MINQONAEXTQOVIXIG

IMegiinyn

OLOUANQMUEVOS ULHQOUNYAVIXOS ALOONTNQOS KONOLUOTTOLELTOL VL0 TNV OELOAOYNON
EXTTOUTTING KOVOUEQIMV XONG PEVELVOUNYOVIC UETAPANTNG OVUTTLEONS O€ OUYXHQLOT UE
Broumyavixy SLETaEn uétonong xovoaeQimv. O aLotnTNEAS aVTOg TOQOVOLALEL ROAN
euoLoOnota ®oL oxeTLXE VYN 0ITORQOLON VY VOTNTOG, LXOVOTTOLNTLXY YLO. TY) GUYKEXQL-
UEVN EQAQUOYN, OTY TTOQOVOW. (Ao,

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XIII, No 1, 2008, pp. 139-148
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Abstract

An integrated micromechanical sensor is used in the present study for the evaluation
of the exhaust gases of small petrol engine of variable compression in comparison with
industrial flue analyzers. This sensor shows very good sensitivity and relatively good time
response, which are considered satisfactory for this application at the present stage of
development

A€Earg Khewdua: Mnyavés Eowteouxtc Kavons, atodntioeg, xavoaéoia, avaivon, BeA-
TLOTOTTOLNON.

1. Baowég évvoleg xat moopinuata tng Aettoveyiog MEK

Tig Televtaieg denaetieg YIVETOL EVTOTIXY TQOOTTAOEL0. 08 dLebVES emimedo Yo TNV
OITO00TIXY YONOM %Al EE0LXOVOUNOT TV TINYWDV EVEQYELAS 08 EEAVTANOT KOL TOV EAEYYO
™G WOAUVONG TOV TTEQLRAMAOVTOG TTOV VtoBabuilel TV moLdTYTo CONS TV RATOIRWV
TOV TAOVITY woc. [1,2] H mwooomdBerta outn dev elval dSuvatdv vo amrodmoel Tol eLbv-
UNTA ITOTEAEOUATA YWQLS TN PEATLOTOTTOINON TNS AELTOVQYIaS TV Mnyovav EowteQl-
wng Kavong (MEK), mov amwoTtehovv 1oLaiteQa QUITOYOVO TEXVOLOYLXO HOTAOXEVAOUOL
0L KOT ETTEXTAOT TO QUTOXLVNTO TTOV ELVOL O ®VQOLOS YONOTNG TOVG.

O tpoomdBeteg yio. v 0ENON Tng artddoons Twv MEK xol tng uelmong tng Qu-
TOVONG (RO WOAVVONS) TOV TTEQLRAALOVTOG, TTOV €LVAL EVOELKTIXES TNG TTOAMVITAOXOTNTOG
TOV JTQOPAUATOS, UTTOQEL VO UNV €XOUV OMOEL dQOOTLXY AIOT OTO TEOPANUC, €XOUV
oOMYNOEL OUWS 0 ONUAVTIXES BEATLIOELS TNS AeLToVEYiog Twv MEK xal otnv emiBoin
AETTTOUEQWIV HOVOVLOUMV OYETLXA UE TN OVUVOEDST HOL TNV OLXOVOULOL TOU KAVGTULOV KL
TG EXTTOUTTEG ®OVo0EQimV. OL ®avoviouol avtol elval aotéleouo. ovupLpaouol Twv
OTOYWV KOl ATOPEWV UETAED ROTOOKEVOOTWDV, YONOTWV KOl KOLVWVIXOV OVVOAOU. TTe-
QaLTEQW PeATimon Tng hettoveyiog Twv MEK amoLtel ueyoAvTeQn eVIOTLXOTOINOT TNG
€QeVvog 0TO TTEd0 QUTO %Al KONOM KoL AELOTOINON VEOV TEXVOLOYLMV.[3,4] ZTnV TTe-
QLOYM QT OXQLBMG EVTAOETOL %KL 1 TTQOOTTAOELD XQNONS OAOXRANQWUEVIV LLXQOUNYOL-
VXV ALOONTIOMV YL TN UETONON %L TOV €AEYYO TV TOQUUETQWY HAVONG OF TTQAY-
UaTLHO XQOVO.

2Z10odS NG €QYAOLOS OVTNG elval M PEATLOTOTOINON TNG AELTOVQYIOS WKrENG BeviL-
vouMXavng (oL BEVELVOUNYAVES YEVIXA XOL LOLOLTEQO OL ULXQES ELVOL MG YVWOTOV TTOA
QUITOYOVEG), UE OTOYO TNV EAAYLOTOTTOINOT TV EXTEUTOUEVV QUITWV KOl KOTO OUVE-
TTELOL TNV TTQOOTAOLO TOV TTEQURAMAOVTOG, UECW TNG OVVEYOVS GV VEVONS TNG OVOTOONG
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TV LOVOOEQLMV O TTQAYUATIXO XQOVO UE OMOUANQMUEVOVS ULXQOUNYAVIXOVS LoONTY-
QEC. Ze eTOUEVN PAOT OL TTANQOOQIES OTTO TOVG alLoBNTNES Bal AvOTEOPOAOTOVV TO OV-
OTNUOL QUTOUATOV EAEYYOV TNG UNYXAVAS (DOTE M AELTOVQYLOL TNG VO TTEQLOQLLETAL EVTOC
TTQOXABOQLOUEVIV OQLIV ETTLTQETTTNG «ALOPOLOVS» AELTOVQYLOG.

‘Evog emumhéov otoy og elval 1 aELOToinon xal PeATLOTOTOINON VEAS TEXVOLOYIOG
YLOL TNV RATOOKEVY] ULXQOUNXAVIXMV aLoONTHomV, 1 omtola €xel avamtuybel otnv EALG-
0a, 0To €QY00TNOLO Minponiextoovirnc Tov EKE®E AHMOKPITOZ xal £)eL ®aTo-
yvemBel ne debvéc dlmhmua gvoeotteyviac.[5,6,7]

H vwoloyLotixn Teocouoimaon thg emioQaong Tou AOYOU CUUITLEONS KL TNG YEWUE-
TOl0g TOV BAAGUOV ROVONS TNS ELOLKNS EQYAOTNQLOXNG BEVELVOUNYXAVIG UETOPINTOV AO-
YOU OUUTTLEONS 0TN 0VOTAON TMWV HOVOUEQLWV OE TTQOYUOTLXO XQOVO OTTETEAETE EVOL TTOM-
TO P 0TV TEOOTTADELDL YLl TN UETQNOT TV HAVCOEQLWV, TOV €AEYXO %Ol TN PeNTL-
0TOTTOINON TV TUQAUETOWV AettovQyiag ™ MEK, uéow evdg ouothuotog avadQa-
one.[8,9,10] T v eooouoimon avty xenowportoninxe évag xmdwrag CFD memeQo-
OUEVOV GYHMV TOV EUTTOQLOV YLOL TNV aLBunTLxn eiAvon Twv eELomoemwy Navier-Stokes
(Fluent 2005). A6 TNV avdAvon ovTh TTQOEXMPE XOL 1) LEYAAT ONUOLGTO TNS OYEONG OV-
urieong oty ®xavon ®oL TN oVvheon navooeQiwy otov oyetd amaywync.[11,12,13,14]
2V oToTELEOLO TNG TTQOOTADEL0C avTiG Ba elval o éva eTOuevo Prua, N oELoAdynon
NG ATTOTEAECUATIXOTNTOS TV OLAPOQWY TUTTWV KATAAVTOV, KL ETLITAEOV 1) TTQOOTTTL-
AN OUVEYOVG EAEYYOV TMV KOVOOEQLMV TMV AUTOXLVATWV KoL YL WOVO KOTA TNV TQOO0E-
Aevon tovg ota Kévroa Teyxvinov EAéyyxov Oynudatmy.

H yonon MEK uetafAnmig yemuetoiag Baiduov ®onong ®otd To TELQOUOTIXG Ué-
Q0C NS £QY00LOC OLVEL TN OUVATOTNTO XONONG TNG OYEO0NS CVUWITLEONS (AAAN %Ol TNG YE-
WUETOLOG TOV BOAGUOV KAVONT) WG TOUQUUETOOV BEATLOTOTOIMONS. Qg ROVGLUO YONOL-
uostotnonxre artAn audAVBEON FeVCivn TOV EUITOQLOV, WS OVTTQOOMITEVTIXOTEQO ROVGLUO
TV OVVROWV KOOV BEVELVOXLYNTHQWY OYNUATOV. ZTNV TTeQTTmon avth, T0 O0LOV %a-
OS ®AL M EXTTOUITTY OTEQEDMV HOUTOTUNUATWV WC TTOUQAYOVTES YEVIXOTEQNS TTEQLPUAAOVTL-
UNG QUITAVONG €XOUV OYETLXE WY onuaoio. To evolapéQov meQLoQiletal xaTd ouvé-
TTELOL KVQIMWS 0TO LOVOEEIOLO TOV GivBQoxa CO %ol OEVTEQEVOVTMS OTO OLOEELOLO TOV V-
Boona CO2 «al Toug GxravoToug VoQoyovdavigoxes HC g detrt®v meQLBoALOVTIXNG
OELOAMOYNONG NS UNYOVIS £V TOL 0ZELOLa TOV all®TOV NOX eV 0ELOMOYOUVTOL WG UN
UETQOVUEVOL OTTO TOVS OVOAVTES HAVOUEQLMV.

2. [Mergopatizg OLaTaEN xoL HETONOELS

Xonowwomowonxe metQauatiry Peviivounyoavy) tomov PLINT tov EgQyootnoiov
M.E.K tov Tunuatog Mnyavoroyiag tov T.E.L Ielgotd, ouupatixig texvoroyiog, 1
omolo drabétel xoTGAANAO oCVOTNUA LETOPOAG TNG OYEONG ovuTtieons oo r = 4 : 1 émg
r=10: 1. Ztn unyovi cutn €YLvay oL avVOryXaleS LETATQOTTES YLOL TNV TTQOOHNXN TV OlL-
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oONTROWV %Al TOV AOLTTDOV UETONTLIXMOV OLOTAEEWV YO VO XOAVPOOVV OL TTELQUUATIXES
QITOLTNOELG.

Ewova 1. ITewpouotixn dtatosn.

1 Mnyavij e0wTeQLXIG HAVONG 5 Amoywyos xovoaegoiwv

2 EvoAldxtng Oeouotntog 6 Xvotnua ovALOYIG 1oL eeEeQyaoias OEOOUEVWV
3 Ilivaras eAéyyov xar oubutons MEK 7 Too@oooTI*o 0TAOEQNS LOYVOS

4 Avaivtig xavoaegimv 8 ZwAnvog TaQoyETEVONS AEQlWV TTQOS aAVOAUTY

NOL WXQOUNYOVIXG aLoOnTiQaL

H unyovi ot ouvoetal te ovotnuo QOQTLoNG (MAEXTQLXT OUVOUOTTEDN) KoL OV-
OTNUOL EAEYYOV TNS AELTOVQYLOG TN oL NAEXTQOVIXOU duvapodeintn (PLINT). Ztn un-
YOVT) QUTY] TTQOOAQUOOTNHOY OL OLOTAEELS 0UVIOOUS CVAAVIONS KOVOAEQMV AL O OMO-
UANOWUEVOS UXQOUNYOVIXOG 0LoONTHQAS 0TV eEarymwyn TS unyovic. o v asrogpuyn
OMULOVQYLaC TEOPANUATWVY aITd VITEQBEQUAVOT, TA KOVOAEQLO PUYOVTAL UE HOTAAANAO
EVOAALAXTY BeQUOTNTOS MOTE M BEQUORQOGTN TOVS HATH TNV TTQOCAYWYT TOVS OTOV OlL-
ontoa vo unv vitegPaivel Tovg 45-500C. Ot HeTENOELS KL O €AEYXOG OAWY TWV TTO-
QUUETQMV TOV TTELQAUATOS, OTIMS UETQNOELS TTLEONS %Al OVOTOONG KOVOUEQIWY CUVAQ-
TNOEL TNG YWVIOG 0TQOPANOV TNG UNYAVNG, €yLve uéow Ovo H/Y ue ™ x0Mon ®aTdiin-
AV NAEXTQOVIXMDV OLOTAEEMY TTQOCUQUOYNS KOl AOYLOULKOV TTOV OvaTTTUXONX®E YL0. TO
oromo avtd o€ meQLPAAAOV Labview.

3. Xonoipomotovpeveg HeTONTIXES OLATAEELS %L 0LLoONTNOES

Qg UETONTLXES OLOTAEELS Ova(POQAS XONOLUOTTOLONXAY dV0 OVOAVTESG RAVOUEQIWV
Tov guitoQiov (Opus 40 B xar GreenLine MK2) wov otnoilovtal eite 0€ (paouatoono-
TTLRY AvaAVom VITEQUOQOV PMTOS TTOV OLEQYETAL WECT ATTO Ta xavoatQLo. (Opus) eite og
niextooyMuxn avdAvon (GreenLine). Tumind xaQoXTNOLOTIXE gvaloOnoiag & axgifel-
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ag YL T 0€QLOL TTOV UETQNONKAY, OLVOVTOL 0TOV axOAOVBO TTLVAXO TTOV Lo TNV OUYKE-
HOLUEVN UEAETN RQIVOVTOL ETTOLOUT).

Yrouyein Khipoza Evaiwetnoia Axgipera
CO 0-10% 0,01% 0,06% vol
HC 0 —2.000 ppm 1 ppm 12 ppm vol

2.000-20.000ppm 1 ppm
CO, 0-16% 0,1% 0,5% vol
O, 0-21% 0,1% 0,1% vol

210 TAOLOLOL TNG OUYREXQUUEVNG €QEVVAS YONOLULOTTOLONHKOY TTOMTOTVITOL EAANVIXOL
uwoounyavixol arodntoeg aviyvevong oaegiwv (EKEDE Anuodxroitoc). H avdmtugn
TOV ALoONTNOWYV aVTOV PooileTol oe wia véa Texvoloyia, N ool TaQOVoLELEL onuo-
VILKG TTAEOVEXTNUATO OUYXQLTLXG Ue GANES VITAQYOVOES TexVoloyies. Kuolmwg enpavi-
Covv TOAD KON RATOVAAMWON LoYKVOG, YLOL TNV ETTITEVEN TS VYMAig BepuoxQaaoiag mov
QITaLTElTOL YLoL TNV aviyxvevon Ttov aepiov (K20mW yia BeouoxQaoio AeltovQyiog
400°C) rat oA ueydAn unyavixy otabedtnral.

Emuthéov, ov awoOntroeg avtol, eEattiog Tov ol wxQov ueyéfoug tovg, €xouvv
EEO0LQETLXA TOYED ATTOXQLOY. AVTO €XEL OOV OTTOTELECUM, TNV CVIYVEVON TV EXITTEUTTO-
UEVOV HOVOUEQIMV 08 TTQUYUOTLIXG xOVo. H texvoloyia autn €xel xaToyvombet ne el-
Mvixd (OBI, No. 1004040, 31/10/2002) now dueBvég dimhwuo evpeotteyviog (PCT
Pending, No. PCT/GR02/00008). O 0AOXANQMUEVOS IUHQOUNKAVILOS 0LoONTHQOS TUITOV
AYOYLLOTNTOS YL aviyvevon aeoiwv Pabuovoundnxe oe uiywo aéoo ot CO xot vitd
TOELG 0TADEQES TLUES TTALQEXOUEVNC LOYVOS OTNV AVTLOTO0N BEQUOVONG TTOV 0VOTTTUOCOVY
T1g Beguoxpaoiec (T = 350°C, T = 400°C, T = 450°C) omwg @oiveTol 0To Zymua 1.
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4. Metonoeig xot aEtordynon

TavtoyQOVES UETQNOELS TMV KOVOAEQIMV TNG PEVELVOUNYOVIS €YLVOV UE TN YONOM
OVOAVTY KOVOOEQLMV KOL TOV UWXQOUNYXOVIXOU atoBntioa. Tumixy amrdxoLon Tov uL-
1QOOLOONTNQO TTOQOVOLALETAL OTO ZYNUa 2, OTTOV 0 0LoONTHEAS CEYLKE O€ TeEQLBAALOV
€00 VITOXELTAL EAQVIXA OTNV €TLOQNON TOV WYUOTOg aeQimv OTmg auTd eEEQYOVTOL
a7td T UNyovy xoL 0o YuyBovv oe Beguonaoia 30-40°C. H amdxoion Tov aobnti-
Q0L AUTOV ELVOL TNG TAEEWS UEQLLMV OEVTEQOAETTTMV KQIVETAL LXOLVOTTOLNTLAY] YO TN OV-
YREXQLUEVN EQOQUOYN OIS emiong xau M egvarobnoio tov R /R, =~ 25 yuo piyuo
C0O:3.2%, CO, :3.7%, O,:12.26%, HxCy 138ppm xoL NOX(-).

Rmix / Rair
o

0 =t t t t t t t
0 20 40 60 80 100 120 140 160
Time (sec)

Sytjua 2. Xoovixi adoxoLon Tov alontroa.

METQYOELS TTQAYUOTOTTOMONHAV YioL OV0 XUQOXTNQLOTIKES OYECELS OVUTTiEoNS T = 4
HOL T = 7 %ol YWVIES TTQOTTOQELOG TS WNXOVIS @ = 6°, @ = 16°, (1 TTEOTELVOUEVN OITO
TOV XOTO.OLEVAOTY VL0 TO OUYXEXQLUEVO XOOLUO KoL ¢ = 26°). T'la ®@Be Tevyoc, @ €yL-
ve TAMONS TTEOGOLOQLOUAS TNS UETAPOANS LOYVOG Ue TNV ToyvTnTo. P = P(n) vird Tauto-
K00V UETONON TV X0W00EQLWV. TVTLXE ATOTEAECUOTO TTAQOVOLALOVTOL O0TO Zyua 3,
OOV PALVETOL 00PNG CVOYETLON TOV 0OLGOTATOV AdYoL P /R . TOv auobntiea ue Ty
TTEQLEXTLXROTNTA TV X0WoaeQiwV 0g CO%, OMAadY| 0 adLdoTOTOG AOYOS OLVECIVETOL UE TN
uetwon g TEQLEXTIHATNTOS TWV ®avoaeQliwv oe CO%.

air
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5. Yvnnepaonata

ATtO TO ATOTEAECUATA TV UETQNOEWVY TTQOXVITTEL OTL O OAOKANQWUEVOS UKQOWUN-
YOVIXOG 0LOONTHQAC WTOQEL VO yonoLuotolnBel pe agromiotio yia v aELohdynon Twv
HOVOOEQLV UNYOVIDV E0WTEQLUNS ®avong. Fla TNV axQuBEoTeEQEN 0ELOAOYNOT TNG UNYa.-
VNG %Ol TN PEATLOTOTTOINON TNG OITOLTELTOL TTEQULTEQW LEQEVYNOT, TOCO OOV CLPOQU TOV
oM AVTOHV HOOEQVTOV OO0 %Al TWV CVVONRMV ®OVONG EVTOS TNG UNYOVAG, RAOMDC
1OL TOV TLOOVOV TOQOUETQWVY TOV CUOTHUATOC.
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Abstract

Acoustic Noise Control (ANC) —also referred to as cancellation or reduction— is an
active research area because noise affects all aspects of personal, professional and social
life and has a direct impact on human health. Passive noise control solutions include
installation of panels of absorbing material or the use of various types of headphones and
ear protection, each coming with its advantages and disadvantages. For the frequency
range below 500 Hz, however, passive control is ineffective; active control solutions are
sought instead. Apart from the frequency range of interest, another major parameter is
the open or closed type as well as the dimensions of the room where noise control is
required. Moreover, noise sources exhibit spectral and time domain characteristics that
vary over time, depending on the underlying noise-producing activity. The acoustics of a
large room may vary as people or equipment move inside. Due to these factors, existing
solutions of proven success for the ANC of small rooms, e.g., of car or other vehicle
cabins, cannot be exploited for large rooms or near-free-field spaces. Noise control of the
later, or global ANC, poses a series of challenging research problems, including sound
wave propagation in large/open spaces, non-stationarity of the sources and

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XIII, No 1, 2008, pp. 149-159
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dimensionality of the solution space. A combination of passive control techniques for the
mid-high and high frequencies with active control for low frequencies is the approach we
propose here. For the active control part, we study comparatively alternative adaptive
algorithms that optimize the proposed control structure and present their relative merits
under different application scenarios.

Key Words: global active noise control, industrial noise reduction, adaptive filter
algorithms, FXLMS.

Megidyn

O eveQyog €heyy0g ToV 0xovoTLxov Boupov (Active Noise Control, ANC), avo.pe-
QOUEVOC KOl S OXVQMON N UELWOT TOV BOQUBOV, ATTOTEAEL EQEVVNTLXT TTEQLOYN UEYAAOV
EVOLOPEQOVTOG OLOTL O 0XOVOTIXOS BOQUPOC emtnEedlel ®Abe aTOULKY, ETTAYYEAUATIXN 1)
HOLVOVLXY 0QOOTNQLOTNTA TOV 0VOQMITOV, €xEL 08 GUEDES ETLITTWOELS OTNV VYELD TOV.
Teyvinég Moelg ToNTLrov eAEYY OV TOV B0QUBOV TTEQLAAUBEVOUV TNV EYRATAOTOON N)O-
QITOQQOPNTIXWYV TETAOUATOV ROOMS KL TN XON0N OLAPOQWV TUITWV OXOVOTIXMDV 1) (TO-
OOV, nOBEULE e T VITEQ KAL TOL KATAE TNS. TNV TEQLOYN TV XAUNADY CUYVOTHTMY,
EVTOUTOLG, ONAON ®ATM 07T T 500 HZz, 0 TofnTindg éheyyog 0ev AELTOVQYEL, OTTOTE KO-
TAEVYOLUUE OTNV avalTnom Moewv eveQyou eA&yyov. EXTOc amd tnv meQLoyt ouyvo-
TV OOV eTmLENTEiTOL O €AEYX0S TOV BOQUBOV, ONUAVTIXES TAQAUETQOL TOV TQOPRAN-
UOTOG (VoL KOl O AVOLXTOC N ®AELOTOS TUITOS XM ®aL OL dLAOTAOELS TOV BemwoVue-
Vo xmQEov. EmuitAéov, ou inyéc BoQUBOV OU VA ETLOELXVVIOUV YOQUXKTNQLOTIXG UN OTE-
OLUNG PUOUOTIXG T (QOVIXE CVIITTEQLYPOQAS, EE0QTOUEVNS AITO TN 0QAOTNOLOTNTA TTOV
TO.QAYEL TO B0QUP0. H axovotixn evog UeYdAov mQOov eVOEOUEVIS UETABAANETOL KO-
Bg 10 TEOOWITIXO N O EEOTAMOUOS UETOALVOUVTOL OTO £0WTEQLXO TOV. EEaLTiog Twv
TTO.QOUYOVTWVY QUTWV, OL VITAQYOVOES KO OTTOOEOELYUEVA OTTOO0TINES TEXVIXES AVOELS YLO.
UAELOTOUC DQOVS WMKQMV OLAOTACEWV, OTTWG T.Y. Ol KOWTIVES QUTORLVITOV N AAAWV
OYNUAT®Y, OEV UTTOQOVV Va. UETAPEQDOUV OE UEYAMOVS 1) 0%EDOV AVOLXTOVG YmEOVS. O
ELEYYOC TETOLMV YMDQWV, 1) OQOLOLKOS ENEYYXOC, BETEL L0l OELQA OTTO EVOLOPEQOVTAL EQEV-
VNTLRE EQMTALOTO, OTTMS N OLAOO0T TWV TYNTIXDV XVUATWV 08 UEYAAOVS / OVOLXTOVG
¥WOQEOUC, 1| U1 0TOOLUOTNTA TOV BOQUBOV XAl OL SLLOTACELS TNG AIONG. ZTNV TALQOVOT £Q-
YO.0(0 TTQOTELVOVUE TOV OUVOVUOUO TTOONTLXMV MICEMV YLa TLS UECOLES KOl VYNAES OV-
YVOTNTES UE EVEQYO OVOTNUA EAEYYOV YLOL TLS XOLUNAES CUYXVOTNTEGS. ALEQEVVOVUE OUYRQL-
TG EVOAMAOATIXOVG TTQOOOQUOOTIXOVS OAYOQLOUOUS TTOV BEATLOTOTTOLOVV TNV JTQOTEL-
vouevn doun eAEYYOV KOl TTO.QOVOLALOVUE TA. CUYHQLTIXGL TTAEOVEXTHUATO ®0BevOg og
OLOLPOQETILRES EPOQUOVES.

AgEarg Khewda: Zqatoixog, Eveoyos EAeyyos Tov Gooupov, Uelwan Tov LLounyovixov
Boovpov, mpooapuootixov alyooibuol piltowv, FXLMS.
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1. Introduction

Acoustic noise reduction, cancellation or control, as it is often called, can be achieved
by a variety of methods, including passive and active solutions. Passive noise cancellation
can be both effective and cost efficient for broadband noise of high and mid-high
frequencies, (Kuo et al., 2003). A typical solution requires the installation of panels
invested with porous and oscillating absorbing materials. For low frequencies, however,
(below 500 Hz), passive noise cancellation becomes inefficient in terms of obtained
results, required space and incurred cost. Research is directed towards Active Noise
Control (ANC) methods that offer an efficient solution (Kuo and Morgan, 1999).

An ANC system is an electroacoustic or/and electromechanical control system that is
based on the superposition principle to cancel the noise. An antinoise signal, of equal
amplitude but opposite phase to the noise, is generated by an electronic system. The
antinoise is superimposed to the noise signal, resulting in the cancellation of the primary
noise within a specific volume around the noise sensor (microphone) called the "quiet
zone". Although active control is seen to outperform passive approaches, practical
exploitation of ANC in products is restricted to small room applications, like headphones,
air ducts, car interiors or small aircraft cabins.

Global ANC aims at noise control in large or near-free-field areas, with numerous
noise sources of various types. The presence of multipath sound propagation, of
dynamically changing acoustic characteristics in a part of them, of reverberation and
room modes domination (induced resonance) with incoherence to reference signals,
renders global ANC a challeng-ing field of great practical interest. Despite the intense
research effort on ANC over the last decade, global ANC still represents an area of open
questions, both in its theoretic and practical aspects.

Acoustic noise in large rooms or near-free-field areas can be addressed in a variety of
approaches, ranging from self-protective equipment for the personnel (earplugs, passive
protective ear caps, active noise reduction (ANR) headphones) to the acoustic isolation of
the noise sources by passive (physical) or active inhibitors, (Sawa et al., 1997).
Multichannel ANC systems are currently drawing the attention of researchers, in an
attempt to generalize already established results for small rooms. The elementary ANC
idea, either in its feed-forward or in its feedback implementation is developed for small
rooms using a single channel approach. What is sought, in order to cover a wider area, is
the expansion of this approach into a solution using multiple control channels and multiple
sets of sensors (microphones) and actuators (loud-speakers). As it has early been realized
that direct expansion of the small room, single channel solution to the multi-channel case
would require the installation of impractically many sets of sensors and actuators, along
with a rather complicated control structure, alternative approaches have been investigated.
These are either linear — mostly based on adaptive filters — or non-linear.
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2. ANC control structures

Two major control structures are developed for ANC, each depending on the
characteristics of the disturbance (noise) to be controlled:

» Feedback ANC: The system output itself is modified by the controller (e.g.,
damping). Noise reduction is achieved even for broadband, random disturbances.

» Feedforward ANC: An antinoise signal is calculated adaptively and superimposed to
the system output in order to cancel the disturbance (noise) within a specific zone.
This structure is appropriate for deterministic types of noise (e.g., sums of harmonics,
etc.).

The feedforward ANC structure may be either broadband or narrowband. Broadband
adaptive feedforward control requires a control field (e.g., acoustic) reference sensor
while narrowband adaptive feedforward control requires a reference sensor that is not
influenced by the control field (e.g., tachometer). In general, feedforward ANC is more
robust than feedback ANC, particularly when the feedforward system has a reference
input isolated from the secondary antinoise source.

2.1. Outline of the feedforward ANC structure

The core control structure of a typical feedforward ANC system is shown in figure 1.
The reference noise signal, x(n), drives an adaptive digital (discrete-time) filter, here
denoted by W(z), to produce the antinoise signal y(n). This is transformed to an acoustic
signal via a transducer and acoustically / mechanically superimposed with the actual noise
disturbance signal or primary noise, d(n), to cancel d(n) within a specific area called "the
quiet zone". The filter coefficients are optimised dynamically to minimize the power of
the error noise signal, e(n), remaining in the quiet zone after cancellation and measured
by a sensor. The reference noise x(n) may be either sensed directly from the noise source
by a second sensor, or generated within the ANC system, based on information obtained
from the noise source via non-acoustic sensors (rotation period, speed, etc.)
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Figure 1: Block diagram of an ANC system (feed-forward type). A loudspeaker produces the
quiet zone. Two microphones sense (a) the error signal e(n) and (b) the noise source.

Experimental results indicate that the dimensions of the quiet zone produced by a
secondary source are related to the source wavelength by a 1 over 10 ratio
approximately, (Eliott et al., 1988). As an example, cancellation of a 100 Hz noise
produces a quite zone of a 34 cm diameter approximately, while for a 1000 Hz noise this
reduces to a 3.4cm diameter. Apart from the quiet zone size problem, the number and
spacing density of the actuators render this approach impractical. Indeed, approximately
54 actuators spaced every 13.6cm are necessary to produce a 1m? quiet zone in the
frequency of 500 Hz!

In addition, analysis shows that the maximum acceptable spacing density, dmax,
between the transducers is related to the maximum frequency f_ of the noise that should
be controlled. Maximum distance between actuators should not exceed half the
wavelength of the corresponding acoustic wave, as shown in equation (1):

C
=
max . f
2 1.max

ey

where ¢ denotes the speed of sound, (Kuntz and Rabenstein, 2004). For ¢ = 340 m/sec and
f . =500Hzthisresultsinad_  of 34 cm, which means that approximately 9 transducers
are required to control one square meter of a plane.

The performance of ANC can be determined by frequency-domain analysis of the

residual error signal e(n). The Power Spectral Density of e(n) is given by
See(@) = [(1 = Cy (0)]S4(w) 2)

where C,(w) is the magnitude-squared coherence function of the two wide-sense
stationary random processes x(n) and d(n) and S,,(w) is the PSD of d(n). Coherence is
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indispensable in order to measure the performance of an ANC system. For a small
residual error it is necessary to obtain high coherence values close to one, C,(w) = 1, in
the range of frequencies where there is significant noise power. The maximum noise
reduction of an ANC system at frequency w is given by —10log [1 — C, ()] , in
decibels.

Another critical factor for the performance of a feedforward ANC system is the time
delay incurred by the system between the time point when the reference signal is picked
up by the reference sensor and the time point when the correct output is produced by the
cancelling loudspeaker. Calculation times are not negligible. If such a computational
(electronic) delay becomes longer than the acoustical delay from the reference
microphone to the cancelling loudspeaker, then the performance of the ANC system is
expected to be degraded. That is because the controller response becomes non-causal
when the computational (electronic) delay becomes longer that the acoustical delay. A
causal ANC control system is capable of cancelling broadband random noise while a non-
causal system is effective only for narrowband or periodic noise.

2.2. Secondary path model fitting

A more detailed look into the ANC structure of figure 1 shows that the acoustic signal
undergoes a series of transformation in its way through the digital filter and the loudspeaker
to the error microphone. These include the D/A and A/D blocks and related filters involved
in the transduction, the acoustic path from loudspeaker to error microphone itself, the
power amplification and the loudspeaker and microphone transfer functions — considered as
non-ideal. The total effect of these factors is modelled by a transfer function S(z), called the
"secondary path" and shown right after the digital filter W(z) in figure 2.

Primary Errar signal
noise din) eln)
Moise Primary Path Ty
source P(z) " ﬁ
;
N
Reference 5 Digital filter Secondary
Generator 7| Wiz) MPath S(z) .
y(n)
7~
MNoise reference
signal x(n)
Adaptive
\ Algarithm <

Figure 2: Secondary path transfer function S(z) accounts for D/A and A/D blocks and related
filters, acoustic path from loudspeaker to error microphone, power amplification and
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the loudspeaker and microphone transfer functions.

To account for the presence of S(z), the reference noise signal x(n) should be filtered
by an estimate of S(z), because S(z) itself is unknown. Secondary path transfer function
modelling is a critical issue for the successful noise cancellation, (Kuo and Morgan, 1999).
The algorithm used to estimate the filter parameters is the Filtered-x LMS (FXLMS). This
belongs to the Least Mean Square (LMS) family of stochastic gradient minimization
algorithms. The normalized form of this algorithm, NFxLMS, is used in practice, in order
to render the algorithm convergence speed and stability independent from the filtered
signal power. The step size of the adaptation is normalized in NFxLMS. Off-line
modelling (system identification) of S(z) is possible for time invariant secondary paths,
such as is the case when there is no significant movement of machinery and/or people in
the target area. The Maximum Length Sequence (MLS), proposed in (Rife and
Vanderkooy, 1989) for impulse response measurement of Linear and Time Invariant
(LTI) systems, is appropriate for use as an input signal at this step, thanks to its property
of allowing for exact measurement of long impulse responses.

x(m) o 35 d(n)
+
ﬁ:(nz>
2 g
R G I 57
v
S(2)
X0 L iMs |

n
Figure 3. Filtered-x LMS: The reference noise signal x(n) is filtered by an estimate of S(z), S (2).

Under the more realistic assumption of a time-varying secondary path, adaptive
methods are required for the secondary path modelling. An existing adaptive solution is
based on the virtual microphones method, which — due to extrapolation — "has the
potential to adapt to environmental changes and observer movements," (Kestell and
Hansen, 2001). On-line secondary path modelling may be employed instead, (Kuo and
Morgan, 1999). A variety of established system identification methods may be exploited
in the later case, such as those based on white noise inputs. Non-linear approaches are also
worth examining at this point, as they offer the potential of adaptation without an explicit
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system modelling, (Potirakis et al., 1999).

2.3. Feedback Effects

The ANC system illustrated in figure 1 uses a reference microphone to pick up the
reference noise x(n), processes this input with an adaptive filter to generate the antinoise
signal y(n) to cancel the primary noise acoustically in the quiet zone and uses an error
microphone to measure the performance (error) in order to update the adaptive filter
coefficients. Unfortunately, the loudspeaker generates plane waves propagating omni-
directionally, and therefore a feedback effect is generated: the antinoise signal not only
cancels primary noise but also affects the reference microphone, resulting in a corrupted
reference signal x(n). The coupling of the acoustic wave from the cancelling loudspeaker
to the reference microphone is called acoustic coupling or acoustic feedback.

Feedback introduces poles in the response of the model and thus results in potential
insta-bility if the gain of this feedback loop becomes too large. This problem has been
extensively studied in the ANC literature and several solutions have been proposed,
including the use of directional microphones and loudspeaker or the use of neutralization
filters that cancel the feedback mechanism.

The FXLMS algorithm assumes that no acoustic feedback is present; yet this is not
realistic in practical systems. Figure 4 shows the modified block diagram of an ANC
system that includes feedback effect from the secondary source to the reference sensor.
u(n) denotes the primary noise source, X(n) is the signal picked up by the reference sensor,
and F(z) is the feedback path transfer function from the output of adaptive filter W(z) to
the reference sensor. F(z) reflects all the characteristics of the secondary path S(z), and
will therefore render the reference signal nonstationary during adaptation. To address this
problem, a small adaptation step size is required. The steady-state transfer function of
W(z) is given by

P(z)

VO =5 T PoFe )
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u(n) > P

+
(e F» |[«22%] s P

Figure 4. Block diagram of an ANC system with feedback.

From figure 4, the open-loop transfer function associated with the feedback loop is
given by H, = W(z)F(z). When the adaptive filter W(z) converges to the noiseless
optimal solution of equation (3), H,, (z) becomes

P(2)F(2)

oL~ S(z) + PF(2) @

This open-loop transfer function can be used to test the stability of the system.
Instability will occur if the open-loop phase lag reaches 180° while the open-loop gain is
greater than unity.

Among possible solutions, the Filtered-u LMS algorithm is used in practice, where F(z)
is modeled by a linear model of the ARMA type and standard ARMA parameter
estimation methods (recursive) are employed. However, global convergence and stability
of the FuLMS recursive algorithm have not yet been proven formally, (Eriksson, 1991).

3. Conclusion

The alternative control structures investigated in the previous paragraph have been
introduced in the Global ANC system design methodology proposed in (Potirakis, 2005)
and specifically in the system identification / modeling part of it. The Global ANC design
methodology for public and industrial environments is based on the innovative idea of
exploiting the best of different noise reduction methods, and placing the active ones under
a self-evaluated and self-optimised competitive control structure.

The main advantages of the proposed global approach include:
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» MLS-based modelling and/or the non-linear, white noise based system identification
for secondary path modelling,

» The possibility for extensive search through simulation for the optimal distribution
of sensors and actuators over the target area,

« The use of special acoustic configurations and numerical methods for expanding the
effectiveness of each channel of the ANC system.

Furthermore, the proposed approach is currently applied in a real world (not simulated)
ANC development project, in the Department of Electronics, TEI Piraeus, Greece, for a
large, textile engineering industrial room. The alternative control structures presented in
this work have been comparatively evaluated within this project framework. Conclusions
drawn from the comparative evaluation of the adaptive algorithms lead us to adopt the
feedforward ANC structure with the FXLMS algorithm for adaptation, mainly thanks to its
inherent stability properties. Moreover, the feedback structure is adopted for narrowband
noise sources, typically present in actual plants with rotating machinery parts.

Finally, the non-linear minimization methods evaluated within the scope of the same
project, based on fuzzy logic or on artificial neural network structures, have shown
performance comparable to the linear modeling methods, and are therefore considered as
viable alternatives to the linear algorithms. Further research is aimed towards the efficient
implementation of the chosen control structures on real time DSP processor hardware.
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Abstract

The aim of developing a fuzzy rule based model is to provide the appropriate decision
making framework that can support anaemia medical diagnosis. This research focuses on
the development of a fuzzy expert system for anaemia diagnosis. There is no automated
system that can utilise fuzzy logic in anaemia diagnosis. A prototype system has been
designed and developed on a personal computer using the Matlab technical computing
language for the Microsoft Windows TM environment. The system has also been evaluated
after consulting a group of experts by means of a questionnaire driven analysis of their
views. The results of the prototype evaluation were satisfactory, thus justifying the
development of a fuzzy expert system that can also support hybrid decision making, in the
sense that models used for anaemia diagnosis contain crisp as well as fuzzy variables. The
use of the system simplifies anaemia diagnosis and classification because it can incorporate
the linguistic terms which are normally produced by medical experts during the diagnosis.

IMegiinyn

Baowog 0x0mtdg TG £QYAOLOC VTG lval M avAITTUEN eVOC BLOXVPEQYNTLXOV UO-
VIEAOV POCLOUEVOV OTNV EXPQAON XOVOVOV UE YONOT AOAPOVS AOYLXNG, YLOL TN OLAy V-
oM %ol ToV %0H0QLOUS TOV TUITOV TNS OvaLUtag. ITLo ouyrexQLuéva, 1 €Qyaoto auTy opo-
QdL 0TN OyYEedLOON HAL TNV AVATTTVEN €VOS EUITTELQOV TTQMTOTUITOV KOl OLUTOUOTOTTOLNUE-
VOU OVOTHUATOS dLEYVmoNg Tng avoliiag. H vhomoinom Tov ovoTiuatog €yLve og JTeQL-
Bariov Matlab yio. Windows ®al BocioTnxe 0TNV atoTimmon TG YVaoNg EUITELQWYV KoL
ESELOLXEVUEVOOV LOTQMV 08 BEUOTO aVOLULIOGS, OVOTTAQLOTMVIONS AEXTIXOVS OQOVS, KOL-
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OELG, EXTLUNOELS KO ROVOVES OLAYVIWONG KOl XOTYOQLOTTOinong. To oVoTNUA TTQOTEIVEL
o VPOLOWKY UeBOOOAOYLUT TTQOOEYYLOT UE YQNOT AOAMOVS AOYLXNG, YLOL TN OLdyVmwon
OLaPOQMV TTAONOEWY, 0LQOVINS TNV VITOXELUEVIXOTNTO TOV LOTQMY, PACLLOUEVO 0TV
EUTTELQLOL %Al TNV YVOON TOVS. H aELohdynom xal n oToTiunon Tov OVoTHUATOS ROTEDEL-
Eav LOLALTEQA LXOVOTTOLNTIXA OTTOTEAEOLLOTO TOOO G TTQOG TNV 0ITGO00N TOV OO0 KOl (G
TTQOC TNV OTTOTEAEOUATIXOTNTE TOV.

Key Words: Fuzzy Logic, Expert System, Anaemia Medical Diagnosis, Hybrid Decision
Making

1. Introduction

The importance of effective anaemia diagnosis is attributed to the fact that the
characterization and the accurate determination of anaemia’s type in children influence
the decision making process and specify patients treatment planning. Difficulties to
characterise anaemia and classify its types are found in the way doctors perceive a
patient’s clinical data based on their experience and the way they express their beliefs
with regard to the outcome of their judgment. As a result medical doctors may come to
different or even contradicting conclusions with respect to a patient’s situation.

Anaemia can be seen as both a primary pathological disease and as a secondary
symptom to other medical diseases. Anaemia is defined as a reduction in red blood cell
(RBC) mass or as a lowered concentration of haemoglobin in the blood, resulting in a
decrease in the oxygen-carrying capacity of it. The exact range of normal values for a
given anaemia factor is not well-defined among the medical community. Hence, values
found that are near the upper or lower normal limits can be misinterpreted, possibly
leading to false diagnosis. Prompt diagnosis is based on understanding the classification of
anaemia, the associated presenting symptoms and the proper ordering and interpretation
of laboratory results. The characterization as well as the accurate determination of the
type of anaemia in children is very important, as it influences the decision making process
and specifies patients treatment planning.

Fuzzy expert systems are rule-based systems that use fuzzy logic instead of boolean
logic in their knowledge base. They reach conclusions by taking into consideration user
inputs that are analysed with the application of the fuzzy inference process [1]. The
knowledge base contains knowledge that is modelled with the use of fuzzy rules and fuzzy
variables that are defined with their membership functions. The goal of fuzzy systems is
to accommodate the subjectivity that arises from differing and sometimes contradicting
views of decisions makers. Not necessarily all experts hold the same opinion regarding the
estimation of a current given situation nor do they definitely draw the same conclusions.
This is the case with anaemia diagnosis where the evaluation of the clinical condition of a
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patient and the corresponding diagnosis result from experts’ partially true perceived
facts. The resolution of such uncertain and subjective problems is achieved with the
application of fuzzy knowledge-based expert systems that apply to certain reasoning and
aggregation strategies to produce useful decisions [2].

The purpose of this research is to apply fuzzy logic principles and techniques in order to
implement and evaluate a prototype fuzzy expert system which can effectively facilitate the
diagnosis of anaemia. The system presented in this paper is designed to analyse medical data
and to suggest whether there is a case of anaemia as well as to determine the type of
anaemia. The proposed approach investigates the use of fuzzy logic in anaemia diagnosis
for children older than 0.5 year of age. Newborns are excluded from our study, since
immediately after their birth, the Hb concentration presents perturbations. The system uses
knowledge about anaemia represented as fuzzy rules and allows for personal medical
examinations’ data to be analysed. The proposed approach suggests the use of fuzzy logic
based rule based systems in medical diagnosis problems as well as it provides the theoretical
and the technological foundation for considering and resolving contradicting diagnoses
resulting from different medical experts. By using the developed system, which uses
linguistic terms for representing concepts and values found near the upper or lower normal
limits, the medical community can avoid false diagnoses thus tackling misinterpretations
and contradictions of the exact range of normal values of laboratory results.

This study proposes that the proposed system cannot only help for anaemia diagnosis but
also suggests an approach and methodology for tackling medical diagnosis problems in general.

The paper is organized as follows. In Section 2, we present a brief review of the
literature on applications of artificial intelligence (AI)/expert system (ES) technology in
medicine. Section 3 describes the development of the system based on the 11-stage
proposed system development approach for fuzzy expert systems. Section 4 concludes
the paper and discusses further enhancements of the system.

2. Fuzzy Logic in Medical Diagnosis

Many published studies focus on applications of Artificial Intelligence and Experts
Systems technology which support medical diagnosis ([3], [4], [5]). Fuzzy expert systems
have found widespread use in engineering, particularly in control systems. The advantages
of these systems over conventional production rule-based expert systems may be
characterised as follows [2, 6]:

> fuzzy sets neatly symbolise natural language terms used by experts;

= since the expert knowledge captured in “IF... THEN” statements is often not

naturally true or false, fuzzy sets afford representation of the knowledge in a
smaller number of rules; and

> smooth mapping can be obtained between input and output data.
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Medical diagnosis is a very complex problem. Medical experts are faced with patients
who have their own personal experiences, knowledge from books, and mental
endowment. The doctors analyse patients’ symptoms, combine these with the patients’
medical history, physical examination and laboratory findings and then diagnose the
disease. Making errors and coming up with wrong conclusions is human and doctors are
human beings. Thus, medical decision-making and particularly the establishment of a
diagnosis is an error-prone process [7]. The context of diagnosis problem is typified by
clinical diagnosis, whereby an expert is attempting to classify a patient into a disease
category(ies) using limited vague knowledge consisting primarily of elicited linguistic
information. This context arises in many problem domains. The medical context is an
extreme case whereby most or even all available information is of a linguistic nature when
patients are first seen, and the diagnosis problem is severe because of the possibility to
confuse different diseases in their early developmental stages [8].

Recalling from [9], “Medical Science, whose range is as vast as its history is old, has led
to the formation of a specific style in the grasping of its problems and of a specific way of
treating medical phenomena, i.e. to a specific type of thinking’’. This assumption is
exemplified in [7]: ‘‘Even the very subject of medical cognition differs in principle from that
of scientific cognition. A scientist looks for typical, normal phenomena, while a medical
man studies precisely the atypical, abnormal, morbid phenomena. And it is evident that he
finds on this road a great wealth and range of individuality of these phenomena which form
a great number without distinctly delimited units, and abounding in transitional, boundary
states. There exists no strict boundary between what is healthy and what is diseased, and one
never finds exactly the same clinical picture again. But this extremely rich wealth of forever
different variants is to be surmounted mentally, for such is the cognitive task of medicine.
How does one find a law for irregular phenomena? This is the fundamental problem of
medical thinking. In what way should they be grasped and what relations should be adopted
between them in order to obtain a rational understanding?”’

Medicine was one of the first fields in which Zadeh’s fuzzy set theory was applied [10, 11].
The theory was used to deal with vagueness in perceptions of reality phenomena. Fuzzy logic
based system was developed by (Alayon et al., 2007) [12]. The system collects the available
expert knowledge about cortical malformations and assists the medical expert to make the
diagnosis and to reach the correct conclusion. The proposed system allows the study to capture
and model the influence of the various factors that take part in the decision. Furthermore,
(Polat and Gunes, 2007) [13], proposed that fuzzy weighting can be used within a decision
support system that can assist in diagnosis of hepatitis disease, while (Sengur and Turkoglu,
2007) [14] proposed a fuzzy system for heart disease diagnosis. Furthermore, (Reyes and
Sipper, 1999; Sahan et al. 2007) [15, 16] developed a fuzzy evolutionary system and a machine
learning based system utilising fuzzy logic respectively for breast cancer diagnosis. Fuzzy logic
is also applied in [17], in image processing for supporting medical diagnosis, in [18] for
supporting thyroid diagnosis and in [19] for the analysis of diabetic neuropathy.
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3. Development of the system

The prototype system drawing on the fuzzy logic theory is designed so that it can
equally handle quantitative and qualitative knowledge thus supporting hybrid decision
making. This section, discusses the proposed methodology for the development of the
system. The following figure provides an overview of the methodology.

Review literature on
critical factors (variables)
for anaemia diagnosis
Identify the critical factors (variables) Fuzzy Inference

the range of normal values - define Process
linguistic variables and fuzzy sets

Interview with medical
experts from different
medical background

¥

e - | " = 4 7 | Compare the overall rating
Fuzzification Fuzzy Inference Defuzzification for all types of anaemia

Y

Construct a Conceptual
Framework

4

Develop a System Architecture

Y

. ————— System Development
Analyze and Design the System

4

Build a Prototype System

Y

Observe and Evaluate the System

Figure 1: The Development Methodology of a Prototype Fuzzy Expert System
for Anaemia Diagnosis.
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Essentially, there are 9 fundamental phases in the development of a fuzzy expert
system that consist of a combination of the fuzzy inference process and the 5-stage
development methodology [20]. In this study, the fuzzy inference process proceeds in six
steps that is a common procedure for fuzzy inference which can be demonstrated in
several past studies [21, 22]. The preference of this approach with respect to the system’s
development is based on previous experience and lessons learnt from the development of
several knowledge based systems such as [23, 24]. It is easy to apply and will provide
valuable guidance for developing the proposed system. Nine phases in the development
are outlined in Table 1.

Table 1: Eleven phases in the development of the system

Phases Objectives

1 Identify the domain factors and define membership functions and
fuzzy sets

Develop the Fuzzy Rules Set

Fuzzification of Medical Data

The Fuzzy Inference Engine

Perform defuzzification

Compare the overall rating for all anaemia’s type

The Architecture Fuzzy Expert System

Building the Prototype System

O [0 | AN | W[

Evaluation of the System

With reference to Table 1 above, phases 1-6 (fuzzy inference processing) are designed
to reach a crisp solution to any problem involving a crisp-to-fuzzy transformation
(“fuzzification”), an inference mechanism that applies fuzzy rules, and a fuzzy-to-crisp
transformation (“defuzzification”). Phases 7-9 are used to construct and evaluate the
system following the [20] 5-stage methodology for information system development.

The overview of the approach for building the systems is shown in the following figure:
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searching criteria
and their importance

'

— Fuzzification

i Database Informatian
‘ for different samples of
Hb Ht RBC etc

A J
Max-Min Inference ]‘

Fuzzy Rule Base

Merge Overall
rating?

Aggregat the result
to one fuzzy set

Defuzzilication to
get a crisp value

epeat until al
input and
intermediale
variables
processed

Detection of Anaemia ‘

Display
proposed type
of Anaemia

Figure 2: The Overview of the Fuzzy Expert System Building
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The detailed description of these phases is as follows:

Phase 1: Identify the domain factors and define membership functions
and fuzzy sets.

The first phase involves a thorough analysis of the literature relevant to anaemia, so
that to identify all domain factors that should be taken into consideration during the
diagnosis process. A series of interviews with 15 medical experts was also organised in
order to refine and complete the list of factors to be modelled as well as to determine the
search criteria from medical databases. The data displayed in figure 3 is based on factors
obtained from the literature [25]. The following figure provides a graphical representation
of a subset of the factors considered in the prototype fuzzy system.

Decision-makers are expected to easily assign linguistic classifiers such as “low”,
“normal” and “high” to factors involved in diagnosis and manipulate them easier than
numerical data when coming into conclusions. Each linguistic term assigned to a variable
in the model is defined by a membership function, which helps to take the crisp input
values and transform them into degrees of membership, thus resulting into fuzzy sets that
represent linguistic variables such as ‘low haemoglobin’, ‘high haematocrit’, etc. The
most commonly used membership function is the trapezoid-shaped. In the present study,
we assume the input and output fuzzy numbers are trapezoid forms and these forms
approximate medical experts’ views, beliefs and thought processes.

Phase 2: Develop the Fuzzy Rules Set.

In association with the identification of the domain factors, phase two specifies the
rules that would form the knowledge base and would support the anaemia diagnosis. The
rules reflect experts’ knowledge. A group of experts is used in order to improve the
knowledge acquisition process in terms of forming a set of rules that would satisfy all of
them. The experts were separately asked to describe the relationship among variables and
to infer a linguistic weight for each interconnection. The advantage of this approach is
that it is not necessary for the experts to express the perceived causality among variables
with numerical values, but rather to use linguistic terms that would depict in qualitative
terms the degree of causality among the variables. Therefore, the rules were finalised after
a series of structured and iterative interviews of medical experts. After the prototype was
built, the experts were also called to evaluate the set of rules making all necessary
changes. The consolidation of the rules follows results to a number of IF _condition_
THEN _action_ rules. In total 139 rules were modelled.

Examples of the fuzzy rules follow below:

= IF (Reticulocyte is High) and (Bilirubin is High) and (Anaemia is True) THEN

(Hemolytic is True)
= IF (Reticulocyte is High) and (Bilirubin is Normal) and (Anaemia is True) THEN
(MicroHemolytic is True)
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= IF (Reticulocyte is Normal) and (Bilirubin is High) and (Anaemia is True) THEN
(NonHemol+Disease is True)

= IF (Reticulocyte is Normal) and (Bilirubin is Normal) and (BloodLoss is not True)
and (Anaemia is True) THEN (NonHemolytic is True)

= IF (Reticulocyte is Normal) and (Bilirubin is Normal) and (BloodLoss is True) and
(Anaemia is True) THEN (MethHemorrhagic is True)

Phase 3: Fuzzification of Medical Data.

In order to be able to manipulate the linguistic variables that are defined in the
previous phases, the fuzzification process begins and transforms the numerical data
obtained from the medical examinations for every domain variable into fuzzy linguistic
terms. For each variable, a number of linguistic classifiers such as “low”, “high” and
“normal” are defined, as requested from developing the rules set in the previous phase.
The fuzzification process takes as input the numerical value of a variable and assigns it a
membership degree according to the membership function that represents each linguistic
variable. The “fuzzified” values are determined by intersecting the input value to the fuzzy
set membership function that is associated with each linguistic label. For instance, an input
value of haematocrit “Ht” (31 %) for a 3 year of age boy, results in a degree of
membership in the set labelled “Low” of 0.75 and a degree of membership in the set

labelled “Normal” of 0.6 (see figure 4a, 4b).
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Figure 4a: The Fuzzitication of the Low term of the “LowHtForAgeUpTo5” variable.
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Figure 4b: The Fuzzification of the Normal term of the “LowHtForAgeUpTo5” variable.

In the case that a crisp variable (i.e. a variable that only can be true or false) is needed
during modelling, the methodology allows for the definition of the membership function
that only depicts the values 1 or O to the medical data. For example, in the case of the
variable sex, the approach defines a dichotomous function in order to distinguish data
regarding the variable sex.

Phase 4: The Fuzzy Inference Engine.

The fuzzy inference process applies the widely used standard max-min inference
algorithm, which uses the min operation for the AND conjunction (set intersection) and
the max operation for the OR disjunction (set union), in order to evaluate the grade of
membership of the antecedent clause in each rule during the max—min composition.

When the user inputs parameters through the user interface, the fuzzy inference engine
performs according to the fuzzy rules and membership functions, using data from the
database, and sends fuzzy or crisp results through the user interface to the user as outputs.
For example, in order to illustrate the inference mechanism, assume that for a boy of 4.5
years age the medical examinations results give the following data set:

> Haemoglobin (Hb) = 11.5
> Haematocrit (Ht) =31.5
> Red Blood Cells (RBC) =4.23
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Then suppose that the fuzzification process returns for variable Haematocrit the 0.714
degree of membership in the set “Low”, for variable Haemoglobin produces the 0.1
degree of membership in the set “Low” and for variable Red Blood Cells produces the
0.38 degree of membership in the set “Low”.

Then the following rules (from the knowledge base) are fired with the corresponding
membership function values for each variable also shown in the brackets below:

IF Ht=(Low/0.714) THEN Anaemia=(Weak/0.214)
IF Hb=(Low/0.1) THEN Anaemia=(Weak/0.5)
IF RBC=(Low/0.38) THEN Anaemia=(Weak/0.229)

The figure that follows presents the interface used in the MatlLab tool that applies
Mamdani method.
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Figure 5: Firing Fuzzy Rules using the MatLab tool: The Graphical representation of max—min
inference of anaemia diagnosis.
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In order to estimate the result from applying the rules, the membership values for the
fuzzy set anaemia, need to be combined. Therefore, by applying the max operator the
result is anaemia=weak (0.5). The inference is graphically shown in Figure 5, which is a
screen from Matlab tool. The clipped membership functions resulting from the application
of the 3 rules are then merged to produce 3 final crisp set (one for each anaemia diagnosis).

Phase 5: Perform defuzzification.

After the completion of the inference process, the resulting data for each output of the
fuzzy classification system is a collection of fuzzy sets that undergo the defuzzification
phase. There are several existing methods that can be used for defuzzification. These
include the methods of maximum or the average heights methods, and others. These
methods tend to jump erratically on widely non-contiguous and non-monotonic input
values [26]. The centroid method, also referred to as the ‘“center-of-gravity (COG)”
method is applied in this study, as it is frequently used and appears to provide a consistent
and well-balanced approach. The defuzzification process is applied after the anaemia
diagnosis so that anaemia is represented with a crisp type variable (yes or no). It is also
applied after the type of anaemia is diagnosed.

Phase 6: Compare the overall rating for all anaemia’s type.

The system finally ranks all types of anaemia according to their final scores and
provides them for the final diagnosis, which is made by the medical experts.

Phase 7: The Architecture Fuzzy Expert System.

Good system architecture provides a road map for the system building process, by
putting the system components into perspective, defining the functionalities of the system
components, and demonstrating how they interact with one another [20]. Based on the
conceptual framework discussed in the previous phases and our interview with medical
experts and potential users, this study developed the following architecture of the system,
which includes 5 main components: (1) a user interface, (2) a database, (3) a fuzzy rule
base, (4) a fuzzy inference engine, and (5) a membership function base. Figure 6 depicts
the basic architecture of the system.

(i) The Explanation Component.

The explanation component provides the interface functionality between the system and
its users. It enables the user-system communication, which is carried out mainly in menus and
GUI (Graphical User Interface). The system allows the user to define new, to update and search
for medical data. When a parameter item is selected, the crisp input value is translated into the
fuzzy term. After a diagnosis is made, the user can ask for justification. More specifically, the
user can request the system to perform a consistency checking for the diagnosis. The system’s
response results in the presentation of a number of anaemia factors and rules which are
associated to the diagnosis. As a consequence, the user can evaluate the proposed diagnosis.
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Figure 6: The Architecture of the Fuzzy Expert System for Anaemia Diagnosis.

(ii) Medical Database
The medical database contains data from medical examinations. Data protection act is
satisfied, since no personal data is held in the database.

(iii) Fuzzy Rule Knowledge Base:
The fuzzy rule base stores fuzzy rules that represent experts’ knowledge.

(iv) Fuzzy Inference Engine:

This is the software component of the system that implements the algorithm for rules
matching and execution, conflict resolution and results presentation.
(v) Membership Function Knowledge Base:

The membership function base stores and presents several options of membership
functions for different linguistic terms, in order to assist fuzzy modelling.
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Phase 8: Building the Prototype System.

The prototype system was developed using Matlab language and ran on a personal
computer under a Microsoft WindowsTM 98 environment. Matlab was chosen because it
is an easy-to-learn and easy-to-use graphical user interface (GUI) programming language
which allows fuzzy modelling and rapid prototype development.

Phase 9: Evaluation of the System.

Once the prototype system was built, testing and evaluation of the prototype system
followed. The system was tested and evaluated by the developers and domain experts for
its accuracy and completeness. The system produced answers that were realistic,
meaningful and acceptable by the medical doctors [27].

A group of 35 medical doctors from a private children hospital, were invited and
agreed to participate in the evaluation. The prototype was demonstrated and feedback
was obtained from the experts through discussion and an evaluation form.

Table 2: Mean responses to the system evaluation by experts and potential users

Evaluation Criteria Medical Experts
n=15
Mean rating | S.D.
1-5 scale
Effectiveness of the system
1. Helps in selecting suitable variables 45 0.5
2. Provides clear information for selected variables 4.0 1.0
3. Provides new insight in characterize and classify anaemia’s type 4.2 0.87
Usability of the system
4.  System is easy to use 43 0.4
5. System is user friendly 35 0.6
6. Screen display is well designed 34 0.6
7. Achieves the stated objective 45 0.3
8. Response time in the system is acceptable 3.5 0.5
9.  System contains functions which user requires 4.0 0.8
10. System’s commands are self-explanatory and easy to understand 2.5 0.6
11. Likely to recommend to other users 4.0 0.7
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A formal questionnaire was designed and used in order to support the evaluation. The
questionnaire consists of three sections: (a) demographic data, (b) the effectiveness of the
prototype system, and (c) the usability of the prototype system. In order to collect the
evaluation data a five-point Likert Scale was used ranging from 1 = strongly disagree, with
3 =undecided to 5 = strongly agree. The evaluation objective is to assess the overall value
of a fuzzy expert system [28]. Evaluations by domain experts help to determine the
accuracy of the embedded knowledge [29], and the consistency and completeness of
responses.

The results of the analysis of the questionnaire are shown in Table 2. The prototype is
seen to be a promising system for supporting the diagnosis of anaemia based on the
positive results of its evaluation.

4. Conclusions

This research discusses the development of a fuzzy expert system which is used to
assist and support medical experts for anaemia’s diagnosis. This paper suggests that it is
feasible to use fuzzy logic to assist medical diagnoses. The system provides a convenient
consulting tool in characterising and classifying anaemia. A prototype system was
evaluated using expert validation, testing and outcome evaluation to see whether the
system achieved its designed purposes effectively and accurately. The results of the
prototype evaluation are satisfactory and support the view that the developed system has
performed its functions as expected. The results of the questionnaires evaluation feedback
strongly support the position that the developed system has achieved the primary
objectives of being easy to use and able to enhance efficiency and effectiveness in
supporting medical diagnoses using fuzzy logic.
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Abstract

Three dimensional flow calculations of the complete operation cycle of a small 4-stroke
variable compression laboratory Otto engine have been performed for different engine
speeds under full load conditions. The compression ratio is adjusted within the range of 4
to 10, by means of a special piston, which moves manually and alters accordingly the
combustion chamber volume. The investigation started with a grid independence study
with the aim to choose a grid suitable for the complex geometry of the specific engine and
at the same time to result in reasonable computational run times. Calculations were
performed for three different engine speeds and two compression ratios. Ensemble-
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averaged velocity data are presented in two main forms: velocity magnitude at
characteristic points as a function of crank angle and two-dimensional vector plots at
characteristic cross sections inside the combustion chamber at specific crank angles. The
results confirm that the in-cylinder flow field scales well with the engine speed and that, by
increasing the compression ratio results in more pronounced large scale flow-field effects,
such as the tumbling motion generated during the induction stroke and persisting through
the compression stroke and, further, affecting the combustion process.

IMegiinyn

H vmoloyLotinn reooouoimon TS TQLOOLIOTATNG QONG VOGS TTANQOVS HUXAOU AgL-
TOVQYOG WHXQOV EQYOOTNOLOXOV 4%Q0VOU ®LvNTia Otto UETARANTNG OCVUITIEONC TTQOY AL
TOTTOLNONKE YLO. OLAPOQES TOVTNTES VITO TTANQES ooTio. H oxéon ovutieong oubuiotnxe
UETOED 4 %o 10 u€ow eLOLUOV YELQOXIVNTOV EUPOLOV TTQOCUQUOOUEVO OTNV KHUAVOQOKE-
PaAn. AQynd éyLve OLEQEVYNON TNG 0lVeENQTNOLOC TV ATTOTEAEOUATWV OTTO TO Uéyebog Tou
TTAEYLOTOG (DOTE VO ETTLAEYEL TO TTAEOV ROTAAANAO TTAEYUA VIO TNV TTOMIITAOKY YEWUETQLO!
TNG OUYKEXQLUEVNC UNYOVIG KOL TOVTOYQOVA. VO, UELWOEL XATE TO OUVATO O VITOAOYLOTLHOC
¥QOVOC. OL VITOAOYLOUOL €YLVOV VL0, TQELS OLOPOQETIXES TOYVTNTES KOL OVO OYEOELS OV-
wtieonc. OL OVVOALXG. PEOES TAVTNTES TTOQOVOLALOVTOL 08 dVO UOQMES: G YOO ULOTOL
TOU UETQOV TOYVTNTAS O€ XO.QUXTNOLOTIXA onuelo Wéoa 0to BAAMUO ®oBoNG %Ol OTOV KV-
ALVOQO GOV OVVAQTNON TNG YWVIOS 0TQOPAAOV %Ol 1C LOOLAOTOTO OLOVVOUOTIXG TS0 O
ETTLAEYUEVES OLATOUES OF YOQUXTNOLOTLXES Yovieg 0Topdlov. Ta amroteléouata emBeol-
@OVOVV OTL TO TTEQLO QONG EVTOS TOU KUALVOQOV OVOYETICETOL LXOVOTTOLNTIXA UE TNV TOY V-
TNTO TNG WINYAVAS KOl OTL 1) GVENOM TNG OXEONC OVITIEONS TTQOXOAEL EVTOVOTEQO QO THAL (POLL-
VOUEVD. UEYHANG HALUOXOS, OTTS TNV Olvn ue dEova xdBeTo 0Tov GEOVA TOV KUAIVOQOU —
YVooTn oty BUBALOYQOpia oav tumble-, 1 oot INUOVQYELTAL XATA TN PACT ELOCYMYNS
O OLOTNQELTOL HATA TN CUUITLED), ETTLOQMVTOS XL 0T OLAOLXACIO TNG KOOGS,

Key Words: CFD modeling, Internal combustion engine, Otto engine.

Introduction

During the last few decades, internal combustion engines have been greatly improved
in terms of efficiency and reduction of pollutant emissions (Drake, 2007, Kamura, 1998).
This trend must continue in the near future, since international organizations and
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governments are issuing more severe emissions restrictions for passenger cars. At the
same time, although new concepts have appeared as alternatives to the IC engine, such as
fuel cells (Stobart, 2004), it seems that it will take several decades for them to mature
enough for large scale production. It follows that the internal combustion engine will
remain as the major power source for automobiles, even if it will be part of a hybrid
package, either Otto-electric or Diesel-electric.

In spark-ignition engines, the majority of commercial engines still use port-fuel
injection to generate a homogeneous-charge in the cylinder. During the last few years,
stratified-charge direct-injection gasoline engines have appeared in commercial form,
following in-depth investigations for the last two decades, combining experimental and
theoretical calculations. The latter were made possible through the use of reliable
commercial computational fluid dynamics (CFD) codes, which have been developed and
validated extensively. CFD codes are and will remain a valuable tool in the design of
improved engines of all kinds

The present study investigates the in-cylinder flowfield and combustion of a small
laboratory homogeneous-charge variable-compression single-cylinder spark-ignited
engine. The main motivation is to study the combined effect of engine speed and
compression ratio on the flowfield during the induction and compression strokes, as well
as the combustion process.

Case Description

The engine studied in this paper is a Petter W1 model modified by Plint, in order to
be able to modify the compression ratio. A cross-section of the engine combustion
chamber, as well as its main characteristics, are presented in Figure 1. The engine is
equipped with one intake and one exhaust side valve, with the camshaft situated close to
the crankshaft. This is quite an old design, which presents a big advantage in the present
case: it is quite easy to incorporate a manually-adjusted piston in the engine head, which,
by moving up or down, alters the engine volume at top-dead-center (TDC). At the top
right corner of Figure 1, the bottom half of this piston can be seen, as well as the spark
plug situated just opposite of the valves. A better representation of the engine
configuration can be seen in Figure 2, where the cross-section is presented in 3-D. It
becomes evident that the shape of the combustion chamber with the inserts for the two
valves, as well as the passage to the main cylinder is quite complex, compared with a
conventional 2 or 4-valve spark-ignited engine. The latter required considerable effort in
developing the grid for the CFD calculations, dictating the division of the chamber volume
in several zones with different grid characteristics.
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Petter W1 / Plint
variable compression
engine

Bore 85mm
Stroke 82.5mm
Swept 468cc
volume
Compression | 4:1 to
ratio 10:1
Maximum 2500 rpm
speed

Figure 1: Cross-section of the modified Peter W1 engine combusion chamber

and its main geometrical characteristics.

Numerical Methodology

A finite volume commercial CFD code was employed in order to solve the discretised
Navier-Stokes equations (Fluent, 2005). The standard k-e¢ turbulence model for high
Reynolds numbers with standard wall functions is used for model closure. The code is
based on the pressure-correction method (Patankar 1980), using the PISO algorithm. The
first order upwind differencing scheme is used in the discretisation of momentum and

turbulence equations.

The temporal discretisation is implicit on the variable time step depending on the
stage of the 4-stroke cycle. When the valve lift is small, at the beginning and at the end of

Figure 2: 3-D representation of the
moditied Peter W1/ Plint engine.

the intake stroke, velocities at the valve jet are
expected to be high. It follows that the time step
must be in the range of 0.1° crank angle (CA), in
order to comply with the convergence criterion.
During the middle phase of the intake stroke and
most of the compression stroke, the time step was
doubled to save processing time and was reduced
again towards the end of the compression stroke
and, especially, during the combustion phase. The
latter was simulated using the turbulent premixed
combustion model of Zimont, which involves the
solution of a transport equation for the reaction
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progress variable (Zimont, 1995 & 2000). The closure of this equation is based on the
definition of the turbulent flame speed, which is computed using a model for wrinkled and
thickened flame fronts (Zimont, 1998). The main assumption in the Zimont model is that
it considers the reacting flowfield to be divided into regions of burnt and unburnt species,
separated by a moving thin flame sheet.

For each case, the calculation begins at the inlet valve opening which is 6° CA before
the TDC of induction and ends at 240° CA after the TDC of combustion. The initial
turbulence intensity level was set at 10% of the mean flow, which is large enough for the
flow to be considered fully turbulent. Constant pressure boundary conditions were
assigned at both inlet and outlet valves and all walls were considered adiabatic.

Grid independence study

The computational domain includes both intake and outlet ports and valves, the
combustion chamber and the cylinder. The grid developed can be seen in Figure 3. The
number of cells varies between 245000 at TDC to 376000 at bottom-dead-center (BDC).
The majority of the cells used were hexahedral, since they provide better accuracy and
stability than tetrahedral. The combustion chamber was divided in six zones; each zone
has been meshed separately. This technique is very useful to obtain a good quality grid
and to reduce the time of the meshing procedure. The connectivity of the various zones
is achieved by means of arbitrary interfaces that connect common faces of adjacent sub-
domains. Tetrahedral cells have been used in the areas where the “moving and deforming
mesh” concept was employed. During the compression stroke once the intake valve is
closed, the intake port sub-domain is disconnected from the calculation, so that to save
CPU time; the same applies to the outlet port.

Figure 3: Computational grid at TDC together with inlet and outlet ports.
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In order to ensure grid independence and improved accuracy of the results, two
calculations during the compression stroke were performed using two different grids: the
reference grid was the one already presented and the second was refined in certain areas
where steep gradients are expected. Figure 4 depicts the velocity magnitude during the
compression stroke at a point near the inlet valve. It can be easily deduced that there are
no significant differences between the two cases, therefore all subsequent calculations
were performed with the reference grid.

3,5

——————— Refine Case
Reference Case

3,04

2,5+

2,04

Normalized Velocity [ U/Up ]

T T T T T T T
200 220 240 260 280 300 320 340 360
Crank Angle [ Deg ]

Figure 4: Velocity magnitude comparison for grid independence study.

Results and discussion

Five cases were examined and analyzed: at the low compression ratio of 5.7, the
engine speed settings at full load were 750 rpm, 1200 rpm and 2000 rpm, whereas at the
high compression ratio of 10, the engine speed settings at full load were 1200 rpm and
2000 rpm. It is worth noting that these speed settings cover almost the whole operating
range of the laboratory engine; the maximum speed of 2500 rpm was not examined,
because it was considered unsafe to operate the specific engine at this level. The present
investigation is accompanied by parallel experimental measurements for comparison
purposes, which will be included in a future publication.

Ensemble-averaged mean velocity data are presented in two main forms: velocity
magnitude at characteristic points as a function of crank angle and two-dimensional
vector plots at characteristic cross sections inside the cylinder and combustion chamber
at specific crank angles. All velocity data are in dimensionless form, as they are
normalized by the mean piston speed (denoted hereafter as Vp), which is 2.0625 m/s, 3.3
m/s and 5.5 m/s at 750 rpm, 1200 rpm and 2000 rpm, respectively. Figure 5 depicts the
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locations of the points within the combustion chamber, which were selected for
presentation: point A is within the spark gap, point B is close to the inlet valve and point
C is at the top center of the main engine cylinder.

Figure 5: Locations of the points under investigation within the cylinder and chamber volume.

Figure 6 presents the mean velocity magnitude at point A as a function of CA during
most of the operating cycle. The engine speed in this case is 1200 rpm and the
compression ratio is 5.7. The zero value of CA corresponds to the TDC of induction and
the value 360° corresponds to the TDC of compression. The same applies to all CA values
in the subsequent graphs. During the induction stroke, the maximum mean velocity
magnitude presents a maximum of almost 7Vp (seven times the mean piston speed) at

around 83° CA after the TDC of induction. This

can be attributed to the close proximity of

_ % point A to the inlet valve. Later on during the
§ 2+ induction stroke, the velocity magnitude drops
§ 20- at 2Vp at BDC and 0.4Vp at the inlet valve
% 51 closure, which is at 25° CA after BDC. During
E: 104 the compression stroke the velocities remain
5 low, as the piston movement does not affect
e the spark area, due to the rather
Grank Anale [ Dea unconventional design of the specific engine

configuration. There is a local maximum of

Figure 6: Mean Velocity magnitude at 3.6Vp at the TDC of compression, which is

point A vs. CA, 1200rpm, CR = 5.7, directly related to the onset of combustion. The

velocities remain low during the expansion

stroke and start to increase abruptly after the BDC with a maximum value of 34Vp at 20°

CA after the BDC of expansion. The latter is attributed to the exhaust valve, which opens
at 25° CA before the BDC of expansion (EVO - exhaust valve opening).
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In order to study in detail the effect of engine speed during the induction and
compression stroke, all three engine speeds examined that correspond at the same point
A are presented in Figure 7. The general trend is that the normalized velocity patterns are
quite similar, confirming the fact that the in-cylinder flow-field scales well with engine

speed. This is particularly true until 60° CA
T after the TDC of induction. However, later on,
- 200 there is a clear deviation from that rule:
increasing the engine speed, results in higher
normalized velocity magnitude at a later stage
during induction (compare graphs at 70 - 180°
CA). This is probably related to higher
momentum effects due to the increasing engine
, , : , speed.
’ v 12§,ank,\,1,je[oe92]w o Figure 8 presents mainly the compression
ratio effect, that includes velocity magnitude
Figure 7: Mean Velocity variations point ~ data for the two compression ratios studied
A vs. CA at three eng. speeds, CR = 5.7.  (low, CR = 5.7 and high, CR = 10) at the same
point A and at engine speeds of 1200 and 2000
rpm. It becomes evident that the increase of the compression ratio significantly modifies
the velocities from very early at the induction stroke. At 1200 rpm, the maximum value
of the normalized velocity magnitude during induction increases by approximately 75%,
(from 6.8Vp to 11Vp), when the compression ratio increases by 62% (from 5.7 to 10). In
qualitative terms, the same applies at the higher engine speed of 2000 rpm. The velocity
magnitude evolution during induction is also affected, especially in the case of 2000rpm,
with a second local maximum appearing at 145°CA. It follows that the compression ratio
has a more pronounced effect than speed on the in-cylinder flow-field and this can be
attributed to the fact that the in-cylinder flow is o
a mainly a pressure-driven phenomenon. It is i . [ r2comion |
also worth noting that, after the IVC (inlet “EQEEE&:
valve closure at 25° CA after BDC) and during .
the compression stroke, all four velocity
patterns appear similar, confirming that the
flow scaling with engine speed is the dominant
factor during the compression stroke.

Figure 9 presents velocity magnitude data 0 . . : :
at point B, which is close to the inlet valve. The T kaeroey
engine speed effect at this point is less apparent
as evidenced by the similarity of all three  Figure 8: Mean Velocity variations at
graphs covering the engine speed operating  point A vs. CA, at two eng. speeds, and
range of the specific engine, during the two CR = 5.7 low and CR = 10, high.
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. 750 rpm
—— 1200 rpm
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Velocity Magnitude [ VAVp ]
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Figure 9: Mean Velocity variations at
point B vs. CA, at three eng.
speeds, CR = 5.7.

induction and, especially compression stroke.

Finally, similar velocity data are presented
for all five cases studied at point C (Figure 10),
which is located at the center and close to the
top of the main cylinder. This point is
considered critical, as it is close to the
hypothetical position of the spark gap in an
engine with more conventional design than the
one investigated in the present study. Figure 10
confirms that the compression ratio effect is
quite strong during the induction stroke, while
the engine speed does not differentiate the
velocity patterns significantly.

In order to have a better understanding of

the in-cylinder flowfield, two-dimensional
vector plots are presented for specific cross-
sections at characteristic CA. The cross-
sections selected are shown in Figure 11: “I” is
the plane which includes the two valve axes, 11
is the plane, parallel to the previous one, which
divides the cylinder in two halves. The former
was selected in order to visualize the flow
entering through the valves, the latter to depict

Velocity Magnitude [ V/Vp ]

750rpm-Low
—— 1200rpm-Low
- - - - 2000rprm-Low
—0— 1200rpm-High

T T T T T
60 120 180 240 300 36(

the main in-cylinder flow structures.

Crank Angle [ Deg ]

Figure 12 presents the four cases at cross

section I at mid-induction stroke, i.e. 90° CA
after TDC. At that CA the inlet valve is open
almost at maximum valve lift and the piston is

Figure 11. Cross-sectional planes for

the 2D vector plots.

Figure 10: Mean Velocity variations at
point C vs. CA at all five cases, low,
CR = 5.7, high CR = 10.

moving at maximum speed. The mixture flow
rate through the valve is quite high, with the
maximum velocities appearing close to the
valve stem inside the inlet port, as evidenced
by all four vector plots; this can be attributed
to the orientation and the right angle (90°)
shape of the inlet port (see Figure 1). However,
the magnitude values are different, depending
both on speed and compression ratio, with the
higher values associated, surprisingly, with the
low compression ratio. The latter can be
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attributed to the lower height of the combustion chamber, as can be seen in Figures 12¢
and d. In general, the vector plots show a similar pattern.

More insight on the in-cylinder flow structure can be revealed by the vector plots at
section II at the BDC (Figure 13). All four flow-patterns are dominated by a major
vortex, which is known as “tumble” or tumbling motion (Jaffri, 1997). In most engines,
this motion is created by the inlet port (or ports in the case of two or more inlet valves).
In the present engine configuration, the tumbling motion is mainly created by the
geometry of the extended combustion chamber and the inlet valve position. The velocity
magnitude depends on both the speed and compression ratio, with the latter being the
dominant factor. At the CR of 10 (Figures 13 ¢ and d) the maximum values of velocity
magnitude are much higher compared to the CR = 5.7 case, confirming that the tumbling
motion is stronger with increasing compression ratio provided the engine speed is kept
constant. Finally, Figures 13 a and b show that the weaker main vortex in the case of the
lower compression ratio is associated with the existence of two smaller counter-rotating
vortices at the two top corners, close to the engine head.

Conclusions

A theoretical investigation involving a variable compression spark-ignition
laboratory engine was performed. A commercial CFD package was employed to study the
effect of engine speed and compression ratio on the in-cylinder flow field during the whole
operating cycle, with emphasis on the induction and compression strokes. Ensemble-
averaged mean velocity data are presented in two main forms: normalized velocity
magnitude at characteristic points as a function of the crank angle and two-dimensional
velocity vector plots at characteristic cross sections inside the cylinder and combustion
chamber at specific crank angles. The results confirm that the in-cylinder flow scales well
with engine speed, except at the early induction phase. The compression ratio plays a
more dominant role on the development of the in-cylinder flow than the engine speed,
resulting in more pronounced bulk fluid movements. The latter is particularly supported
by the 2D vector plots, which reveal that, in the case of higher compression ratio, the
mixture tumbling motion is stronger in quantitative terms at BDC, but also different in
qualitative terms, resulting in the disappearance of secondary vortices.
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Topn mAivbov - xnoviduatog 0QLLOVTLWY
aouwv Orhouévng Totyomotiag

NixoAétra YUAlo
AQ. IToATixds Mnyavixog

Meidyn

2TV €0Yooto auty TaQOVoLECOVTIOL TO OTTOTEAEOUOTO EVOS TTELQOUUOTLXOV ITTQO-
YOAUUATOS TTOV ApoQd TN OLEQEVVNON TOV UNYOVLOUOU TOURNG TALVOOU - ®OVIAUOTOG
TV oQLLovtinv aoumv Omhiouévng Tovyomorlag. Tio To oxomd avtd 21 doxrtpa (ToL-
TTAETES) VITOPMONXAY 08 LOVOTOVIXES KOL OVOXVAALLOUEVES OQAOELS. XQNOLUOTTOLNON-
%oy 0000TQUITES TTALVOOL pe VYMAS TT0000TO REVAV (55%), OLa.otdoemwy 320x250x 155-mm
OYEOLOOUEVES €TOL WOTE VO eEA0PAAITOVV Beouirt) ®oL axovoTvy LWOVWOon 0TV TOLYO-
stouta. To TTELQAUATIXG TTQOYQUUUD ETTXEVTQMONHE TNV OLEQEVVNOT TNS ETTLQQONS TNG
#ATOXOQUEAL ETROAAOUEVNG BAITTIANG TAONG Gy, HOUL TOV TIAYOVG TWV OQLEOVTLWV 0LQUMV
t..- OTg TQOXVITTEL OITO TNV GELOAGYNON TWV OTOTEAEOUATWY, TO PALVOUEVO TNG TOLBNS
TALVOOU - ROVLAUOTOS TV 0QLLOVTIWV UMV @aivetal OTL xofoiletal oTd TV onuo-
VTN EWITAOXY TOV ROVLAUOTOS XL TwV 0000TQUITWV TA{VOWV, N oTtolo. 00NYEl 0TV Qv-
Enom g aQyxng "ouvoxng” Vo undevIr UETOXIVNON, EVAD UETE TNV £VOQEN NG OAL-
0ONONC TEORAEL OEVTEQOYEVIG ULOL XOTAOTOON TEXVNTNG "OUVOYNS", dLOLPOQOTTOLMVTAS
TNV OVUTTEQLPOQC. TMV OLETTLPAVELWDYV OE 0YEOMN UE OVTES TOV OTALOUEVOV ZHVQOOEUATOC.
H 1 ™g uéyromg SLatuntiuig téong, TOo0 ROt TNV OTOTLXY OO0 KO XKOTH TNV KLVN-
uaTxny @dom, avEAVETaL Le TNV AVENON TNS eYXAQOLa. ETTLROAAOUEVNS OALTTTIXNG TAONGS.
ALoTTLOTOON®RE OTL O CVATTTVOOOUEVOS CUVTEAEOTNC TOLPNG TTeQLOQICeTOL atd TNV OALITTL-
®N AVTOYY) TV VEVQMOEMV TV TAVOwV og dLevbuvon maQdAInAn g emBoiiouevng
uetaxivnonc. H T tov »otd v eTitevEN g HEYLotTng SLoTUnTLxnc Taons foéfnxe va
elval g TdENS Tov 0,3, TOCO KOTE TNV OTATLXY OCO UL KATA TNV ULVNUOTIXY GAO).

Abstract

In this paper the results of an experimental programme, concerning the investigation

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XIII, No 1, 2008, pp. 193-209
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of brick to mortar friction along the horizontal joints of Reinforced Masonry Structures,
are presented and discussed. For this purpose 21 specimens (triplets) were tested against
monotonic and cyclic actions. Vertically highly perforated bricks (55%) were used. The
brick 320x250x155-mm was designed to ensure thermal and acoustic isolation of masonry
within its thickness. The experimental programme focused on the investigation of the
influence of the normal compressive stress and of the thickness of the horizontal joints.
The main experimental findings are:

- Due to the deep interlocking of mortat into the vertical holes of the bricks, the initial
"cohesion" under static conditions (zero displacement) seems to increase. In
addition, after the initiation of slip, an "artificial cohesion" is being developed,
resulting to an entirely different behaviour of interfaces, as compared to that of
Reinforced Concrete.

- The value of the maximum shear stress increases with the increase of the normal
compressive stress. This is valid for the "static" and the "kinematic" phase, as well.

- The value of the friction factor is limited by the compressive strength of the vertical
webs of the brick, in direction parallel to the direction of the applied displacement.
Its value was found to be around 0,3 for the "static" and the "kinematic" phase, as
well.

A€Earg Khewdwd: Omdiouévn Tovyomoria, unyaviouol UeTapoodas SUVAUewyY, ToLp.

1. Ewcoyoyn

H Omhiouévn Touvyomotta eival £vo Qoyda i ovOTTTUO0OUEVO ROTOOKEVOOTIAO OV-
otnuo otV Evoman, e0d yuo xonon vitd oeLokéS ouvOnures. Zuvndwg xoNnoLLOTTOL-
ovvtoL 0QBGTEUITES TTAIVOOL %Ol 0LOBEGTOTOLUEVTOXOVLAUOTA (XOUNATS TTEQLEXTIXOTNTOG
o€ aoBE0TN) YL TNV TTANQMWOTN TV 0QLLOVTIWY 0QUMV. ALEOTTOQTOS RATUROQUPOS OTTAL-
OUOC TOTOOETELTAL O€ HOTOAROQUEPES OTTES TTOV LOQPOVOVTAL EVIOS TOV OOUOTOS TNG TOL-
¥OTOLTAC, OL OTTOLES OTNV CUVEYELO TTANQWMVOVIUL UE TOLUEVTEVEWD, EVM OTTALOUOS TOTTO-
Oeteltal emiong xoL 0ToVS 0QLLOVTLOVS CQUOVS. H ouuiteQupoQd tTmv oTol elmv Tng
Omitopévng TouyomorTog Hetd ™ QNYUATwon eEQQTATOL OITO TOVS ELUEQOVS UNYAVL-
OUOVS UETOPOQAS OUVAUEWV TTOV OVATTTUO0OVTOL HOTH UWNKOG WOG QWYUNG KOL OUYRE-
KQUUEVOL TOV UNovLouov TOUPNS Thiviov — noviduatog 1 whiviov — mhivBou Adyw Tng
EUITTAOUNG TV OLETTLPOVELDV KOL TNG TUXOV TOQOVGLOG eYHAQOLAS OMITTIUNG TAONG, KL
TOV UNYXOVIOUMV EEOMKEVONS %L FANTQOV TV QIROWY TOU OTTALOUOV TTOV BOLOXOVTL
EVOOUATOUEVOL OTOVS 0QLLOVTLOVS 0QUOVS KOl TLS XOTAXOQUEPES OTTES TNS TOLYXOTTOLTOG
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oL TEWVOUV TNV oYW OL UNYaviouol ovTol xaQoxTnEICouv ™V aItouévovoo ovTi-
0TO.0N TOV TOLYOV OTNV UETE TNV 0LOTOY L0 TTEQLOYN TMV UEYAAWY TTOQUUOQPDOEMYV, KOl
OVVOLOVTOL GUECO e TNV SLATLOEUEVN TTAOOTLUOTNTO TOV OTOLYXELOV, 0OV AITOTEAOVV
TG ®VQLES TINYES OTTOQQOPNONG NG CELOWKNG evEQYeLac. H yvidon tng unyovixig ov-
WITEQLPOQAS CUTMV TV TOTXMV UNYOVIOUMY OITOTEAEL aTaQaiTnT TEomobeon yia
TNV €QUNVELD TNG YEVIXNG OVUITEQLPOQAS TMWV TOLYWV UETA TNV ONYUATWON HOL YLO, TNV
OVATTTUEN TV OYETAOV OVOAVTIAMV TTQOCOUOLWUATWYV, TO. OTTOLo lval duvaTdv va
poBuovounBotv ex TV VOTEQWVY UE TTELQAUOTO QUOLKNS ®Alpnoxas. Eviovtols, n eQev-
VNTLAY) KOLVOTNTO OEV €XEL OMOEL UEXOL ONUEQO. TNV AVANOYY TTQOCOYN OTNV TTELQULUOLTL-
%N OLEQEVVNON TV UNYAVIXMV LOLOTHTWV TWV TOTIXMV UNYOVIOUDV OVAANYNG OUVALE-
WV RATE WROG TWV QWYUMDV VL0 TLG ®ATAOREVES atd O.T. EdurdteQa, ®al 660V apoQd.
TOV UNYOVIOUO TOPBNG TTALVOOU — HOVLAUATOS T UEXOL ONUEQD ONUOCLEVUEVOL ATTOTENE-
ouata eivor udAhov edhty. Ilodynatt, o Van der Pluijm (1993) pueAétnoe cvotnuatixd
TNV OLOTUNTLXT CUUTTEQLPOQEL TMV OLETTLPAVELDV KOVLAUATOS — TTALVOOU exTENDVTOC OO-
ULUES OLATUNONG 0€ OLITAETTES KAL KATAYQAQOVIAS TNV TTANQN LOVOTOVLXY XOUITTUAN OLOL-
TUNTIXNG OITTOXQLONG — OMOONONG VT OLGPOQES TLUES EYRAQOLOG OALITTLXNS TAOoNG, YLo
OVWITAYEIS HEQUULXES %Ol AOPECTOTVQLTIXES TTALVOOUC, e OLELPOQOVS TUTTOVS KOVLAUA-
Twv. Eviovtolg dgv avevpiorovtol otnv PUBALOYQUpio avAAOYES EQYAOLES TTOV VO OLPO-
QOVV TNV OLEQEVYNOT TNG TTANQOVS OLOTUNTLANG CUUITEQLYPOQAS TWV OLETTLPAVELDV XO-
VIOUOTOG — TTALVOOU 08 LOVOTOVIXES HOL AVOKUXALLOUEVES (POQTIOELS YLOL TOLYOTTOLTES
atd 0QBOTEUITES OOUHES LOVADES OL OTTOLES HATA KOVOVA KONOLUOTTOLOVVTOL OTLS KO-
toonevég O.T.

2TV TOQOVOoM €QYNOLA, ETTLYELQELTOL M OLEQEVVNOT TOV UNYAVLOUOV TOLRNG TTALVOOL
- XOVLAUATOS 0QLLOVTIWV 0QUMV. TO TELQAUATIXG TTQOYQUULO. OYEILAOTNHE KL EXTENE-
otxe 0to EQyaotolo OmALopévou Zxvodéuatog oto EMIT xou amotelel néQog evog
OLEVQMITALTXOV EQEVVNTIXOV TTQOYQAUUATOS Ue TiTAO "Brounyavixy AvdmtuEn Ktigiwv
oo Omitopévn Towyomolta" (DREMAB 1996).

2TV TEQITTMWON TOV M AVATTTUVOOOUEVN SLALYDVLO, OLOTUNTLXY QYW €VOS TOlyoU
O.T. mov VTOKELTAL 08 0QLLOVTLES OQAOELS EVIOG TOU EMLITEOOV TOV, OLEADEL aITd TOVG
0QLLOVTLOVC aQUOVG, UEQOC TNG OLOTUNTIXNG AVTIOTOONG TOV TOlYOoV elval OuvaTOv va
uetopedel artd 1O €va TUNUO TNG TOLXOTTOLTOG 0TO GALO UECW TNG TOLPNS HOVLAUATOS
— hivBou (BA. Zy. 1). ITQdyuaTt, AOYm® TS OxeTHNG OAioBNong Twv dY0 TUNUGETWY TOV
TO(YOV 1ATE UNHOG TNG QWYUNS, KOL AOYW TNS TTALQOVOLAS TNG EEMTEQLXA ETTLPUMAOUEVNS
0001g OMTTIKNG TAOoNS (AOYW® TV ROTAKOQUPWV POQTIMV) ELvVOL OUVATY 1 AVATTTUEN
avTlotaong MY TOLENG OTNV OLETTLRAVELD XOVLAUOTOS — TTALVOOV. TTémeL Oe Vo ONUEL-
mBel OTL ®OL 0TO EPEARVOUEVO OXOUA TUWUATO, 1 Babeld eutAoxry TALVOwY — xovidiua-
TOG €{VaL OUVATOV VO TTQOOWPEQEL OVTIOTOOT OLATUNTLAY KOTA UNHOS TNG QWYUNS.

Emurhéov moémel v onuelwbel OTL oL OLETLPAVELES UETAED TV 000OTQUITWV TTALV-
Bwv g O.T. %0l TOU KOVIAUNTOS TV 0QLLOVTIWV 0QUMYV TTOQOVOLALOVUYV OQLOUEVES
LOLOUOQPLES TTOV OEV CUVAVTMVTOL O€ OLETILPAVELES UECO. 08 WEAN HOTAOXEVWV OTTAL-
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OUEVOD ZHVQOOEUATOC. ZUYAEXQUUEVO, KOATA TN OLAQKELD HATOOXEVNC Tolywv O.T. 10
HOVIOLO TV 0QLLOVTIMV CQUMV, OVATTOMEVXTO ELOEQYETOL OTLS KATUROQUPES OTTES TWV
TALVOV, dNULOVEYDVTAS "OOVTLO" HOVLAUOTOS, ONAOON UEYAAWY JLOOTACEWV €EOYEC
HOVIAUOTOC, TTOV UETOPAAAOUY TN CUWTEQLPOQE TV OLETILPAVELMV O OYEON UE QVTEG
tov O.Z. (BA. Zyx. 1).
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Sytjua 1: Moogn onyudtwons toixov O.T. mov vaoxelTal 0 OQAOELS EVIOG
TOV EMLITEOOV TOV — TemUETQIC TAIVOWV XL OOVTLA XOVIGUATOS
ONULOVOYOUUEVA XATd TNV XATOOXEVH TV TOLYwV O.T.

2. ITeQuyQoup1] TELQANATIZOV TQOYQANNATOG

Tl ™ dLeQeVYNON TOV UNYOVIOUOU TOYPNS XOVLAUOTOS - TTAVOOU ROTOOREVAOTNHAY
21 doxtuLa, ex TV OolwV T 15 SORLUAOTNHOY OF LOVOTOVIXES OQAOELS EVM 0T VITO-
AOLTTOL 6 EXTELEOTNUE HOL UL CLVOXVHALOT] YLOL TNV EXTIUNON TNG OTTOHAUOLONG OTNV OVTiDe-
™ OLevbuvvom poQTIONG. TO TELQOUATIXG TTQOYQUUUC ETTXEVIQMONX®E OTNV OLEQEVVNOT
NG ETTLQQONG TNG KATOXOQUEOL ETRAMOUEVNS DALTTTIRNG TAONG 0y, XOL TOV TTAXOVS TV
0QLLOVTIMV 0QUV T, .

o) Yiurd

T TNV ®oTao%eVr) TV doXLWmY yonotporoOnxay hivior Twv omolwv 1 wuéon
Ohrtien avroyn £, modhinha otig ormég uetenonxe ton ue 8,5 MPa, evad xdbeta oTig
omég ®atd TNV OLevbuvon 1 xat 2 (BA. Zy. 1) Potbnxe ton we 2,20 xou 1,15 MPa ovti-
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otolya. T'va Tnv TAMEWOoN TV 0QLLOVTIWY CQUMY, XONOLUOTOMON®AY V0 TOLOTNTES
noviduotog dounoews (M1 xat M2). To M1 ftav éva. a0PE0TOTOLUEVTOROVIOUA (LE K.O.
ovvOeom Tolpévto:AoBéoTNg:Aunog:Neod = 1:0,25:4:1,30 , %ol 10 M2 €va TOLUEVTOXO-
viopo ue ®.0. ovvheon Towuévro:Appnog: Negd = 1:5:1,50. =10 noviopo M2 1 owaQoitn-
™ €QYUOLUOTNTA TOV UEYUATOGC, ETTLTEVYONKE UE TNV XONOT EVOC QEVOTOITONTY, TTOV TTQO-
0TéONre o0To uiywo oe avaroyio 1% emi Tov PAQovg Tov ToLUEéVTOV. Katd tTnv notaoxeun
TOV oLV T VAXE peTonOnrayv ue avaloyieg x.p., Tov nrov Toluévro:Aofé-
omc:Apnog:Negd = 1:0,26:6:1 vy to xoviopo M1, xor Towwévio:Aupog:Negd =
1:7,5:1,15 yio o noviouo M2. XonNoLuwosotonxe GuIog X OXKOUETOLXE StaabuLopévn
Ue WEYLOTO ®Onx0 2,4 mm. To Unyovird XOQOXTNOLOTIXA TV OV0 XROVIAUATOV, ONA. 1
EQPEAUVOTLVY AVTOYN AT HAUAPN RO M OALTTIXY avToYN TOVS, uetondnxay et ovupoTL-
1wV doxtutov, (rolouata 40 x 40 x 160 mm %ol xVpot 40 x 40 x 40 mm), tov ANgon-
OV KOTE TNV OLAQKELD. XOTAOXEVNS TMV OOXLMV TOUPNG, OUVTNENONHKAY OTLS (OLEC UV-
OMxeg 1oL OOXLUAOTNHAY TNV OLa LEQA Ue avTd. BoéBnure OTL oL avtoyéc Tmwv OVo TUITWV
HOVLOUATMV TTQOATIXMG NTOV TTOQOUOLES. ZVYREXQLUEVA, 1 UEOM OALITTIXY OvVTOYXN TWV
M1 xouw M2 Boébnxre ton ne 9,14 MPa xou 10,79 MPa avtiotolya, evid 1 Héom emeAny-
OTLXY AVTOYY| TOVS aTtd ®auyn tom ue 2,64 MPa xai 3,04 MPa avtiotouya.

p) F'ewuetoia doxiuiwv

H vewpetio Twv doxLiimy TaQovoldleTol 0T0 Z). 2. ATTOTEAOVVTOL 0T TQELS TTALV-
Bovg (TQUTAETTO) %Al TTEQLAAUPAVOUV S0 0QLLOVTLOVG aeuoVC. Ta doxiua ®aTaoneVd-
OTNXAY 0€ ®OToXxOQUEN B€0M, OTTMWS OTLS TEOYUOTIXES RaToOoXEVES O.T.

y) Metpauatixn didtogn

H steroopatiny SLATaEN Tov 1onoLuomoninxe oQovoldletol oto 2y. 2. To doniwo
tomofetOnune 0N B0 dorLuNg te ToVg 0QLEOVTLOUS ARUOVS OE KATOXOQUET B¢om. OL
OV0 axaieg TAlvOol aéuevay anivnteg ®aTd TNV OLAQXELD TNG OOKLUNG, EVM M UECAQ
Nrav ehevbeEn vo ®UVELTOL TOQdAINAO te Tovug 0QLLdVTIOUS 0QUovS. H 0001 BAuTTinn
Taom eMPOAOTAV UEOW ULES PLOAC KoL TECOEQWV EEMTEQLLMV UETAMALXOV QAPOWY
(vtiCeg) @12, eve dLoBwvoTay ®oL sTapéueve 0TaleQn ®oOOAN TN SLAQHELD TNG OOXLUNG.
OL QONLUEG EXTELEOTIIHAV [UE TNV ETTLPOAT UETAXLVNOEMV OTN Ueoaio ThivBo, eva éva dv-
VOUOUETQO UETQOVOE TNV ETTLOTQATEVOUEVT DLOTUNTLXY OVTIOTAOM TOV doRLUiov. OL O)e-
TWEC UETOULVNOELS HOVLAUATOS - TTALVOOU noToryod@ovray uéow 4 fehoutétowy (000 ot
©Aa0e OYn TOV donLoV - €va o€ nABe aEUO) TOV TOTOBETNONUOY OTNV ETLPAVELQ TWV
TALVOWV, TOAD ®0VTd 0TOoV 0QLEOVTLO 0QUO. TELOG, TO GVOLYUO TV 0QLLOVTIMWYV QUMY
WG ATOTEAEOUO OLOTUNTLXNS OLOYRwong (dilatancy), UETOLOTOV UECW OXTW PEAOUETQWV
(4 BerdueTo o€ 1A PN TOV doxLUiOV).
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ynjua 2: TeWUETQLO OOXLULWY XOL TTELQAUATIXY OLATAEN UETONONG
TOWBNG TAIVOOU — OVIGUATOS OTOVS 0QLEOVTLOUS CQUOTS.

0) Iotopia gootioews

OL OOXLUES EXTENEOTNHOY UE OVENOT TV ETLPAMOUEVOV UETAXKLVIOEMV LOVOTOVL-
NG, UEYQL 0LOTOYLOS TOV OOXLUOV. g 5L QORI EXTELEOTNKE HOL ULOL VAR VRALOT YLOL
™MV extiunon g amoxroLong otnv avtibetn dievbuvon doTLoNc.

) Iapduetool wov eEetdotTnxav

AreQeuviOnxayv oL 0xOAOVOES TAQAUETQOL:
- To 7 0g TV 0QLLOVTI®WVY aQUWV t . EmtAéyOnrav 2 wdyn aoumv : 10 xoL 15 mm.

- To uéyebog g emBairouevng 0ebng BAuttinig tdong o,. EmhéxOnurav toeic Ti-
uég, Bhoel TV avouevouevmy 00wV OATTIROV TAOEWV OTLS TTQAYUOTIXES HATA-
onevig O.T., ovyrenguuéva, o, = 0,05 MPa, 0,15 MPa zau 0,30 MPa.

Ztov Iy, 1 TaQovoLdleTal TO TTANQES TTELQUUATIXO TTQOYQUUUC TTOV EXTELECTNKE.
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3. Mepopatizd amoteréopata

a) Moo@és aotoxiag

AvomotomOnxay 00a00eLg TMV "dOVTLOV" TOU XOVIAUOTOS KOl 0LOTOYI0 TV VEVQW®-
OEMV TV TIAMVOOV (HOTAROQUEPES QNYUATWOELS), TTOV 08 OAEG TLG TTEQUTTWOELS OONYN-
oV elTe 0€ ATOXOAMIOELS TOV EEMTEQLLOV TOLYMUOTOC, ELTE O€ ATTOSLOQYAVMOY TUNUAL-
TV TOV TAVOWV (BA. Ewxova 1).

Ewxova 1: Moo@n a0otoyiog doxiuiwv: Ooavoels "d0ovIiiv" xOVIAUATOS Kol
A0TOY(0 TV VEVQWOEMY TV TAIVOWV.
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p) IetoauaTinés xaumUAes SLATUNTIXNGG TAONS - UETAXIVNONS

210 2. 3(0) TAQOVGLATOVTIOL TUTTLXES TTELQUUATIXES HOMWTVAES AVTIOTOONS TOUPNG -
UETAXLVNONG TOV QUOV, 08 WOVOTOVLXY (POQTLON. Tl TaL TTANQN TTELQOUOTIXG OITTOTEAE-
ouato PA. WO (2000). To TOV VITOAOYLOUO TWV UETOXLVOEWY KONOLUOTTOLNONKE O
UE00G 0QOC TV eVOEIEEWV TMV TE00AQWY BeEAOUETQWY TTOV elyov ToTobeTnOel 0TI dVO
Mpelg Tov doxLutov, eve Bewondnre OtTL M draTuntvy dVvoun Tov avardupove #dbe
€VOg aItd TOVG 0QUOVGS, TAV 1) LLON TNG XOTAYQOPOUEVNS UECH TOV SUVOUOUETQOV.

IToQotnEeiToL TAVTO Vg AQYLXOS OVOOLXOG HAGDOG, OTTOV 1 AVTIOTA.ON TOUBNS Ov-
Edvetow vit6 otovel undevinn uetaxivnon. H tiun g uéyomg aveiotaons "t," vid un-
oevixn uetonivnon, gaivetol vo eE0oTatol oo ™V emBaAlouevn OAITTLRY TAOoT, KoL
wopoivetor ortd 0,08 émg 0,18 MPa. TTodypartt, n OATTixy Taom eEoopaiilel TNV eWTAO-
UM TOV OLETTLPAVELDV KOVIAUOTOS- TALVOOU, %ol QVEGVEL TNV OLOTUNTIXTY TAOY TTOV
OTTOLTELTOL VL0 TNV €VOQEN TNG OAloBnong.

TNV OUVELELD, N AVTLOTOON TOV UNYOVLOUOV GVEGVEL UE TNV CVENOT TWV ETTLBAAAO-
UEVOV UETOALVIOEWV, EVM TAQOTNQOVVIOL CUVEXELS ULXQOOVEOUELDOELS OTNV KOUTTVUAN
OLOTUNTLXANG OVTLOTAONG - UETAXIVNONG, UEXOL TNV ET(TEVEN TNg UEYLOTNG OVTLOTOONG
TOYPNG. AUTO OQELLETAL OTNV TTQOOOEVTIXY UELWON TV AVILOTAOEWV TTOV TTQOOPEQOVTAL
atd T OOVTLO. TOV ®OVLIAWATOS. TTQdynatt, WeTd TV aotoyio (VITEQROON TNS EPEAKV-
OTIUNG AVTOYNC) EVOS QOVTLOV XROVIAUOTOS, 1 OLOTUNTLXY AVTLOTOON TOV UWNYOVIOUOV TTé-
PTEL ATTOTOUA, UEXQL VO, eveQyoTToNBel N avTioTaon ®ATOLWV GAAWY SOVTLOV, TTQOK-
ADOVTOC TNV €X VEOU AVENOY TNS. H TLum TS uéylotng SLaTunTtixig avtiotoong ", ®U-
uaivetor oo 0,28 émg 0,38 MPa, (avaioyo ue Ty TLuw) g emBarAOuevns OMITTLIXNG
TAONG), EVM ETUTVYYAVETAL OF UETOXLVAOELS O, TTOV TTAQOVOLALOVV OlQXETY OLOOTTOQC.
(0 0.5 éwg 2,5 mm).

Augomg UeTd TNV eXiTEVEN TS UEYLOTNG AVTIOTOONG TTAQATNQOVVIOL UEYAAES %Ol
QTOTOUES OLVEOUELMOELS TNG OLOTUNTLXNG OVTLoTOONS ®aBmS, e TNV CVENOT TV UETO-
ULVNOEWV, ETTEQYOVTAL OLOOOYIXES OMOONOELS TV BOOVOUATWY TOV XKOVIAUATOS 1) TOTTL-
%1€C BQOOELS TV VEVQWOEWVY TWV TAVOWV.

TEMOG ®OTAYQAPETOL Uid TTOQOUEVOVOX OLOTUNTLXY OVTLOTOON Ty s » OTIOV TOQOL-
TNOELTOL ONUAVTIXY EEOUGAVVON TWV KATOYQUPOUEVOV QVEOUELWOEWY. DaiveTol OTL
O UETE TNV OITEUTTAOXT) TV SOVILMYV TOV LOVLAUATOS OAAG KOLL TV TOTTLXWY AOTOY LWV
TV TAVOWY, TO CVOTNUA ELVAL OXOUN LROVO VO ETTLOELEEL ULE ONUAVTIXT OLVTLOTOO TQL-
Mg (0,15 émg 0,25 MPa), TOV ®VEIWS OPELAETAL OTNV 0LOQOUEQELD TMV ETTLPOVELDV TOV
KOVLAUOTOC, OL OTTOLES ONULOVQYOUVTUL UETE TNV OITOXOTTY| TV dovTLwY. Emiong oo~
TNEELTOL ONUAVTLXT] OLOOTIOQE TV TLUMV TV UETAALVHOEWY O, OTIG OTTOLES QLUTY €TTL-
Tuyxavetol (2,8 émg 10,5 mm).

‘O0o0V aoEd TO. OOXILULO TOL OTTOLO VITOPANONKAY 08 AVOURVAALLOUEVES OQAOELS, Y-
QUATNOLOTIES HOWTUAES TTOLQOVOLALOVTAL 0TO Z¥. 3(). [1aQaTNEELTOL WOl WLXQY) UELm-
0N NG UEYLOTNG ETTLTUYYAVOUEVNS AVTIOTAONS TOUPNG ROTA TNV AVTIBETN (pOQE (POQTLONG
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(Tng TGEewg Tov 20%), YEYOVOS TTOV TLOAVMOS OPEILETOL OTNV AELVOT TWV ETLPOVELWDV
™G QWYUNG AL OTNV QITOXOAANON TV dOVILMV TOU KOVIAUOTOS HATE TNV AQYLXY| OLev-
Buvon gooTLoNG.

g
H
%)
w
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(<=l
—
(o
=)
]
1
g Mo~ . o4~ 0,05 MPa
i 0,05 i 60= 0,15 MPa
— == 06,=0,30 MPa
0,00 1 : : : : : : : :
0 1 2 3 4 5 6 7 8 9 10
Mertaxivnon & (mm)
(o)
0,40
= 0,30
&
& 020
&
o 0,10
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§ 0,00 p f 1 f 1
g o0 o
E 02| ¥ . LKA
£ : =TT e ,= 0,05 MPa
31 -0,30 —+ 6o=0,15 MPa
-0,40
-15 -10 -5 0 5 10 15

Meraxivnon & (mm)
®

Synuo 3: TUTIHES TELQOUOTINES HOUTUAES OLATUNTLXTIG AVTLOTAONS TOLPNG — UETAXIVIONS
(@) HOVOTOVIXWV %0t (3) AVaXVXALEOUEVWV OOXLULWV.
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Ta oTOTEAECUATO TOV TTELQUUATLIXOV TTQOYQAUUATOS TTOQOVOLALoVTaL otov TTuv. 1.
AT TO 0TTOTEAEOUOTO. PALVETOL OTL TO TTAYXOC TOV OQUMV OEV £XEL OVOLMON ETTLEQON
OTNV OUUTTEQLPOQE TV OOXLULWY, TOVAGYLOTOV YL TO €VQOS TV TLUMV TTOV OOXLUA-
OTNAAY OTO GUYAEXQUUEVO TTELQAUOTIXG TTQOYQaUUaL (t, =10 mm %o 15 mm).

Iwaxag 1. TTelpouotixo TOOYQOUUUN X0 TTELQOUATLAA ATOTEAEOUATO UNYAVLOUOV TOLBHG

TAVOOU-XOVIGUATOG: (0) LOVOTOVIXG %O (3) avaxUxAEOuEVD SoxiuLo:

0,/o 0, t, Koviaua T, T d, T res Ors | Tirres Ura
ooxiuiov | (MPa) | (mm) (MPa) | (MPa) | (mm) | (MPa) | (mm)

7 0,05 15 M1 0,08 0,34 2,48 0,20 5,20 0,59

8 0,05 15 M1 0,11 0,29 1,37 0,20 2,80 0,69

9 0,05 15 M1 0,08 0,32 2,61 0,17 6,10 0,53
10 0,15 15 M1 0,14 0,38 0,62 0,20 5,10 0,53
11 0,15 15 M1 0,10 0,30 1,06 0,25 5,00 0,83
12 0,15 15 M1 0,15 0,30 0,57 0,25 3,00 0,83
13 0,30 15 M1 0,17 0,38 0,47 0,20 9,40 0,53
14 0,30 15 M1 0,13 0,37 1,09 0,22 4,50 0,60
15 0,30 15 M1 0,18 0,34 1,15 0,27 6,00 0,79
16 0,15 10 M1 0,15 0,33 1,75 0,25 2,80 0,76
17 0,15 10 M1 0,09 0,30 1,78 0,22 3,00 0,73
18 0,15 10 M1 0,10 0,34 8,67 0,25 10,50 | 0,74
19 0,15 15 M2 0,15 0,36 2,58 0,20 10,00 | 0,56
20 0,15 15 M2 0,13 0,35 2,01 0,25 5,00 0,71
21 0,15 15 M2 0,12 0,28 1,42 0,15 8,50 0,54

(o) LovoTOVIXG doniuLa
a/o. g, t, Koviapa T, Teu(H) o0, Tpa) | Trd(H/T, O
doxtuiov | (MPa) | (mm) (MPa) | (MPa) (mm) (MPa)

1 0,05 15 M1 0,05 0,26 1,51 -0,23 0,89

2 0,05 15 M1 0,05 0,26 1,38 021 0,81

3 0,05 15 M1 0,13 0,27 1,00 -0,16 0,59

4 0,15 15 M1 0,16 0,28 0,81 -0,33 1,18

5 0,15 15 M1 0,16 0,32 2,26 -0,25 0,78

6 0,15 15 M1 0,15 0,35 1,67 -0,26 0,74

B) ovarvrhLopeva doxrtuto
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V) TTeLQouUaTIXéS XOUTUAES ETTLBAAAOUEVNS UETAXLVNONG - AVOLYUATOG QWYUNS

210 2Zy. 4, TOQOVOLALOVTOL TUTTLHES TTELQAUOTINES KOWTVAES TOV OVOLYLATOS TWV
oQUOV "W" EVavTL TNG ETLPOANOUEVNS OLOTUNTIXNG HeTonivnong d. T T0 6VVOAO TV
TTELQOUOTIXMV 0ITOoTEAEOUATWOV PA. WUAAC (2000). Me tnv £€VaQEN Tng oAloBnong maQa-
TNEELTOL £VOg £VTOVOG QUOUOS AVENONS TOV AVOLYUOTOS TG QWYWNS. ZTN OUVEXELD TO
€0Q0C TOV 0QUOV ouveyilel var VEAVEL ARG UE UELWUEVOVS QUOUOVS. ZTLC UEYEAES e~
TOXLVNOELS, OTTOV 1 avTioTaon TOPNS €xel TEaxXTMA oTafeQortoindel, oL To dvolyuo
™G QWYUNG OelyVeL Vo 0TaBeQOTTOLELTAL Qo) €xEL ETENDEL ONUOVTLXY AELOVOT TV ETTL-
(PAVELV 1) ONUAVTIXES TOTTLXES OTOYES TV TALVOWYV.
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ynjua 4: TUTIHES TELQOUATIXES XOAUTTUAES AVOLYUATOS CQUOU - UETAXIVNONG
(@) uovotovixwv xat (B) avaxvxAEOUEVwY SoxLUiwmV.
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Onwg éxel magatnendel xot oto O.2. (BA. Vintzileou xou Tassios 1985), otnv meQi-
TTTWON AOTTAMYV ETLPOAVELDV TO 0QYWHO GVOLYA TNG QWYUNG ELVAL OYETLXE UEYANO (XL
UGALOTO OUVOOEVETAL QUTO ULOL AVOTTOMEVHTY, TUX L0 OMOONOM ®OTE UNKOS TNS QWYUNG)
OTNV OVVEYELD OE TTAQATNQELTAL 0TAOEQOITOINON TNS TLUNG TOV AVOLYUOTOS TMWV 0LQUMY,
MOV TG Aelovong TV OLETTLPAVELMV TNG QWYUNG. AVTO 00NYEl 08 NITLES KOUTTVUAES W-O,
TTOV OUMC TTOQOVOLALOVV OYETLXKA UEYAAN OLOOTTOQAL.

4. AvaAVG1) TOV ATOTEAECUATOV

270 2. 5, oyedLdleTan yio OAoL TaL QOXIULOL ) WEYLOTY aQyY WY avToyT| TOUBNS T, VITto
oLovel undevinn petaxivnon evovtl g #xabeto emParrouevng Bhurtinig tdong o, H
UEYLOTN 0QY LAY AVTOYN, QOLVETAL VO AVEGVEL U TNV AENON TNG 0y AVTO NTOV OVOLULE-
vOUEVO, 0pov M aVENOM TNG OALTTTIXNG TAONS 00NYElL 08 O0TEVOTEQN EUTTAOUT TWV OLETL-
(PAVELMV KOL CUVETIMG 0€ VENON NG OVTLOTOONG TOV UNYAVIOUOV. ZTO 2¥. 5 oyedldle-
T €7TioNg M eVOelal TV EAUYIOTWV TETQUYWDVWV TTOV TTQOOUQUOLETOL XOUAVTEQX OTOL TTEL-
QUULOTLXA ONUELD, FAOEL TNG OTTOLS £lvaL OUVATOV VoL EXTLIUNOEL €Vag aQYLXOG OUVTENE-
OTNC TOUPNS VITO OLoVEL UndevVIxT uetaxivnon g taEewe Tov 0,3.

0,25
0,20 -

0,15

. -
° //
. i,/ .
-
L AT
ot0 | ° .
e

Apyuciy avroyn Tpng 1o (MPa)

0,00 010 020 030 040

Olntikn tdon oy (MPa)

yjua 5: Emi0o1) g 000ns OAmTINs Tdong o, oTnv agyixi avioxi
TOLBIG T, UTTO UNOEVIXT] UETOXIVIOT.

210 Zy. 6, oxeddtetan n avroxn Toung T, nabe doxuiov évavil g xndbeto em-
Bodlouevng OMTTTINNG TAONG 0, H puéyiot dwotumtixt} téon mov puetofiBatetar Adym
TOYPNG UEOW TNG OLETTLPAVELOS KOVLAUATOS - TTALVOOV, QaiveTal Vo aVEAVEL ue TNV a-
Enon g 0, Avaugvetor 6T 1 avtoyn Topng oev Ho avEGveTaL avaAoyird ue v xabe-
™ OMTTinn Tdom, yioti ou pueydheg OMITTINES TA.OELS EEOUOAVVOUV TLS OVOUOALES TV
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OLETTLPAVELMV ROVLAUATOG - TTALVOOU. TTQAyHaTL, Ol VYNAES OMTTTIXES TAOELS OVOYEQOLL-
VOUV TNV VITEQROOT TV TTQOEEOY MV TOV XOVIAUOTOC TMWV OTTMV %KL 0ONYOVV O TOTTLHES
aotoyieg Twv TAMVOwY, (MOYW TG VITEQRAONS TNS OLOTUNTLXNG OVTOYNS TWV VEVQWOE-
V), B¢TovVTOg éva Ave QLo OTNV AITOXQLOT) TOV UNXoviopoV. Evtoutolg, Yo To e0Qog
TWV TLUDV TNG 0, TOV EEETAOTNXAY OTNV TTOQOVOC EQYAOLOL 1) ETTLRQON TNG 0, OTNY AITO-
A1OLOT) TOV WNYOVLOWOU UIT0QEl va. BewnBel moaxtind 0tabeQn. Méow g evbelag Twv
EAOYLOTV TETQAYDVWYV TTOV TTQOCOQUOLETAL XKAAVTEQO 0T TTELQOUATIXA onuelo (BA. Z.
6), 0 oVVTELEOTNG TOLPNS OTNV UYLoTn dtoTuntixy aviiotoon Poébnue toog mepimov ue
0,3. ®aivetor OTL N UEYLOTN OVOITTVOOOUEVT OVTIOTO.O0N TOU UNYAVIOUOU EEAQTATAL 0Tt
TNV YOUNAT) OVTOYN TV VEVQMOEWVY TV TALVOWY, 0L 0Toieg ouvIQifovial oxaQLaime,
eQLOQILOVTAC TOV GUVTEAEDTN TOLPNS OTA LOLAL KOl 08 YOUNAOTEQQ ETTLITEDO e VT TNG
QOYUNG OVTOYNG VITO OLOVEL UNOEVIXT UETAXIVNON).
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Xyrjue 6: Emiooorn Tng 000 OMaTINNS TAONS 0, 0TV avTOX1 TS T,

210 2. 7 oyedldletor o AOYog Tt res/ Tir.a TNS CTTOUEVOVOOG TTQOS TNV UEYLOTN OVTOYN
TQIANG #@Oe donuiov evavtt Tng xabeta emBarrouevng OauTTinng Tdong o, Omwg @ai-
VETOL, TTOQOVOLATETOL UEYAAN OLOOTTOQA TMWV ATTOTEAECUATWY, £TOL elval dSuvaTOV va. Be-
wQNOel OTL 0 AOYOS VTG ElVOL TEAXTLXA CLVEEAQTNTOS TNG O,

‘O00V 0OQA TLG UETAXLVIOELS O, %L O OTLG OTOLES eTLTEVYON®E N UEYLOTN %aL N
QTOUEVOVOQ. OVTLOTAON TOUBNG OVTLOTOLY A, OEV NTAV OUVATOV VO, BREDEl il LXOVOTTOL-
N ovoyETLoN ue ™V T ™S OAUTTLIS TAoNg 0, Aoy TNG UEYAANG dLAOTTOQAS
TOV TLUOV TOV LETOXVoEWVY (BA. Zy. 8). TTagatnoeltal Tdviwe nio Taon pelmong g
9, Ue TV avENom g OMTTIRNG TAONG O,

H emupo1 g OATTIXNS TAONS 0TO GVOLYIO. TOV CLQUOD Lo OLALpOQa. UeYEDN LeTa-
AVNOEWV QOLVETOL 0TO ZY. 9. Palvetor 6Tl e TV ovENOT TG emPoiiouevng oQtmg
OALTTLIHNG TAONG TO GVOLYO TOU 0LQUOV UELMVETAL, EVMD OElyVeL Vo 0TaeQOTTOLELTOL OF
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OYeTIG VYMAES TLEG TG O, (Meyakitees Twv 0,30 MPa). Avto umogel vo amrodobet
0TO YEYOVOG OTL OL OYETINA VYNAES RATOROQUPES TAOELS eEQOQUAILOVY TNV EUTTAOXT
TV OLETTLPOVELIDV %KOUL UELDOVOVY TO UEYEDOC TV TTQOEEOY WV, UELDVOVTAS ETOL TO (VOLY-
WO TNG QWYUNGS YLOL TLG (OLES UETAKLVIOELS.
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OMntiki) téom o, (MPa)
Xyjua 8: Emioon) tng 000ns OMTING TAONG 0, 0TV UETAXIVION ETITEVENS TNG UEYLOTNG KOl
™G amouévovoag avriotaons Toubns 8, xat o,,, avrioToya.

Evtovtolg, Ommwe goivetal ®ot 0to Zy. 10, To dvolryuo Tov aQuov o ®de 0tdOun ue-
Taxtvnong, meQroQiletal o uio Cmvn OxeTIRE KQOV VQOVC, OVEENQTNTMWS TOV UeYE-
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Bovg g emiBoAlOueVNS OAITTIXNG TAONC, ELVOL OE OUVATOV VO TTEQLYQOPEL OTO TN Oy é-
on:
w=05.88 (1)
H dwa oxéon €xel mootabel xow amd oudpooovg eoevvntég (Vintzileou xou Tassios
1985, Walraven 1980) yiLo. TNV 0voy£TLON TNG OLOTUNTIXNG OAOONONG ®OL TOV avoiyua-
TOS (PUOLXMDV QWYIDV AOTTAOV OXVQOEUATOC, YL UETAXLVNOELS IWHQOTEQEC 1) (0ES exel-
VNG TNG ETLTEVENS TNG AvTONG TOUBIG.

O omy aropévouoo. avticTaon TP
@ oty uéyiot avriotaon TPPAg

Avotypo oppod w (mm)

®Mmticn téom oy (MPa)

Xynjua 9: EmioQon tng 000 OATTIXNS TAONG 0, 0TO AVOLYUX TOU AQUOT, VL0 UETAXIVHOELS [0ES
UE TNV UETOXLVINON ETTLTEVENS TNG UEYLOTNG KL TNG QUTOUEVOVOUS AVTLOTAONS TOLSIG.

2,0

Avotypo appod w (mm)

Mertoxkivnon 6 (mm)

Xynjuo 10: Avoryuo aouov évavti emBOAALOUEVNS UETOXIVIONS OAWV TWV SOXLULWV.
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daivetal, OTL TO AVAYAVPO TOV SLETLPAVELDV (TO 0TTOL0 %ol ®aBoQICeL TV avtioTo-
omn o€ TOUPRN), TTAUQOAO TTOV ONULOVQYELTAL TUYXALM, TOOO KOTA TNV OLAQKELD KOTAUOXEVNG
TV 00XV OG0 HATH TN OLEOXELOL ETTLPOANC TV UETOXLVNOEWV, OTTOTENEL TEAKE Eval
YOQOXTNOLOTIXO TMV VAKRMOV NG ToLyomoltac. To {0Lo parvouevo €xel eEGAOV TaQOL-
TNENOel %KoL ®OTE TNV OVATTTUEN TOU UNAVIOUOU TOUBNG O€ OLETTLPAVELES "(PUOLRMOV"
QWYUMV AOTTAOV 0%VQOOEUATOS (BA. Tassios xau Vintzileou 1987).

4. Yvumepaonato

ZVUPWVO. UE TO, TTELQOUOTIXG. OITOTEAECULATO TTOV TTO.QOVOLACTNAOAY OE QUTY TNV €Q-
yaoto elval dOvvatov va eEayBovv to axdlovbo ovuTEQHoUNT:

1. To gowvouevo g ToUPNS TAIVOOU - ROVIAUATOS TV 0QLLOVTIWV QUMY (POIVETAL
OTL ©x0H0QICETAL AITO TNV ONUAVTIXY EUTTAOXT TOV KOVIAUOTOS KoL TV 0QBOTQU-
v TAVOWV, 1 oTola 00Nyel 0TV CUENOM TS QY LXNS "ouvoyMc" VIO UndevIxng
UETAXLVNOM, EVMD UETA TNV EVAQEN TN OALOBNONG TTQOXRUAEL OEVTEQOYEVMS LA KOL-
TAOTAON TEYVNTNG "OCVVOYNS", OLOPOQOTTOLMVTOS TNV CVUWITEQLPOQCE. TWV OLETTLY-
VELDOV 08 0YEON Ue AVTES TOV OTTAOUEVOV ZRVQOOEUATOC.

2. H i g uéyLomg SLaTtuntidig taong, T000 %ot TV OTATLLY 000 KoL XOTA TNV
ALVNUATLAY) PAON, CVEGVETOL UE TNV AVENON TNG €YXAQOLAL ETTLBAAAOUEVNG OALITTL-
uUNg Taong. Eviovtolg dlommotddnxe 0Tl 0 avatTuooOuevosg oUVTEAEOTNS TOLPNG
TTEQLOQLLETAL OTTO TNV OALITTIXT OVTOYN TV VEVQMOEMV TV TALVOWV og dLevbuv-
o1 TOQAAMAN TNG emMPAAAOUEVNS UETOXIVNONG. AVTO LOYVEL LOLOLTEQO YLOL TLG
TTALVOOUG TTOV YONOLULOTTOLONHOY OTO OUYAEXQUUEVO TTELQUUATIXG TTQOYQUUILCL, OL
omoleg aTodelyTNHOV LOLOLLTEQA POOVQES. AVAUEVETOL AOLTTOV L0 PEATLOUEVN OV-
UITEQLPOQAE. TOV UNYAVLOUOV OTNV TTEQLITTMON ¥ONOLUOTOINoNg ALydteQo Yabuomv
AlvOwv. H TLum ToU avamTuooOUeEVOD CUVTEAEOTY] TOLPNG HATA TNV ETTITEVEN TNG
UEYLOTNG draTunTixig tdong Peédnxe va elvar g tdEng Tov 0,3, TOo0 ®OTd TNV
OTATLAY OC0 KOL HOTA TNV KUVNUATLXY Ao,
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ATT000YN) QLOMXWV TAQXWY A0 TIG TOMIXES
HOLVOVIES - H eviUEQWON & 1 «OVUUETOXT» TV
ToMTOV 000 GUUPAALOVY QITOQAOLOTIXG OTNV
avamTvEn Twv AITE

2Ldxog Anuntong

Ilegiinyn

O 7eQoLvog Beuds xetumvag -0 BeQuoteQog Tmv Televtaimv 100 xQOvVwV-, Ue TLg
EVIUTTWOLOXES OUVETTELEG OTY OVWITEQLYPOQCE. TNG PUOLLOV TTEQLBAALOVTOC OAAG KoL TNV
TTOMD avnovynTLKn AeLPpudQia Tov astelhel MO UeYGAES TTEQLOYES TNS YWQAS WS, AITO-
Tehel aOLGPEVOTN ATTODELEN OTL O TTAOVITNG LOG €xel nueQounvio AEEmS xoL GTL oV Ogv
avardpovue dueoa 0Qdon, o hiyo Ba eivol oA aQyd..

H Evowmatxn Evoon, ue fdon tig amopdoelg Tov Kuoto, ovvétage tn «Agunn Bi-
Bro» yua T Avavemotieg IInyég Evéoyelag, otoyxevoviag uéyxot To 2010 0To durhaola-
oud ™G OVVELOQPOQRAS TOVg 0To 12% Tov eveQyelorov ooluyiov tng E.E. (amtd 6% mov
ftav 10 1995).

AVOTUX™G, TAQA TO OTL BQLOXOUAOTE TTOAY ®OVTA 0To 2010, N %M nog Poloxetal
TTOMD LOXQLAL aTtO TOV 0QY WO TS 0TdY0. H EAAAdM mapd To mhovoro HAlaxd xat Avo-
Mnd g duvaurd Poédnxe va elvar avti yio ITomtomdog, Ovoayds otnv aELomoinon
towv AITE. AlowodoEouvue BéPara 6Tl 0 N.3468/06 Bo dmoel xivnTo YL TNV AVAITTUEN
Tov AITE.

Extoc Oumg amod tnv moAumhondtnto g NouoBeotog ®ot TNV EALEPN KIVATQMV YLA.
™V avamTuen AITE xotd v tehevtaio emttoetio, Oa oémer va ovainTooVUe KOl G-
AoU Toug Adyoug TS SVOoKOALAS OTNV avATTTVEN Twv ATTE 01N ™o uog. e ueyoho
PoOUd Ol TOTTXES KOLVIVIES OVTL VO OYHOALGOOUV TO €YYElONUA NG EYXRATAOTOONG
otabuwv AITE 0TLg TTEQLOYES TOVG, BoEONuay va elval ToAéULES Oe ndDE OYETIXY TTQO-
OoTa0ELOL.

210 TAa{oL0 TNG TTEOOTTAOELOS VAL HATAYQUAPOVUE TOVG AOYOUS TTOV XAVOVV TLS TO-
TUXES KOLVIVIES VO AVTLOQOVYV, TO KOAOXOLQL TOV 2006 TTQAYUATOTOOOUE ETTLTOTLO

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XIII, No 1, 2008, pp. 211-233
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€oevva oe TEELS vououg g EALGdoc: tv Evpora xor to AaciBu (Nopoi értov Aettove-
youv Atolxrd I1doxa) xau T Aaxmvic 6ITov JTOQA TO OTL £X0VV d00El OYeTIHES GOELES,
Ol TOTTLUY XOLVIVIOL £XEL OTTOTQEWPEL TNV EYLATAOTAON OVELOYEVVNTOLMDV.

ATt TNV €MEEEQYOOLN TOV OTTOTEAEOUATMWV TNG EQEVVAS HUTAAAPOIVOUUE OTL €AV El-
YOV TTQONYNOEL TTQOOEXTIXES YWQOTUEXES UEAETES CANG KOL VITOUOVETIXY EVNUEQWOT
TV TOTIXMV XOLVWVLMV YLO TA OPEAT] TNG XONONS TNG QLOALXNG EVEQYELOS OMAGL XL YLOL
TIG ETLITTWOELS TTOV WITOQEL VO £XOVV OL EQPAQUOYES TNG, OAOL TOL TTQOPANUATO TTOV EUPOL-
viCovror onueQa AOYm TV avTLOQAoEMV KATA NS TTOQAYWYNS evéQyelog omtd AITE Ba
elyav Eemegaotel, ue amotéheoua ot AITE vo ouuAAAOVY aItopaoloTinoTeQa oL WOvVo
OTNV ®OTEVOLVVOT TNG TEOOTACLOS TOV TTEQURAAAOVTIOC XL TNV ETTLTEVET TMWV OTOYWV TOV
K010, 0AMG #OL OTNV OVATTTVEN TNG TTEQLYPEQELAS, OTIIC KL TNV eVioyvon g EOBviung
uac Owovoutog.

Abstract

The last year’s hot winter —was the hottest of the last 100 years -, with the impressive
consequences in the behaviour of natural environment, but also the very concerning
water shortage that threatens already big regions of our country, it constitutes irrefutable
proof that our planet has date of expiry and that if we do not undertake immediately
action, in little it will be very late..

The European Union, with base the Kyoto’s decisions, drew up "White Bible" on the
Renewable Sources of Energy, aiming up to 2010 in the doubling of their contribution in
the 12% of energy balance of EU (from 6% in 1995).

Unfortunately, despite that we are very near in 2010, our country is very long by our
initial objective. Greece despite the rich Solar and Aeolian potential is now one of the last
countries of EU in the exploitation of APE. We hope that the N.3468/06 will give motives
for the development of APE.

Besides the complexity of Legislation and the lack of motives for the development of
APE at the last seven-year period, we must also search other reasons of difficulty in the
development of APE in our country.

The local societies are very unfriendly for the installation of stations APE in their regions.

The summer of 2006, we tried to record and study the reasons that make the local
societies react, we make a field research in three regions of Greece: Evia, Lasithi (Regions
where Aeolian Parks function) and Lakonia where the local society has deterred the
installation of wind generators, despite the license of installation.

From the treatment of research’s results we understand that if the government had
made careful land-planning studies, and patient briefing of local societies on the public
benefit and effects of using Aeolian energy, all the problems (from local society reaction)
would have exceeded, with result the APE contribute decisively not only in the direction



ATT000) 1 ALOAMKDV TAQXWYV QITO TIS TOTTIXES HOLVWVIES. .. 213

of environment’s protection and the achievement of objectives of Kyoto, but also in the
regional development, and the aid of the National Economy.

A€Eerg Khewdra: Iegifalrov, Atodixd I1aoxa, Amodoyn tomixav Kotvwviav, ouvogo-
uo NIMBY, Avdmtvén

‘Egevva

2ty Evpora ovyxevromOnxoy 74 eowtnuatordyio (IToAn Kagvotov 15, Kalvpia
Koaguotov 10, Kowdtnra Kagneéa 7, N.Ztuga 5, eoroyy) Kegaldg 3, ITolvmdtauog
2, 21000 5, Maudou 10, Koueld 6, Zdoaxeg 6, ITagohio. ZaQdxwyv 5

Avtiotouya 010 Nouod Aaoibiov ovyreviombnxay 50 eommnuatordyLa (Ay. Nixdha-
oc 10, Erovvta 10, Znteio 25, TToAoLO®00TEO 5).

210 Noud Aaxwvioag otnv ¢oevva éAafay ovvolrd 55 dtowa: (Mohdot 20, Moveu-
paota 10, Aved-EAAnvino 5, Nedsmtohn 15, Pewyéa 5).

1.0. BaBudg amodoyng Arolxzav [ldgrmv o€ tegLoyés Aertovoyiog

AQywnd ota Eutnuatohdyla uetondnxe o fobudg amodoyms twv Atoiwmy T16o-
UV OTNV TEQLOYN UEAETNG.

AQy®E TTOQOVGLACOVTOL TO. AITOTEAEOUATO TNG UEAETNG OTLS TTEQLOYES OTTOV AELTOVQ-
YOOV ALOALXG TTAOHA ®OL 0T OUVEXELOL OTLS TTEQLOYES OTTOV OEV AELTOVQYOVV arOUL:

-
B EAAAAA

= EmEYBOIA
OKPHTH

& ~ N ' &
, Q)“)’\\ Q{a\\*- 10'(,69 A'QQ\*— \\(Q\
& & K (&
< N
<

Sytjua 1. Aodoyn Atolxwv IIdoxwv

Ontwg PAETOVUE OVAUETO OTLS OVO TTEQLOYES TTOV eEETATOVUE VITAQYEL TTOM) LEYAAN
ALpod 0To BaBUd aTodoyns Twv Atohxmv Idoxwy, dev elval Tuyaio T otnv Kon-
™ dev ouvVavTAuEe xapio aQvnTixy amoyn oe avtibeon ue v Evpolo 6mov oL aQvnti-
%€C 1O TTOMD 0QVNTIXES aTtdeL EemeQvouy 10 32%.
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Tovg AOYOUC YLOL TNV 0TAON QUTY TOV XATOXMY TOV VO TEQLOYMV TOUS AVAUAVIOVUE
TTLO KAV KOL OEV ELVOL OVONOAO VO TOVS KOTOVONCOUUE.

1.6. BaBuog amodoyng tng meotacng yio eyzatdotaon Awoixov [agxov o€
TEQLOYN U1 AELTOVQYiNG

~TMOAY ©ETIKH
MOAY APNHTIKH “ % mMOAY GOETIKH
18% | OETIKH
= (3% mOETIKH
APNHTIKH OOYAETEPH
18% OAPNHTIKH
OYAETEPH
47% mMOAY APNHTIKH

Sytjua 2. ATodoy1} TNG TQOOTTIXNG EYXATAOTAONS ALoALxov ITdoxov

H tomuxn xowvovia eival oty TAELOVOTNTA TNG OVOETEQY ATTEVAVTL OTNV LOEN EYXRAL-
TAOTOONG QLOALXOV TTAQXOV OTNV TeQLoyN]. Katayodgetal Oumg éva ueydho 0000t
(36,4%) OV ONADOVEL AQVNTLKO OITEVOVTL OE U0 TETOLO, TTQOOTTTLAY]. ELdtnd 0TLS TTEQLO-
Y€ OOV aiveTOoL OTL TO ALoMK®S TTA.O®0o Ba elval TOAM) ©OVTIE Ol AVTLOQAOELS HATO-
YOAQOVTOL WG TTOAD aQVNTIXES 0€ BaBUd 100%. ZTic VITOAOLTTEG OUMS TTEQLOYES OL DETL-
%EC HOL OL 0LQVNTIXES ATTOPELS POLVETOL OTL ELVAL LOLQAOUEVEC,

1.y. 'Egevva yia 10 2atd 1660 £)eL evijueQwOel 1) TomIx1] X0LVOVid.

50,0
40,0
. 30,0 mEYBOIA
& 20,0 'mKPHTH
<
0,0 -
O\oi Anut';ll:::']) Rpxrﬁ Zxedov kaweig | Agv MNuwpidw
mEYBOIA 2,7 24,3 257 47,3
mKPHTH 16 38 0 46

Sytjua 3. ITowou eiyav evnueowOel worv v eyxatdotaon twv A/T

Bhémovue 6tL oty EVPora oxeddv 10 26% TV #ATOIXMWV INAMVEL OTL XOVE(G deV &l-
%€ EVNUEQWOEL TTQLY TNV EYXATAOTOON TV TTAQXMY, EVA TNV K1Tn ®avelic dev nog £0m-
0€ QVTLOTOLYT aTdvTNoT, OlVOVTAS LOg Uia oxoun eENYNoTM TG cQVNTLXNS 0TAONG TV
TTOALTOV otV Evfola.
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1.6. ‘EQeuva Y10 T0 20 Td TOGO £)YEL EVIIUEQMOEL 1) TOTLXI] XOLVOVI( OE TEQLOYES
OV dEV £YEL EYRATAOTAOEL KOO CLLOMXO TAQXO.

2%
° 22%

@OAOI
EAHMOTIKH APXH
OZXEAON KANEIZ
OAEN INQPIZQ

9%
67%

Iytjua 4. I[Towol Exovv evnuemOel yia TNV TEOTAON EYRATAOTAONG
ALOAXWDV TTAQKWY OTNV TTEQLOYH,.

H peydin thetovdtng Tov ®Oouov (67%) ONAmVEL GyvoLd, EVED 0UTOL TTOV ONADVOUV
HOTNYOONUOTIXA OTL HAVELS OEV el evneQWBEL elval 0opmg TTEQLOOOTEQOL (9%) QUTMDV
TOV MAMVOLUV OTL OMOL elval evnueQwuévol (2%).

Eival moogavég 0TL TO UeYAho TTO000TO TTOV ONAMVEL OTL OEV £XEL eVvUueQBEL, dlvel
ULOL EETYNOM YLOL TNV 0QVNTIXY OTAOT TNG TOTTLXNS HOLVWVIAC.

1.e. 'Egeuva Tov 20Td TOG0 YVOQLLEY 0L XATOLXOL TL GIUAIVEL ALOAMXO TAQ®O0
%O ALOMXT] EVEQYELX QLY TNV EYRATACTUGT] TOV AVEUOYEVVITOLOV TNV
TEQLOYN.

@ Aev yvwpia
Tirota 56,5

W Eixa akouoel
KATTOIO TTPAYMATA
aTtro TpiToug
37,1%

OEyaga o€ BiBAia
& ato Internet 4%

OZAmoa Tn yvwpn
e1vIkwv 0,8%

Synjua 5. I'vwoilate i onuaivel Atoduxo TIaexo xat AtoAxn evéoyela
TTOLV TNV EYRATAOTOON AVEUOYEVVNTOLOV OTNV TTEQLOXT

Zxe00V T0 57% TOU ROOUOV ONAMVEL OTL OEV NEEQE TLTTOTA YLOL TNV CLLOALXY EVEQYELQL
AOL TO ALOMKA TTAQUA. TTQLV TNV EYRATAOTO.0N TOVUG OTNV TTEQLOYY]. O NTOV AVOUEVO-
UEVO TO TTOOOOTO QUTMV TOV ONAMVOUV JTTANQN GLyVOLAL JTQLV TNV EYXATAOTAON VAL TTO-
M peyohutego otnv Evpola (62,2%) évavtt 48% otnv Kontn.
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1.C. Mg dtopogpaveTal 1 yvoul Tov xoc6uov yia to. Atohxzd Iagxa riyovg
UIIVES NETA TNV LELTOVQYLN TOVG.

Me1d v évaoén Asitouoviac B BEATIQOHKE
nv évapén pyiag oMY

16% W BEATIQOHKE

0%
o,
0% 21% OAEN AMAZE

7% OXEIPOTEPEYE
B XEIPOTEPEYE
rIoOAY

O AEN EXQ ATIOWYH
56%

ynjua 6: ALoUoQ@mon xOLViG yvauns yuo ta Atodxd ITaoxa Alyovs uijves
UETA TNV A€LTOVQY(C TOVG

H eodtnon avty €yLve yua vo. WTOQECOVUE VO, CUYHQIVOVUE TC OITOTEAEOUOTA TNG
€0eVVAC e aVTA avTioTOoLYNG €0EVVAS OTN AV OTTOV QPALVOTOV 1 XOLVY YVOUN VA, Yi-
VETOL TTLO BeTHN UETE TNV £VOQEN TNS AELTOVQYIOS TOV TTAOROV eV €lye emLdeLvwOel 0TO
0TAOLO TNG EYRATAOTAONG.

EJw eueic PAémovpe 6Tl TOAYUaTL TO 21% TV eQTNOEVTIWV SNAWVOUV OTL 1] GItoym)
TOVG PeATINONXE, OUWS TO 12% OVTWOV TOV ATTAVINOAV 0QVNTLXE OTNV JTQONYOVUUEVT
eQwtNOoN eEaxolovbel vo amavtdel aQvntixd. I'a dAln wio oQd To OVVOAO TWV 0QVN-
TOV B¢oemv mEOEQYeTOL 0ITtd TV EvpoLa.

1.07. Katoyoogn yio To €0V vTHEYOY XIVIJTOTOLGELS GTIV TEQLOYA].

Me TN 0€LQd TNG AL OVTH 1] EQWTNOT WAS ETTLREROLDVEL TOL CUUITEQUOUATO TTOV £XOV-
ue NOM Pydher xoBmg oty Koty dev vimeEav xabolov avtidedoels evm 1o 30% twv
HOTOLXWV ONAOVEL OTL M XOLVY| YvOUn NTov Betinn ammévavit ota Atohnd I1aoxra, oTov
ovtimoda 10 31% TV rotoixwv g Evfolag wog wWinoe yuo €VTOVeS ®LVNTOTTOLNOELG.

1. Egevva yio v 4oy Tijg 20Lviig YVOIIG YL T1jV TOQELX TOV TOVQLGUOV
neTa Ty eyxatdotacn tov A/T.

Ou A/T dgev €x0oVV eWpovi ETTLOQOOM OTOV TOVQLOUO TTO.QG TO OTL OO TO UEQT TTOV ETTL-
ore@Onrape NToV TOQUOOAGOOLN KL LOLOLTEQO TOVQLOTIXA. MElWON TOV TOUQLOUOV KO-
TAYQAPETOL WOVO OTOVS ZAQOKES OTTOV TA. TTQOPAUOATO AVAPEQOMUAY KOl TTQOTYOUUE-
VIS UE OTTOXOQUPMON TLS CVEUOYEVVITOLEG TOOO KOVTA OTNV TTO.QUALO.
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1.11. ‘Egevva yua tTnv amoyn Tijg ®x0oLvijg yvoung yio Ty aEia Tng yng Netd v
gyrataoctaon tov A/T.

s
28 @ EYBOA
20 W KPHTH
0
w w
w e}

§l<: = ]§<: = N

(0] w ® g

FoS% ¢ st

b < O £

< =

Sytjua 7: Aroyn Tng xouvig yvauns yia v aSia tns yns UETA TNV EYXATAOTAON
0V AtoAxov ITdoxov

‘Ontwg elvol OVOUEVOUEVO €Va TTO000TO TTAVW 0TTO T0 20% TWV TOALTMWV OEV OG
AITAVTE 08 AUTHY TNV EQMTNON KABMS OTTWG eldaUE OTNV 0.OYN TO 35% TV EQWTNOEVIWY
OV UEVOUV UOVLLDL OTNV TTEQLOYY %Al £TOL ELVOL AOYLHO VO UV YVmILouv.

Toe GAVAN o od. xavévag Oev WA YLow petwon tng oElag tng yng oty Kontn evad
omv Evpota 1o tocootd autd eivar 17,6%. Elvar aEwoonueimto étL oty Evpola vmdo-
YEL X0l £V 4% TTOV WA YLoL aVENOM NS aEl0S TNS YNG. AVTO TO TTOCOO0TO TTQOPAVOG (V-
(PEQETOL OTY YN M OTTOL0L EXULOODVETAL AITO TOVG ETTEVOUTES YLOL TNV EYRATAOTOON TV A/T.

AV %0l 1 OUVTQLITTIXY TTAELOYN @i artavTd OTL 1 a&lo Tng yng Oev dALaEe, oTovg Zd-
QUXES KO OTO ZTVQA TO JTTOCOOTO CUTMV JTOV OTTOVTOVV OTL M &l TN YNG TOVG UELM-
Onxe elval doa TOAD peydro.

1.60.'Egevva Yo TNV Aoy Tijg TOTIXNG ®OLVOViag Yo T £€0000. Tov B0 TEo-
X0YPOVV UETA T1) AELTOVQYLN TOV (LLOAMXOV TAQXOV.

80
60 EAAAAA %
40 mEYBOA %

” h H Sl
0

apvnTiKA BeTkA dmoyn A.Z-AA.

mEANAAA % 18 27 56
mEYBOA % 20 16 54
O KPHTH % 0 42 58

ytjua 8: AToyn TNG ®OLVIG YVAOUNS YL TA £0000 TOU OOV
UETA TNV AeLToVQYia TOV ALOALXOV T1GQ%0V
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H aovntixn otdon ueyding pegidog tov xoouov otnv EVpola emipefaldveTal ®aL og
VTS TO EQWTNUOTOAOYLO, OTTOV TO 26% Bewel Ta £600a TOV ANUOV UNOAULVE UTTQOOTA
ot InuLd Tov TOTOV.

‘Omg NTaV OVOUEVOUEVO, 1 LEYAAN TTAELOVOTNTO. TV RATOIXMV KoL OTLS OVO TTEQLO-
¥€c amavtd OtL Ba Oele TEQLOCOTEQU £000CL YL TNV TOTTLXT KOLVIVICL

Emiong xal o authv Ty eQdTnom eivat gugovig 1 DrtaoEn S0 SLOPOQETIXMV OUAOWY
«oVupeQdVTWY» otnv Evpola, 6mmov evid to 25,7% yaoxrtnQllouv ta €0000. UnOauLve
WTQOOoTA 0TN TNULA TOV TOTTOV, TO 15% ToL Y0QOXTNOICOVY ONUAVTIXG LOYAD OLVEITTUENC.

1.1. AELoAdYN0M TG XOLVIG YVOUNG YLO TV ETLOOTIOT] TG KLOALXNG EVEQYELUS

80

60 EEAANALA %
40 BEYBOIA %
20 OKPHTH %
0 z
dd‘()r\:thLKnn BeTikA dmoyn  A.=.-AA.

mEAANADA % 18 27 56

BEYBOIA % 20 16 54

OKPHTH % 0 42 58

Sytjua 9: ALoUoQ@mWan TG XOLVIHG yvoung yid v emtdoTnon g Atoixng EVEQYeLog

Elval y0QoxrmoLotixd Ot 1 UeYdAN TAELOVOTNTO OTTOMEVYEL VO LOG OTTOVTNOEL O
QUTN TNV EQWTNOM.

OVUTE %L 08 CUTH TNV EQWTNON EUPOVICOVTOL 0QVNTIXES OTavToElS oty Konm, evd
oty Evfota éva 30% tov ®otolinmv SLoTtnel aovntiky otdon. Ao oUTES TIG OTTOVINOELS
WTOQOVUE VO FYGAOVUE TO CVIITEQUOUA. OTL O «OLXOVOXOS TTOQAYOVTOC» Elvall ®aBoQLOTL-
%O 0T OLOUOQPMON 1 TN SLOTHONON TOV AQVNTIXOV KALUATOS, XABMS VTOL TTOV EVOVTLMD-
VOVTOL OTOL ALOAXA TTAQXA, BEWQEOVV OTL RATTOLOL WPEAOVVTOL O FAQOS TOVS OTTO QUTAL.

1.2 'Egevva Yo Tnpv dmoyn Tng #20Lviig yvouns yio. 1o tog 0o aviipetomiotav
1] CLOALXT] EVEQYELL EAV VTNQYE XALVTEQT EVIIUEQMOT).

O OETIKOTEPA
W APNHTIKOTEPA

. OAEN ©A AMAZE
50% STASH

8% OAEN =EPCYAEN
AlMANTQ

Sytjua 10: Atoym TG xOLViG yvaoung yia To. AtoAwxd ITdoxa av vinioye xOAUTEQN EVIUEQWON
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Ed PAéTovue OTL TO GUVOLO OYEDOV OUTMV TTOV AVTLUETMITILOVV BETINA TNV OLOAL-
UM EVEQYELOL KO TOL ALOMKGL TTAQAXA, TTLOTEVEL OTL AV VITNQYE HOAVTEQN EVNUEQWON), O KO-
OUOC B0 AVTLUETMITLEE TNV OLOALKY EVEQYELOL BETIXOTEQO KL KOEWMVOUV TLG AVTLOQUOELS
0€ ROUN TANQOPOQNOM.

1.). 'Egevva yia To o 6o )tay 1) Groyn) Thg Xovig Yyvous £4.v vIneye 1 ov-
VOTOTNTA VO £X0UV %0l OL id10L AUEGO OLxOVOMLXO O(pELOG (.. sVpnETOY
TNV EMLEIQNON)

19% 0% 26% @ ApwnTikOTEPQ
m OudéTepa
0O OeTikéTEPQ
55%, OA=-AA

Sytjua 11. AToym TG *OLVIHG YVOUNG €AV UTHOYE TTQOTWITIXO OLXOVOULXO OPELOS

Eival medynott evivmmolaxd 0Tl 0xedov 10 60% TV eQMTOUEVWV ATTEVINOE OTL 1
EYHUTAOTAOY OLOAXMV TTAQXWY B0 aVTIUETOIILOTAY BeTInOTEQO €AV OL TTOALTES ElyaV
™ OUVOTOTNTO OVUUETOYNS OTNV emyetonom. Emiong xovelg 0ev ammovid aQvntixd oe
€val TETOLO eVOEYOUEVO.

1.u. ‘EQeuva Yy T0 %0T TOGO TLOTEVEL 1] XOLVY] YVOUN 0TL UTOQEL VoL GVUPaA-
AEL 1] ALLOMXY] EVEQYELX OTIV CVTLUETOTLON TOV TOOPANUATOV TS WOALY-
o1 TOV TEQLHALLOVTOG XL TG EVEQYELUXG EEAQTNONG TG Y MOUS NOG CLTTO
TO ELOOYOUEV XAVGLILAL.

80
70
60
50
40
30
20

10 | |
0 ‘———_
MAPA TIOAY MOAY OY AETEPH AIO KAGOAQY

@ EAGBa %
W EuBoia %
O Kprim %

%

Sytjua 12: TI600 TLOTEVEL ) XOLVI YVAOUN OTL UWTOQEL V& OVUPBAALEL 1) QLOALXT] EVEQYELDL
OtV QVTLUETWITLON TV ONUEQLVDV TTQOPANUATWV
(MoAvvon Tov TeQUBALALOVTOS, eVEQYELaxT) e5GQTNON TNG XWQOAS UAS).

BAémovue 0TL 0 PaBUOC ATOdOYNG TWV OLOMAMV TAQHMWY Ot UEYAAO BabUd avTL-
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oTOLYElL Ue TO PabUd OV TTLOTEVEL O KOOUOS OTL 1) CLOALXT EVEQYELO UTTOQEL VAL OVUPAAEL
OTNV OVTLUETMITLON TV TQOPIMUATOV aTtd TN WOAUVON TOU TEQLREALOVTOS %Al TNV
€EGOTNOM OTTO TO ELOAYOUEVOL HOVOLUOL.

v Konm 10 86% twv eomtnBévimv amavtd otL 1 Altohnn Evégyela wtoQel va
oVUPAEAEL TTOMD 1) TTEQA TTOAY OTNV OVTLUETMITLOT CUTMV TWV TTQOPANUAT®Y, EVHD TO OVTi-
oToLY0 0000t 0TV EvPola eival AydteQo amod 50%.

1L.v. ovoyn g ®owviig yvouns yio tTnv Aworxn Evégyeia

10% 9% 70 B Apvnrikn
7% 9 KGBeTa
B Octikn

ammoAuTa

O O¢rikn e
lMpodmof
67% éoeig
ONIMBY

Sytjua 13: Aoym NG *xOLVIG YVOUNG Yid Ta aLoAxd mdoxa otnv Evfota

%,

| 0%

0/, 18% EAPWTIKA KABeTa
W OcTiIKA aTTéAuTa
O ©eTiknA Ye MpoUtToBéaeig
oNIBY
76% EA=-AA

Sytjua 14. ATOYN TNG KOLVIG YVOUNGS Yia TO 0LoALXd Tdoxa otnv Kontn

H €euva amodeLrvieL OTL 1) CUVIQUTTLXY TTAELOVOTNTO TOU XOOUOV ELVaL OETUIXY aITé-
VOVTL OTNV OLOALXTY EVEQYELD EGV OXOMOVDOVVTOL TTQOOEXTIXA OL TTEQLRAALOVTLHOL GQOL
OL OEV YIVETOL M EYLATAOTAON TOV OLOAXMV TTAQRMWV dlyxmg va steonyndel evnuéQmwaon
NG TOTILANG KOLVOVIOG.

‘Otov oL TOMTES EVNUEQWVOVTOL, VLOBETOUV aTtd dVOL TOVg TN AVOM TG OLOAMKNG
EVEQYELAC, MG AION OTTEVAVTL OTNV EVEQYELOXY] EEGQTNON TNG XMWQOS UAS OTTO TO. ELOOYO-
UEVOL ®OOLUA KOl TN WOAUVOT) TOV TTEQURAAAOVTOC. ZTNV avTifeTn meQimTmon avti yua
VITOOTNQUATEG YIVOVTOL TTOAEULOL TV OLOALXMV TTAQUWY KBNS aLoBdvovToL OTL XATTOL-
oL £QyovTaL Vo ONoavpioovy og A0S TV TTEQLOVOLMYV, TNG VYELNS KOl TN NOEWAS TOVC.

To VPN TOCOOTO AQVNTIXMV ATTOYPEMV YLOL TNV ALOAKY evéQyeLo. otV Evpola xa-
TAYQAPETOL HOL O CUTO TO EQMTNUATOAGYLO. ATTO TO 27% OUVOMKRA TTOV TOTTODETELTAL
HOTA TOV ALOMROV TAQRWV TO 15% dev Bemel OTL N ALOALXY EVEQYELOL WITOQEL VOl Elvall
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QELOTTLOTY EVOAAOKTINY LOQEN EVEQYELUC, VM TO 12% Oev QVELTOL TA OPELN TTOV €XEL
Vo, OMOEL N ALOMKY EVEQYELDL OAAG OVTLOQA ATV TA. ALOMKA TTAQHO £QYOVTAL VO. TOTTO-
BetnBovv otnv TegLoyn Tov (avtidaomn yvmwot) mg «NIMBY» (not in my back yard).

1.E. Ztatiotixn Avaiven tov aroteheopatov oe N. Evpora xar A. Koty

50

40

30

Count

[ ]
[z ]
(2]
ENHMERVSH TOPIKHS KO
| I I
[ oxi

DETIKH OYDETERO

APODOXH AIOLIKVN PARKVN

ARNHTIKH

Synjua 15: SvoxeTiouos AToooxns Atoitxov ITdoxov xat evUEQWOnNS TG
Tomuxris Kowwviag wowv v eyxatdotoon twv A/T.

X2 Df

P — value

45,965 2

0,000

BAémovue OtL TQAYUATL OVOYETICETAL 1) Aatoym TTov VIoOETEL 1) TOTTLKY HOLVDVIOL U
10 oS oL Bemeel OTL £yl evnUEQWOEL TTOLV TNV £VAQEN T™V £QYwV. Kavévag amo ov-
TOVG TTOV ONAMVOUV OTL €ly0v evnueQmOel oL (OLOL M OL ONUOTIXES 0QYES OEV EXPQALEL

aQVNTIXY daroym.

100
90
80
70
60
50
40
30
20

Count

DETIKH OYDETERO
APODOXH AIOLIKVN PARKVN

ARNHTIKH

EBISTOSINH STHN AIOL
I oxi

[ oYDETEROI

I NAl

Synjua 16: SV0YETLOUOS ATOOOYNS TOU AULOAXOV TTAQXOV UE TO TOOO TLOTEVOVY (EUTTLOTEVOVTL)
Ol EQMTWUEVOL OTNV OULOALXT] EVEQYELDL XA TLG OUVATOTNTES TNG VA TTQOTQEQEL AVOELG.
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X2 P-Value
102,527 0,000

‘Omwg MTAV VAUEVOUEVO VITAQYEL OVOYETLOUOS UETOED TOV FabUoV arodoyng Twv
OLOAAMV TTAQUMV KOL TOV KATE TTOCO TLOTEVOUV OL EQMTMUEVOL OTL 1) OLLOALXY| EVEQYELOL
WITOQEL VO ITOTEAETEL OLELOTTLOTY EVOMAAKTIXY AVON OTO ONUEQLVE. TTQOPANUATA TNS O~
AUvoNg ToU TTEQRAMAOVTOS KAl TNG EVEQYELOXNG EEALOTNONG TNG YWQAS QIO TA. ELOAYO-
UEVA KOVOLUAL.

‘Ohot Go0L eV TTLOTEVOUV OTL 1) OLOALKY| EVEQYELDL UTTOQEL VO OITTOTEAECEL EVOAAOKTL-
M AOom 070 onueQLva TRoPAMnaTa (29 %), OTwg elvol avouevOUEVO, TOTOBETOVVTOL
EVAVTLO 0TN AELTOVQYLO TV QLOAXMV TTAQRMV. Y TTAQYEL eTTiONG KoL €va 4% TTOV TOTO-
OeTOVVTAL HATE TOV OLOMAW®VY TAQKWY, TTOQA TO OTL TTLOTEVOVV OTNV OLOALXY EVEQYELQL,
TTQOPAVOG OLVTOL XOTATAOCOVINL OTNV «xaTNyoQia NIMBY »

[
22
DETIKH
z
g
< OYDETERO
z [« ]
a HLIKIA
<
T ARNHTIKH [ —
g s ]  m— EEEY
% | [ Jss=
o 10 20 30

Count

Sytjua 17: S0y ETLON TS ATTOO0XNS TWV QLOALXWV TTAQKWY UE TNV NALKIC TWV EQWTWUEVDV.

X2 P-Value
34,542 0,000

MitoQoUue Vo, TOVUE OTL VITAQYEL OVOYXETLON UETOED NG NMALLIOG TV EQUTMUEVDV
1Ol TOV PaBuov arodoyng Tov aLtolxov mdoxov. Olol oxeddv ot véol (<35) Tomobe-
TOUVTOL OETING ATTEVAVTL 0TV OLOAAKT] EVEQYELDL. AEV WITOQOVUE OIS VO TTOVUE OTL YLO.
TG UEYOMUTEQES MALXIES UTTOQEL VO BYEL ®AITTOLO aOo@OLEC ovutéQaoua. Eival moogpavég
OTL O VITOAOYLOUOS TV eQuTNUaToloYiwv Tng Kontng woli we avtd tng Evporag dev
WITOQEL VO Loig FondNoeL va FYGAoVUE TTOAD 0OQUAY OVUTEQAOUATO KAOMG EXEL OEV KA~
TOYQAPETOL KOO ALQVNTLAT) ATTOYN OVEEGQTNTA atO NALxial 1 PaBud evnuéomong.
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Amoteréopnata €QEVVOS 0T Aoxmvia

2.0.. 'Egevva Tov #0Td TOGO0 YV®MEILOUY 0L XATOLXOL TL GNUALVEL ALLOAMXO TAQ%O
O CLLOAMXT] EVEQYELCL.

0%

7% 7% mOX

mEXQ AKOYZEI AIO TPITOYZ
OEXQ WA=EI XTO INTERNET

OEXQ ZHTHZEI TH TNQMH
EIAIKQN

W ENIZKE®THKA AAAH
NEPIOXH

29%

57%

Sytjua 17: TvaQICeTe TL ONUALVEL ALOALXO TTAQXO XL QLOALXY EVEQYELQ;

H égevvd nag delyver 6t M ToTnn ®owvmvio dev €xel evnUeQWOEL YLl TNV CLOALXY|
evéQyela xal éva oM UeYdAo mooooTd (29%) dnhmvel TANON GyvoLo.

Ao ™V €0guva. QalveTOL TLONG OTL M TOTIXN XOLVWVio elvol TOAY eVdAmTN o€
OTTOLOVONTTOTE OEAEL VAL HOAALEQYNOEL WOl GUYHEXQLUEVT) GITOWYN %OL VO, ETTNQEGCEL TOVG
stohiteg, xabmS 10 56% ONADHVOLV GTL M EVIUEQWON TOVS TTQOEQYETOL OITTOXAELOTLAE. 0T
TOlTa ATOWA, OYL XOT™ AVAYAN ETLOTHUOVES. AROUN UWOALS TO 14% €xel witel ot SLadL-
10000 VO PAEEL 0TO OLODIXTVO 1) VO emLoxepOel GALO TTdOnO.

2.8. ATAvTNG1) 6TO £QOTNUA OV VTNEEAY XLVIITOTOLGELS OTV TEQLOYN

MOVO 0TI TTEQLOYES TTOV €YLVE OCULNTNOT VO. EYRATAOTAOOUV 0LOMXE TTAO® XOVTE
0TOVS OWLOUOVS VITNQEOLY HLVNTOTTOLNOELS. ZTLS VITOAOLITES TTEQLOYES OL KLVNTOTTOLOELS
elTe NTAV TTEQLOQLOUEVES ELTE OL RATOLXOL OEV YVWQICOUV TL aXQLPOC €xeL YIVEL.
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2.y Egevva yio Ty Amoyn Thg ®0Lvijg YVOUIS YLK TV TOQELN TOV TOVQLGUOV
ueTa Ty eyxatdotacn tov A/T.

| R

MONEMBAZIA % AIPA-EAAHNIKO % NEAMOAH % PEIXEA % MOAAOI %

%

mOA AYZHOEI 0
mAEN OA AANAZEL 10 0 0 0 30
O ©A MEIQOEI 20 80 20 100 10
OAEN INQPIZO/AEN AMANTQ 70 20 80 0 60

Sytjua 18: AToyn yLo TOV TOVQLOUO UETA TNV EYHATAOTOON TOV AULOALXOV TTAQKOU.

H tomnn rowvmvia elvol éviova avnovym Yo To LWEALOV TOU TOUQLOUOU UETE TNV
EYLATAOTAON TOV OLLOALXOV TTAQHOV. € TTO000TO TTAvVW 0Ttd 30% qofouvtal OTL M dLo-
TAQOYN TTOV Bal (PEQEL OTNV TTEQLOYT M EYXATAOTOOT TOU GLOAKOV TTAQXOV B0 UELMOEL
OQUUATIXA TOV TOVQLOUO, EVMD 0YeOOV OL WOOL OEV WITOQOVV Va. TTEOPAEYOVV TL Bal Yivel
%ol aoBavovrol avoopaleic ue v W g eyratdotaons Twv A/, Ydoyel exiong
€VO LWKQO TTOOOOTO TTOV ELVAL TTLO ALLOLOSOEOD KOl TTLOTEVEL OTL 1 EYROTAOTOON CLLOALXMV
AWV 0TNV TTeQLOYN Bl TQOOEAXVOEL TOVQLOUS OE OVTA.

2.0. 'Egeuva yuo Tipv dmwoyn Tg ®owviig Yvoung Yo Ty a&ia g yns netd tmy
gyrataotoon tov A/T.

AVTIOTOLYO e TNV EQEVVA YLOL TNV TTOQELC. TOV TOVQLOUOV UETE TNV £YRATAOTOON TOV
OLOALXOV TTAQROV, M €QEVVAL delyVEL OTL I AVNOVY L0 TNG TOTILKNG HOLVOVINS YL TNV 0E(l0
NG YNG UETA TNV EYROTAOTOON TOV AOAKOV TTAQXOV elvar TOAD ueydin. Kabwg 1o 30%
TV eQWTNOEVIWOV TTLoTeVEL OTL M aEla ™S YNg Bo pewwBel PeTd TNV eyraTdoTOO0N TOV
A/T. Emiong oyeddv 10 60% TV eQTNOEVIOV ATOQEVYEL VO KAVEL OTTOLOONTTOTE EXTL-

unom.
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2.&. 'EQeuva Yoo TV Amoyn Tig TOTLXG XOLVOVIKg Yo To £6000 Tov B Too-
2OYPOUV UETA T1] AELTOVQYLN TOV CLLOALXOV TAQXOV.

Lﬂmﬂl  Hm

MONEMBAZIA %  AIPA-EAAHNIKO % NEATIOAH % PEIXEA % MOAAOI %
MHAAMINA 30 80 13 100 10
W KAANA 0 0 0 0 0
O ZHMANTIKA 0 0 20 0 50

Sytjua 19: H doyn g xouvig yvauns yo ta é000a wov Oa éxel o TOmTos amo tn
AeLTovQyia Tov aLoAtxov Tdoxov.

Me dedouévo OTL —OTTMC E(OUE TTQONYOUUEVMIC-, 1) TOTTLXY HOLVWVICL OEV ELVOL EVNUE-
QWUEVT YLOL TNV TTQOOTTTLXY EYHATAOTAONG GLLOAKOV TTAQXOV OTNV TTEQLOYN, ELVAL OLVOLLE-
VOUEVO M TTAELOYNPLOL VO UNV EXPQALCEL GITOYM VLA TO AvoUeEVOUEVD. £€000a. BAEmovue Bé-
Bowo 6Tl To 30% TEQLTOV TTOV €lvol €7 0lOYNS TOTODETNUEVO EVAVTLOL OTOL OWOALXE. TTAQ-
%0, ebvoL aQVNTIXO 0¢ OAeg 0%edOV TG eQwTNoeL. EToL %L €0 TO TO000TO QT YOQO-
©TNOLLEL TOL £€0000 «UNOAULVE UTTQOOTA 0TN INULA TTov Bl VITOOTEL O TOTOC.

EungaviCetor ertiong éva onuovtind tocootd (0%ed0V 25%), mov BAETEL Ta. £0000 G
ONUOVTIXO €0000 %Ol ETTEVOVON YLO. TOV TOTTO KOL (UOLXA OVTO TO TTOCOOTO OUUITTEQL-
MOUBEVEL TOVS TTLO (PAVATIXOVS VITOOTNQLATES TNG OLLOALXNG EVEQYELOG.

2.07.. AELOAOYN61] TG XOLVIG YVOIIG YLOL TV ETLOOTICT TIS CLOAXIG EVEQYELXS

MoAU apvnTikA
31%

AT-AA

0,
S4% Emévduon yia 1o

HéEANOV pag
15%

Sytjua 20: Aoyn TV TOATOV YL TNV ETLOOTNON TWV AOMKDV TAQXWV.

H ovvrouttixy mietoymepia twv eommBévimv (54,5%) dev amtovtd 0e oUTH TNV QM-
™on ©aBmg ONAveL dyvola. ITaQodia avtd To T0o00To TOV 30% TTOV TOTODETEITAL KO-
TA TV OLOALXMV TTAQXMYV VLODETEL ROl 08 CUTN TNV EQWTNON TTOAY CLQVNTLXY) OTAOM, ON-
ADVOVTAC OTL «1 €LOOTNOT B0 RATUANEEL O€ TOETTES NUETEQWV» £(TE OTL «OTOV 1 ETTLOO-
™NOM OTAUATHOEL B0 OTAUATHOOVV KOL TO ALOAKA TTALQH».
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2.2. 'Egevva yio. TV Aoy Tijg X0Lvijg Yyvoung Yo To tog 0o avipetomiotoy
1] CLOAXT] EVEQYELN EAV VITNQYE XAAVTEQT EVIUEQMOT).

OETKOTEPA
24%

APNHTKOTEPA
4 0%

| AEN ©OA AANAZE ITAZH
) 9%
AZ-AA
67%

Iytjua 21: Tlws Oo aviiuetamile 0 xO0UO0S TA ALOAXA TTAQKA AV UTTHOXE KOAAVTEQN EVIUEQWOT).

Evtimmon TooraAoVV To ATOTEAECUATA OUTHG TNG £0EVVAS, HOOMS novelg dev VITO-
oTNEICEL OTL €6V 1 EVNUEQMON NTOV HAAVTEQN, M ATTOYT TOV HOOUOV YLOL TAL OLLOALXAL TTAQ-
%0, Ba yrvoTay xeweoteen. Evd mooootd ueyoliteQo tov 67% Oev €xel daroym, vidoyel
EVaL OYETING UEYANO TTOO00TO 24% TTOV OTTAVIA OTL €AV VITNOYE KOAVTEQN EVIUEQWON T
®oLv1] yvoun Ba aviipetomile OetindTteQo TNV oLoixn evéQyela. Elval woopaveg &L 1o
67% 1ov OV JTaiQVvel BE0om 0e AUTH TNV £QWTNOT ATTOOELLVIEL OTL OTNV TTEQLOYY| OEV EXEL
toonynBel cwOoTN evNUEQWON.

2.1. 'Egevva yio To o 0o Tav 1) Aroyn Thg X0vijg YVoug 4y vTioyE 1) ov-
VOTOTITA VO £YOUV #OL OL LOLOL AUEGO OLXOVOULXO OQELOG (TT.). GUUUETOYN
oTI|V ETLYEIQNOTN)

14% 6% @ ApwTIKOTEPA
30% m Oudttepa
0 OeTIKOTEPA
50% OA= -AA

Sytjua 22. AToyYn TS *OLVHG YVOUNG EAV UTHOXE TTOQOOWITIXO OLXOVOULXO OPELOG

Elval modynott eVIummoloxd 0Tl —OTms Kol 0TV TTEQITTTMON TV TTEQLOYMDV TOV
NON AeLttovyouv ALolxrd I1aQxra -, oxedOV T0 50% TV EQWTOUEVOV ATTAVTINOE OTL 1
EYNATAOTAON QLOAXMV TTAQXWVY B0 AVTLUETWILOTOY OeTindTEQM €6V OL TTOAITES Elyav
™ OUVATOTNTO CVUUETOYNG OTNV emLyetonon. Exiong, 10 6% mov amovitd aQvnTind o€
€VOL TETOLO EVOEYOUEVO ELVOL TTOA) UIHQOTEQO ATTO TO 25% TTOV €lvOL EVIEAMS 0LQVNTLRG
0TO EVOEYOUEVO EYHATAOTOONS OLOAXOV TTAQXROV OTNV TTEQLOYN KOl TTQOEQYETAL XVQILWG
O7td ATOUO UEYAAVTEQNS NALKIOC.
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2.0 'Egevva Yo T0 #0Td TOGO TLOTEVEL 1] X0V YVOU 0TL UToQel vo. cupufai-
AEL 1) CLOAXY] EVEQYELX GTNV AVILUETOTLOT TOV TEOBANUATOV TG HOAVVONG
TOU TEQLPALLOVTOG ®UL TIG EVEQYELUXIG EEAQTNOGS TS YMOUS NAS CLTTO T
ELOAYOUEVO XAVGLUCL.

Hivaxag 1. I1600 TLOTEVETE OTL UITOQEL VO GUUSGALEL ) ALOALXY) EVEQYELL
OTNV AVTLUETOITTLON TWV ONUEQLVAV TQOPANUATWV
(MoAvvaon Tov TeQUBALLOVTOS, eVEQYELaXT) e5GQTNON TNG XWQOS UAG).

Kabohov 0%
Alyo 18%
IToAv 35%
I1dpa. TOMY 4%
ovdétepa 43%

ITopd TO OTL M ®oLvY) Yvun Bewoel dTL Ta TTEOPANUATO TNS WOAVVONS TOV TTEQLPAA-
AOVTOC ®OL TNG EVEQYELOUNG EEAQTNONG TNG XWMQAS UAC, (VoL TTOM) c0BaQd, dev Bemoet
070 (010 TOOOOTO OTL M CLLOALKY EVEQYELOL UWITOQEL VO OVUPAALEL QTTOTEAEOUATIXG OTNV
OVTLUETWOITLON TWV TTQOPANUATWV QUTOV.

IToQd 0 OTL 0%edGV TO 40% TV EQWTNOEVTMV TTLOTEVEL OTL 1) ALLOALKY| EVEQYELD. UITO-
Q&L VO OVUPBGALEL OTNV OVTLUETWOITLON OVTAOV TWV TTQOPIMNUATOV, TO 18% dev mTLoTeveL OTL
N ALOALXY €VEQYELD UTTOQEL Va. artodelyOel Mom evm To 43% elval 0OVOETEQO.

AV 1 LETONOM OLUALONOYEL TLS ClQVNTIXES BECELS QITEVOVTL OTO ALOALKA TTALQXAL, KO-
0mg M TOTTLKY) KOLVWVIO OEV TTLOTEVEL OTO TTAEOVEXTHUOTO TTOV UTTOQEL VO TTQOOWEQEL M
OQLOALXY EVEQYELL.

2.1 XUvoyn Tijg AToY|g TG TOTIXNS XoLveviag Yo To Atoixd [lagra yevixd.

A=-AA AmoAuTa apvnTikh
18% 18%
amoAuTa BETIKr
NIMBY 0%
%

BeTIKN pE TTPOUTIOBECEIG
57%

Sytjua 23: Towa eivat ) AToyn NG XOLViG YVWUNS VL0 TQ CLOALXA TTAQXA.

H égevva aut) amrodetnviel 6Tl 0Tov VITAQEEL 0MWOTH EVNUEQMON TNG TOTTLUNG HOL-
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VOVIiag ®oL 0Tav TeonyNOet eQLBUALOVTIXY UEAETT KOL YWQOTAELLOS OYEOLAOUOS O KO-
OU0g elval £€ToLnog va. deyDel TNV eYXATAOTAON OLOMXMV TAQRWYV O TTOAD UEYGNO TTO-
00016 (57%).

Emiong 10 T0000TO TTOV 0TNV TTQONYOVUEVN £QEVUVA OEV OUUUEQLLOTOV TN OVVATOTN-
TOL TNG QLOMANC EVEQYELAS VO OTTOTEAEOEL OVOLAOTLAY) EVOMAOKTIXY A0 OTO EVEQYELOUKO
Uag TEORANUA (0%edOV 18%), elval AoYL®O Vo TOTTODETELTAL AQVNTIXG QITEVOVTL OTNV CiL-
OMXT EVEQYELOL XL VOL ONAMVEL: «Oew OTL N OAN ovlnTnon yLo v ALoAn Evéoyela
elval vTeQPoLXY) oL TO. OQERN TTOV £)EL VAL SWOEL ELVOL TTOAD ALYOTEQA OF OYE0M UE OV-
T TOV (ag ®ooTilel. Ou emidoTioeLs Ba €ere va 00000V 0e GALES LOQMES EVEQYELOS».

ZNUELOVOVUE OTL TO TTOOO0TO TV EQMTNOEVIWV TTOV aVAYVWQILOUV TNV OLOALXT
EVEQYELOL G EVOMAOATIXY AMUON OAAG OEV CUUQOVOUV UE TNV EYHOTAOTAOY GLOALLOV
TE.OXOV OTNV TTEQLOYY| TOVS (0VvdQono NIMBY), dev eival vieQBoAxd nueydho nal ei-
VoL UXQOTEQO AITO TO OIVTLOTOLYO TTOV XOTayQdpeTaL otnv Evpoua.

TELOC, TO TOOOOTO CUTMV JTOV ATTAVIOVV OTL OEV £YOVV GITOYM (VAL AQKETA UEYAAO
(18%) o€ o €0m Ue TO AVTLOTOLYO TTOCOOTO OTLS VITOAOLITES TTEQLOYES TNG £QEVVAS LOG, KA~
TL TETOLO BEPoLa NTav avapevouevo xobmg oty eQoyn s Aaxmviog Oev VITdQyouV
OXOUO OLOMKA TTAQXO XL O FABUOS EVNUEQMONG TWV HATOIXMV E(VOL TTOAD WKQOG.

2.%. LTaTLOTIXY] AVAAUOT] TOV ATOTEAECUATOV 6T AdXOVIX
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Apodoxi Egatastasis Aiolikou Parkou

Sytjua 24: Svoyétion g amodoxNg TNG TQEOTAONG Yid EYXATAOTAON QLOALXOU TAQXOV
Uue 10 Pabud evnuEéQmONg O EYOuV.

X2 df P-Value
39,442 2 0,000

AVTIOTOLYO UE TO. CUUITEQALOUOTAL OTTO TLS TTEQLOYES TTOV NOM AELTOVQYOVV CLLOALXA
TE.O%A, M €QEVVA EMPBEPALMVEL OTL VITAQYEL OVOYETLOT TNG QITOOOYNS EYXATAOTOONS OlL-
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OMARMOV TTAQAWV OTNV TTEQLOYN e TO BaBUd eVNUEQMONS TNG TOTTLXNS XoLvaviac. Kaveig
aItd QUTOVC TTOV ONADMVOVY EVNUEQWUEVOL OEV ELVOL OVTIDETOC UE TNV EYRATAOTOON TOV
OQLOALXOV TTAQXOV, TO AXQLBMS avTioTQOQOo ovufaivel Le 0vToNg TOV OMMADOVOUV OTL OEV
ebvor evnueomuévol. Biémovue péPata OtL avtol mov dMimvouv GtL yvweilovv oot
YL TOL OYEOLOL EYXRATAOTAONGS ElvVaL TTOAD Aiyol (LWOALS 12 oTOoUg 55), 0vTd dXOLOMOYEL TO
UEYALO TTOCOOTO CQVNTLXMV TOTTODETNOEWY.
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Apodoxi Egatastasis Aiolikou Parkou

Sytjua 25: SvoyETion TNG aIT0O0XNS TNG TEOTAONG VIO EYXATAOTAON QULOALXOU TAQXOV
UE TO QV TILOTEVOVY OTL 1] ALOALXI] EVEQYEL UTTOQEL VO TUUSTAEL OTNV QVTLUETOITLON
TV JTEQLLAALOVTLHWDV HOL EVEQYELAKWV UOG TQOPANUATWV.

Elval Togpaveg OTL VITAQYEL CLOYETLON TNG CITOOOYNS TV CLOMAMV TAQXRWY UE TO
PoBud TOV TLOTEVOUV OL EQMTMUEVOL OTL 1 OLLOALXY EVEQYELOL WITOQE( VO aTTOTEAEOEL
QELOTTLOTY eVOAAOXTIXY eveQyeloxn Avom. Kavelg amd autolg Tou mTLoTevouy oTig dv-
VOTOTNTES TNG CLLOALXNG EVEQYELAS OEV E(VOL AQVNTIXOS OITEVAVTL OTLS OLVELOYEVVITOLEC.
2NV €QEVVA QUTY OEV TTOQOVOLALETAL TTOC0O0TO TOU Zuvoeduov NINMBY.
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Apodoxi Egatastasis Aiolikou Parkou

Synjua 26: ZvoyETion TOv LaBuUol arodoyns TV QLOAXMV TTAQXWV UE TNV NALXIC TV EQWTWOUEVDV.
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v éoevva éhafav uégog 13 droua ne niria (<35), 17 ue nhxia (35-55) xow 25 ue
niwxia (55<).

BAémovue OTL VITAQYEL OVOYETLON TNG AITOIOYNG TOV OLLOALKOV TTAQKROV KO TNG MAL-
%o, navévo ortd Ta GToUd TOL elvol ®aTw amd 35 dev TtomofetiOnune 0 QVNTLXG 0TV
EYNATAOTAON CVEULOYEVVNTOLMV OTNV TTEQLOYY. AVTIOTOLYO HAVEVA OITO T GTOWO TTOV
elval Tavm artd 55 dev eival DETHO ATTEVOVTL TNV EYXOTAOTOOT OLLOALXMY TTA.QRWY OTNV
steoLoy). To dtopa LETOED 35 ®al 55 «UoLdloviol» oe OeTInéS, QVNTIXES KL OVOETE-
0€C QITOYELC.
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Apodoxi Egatastasis Aiolikou Parkou

Sytjua 27: Zv0)ETION TNG ATOOOXNG EYHATATTOONS CUOAMXWDV TAQXWY OTNV TTEQLOXT UE TNV
AITO0TAON TNG XATOLKIOS TV EQWTWUEVWY OTTO TOV TOTO EYXATAOTAONS TwV A/ .

X2 df P-Value
21,389 2 0,000

To 0VVOAO TV KOTOIXWV TWV TEQLOYMV OTLS OTTOLES VITAQYEL TTQOTO.ON YLO. EYHATA-
0TOO0N CLOMXOU TTAQXOV, elVOL EVAVILO OTLS OVEUOYEVVNTOLEG. Elvol moogavés OTL
VITAQYEL OVOYETLON TNG ATTOOTAONS UE TOV TQOTTO TTOV OVTLOQA N TOTTILKY) LOLVVIQL.

Yvutegdonoto

ATtouteltolr AoWTOV va VITEQEOVY TTOM) TTQOOEXTIXES YWQOTAEINES UEAETES OAAG O
VITOUOVETLXT EVNUEQMON TWV TOTTLLMV KOLVWVLMV VLG, TO. OQPENT TNG XONONS TNG CLLOAL-
UNG EVEQYELAS OMAGL AOLL YLOL TLG ETTLITTMOELS TTOV UITOQEL VaL £XOUV OL epoQUOYES Tns. H
EVNUEQWOT OTLS TTEQLOYES CLUTES ELVOL TLG TTEQLOOOTEQES (POQES OVOKOAN ROBMS OL KA
TOLXOL LVl ovVNOMS UeYOAMITEQNS MALXIOG %OL YOUNAOTEQOV LOQPMTIXOV ETTLITEOOV.

To Néo ZyédLo XwQEoToErov ZyedlaouoV yia tig AIIE mov moowbel TO
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YIIEXQAE, oiyova 6o fondnoel otnv eTiAvon Twv OLeVEEEWY UETAED ETEVOVTWOV KL
TOTIXMV XOLVOVLMY, OUMS Ta. TTEofANuato dgv Bo. Aubovv edv oL ohiteg dev yivouy
OVUUETOYOL O€ aUTY| TN OLadLXaGiaL.

Znuea atd to 30.000 MW gyxateotnuévng aloxng evépyetag oy E.E., meQuooo-
TeQM OTTO T Lod Exovv eyrnataotabet ot F'eonavio AEiCel va otabel xaveig otn Ieo-
uavio, ®abme To TOQAdELYUA TNG ELVOL TTQOYUOTLXE TTOQAOELYUO. TTQOS wiunon! Baowxd
otouyelo g wolttixng e Feouaviog amévavt otig AITE frov or PoQoamaAlayég o€
ULLQOETTEVOVTES TTOV TTQOGEAXVOUV TO EVOLOPEQOV VIOTILWV KATOIXMV %KAUL WAQOUETT{-
WV XOLVOVIXOV OTQWUATMY, DOTE VO CUWUETEXOUV S OVVETAIQOL OF ETLQELES AgL-
TOVQY(0G OLOAXMV TTAQrWYV. I1eQLocdTEQQ (0WG ®al artd 50% "oe eyraTeoTnUEVT LOYV"
TOV ALOAXMYV TTAQXWV TNS Teouaviog eivor onueoa eTeQOQOUOUES eTOL-QElES MATUNG AL~
ong!.

Mia etoueia, n ool oyedLdlel TeXVIXA, AOELOOOTIXA KL XONUOTOOTLAE £VOL OLLO-
Mrd Tdoro, o€ £vo 0QLOUEVO OTAOLO WOLUOTNTOS TOV OYELAOUOV TOV £QYOV EVNUEQWM-
VEL TOVUC EVOLAPEQOUEVOVS ULXQOETEVOUTES. BaoUtnta di-vetar otnv evnuéQmwon %ot
TTQOOEAXVON TOV EVOLAPEQOVTOS KVQLMS TMWV KATOIXMV TNG TTEQLOYNG OTTOV TTQOKELTOL VOL
eynaTaoTabel TO aoAMxd mhxo. M' auTO TOV TEOTTO ETLTUYYAVETAL (UECT) CUUUETOYN
UOTOLXWV TNG TTEQLOYNS OTO CLLOALKO TTAQUO, UE TTALQOYN OLXOVOULXMDV XLVATOWYV, YEYOVOS
JTOV ETTLOQN ATTOQOCLOTIXG OTNV ETTLTEVEN EVQELAC XOLVWVL-KNG CVVOLVEONS YLOL TNV VAO-
TTOLNOT KO ETTLTUYY] AELTOVQYIO TOV ALOMKOV TTAQROV. Ol TTOALTES TTOV CUUUETELOVV G
OUVETALQOL -OEOUEVOVTAC HEQPAAALO aTTO 5 g 50 YIALGOES EVQM %Ol ATTOO0N UETUEV
8% nat 10%-, elval eTeQOQQEUOUOL ETALQOL TNG ETALQELNS. ZVUTTEQUOUOTIXG, 1 CELOTTO(N-
0N TNG OLLOAANC EVEQYELOS OAAG XOLL TV GAAMY OVOVEDOLUMY TTNYWOV EVEQYELOS 0TN T'eQ-
uavio éxel vo emLdeiEel eE0LQETINES RO TTOAMVTTAEVQES ETTLOO0ELS. ONO 0VTA ROBIOTAVTOL
OUVOTA TOOO YLOTL OLOTUITMVOVTOL OQAUOTA %KL OXOAOVOOVVTUL e OUVETTELD OUPELS
TTOMTIXES TTQOOEYYLONS TOVS, 000 KoL OLOTL XOAALEQYELTAL TTOLXLAOTQOTTA 1 KATAAANAN
motdeta. "HoBe emitéhovg 0 ®alQdg va. fyovue yuo Alyo amrd To WrQOXOOUS UWAC KL VO
doVUE TL YIVETAL OTOV VITOAOLTO KOO0, TO TTAQAdELYUo TG Feguaviog —xot oL uovo-
TTOETEL VO LG TTROPANUOTIOEL. O0 elvol £yrANUO 08 FAQOS TMV TTALOLDV UAS AV OEV EX-
UETAALEVTOVUE TO TTAOVOLO NALOXO AL TO AVEEAVTIANTO GLOAMKO SUVOULKO TTOV TTQOOME-
QEL M X(DQO NOG.

O eTouQieg «hatung PAONS» YLoL TNV TaQoymYyY) evéQyelag artd AITE, Oa ouudilovv
QTOPOOLOTIAG OYL WOVO OTNV XOTEVOVVON TNG TQOOTAC(G TOV TTEQLBAALOVTOS XAl TNV
eTiTEVEN TV 0TOXWV Tov KLoTo, aAMd %Ol 0TNV VATTTUEN TNG TTEQLPEQELAS, OTTMC KL
v evioyvon g EOvixnig wag Owmovoutog.
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Yxomog ot Xroyor g Emotnuovixig Exetnoidog

H Emotnuovixt Exetnoida E@aguoouévng Egevvas (EEEE), amotehel Ty ertionun Emotmuovi-
%1 Emetnoida Tov TET ITelQoud otnv 0ot UroQovy vo. SNUOoLEVOVTOL TTQMWTOTUITES EQEVVNTIXES €Q-
yaoieg uetd artd aELoAdYNom (0VVROmS, 2 ®QLTWV) Ue OeUaTind avTireipnevo oe Pia omd TLG TEQLOYES
Tov Mnyavieav Emomumv xal Teyvohoyiag, tng duowng, Twv Mabnuotiwwv, twv Texvav, Twv
Kowvovieav xor AvBommiotixadv Emwomumv (IotoQurd, Kotvwvind, Nopuxd, Atowntixd xou ITTolti-
%4 Oépata). Ztoyxol e EEEE elvol, agevog 1 To.Qovotaon VEMY EQEVVNTIXMY UTOTEAECUATMY, 1ebo-
dwv, M (roL) avohoewy, AQeTéQo Oe 1 dNULOVEYIO OS VENS TINYNG ETTLOTNUOVIXIG TTANQOPOONONS
YONOLUNG OTNV EQPAQUOTUEVT, XVQIMS, £QEVVAL.

0onyieg mpog Tovs Xvyyoeageis

H EEEE 0¢éyetaL Qog 0ELOAOYNON VL0 ONUOGILEVON TQMTOTUITES EQEVVNTIXES EQYUOIES YQUUUEVES
otnv EAAnvirn, 1 oty Ayyduxn, ov dev éxovv dnnootevbet ovte foioxovtal vird xoion oe GALo uéoo.
Mua TowtdTLmY eQyooia elvar dnuootevolun oty EEEE e@Ocov TQO%ELTAL YL0l €QYOOL0 TTOV OTO-
OeLYUEVa TQOOBETEL OTNY EMLOTNUOVLXT YVADON. Tl TOV AOYO 0uTd M EQYOGLO OPELAEL VO, CVAITTTVOOEL UE
TTMNQEOTNTO. TNV ETMLOTNUOVLXT] OXEYN KL EEEMEN TOV eEeTALOUEVOV BEUOTOG, AVOPEQOUEVT ELOAYWYLXA
0TV VITAQYOVOQ (ROTA ®VQLO AOYO TQOO@ATN) BLAALOYQApLaL, ALK %Ol 08 AL ATTOOELKTLXE OTOLYELD.

H vrtopoit) mowtdtuntmv eQyaotdv meog onuooievon oty EEEE yivetol cUigova te Toug eEng
yeviroug xavoves. Kdbe egyaoia vmopdiietar moog xoion ot Toouuateio tng EEEE (Onpov 250 &
I1. PaAAn, 12244 Awydlew) oe toia (3) avriygage. Metd TV aELOAOYNON TMOV XQLTMV, 1 EQYCL TTOV
%QIVeTOL dNUooLevoLUn ELOTQEQPETOL WOLE Ue TIC eXOE0ELS TV XQLTMV O0TOV VITEVOBUVO OUYYQUEPED. O
0mo{0g, oV TQOPEL OTIS VITOJELXVUOUEVES OITO TOVS RQLTES OYETIXEG OLOQBMOELS 1) AAAOYES, VITOPGA-
AeL U€oa og QoVIXd dLAoTNUA TV (3) unvev oITd TN YVWOTOTOINOT TQOS CVTOHV TV EXDETEMV TV
%®QUTMV, Eavd ot Foouuateio g EEEE v egyaocia oty teAix) g LoQet, Tl ot toia (3) avri-
YOO, TTQOG ONUOGCLEVON. ZTNV TEALXN QT (PAON O CUYYQOQENS OPELAEL VO TTAQAOMOEL WOLL Ue Ta 3
avtiyapo OANG g eQyaciag Tov (kdbe éva avtiygago meQuhaupdvelr Keiuevo, Tivaxeg, Toaqurég
IMagaotdoels, dwtoyQapies, Aetdvreg Iwvdxmv, AeCdvreg Toagpuav ITagaotdoewy, AeLavieg Pw-
ToyQaqL®v) xat éva floppy disk, 11 CD-ROM, mov meQuéyel va axoB3éC avTiyQaqo e eQY00tac TOU
(og aQyeto Word97, 1| vemw1eQo) nabmS ot OO TO VITOMOLITOL 0QYELDL Y WQLOTA 08 NAEXTQOVLXY LOQPN
(oL TUITOL 0QYELMV OLVOVTAL O OYETLHY TTOQAYQUPO TTAQUHATM).

Ymoyewtird, xdbe egyacia wov vrofdiietar oty EEEE mQog aELoAdynon QETEL Vo GUVOdED-
ETOL L€ ETTLOTOAN} VITOYEYQUUUEVT AITO TOV VITEVOUVO GUYYQOPEQ TTOV ONAMVEL, OTL 1] EQY0.Gic ne Titho
€y ROTA TO TOQELOOV, OEV ExEL dnuOcLEVOEL 0UTE £xeL vofAnOei moog aELordoynen oe ko néco.
ATOVOL0 OYETINNG ETLOTOMG €)EL OOV AITOTENETUO. TN U1 TTQOMONON Yo AELOAOYNON TNG OUYAEXQLUE-
VNG €QYOLOLOG.

INueLmTéoV, OTL xdOe VIToPANOEloa TQOS ®QILOM EQYNOLO OEV EMLOTQEPETAL OTOV VITEVOUVO GUYYQU.-
@0, TTANV TNG TEQLITTMOEWGS TTOV OYETLXT altnon €xel vatatebel 0Ty FQOUUATELD KOTE TNV AQ)Y XY VITO-
Boin. Emiong, yio AOyoug 0.0yelofeTnong, *oAoUVTaL oL oVYYQUQEIS OTTWS GUVUITORGALOVY UE TNV Ha-
1d0e0m QO OELOAOYNON TNG £QYAGTOS TOVS XAl GUVTOUO BloyQaguxd Enueimua.
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ALaU0QQPWOT) TEQLEYOUEVOV VTOPALLOUEVIIS EQYOTIAS

» Aopn) Kewuévov. To xeipevo va elvar yoouuévo, oe hewnd xaQti A4 (ot pio mheved), drho OLdoTL-
%0, LOVOOTNAO, OPNVOVTAS 0LQXETO TTAEVQLXO % MQO OEELA KOl AQLOTEQE TNG OEALDAS YLoL VtodelEelg amd
TOVG %QLTES, ROTA TTQOTIUNOM, e xooxTies Times New Roman 12 pts. (;thny 1oV T{TAOV, TV OVOUd-
TOV %ol OLEVOVVOEMY TOV GUYYQOQEMY, TNG TTEQIAMYMG KAl TEAOS TV YQUUUATWV 0TLS MEEELS ®AELOLd
now otLg AeCavreg). Katd v ovyyoagn va axolovbeitan 1 eEng 0e1d moovoiaons Tmv eVOTHTOV TG
eovaotog: Tithog, Zvyyoagéas, Aevbuvon ovyyoagéa, Teoilnym, AéEels xAewdid, KUgLo xeluevo eo-
yaotag, Evyaouoties (.. mos yoonyovs), IMooaotruate, Bifiioyoagica, Extevic Iegidnyn ota
Ayylud, Avoyodupota-Ewxoves xou Iivaxes, AeCavres Avoyoouudtov-Ewxovav xow ITivdxwv.

» Tvotnna Movadmv, Madnuatizd Topfora xar tvmor. Katd v moQovaiaon pueyedmv mov expd-
COVTOL Ue OLOLOTALOELS AL YEVLXG O TEYVIXA OEUaTa OL oUYYQaQeElS OQELAOVY VOl X ONOLUOTOLOVV TO Atg-
Ovég Xvotnua Movadov (S.1.).

Elval opumg ouvatov, epdoov xel emLxQotnoet 1 ovvnBieTol OLapoQeTLrd, Vo TOQUOETOVTAL ETTLITQO-
obéTwg, UEon o€ TaQEVOEDELS, OL TLUES UeYEDDV eEXPQUOUEVES 0€ LOVAdES AALOV ZVOTHUOTOS MOV
OwV. KAOOUOTIES TTOQUOTAOELS TTQETEL VOL OTTODIOOVTAL WIS TN YOUUUN TOV #KAAOUNTOS, AAAG e TOV
aQLOUNTY, UETA OLEOTNUO KO OTN GUVEXELD. TOV TTOQUVOUAOTH VYPmUEVO oty (—1) dvvaun). ‘Etol yod-
getow: m s~ nar oyxu m/s, | ms™ 1. Pilec maoaotdoemy 1 aodumv moémel vo amrodidovial mg e
K\elvetol 1 m00dotaon Héoo o€ TOQEVOEDELS KOL OTNV CUVEXELD VPOVETOL 0TN (BTt 1 aQvnTuxy,
uwooPg dexadLrov 0LBov) duvaun mov astodidel T ita. TTgoxeluévou ya oiles aQLOUMV Ogv elval
VITOYQEMTIXO VO xonotuoronbovv mapeviéoels. OAoL oL noBnUaTXol xoQuxTEES 1 CVUUPOLD. TOV
YONOLUOTTOLOVVTOL 08 ULOL EQYOOL0L TTQETEL VO, EQUNVEVOVTAL UECO OTO RelUEVO VIOyQemTLrd. Ola T
£Y0VTa OLOOTAOELS UeYEON TTOV elpaviCovTal o LoONUOTIHES EELOMOELS, 1) EEXMQU, TTQETTEL VO 0TTOd(-
OOVTOL 0TS OMWOTES TOVG OLOOTAOELS.

* Tithog Egyaciag, Ovona, Oton xar Atevduven a0z Xvyyoagéa. O TITAOG TG £QYOOLOC TTQETEL VO
elval ooy g ®al EVVOLOAOYLXG VO, ATTOOLOEL TTLOTA TO BEUO TNG EQYAOLOGS. XNULKES EVOELS, 1) LOOMUOL-
TUXOL TUITOL OEV TTQETEL VAL EULQPOVICOVTOL OTOV TITAO. ZTNV TEQLITTWON TTOV 1) EQYNOLN 0LPOQH TUYKEXQL-
UEVY YEWYQOQLXY TTEQLOYN, TTQETTEL VO OVAYQAWETAL (OTOV TiTAO) TO GvVOUd NG TTeEQLOYNS. Extog tov
0vOIOTog, TG Béong %ol Tng OLeVBUVONG, OTOLYELD TTOV APOQOVV XAOE UENOC TNG ETLOTNUOVIANG OUG-
00g, Ba TEETEL VO AVOLYQAQPETOL, VITOYQEWTLXA, 1 TNAEPWVIXY KL NAEXTQOVLXY dLeVBUVOT TOV VITeVO-
VOV OVYYQU(EQ (TO GTOUO TTOV EMPOVILETAL VO EXTTQOOMITEL TNV EMLOTNUOVIXT OUAda), oV BEPata dLa-
Oétel fax zou e-mail. To OVOUOTO TOV UEADY ULOG ETLOTNUOVIANG OUAO0S TOQUOETOVTOL AQUOUNUEVT. e
TN O€LQJ. TTOV EUPOVICOVTOL 0TIV £QY00LA, e LAY IXOVS aQLBIOVS 0TO TENOG TOV emTwVvVUoV. Ta a-
06deryua, Jones') K.L., Petridis@, P.R. EmutAéov, yuo. va EeymoileL, To ETdVULO Tov VITevduvou ovy-
YOOPEX (PEQEL VITOYOGUULOT.

* Iegidym. H Vmaoén IegiAnymg otnv 0.0yn »ae eQyaotag etval vroyoewtixy. H ITegilmym, mov dev
TTQEmeL va. EemeQvd TG 250 AéEerg, elval (o oUVTOUN CALG TANONG TOQOVOLOON TV BUCIXMY onuel-
®V/uefOOMV/UTOTELEOUATWOV TTOV TTQOXVITOVV 1} Atodidovv xdOe eQyaoia. Ztnv ITegihmpn Oev moérmel
VoL UTTEQYOVV BUBALOYQUPLXES OVAPOQES, 1) eTTAVAAYM TOV TiTAOV. KdOe eQyaoia yoauuévn ota EAAn-
vixd, oémeL va ovvodeveTal oo o Extevn Tlegidnyn 1000-1500 AéEewv, yoauuévn oto Ayyhxd,
enmuTthéov g vovovirig Iegiinyng ota EAMvird. H Extevic vty ITegiAnym tomobeteitol auéows
uetd ™ Biphroyoacpio.

 A¢Eeig Khewdud. EmiAéETe 5-6 MéEelg mov 0ToLyelofeToNV, avapEéQOVTL, 1) KoL EXPQALOVV EVVOLOAO-
YWHE TUUOTO TNG €QYAOLAC, EECLQOVUEVIV QUTMV TOV TLTAOV.
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» Keipevo. To xeipevo (yoauuévo ue Word97, 1| vemteQn éxdoomn) xdbe eQyaoiag ywoiletal og evotn-
TEC %Ol ®GOE EVOTNTA 08 VITO-eVOTNTES, OLES e €vTovovg TITAOVS aQLOUMUEVOUS SLODOYIE KAl PEQO-
UEVOUC OF ULCL YQOUUY, TTOV YWQILETAL (e OLAOTNUA OTTO TNV OUEcWS eTOUEVN TTadyoopo. H Eloayw-
YN OITOTEAEL TNV TTQMTYN EVOTNTO. TOV ®VQLWS XELUEVOV, £TOL, onueldvetal: 1. Ewwaywyn. Zmv Ewoayo-
YN TOQAOETOVTAL: (0) AVOQOQES 0TN (TTQOCMAUTN ®VQIWS) PLBALOYQAPIC, TOV ROAVITOVV TANQWS TO
VITAQYOV ETLOTNUOVLXO VITORAOQO TO OYETILOUEVO UE TO YVIOOTIXO OVILXEIUEVO TNG TTQOS dNUoaievon
eQyaotog. (B) Ou Adyol Tov VITOOTNQILOVY %Al UVAOELKVVIOUY TO ETLOTNUOVIXA «(QNOLUO», «TQWTOTV-
TTO», M| «XOLVOTOUO» TNG €QYOOLOC, TAVTOTE 08 0YE0T e TIS TTQONYOVUEVES TTQOOTAOELES. OL VITO-eVO-
™TES, EPOCOV VITAQYOVYV, 0QLOUOVVTAL OLAOOY XA e TTQMTO TOV CQLOUO TNG EVOTNTAC, TELELD KOl OTN
OUVEYELD TOV AQLOUO TNG VITO-EVOTNTOS. Ze ®ADE £QY00L0, TQEMEL VO CUUTTEQLAAUBAVETOL ULLCL TEAEVTALLQL
EVOTNTO OTNV OTTOLOL VO, OVOLPEQOVTOL TC. CUUITEQUOUATO. OITO TO. TTQOXVITTOVTA. OITOTELEOUATA, RODWS
%O TTQOTAOELS YLOL TTEQULTEQW EQEVVOL XOLL OLVATTTVEN Ue 0TOY0 TN felTiowon Tov peyebwv. OmoTe 0TO *el-
UEVO YIVETOL TOQOVOLOON UaONUOTIXOV ELomoemy, 1| TUTwY, Bo TEEMEL Vo, yonoLpomoLeital o MS
Equation Editor (Ota0¢0110g 0¢ OAeg TLS EXOO0ELS TOV TTQOYQAUUATOS YOUpNS *xeLtuévoy Word).

» Evyagiotieg. =t O¢on ovt ava@éQovial O00L GUVELGEPEQOY, OLXOVOULXA 1| OLALPOQETIXA, OTNV
TTQOYUATMON TOV EQEVVNTIXOV £QYOV OTOTELECUO. TOV OTTOLOV ELVAL 1] TTQOG ONUOGLEVON eQYaT(a.

« MMagaTinata. Moxgooxehels panuatinég amodelEels, avaloELS TOV EVOLOQPEQOVY OTTOXAELOTIXA.
TOVG TTAEOV €LOLKOVS, 1) AVOAVTIXO VALXO VITOOTHOLENS Déoewv 0To nelpevo wdbe egyaoiag, moémel va
tomobeteital pe T woepn IaaQTIUATOC, £VOS 1) 1AL TEQLOTOTEQWY, e dLodoy 1} ovopaoia, Jt.y. [la-
odotua A, TTaedotnua B, #.0.%. EELONOOELS, ELXOVES, YQUPNUOTOL, TTVOXES AT GTOLYELC ALQLOUOVVTOL
OLAdOY LA PEQOVTAC TO YQUUUA TOV TTAQAQTNUATOS 0TO 0molo €xouv evowuotmbet. Tivaxag A.1, TTi-
varog A.2, Ewdvo B.1, %.0.%..

* Biprroyoagia, 1 Katdaroyog Bipioygagizmv Avagogmv. Oleg oL PUPALOYQAQPLXES OIVOPOQES KL UO-

VOV QUTEG, TTOV VITAQYOVY 0TO XELUEVO KADE EQYOOLAG, TTQETEL VO, XOTOWQOVVTAL OAPANTIXE Ue Fdon

TO EMMVUUO TOV TTRMTOV OVYYQUQPEQ 08 XATAAOYO VIt TOV TiTAO BifAtoyoagic, TOV ®UTO)MQEITAL |-

16 10 TT0QuQTHUATA OV VITAQYOVYV, SLOPOQETIXG. AUESMS UETA TNV TEAEVTALO EVOTNTA TOV KELUEVOD.

ITowv v vitofoln mog aELohdynon, #abe eQyacia TQETEL Va. eEAEYYETAL YLO. TNV 0QBOTNTA EUPAVLONG

g %#d0e avopoAs, TOOO WS TQOG T OVOUOTA TWV OVYYQUPEMY %Ol TOV £TOVS ONUOcievong, GO0 Kal

¢ OGS TNV TTQovotaomn oty Bifitoyoapia. o Tnv 000N avagoQd e oUVIUNom Tou TiTAOV TQO-

UELUEVO TTEQL OLEOVADV ETLOTNUOVIXWDV TTEQLOOLKMYV, VITAQYEL OYETIXOS TTLVAXAGS UE TA OVOUATO TWV TTE-

owodumv oto World List of Scientific Periodicals, 41 Edition. Olec o eQyaoteg mov virofdAloval

1og a&lordynon oty EEEE moémel va axoAovbolv Toug eENG ®avOVES OUYYQOUPNS YLC CVOPOQES 0T

BuphLoyapia:

Hagodeiynota TEQUITTOOEDY AVAPOQOV YEVOUEVOY UECE GTO AEIUEVO

— Thompson (1990), 1} (Thompson, 1990), av eivar évag UGvVo oVYYQOpENG.

— Thompson and Clog (1996), 1 (Thompson and Clog, 1996), av gival 000 oL GVYYQUELS.

— Thompson et al. (1997), n (Thompson et al., 1997), ov eivar Tdvw ord V0 OL GUYYQUPELS.

— Thompson, 1990; Thompson and Clog, 1996; Thompson et al., 1997), av yivovtal ovagoQég o€ mtd-
v otd Vo eQYaOieS.

— (Thompson, 1990a; 1990b), oV avopEQOVTOL dVO 1 TEQLOOOTEQES EQYAOLES TOV LOLOV OUYYQUPE.

Hogadeiyuata douijs Tagoveiasns xataywenuévov oto Bifitoyoagixzo Katdioyo avagooov.

— Anuocigvon oe Emetnuovizo Iegrodizo. Exmdvupo xou aQywmd xabe ovyyopéa, (€1og dnuooiev-
ong), Tithog eQyactag, ITANENS TITAOS TOU TEQLOOLXOU, 0EIBNnog TOMOV/0QLOUOS TeEVKOVS, 0eMIOES
(0T6-uéy QL) 0TO TEVYOG OMUOTIEVONS.
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Lo TopadeLyuo:
Thompson D.C., Clog R., and Batman A.Q. (1997). Global and diffuse solar irradiance models. Solar
Energy, 23/5, 208-216.

— A6 oehideg prfriov. Emmvuuo, xal aQyind xdbe ovyyoopéa, (€1og éxdoong), TitAog fipAiov, oehi-

0gg 010 PPALO (amd-uéyoL), AQuBnog Exdoong, Ovoua xat TOAN eXO0TIXOV OLXOV.

Lo TopadeLyuo:

Duffie J.A., and Beckman W.A. (1991), Solar Engineering of Thermal Processes, pp. 68-83, 2"
Edition, Wiley Interscience, N.Y.

— Avaxoivoon og Xuvedgro. Ovoua, oL aQyrd xdbe ovyyapéa, (€1og Zuvedgiov), Tithog avaxot-
vwong, TitAog téuov Ioaxtixwy, Ovoud outov (-0V) OV eiye TV EMLUELELD TNG EXO00NS TOV TO-
uwov Twv IQaxTXMV (ATTO-UEKQL), LEQOS TTOV EMOfE XMQO TO ZUVEDQLO.

T TopadeLyuo:
Marble D.G. (1987). UV-B induced human tissue disorders. In Proceedings of Solar Energy World
Congress, Homested H. and Elbow K. (Eds), pp. 1256-1265, Ithaki, Greece.

» Ewoveg, Noaginata, Mivaxeg. KdOe etxdva, yoagmuo 1 Tivoxag Tov VtdQyeL 0Tnv eQYAoio TQETEL,
VITOYQEMTIXG, VO OVOPEQETOL KUL UEGA OTO KelUevo. O ELROVES, TO YQUPNUOTO KOL OL TTEVOXES TTOV
AVOQPEQOVTOL OTNV QYOOI TOOASIOOVTOL XOTAE TO OTAALO TNG AELOAGYNONG 08 AVO UOQWEC:

(0) Extvrouéve oe ovaAoyo dQLotng ToldTnTag xaQTi (xae meQimtmwon oe EexmoLoty oehida, ue
AeCavTo 0To ®dTm UEQOS TG 0eAidag) %ol TortobeTovueva o€ xdOe avTiyQapo TS €QY0oiag, OLo-
doyud, auéoms uetd ™ Biphloyoapia.

() X& nogyn nhextovixodv agyeimv, £va aQyelo Yo ®dOe yodagnua, exxova 1 Tivoxra (uovov agyeic
pex, jpg, cif, xls, tif, org, cdr yivovrou dextd).

To uéyebog %ol oL PUOLKES OLOOTAOELS TV ELXOVOV, YQOENUATWV XOL TILVOXWV TTQETEL VO ELVOL KO-

TAAANAO %Ol avEAOYO TOU UeYE00US TV YQUUUATOV/0QLOUMY TTOV €ouv xonoluomombel o” auTd.

EmutAéov, oQelhovv va ival evavayvmoTa %ol UETE TNV ouixQuvon (stegimov 50%) ov Ba vrootovy

%©atd TV extimwon oty EEEE. Ol ta YQopiuoTa, ®AJT. TQETEL VO 0QUOUOUVTOL XATE ROTNYOQLO, UE

TN 0eLQd EUPAVLONG %Ol TAQOVOLAONG 0TO KELUEVO, GUVOOEVOUEVH ATTO TN OYETIXT AeCAVTAL.

o AeCavreg. Kabe yodgpnua, euova, Tivorog ouvodeveTal atd o eleEnynuotixt) AeCava, Tov ouvo-
OgVEL TO EXTUTTMUEVO OVTIYQUQO TOV YQUPNUATOS KATT. TOTODETOVUEVN 0TO ®ATW WEQOS TNG OEALDAC.
Emutooobétwg, maadidetar éva floppy disk, § CD-ROM ue dheg tig heChvteg o.ouOunuéveg »atd. oeL-
004 elpdaviong 0To xelievo yuo xdBe xoTnyoQia EexmELOTA (TT.). ROTNYOQL ELLOVES, RATNYOQLO YQUPY-
UaTa, ®oTNyoQia mivaxes), oe LoeEl NAEXTQOVLXOV aQyetov *.doc (Word97 1) veihteQo). Etol, o€ ®d-
Oe mepimtowon eugaviCovial: ZVHVTUNoN OVOUACLaS ®aTnyoQtag, Tehela, aQuindg, tedelo xal oTn ovvé-
yewo m avtiotoryn AeCavra. T modderyua: Fig. 1. Model simulation results vs. measurements of daily
diffuse solar irradiance. ITivaxog 1. 'Evtaon dudyving nhloxng axtivoBoiiag yia ®dOe doa not nuéQa
%0t TO Wivo. Iovhio 1999, oe W m—2.

* Aot Xvvodevtind Xrovgeie YrootioiEns. EQyaoieg mov TQoyuaTevovToL eEELOLXEVUEVES TTEQL-
TTTAOOELS, N UEYAANG €XTAONG AVOADOELS TTOV ATTOTENOVV OUVEXELD GAAMY, Bo TTQEMEL VO OUVOOEVOVTAL,
%OTA TO TEMTO 0TAOLO TNG LItoPfoing Tovg otnv EEEE, e ®atdAANAOv TeQLEXOUEVOD VALKO VITOOTH-
QLENG (L. OVTEYQUPO. ECMTEQIXMV ONUOCLEVOEMY, CVOQPOQMYV, EQYLOLMYV, (Q0QMV VITd dNUOGievom,
%ATL.) 7OV OgV elval eUxOA0 OLABECLUO OTOV EVQUTEQO EMLOTNUOVLXO Y(DQO. To VALK avtd Ba fontnoet
TOVG OELOAOYNTES OTNV %QLOM TNG €QYNOLOC.
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* Awwdixacio Yropolng Oetixa AEoloynuévng Egyaciag (tehxn gpaon). Méoa o€ %QoVixo OLE.otnua
oV (3) unvev ord ™V TEQaAaRN TS éxbeong aELoAdYNONG TMV XQLTMV, O VITEVBVVOS OUYYQUPENS,
oV TQOPElL 0TS OYeTHES OANAYES 1 HaL avODEWQNOELS TTOV TTQOTEIVOVTAL (0V TTQOTE(VOVTAL) aTd
TOVG %QLTES, OELAEL VO TTAQOOMOEL, 1) Va. oTelhel et arodei&et, otnv Toapuateio tng EEEE ta eEng:

1. Toie (3) mhnon avriyoaga TG avodemENUEVNS €QY00T0C, TTAVTO CUUPMOVO UE TLS VITOOEIEELS
TV %QLTAV. ‘Oheg oL 0OANOYES, 1| ®OL AVOOEMQONOELS, TTQETTEL VO ONUELDHVOVTOL KOL VO VITOOEL-
UVVOVTOL LEGOL OTO RELUEVO, OTTOV £X0UVV YiVeL, 0e OML TaL avTiyQapa. Kdbe avtiyoopo moérmel va
OVVOOEVETOL ROL atd wiol extevy steQiAnyn 1000-1500 AéEewv ota Ayyhxd.

2. ‘Eva (1) floppy disk, 1 CD-ROM pe OAa T OYETIRE 0Q)eln (HELUEVOU ROL YQUPLAMDV), CUUPO-
V0. UE TLG 0OMYIES OUYYYQOMNS.

3. Yroyeyoouuévn (a6 tov vevbuvo ovyyoagéa) Exietodn, 0Ty omoio vo ONADOVETAL 1) atodo-
M TS 0ELOAOYNONG TV RQLTMV, KBNS ®aL OTL N TeEAM® 0VOUOOQMON TS VITOBOAAOUEVNS OVOL-
Bewonuévng eQyaoiog éyLve CUIPOVO TOOS OLES TLC YEVOUEVES OITO TOUS KOLTES VITOOEIEELC. Ze
TEQUITMON TTOV N AELOAGYNON KQOLTI} OEV YIVETOL OTTOOEXTY OITO TOV VITEVHUVO OUYYQUpEN KQLVO-
UEVNG £QY0(0C, AUTOS (0 OVYYQUPENS) OQElAEL OTTWS TTQOOXOUIOEL (EVTOG TTQOPAETOUEVOL dLOL-
OTHUOTOS TV TOLMV UNVMV OITO TNV XOLVOTTOINON NG OYETIXNG €x0e0Ng) ROTAAANAA %Ol OVOL-
YVOQLOUEVOD KVQOVS OTTOOELUTING OTOLYELDL, € TCL OTTOL0. OVOLAOTLXE. OLVOLQOVVTOL, 1) OLVTLXQOV-
OVTOL MG OBAOLUES, OL VITOOELXVUOUEVES 0TIV OELOAGYNOT TOU XQLTY| EVEQYELES.

Yook} €QY00t0g EXTOC TNG OVITEQW OLAOLXAGTOG OV YIVETOL OEXTT, EVA) AUTOUATMGS TTOVEL 1) TTQOM-
Onon g ev Aoyw eQyaoiag TQog dnuoaievon.
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Aims and Scope of the Scientific Journal

Journal of Applied Research Review (JARR), the official journal of the Technological Education In-
stitute of Piraeus, is devoted to the presentation of properly judged (two referees, usually) original pa-
pers. Papers in the areas of Engineering, Physics, Mathematics, Arts, Social Sciences and Humanities
handing in any way administrative, economic, historical, and political aspects are welcome. Main aims
of JARR are to provide a scientific understanding of novel results or analysis, and to serve as a source of
information on research and development in these fields.

Instructions for Authors

JARR welcomes manuscripts, not preniously published in any other journal, written in Greek, or
English (authors of articles written in English whose native tongue is not English are advised to have their
manuscripts edited by someone skilled in English prior to submission). An acceptable manuscript must
reflect a thorough knowledge and review of the relevant literature indicated by references to prior pub-
lications, or presentations.

Manuscripts must be submitted in the format outlined below. Originally, Three (3) copies must be
delivered to the Editorial Office (Journal of Applied Research, TEI of Piraeus, 250 Thinon & P. Ral-
li Avenue, 12244 Aegaleo, Greece). After approval and within a 3month period from official notifica-
tion of acceptance, three (3) revised copies are delivered to the Editorial Office accompanied by a
diskette (or CD-ROM) containing an identical copy of the manuscript (Word97 or later), as well as oll
illustration and caption files. Note that unless requested at submission, the Editorial Office will not re-
turn the original manuscripts, or disks to the authors at any stage of the process. Every submitted man-
uscript must be accompanied by a covering letter stating that the manuscript neither has been published
in nor submitted to a journal preniously. In addition, a short C.V. of the authors involved is welcome at
submission.

Manuscript Format

» Manuscript Layout. All copies of the manuscript must be double-spaced, single-column, on one side of
A4 white sheets of paper, leaving ample left and right margins, preferably using 12 pts Times New Roman
characters on main text (smaller size for Affiliation, Abstract, key words and captions, accordingly).
Maximum manuscript lenght should be kept at less than 20 pages (all pages numbered consecutively) in-
cluding diagrams, references and tables, with text not exceeding 6500 words. Follow this order when typ-
ing manuscripts: Title, Authors (s), Affiliations, Abstract, Key words, Text, Acknowledgements, Appen-
dix, References, Illustrations, Captions.

» Units of Measure, Mathematical symbols and Formulae. Authors of technical papers are strongly
advised to use S.I. units throughout their work, providing alternate units in parentheses for convenience,
when necessary. When writing fractions, pleace use negative exponents rather than the fraction sign/ and
leave space between symbols, e.g. m s~!, not ms~! or m/s. Where showing roots, the radical sign should
be avoided. To indicate roots, use positive (or negative) exponents, accordingly. Formulae should be
composed carefully and with the utmost economy. Numbers that identify equations should be placed at
the right-hand margin in parentheses. All symbols used (mathematical, or otherwise) are to be explained
in the text. In equations, all (dimensional) figures are to be given with units.
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« Title, Author’s names and Affiliation. Title should be informative, short and precise in describing
the full article. Avoid chemical formulae in title. If the paper covers a specific location, this should usu-
ally be mentioned in the title. The affiliation should be as concise as possible, including complete mailing
address, corresponding author’s telephone and fax numbers, and e-mail address (if available). When more
than one affiliation (co-authors), please use superscript (1), @, etc after each co-author’s name. In addi-
tion, the corresponding author’s name is to be identified by underlining the surname.

« Abstract. An abstract not exceeding 250 words is required at the beginning of each paper. Abstracts
should be complete in themselves giving all main points of the paper, without repeating title, or making
reference citations, but summarizing conclusions/ results obtained, or method(s) used.

» Key words. Include five or six key words (avoid words used in the title) illustrating substantial points
or features in the work.

» Text. Text in the manuscript is to be divided into sections, each section with a separate heading bold
typed on a line of its own, numbered consecutively. The first section should be an Introduction. Intro-
duction offers a scientific background by going throught the literature review, and indicating the rea-
sons for making the paper by explaining and (or) defending how the particular work is an advance on
previous effocts. Subsections, when needed, should bear the section number followed by the consecutive
subsection number, the two separated by a dot. A final section title Conclusions (or Concluding Re-
marks) must be included at the end of the text. When writing in electronic form, only Word97 files (or
later versions) are acceptable. Mathematical equations, in the proper character size and appearance,
should be written using the MS Equation Editor (available to all Word versions).

« Acknowledgements. Any provisional funding, and or help granted, if there are any, should be men-
tioned in this separate paragraph placed right after the main text.

« Appendix. Lengthy mathematical analyses, items of interest only to specialists, model formulations, or
other material that are subordinate to the main theme of the article should normally be put into one or
more appendices titled accordingly A, B, etc. Equations, Figures, and Tables in the appendix A are la-
beted and numbered consecutively, (i. e. Eqt. (A4), Fig. A1, Table A, etc.).

» References. All articles cited in the text should be presented in a list of references following the Ap-
pendix (if there is one), or otherwise right after the main text of the manuscript. References shown in
the References List should be arranged alphabetically by author’s last name. Before submitting their
manuscript, authors should compare text citations with bibliographic listings shown under the “Refer-
ences List” section to ensure completeness. Also, manuscript should be carefully checked to ensure that
the spelling of author’s names and dates are correct and in agreement in the text as well as in the Refer-
ences List. Journal title abbreviations given in the References List must follow those given in the World
List of Scintific Periodicals, 4™ Edition. In general, references should be given in the following form:

Where cited in the text

— Thompson (1990), or (Thompson, 1990), if only one author.

— Thompson and Clog (1996), or (Thompson and Clog, 1996), if two authors.

— Thompson et al. (1997), or (Thompson et al., 1997), if more than two authors.

— Thompson, 1990; Thompson and Clog, 1996; Thompson et al., 1997), if two or more references are
cited together.

— (Thompson, 1990a; 1990b), if two (or more) same author articles published the same year are cited
together.
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Where listed in the References List

1. Journal article. Author’s name(s), initials, (year of publication), title, full periodical title name, vol-
ume number/issue number, and inclusive page numbers. For example:
Thompson D.C., Clog R., and Batman A.Q., (1997). Global and diffuse solar irradiance models. Solar
Energy, 23/5, 208-216.

2. Book. Author’s name(s), initials, (year of publication), Title, inclusive page numbers, Edition, pub-
lisher’s name and location. For example:
Duffie J.A., and Beckman W.A. (1991), Solar Engineering of Thermal Processes, pp. 68-83, 2" Edi-
tion, Wiley Interscience, N.Y.

3. Conference article. Author’s name(s), initials, (year of Conference), title, volume of Proceedings,
Editor(s), inclusive page numbers, location. For example:
Marble D.G. (1987). U.V.-B induced human tissue disorders. In Proceedings of Solar Energy World
Congress, Homested H. and Elbow K. (Eds), pp. 1256-125, Ithaki, Greece.

« [llustrations (Tables, Pictures, Figures, Drawings). All illustrations shown must be referred to in
the text. They are included in the text following the References List. Each illustration should be provid-
ed as a separate electronic file (in a floppy, or CD-ROM), and as a good quality print out hardcopy
(one illustration per page A4) placed right after the References List. Only PCX, JPG, CIF, XLS, TIF,
ORG, CDR electronic files for drawings, charts, or pictures can be accepted. Make sure that the physical
dimensions of each illustration provided are appropriate for the dimensions of the JARR page. Illustra-
tions should be numbered according to their sequence in the text using appropriate naming convention
and must be accompanied by a suitable caption, e.g. Fig. 1. Model simulation results vs. measurements
of daily diffuse solar irradiance.

« Captions. Illustrations and Tables must have a caption. Captions are numbered consecutively for each
category and they are placed in the manuscript following Illustrations. In addition, they are provided in
electronic form in floppy disk, or a CD-ROM as separate (Word97 or later) files.

« Initial Manuscript Submission Supporting Material. Manuscripts presenting particular and (or)
lengthy modeling studies should be accompanied at the refereeing stage (initial submission) by copies of
relevant supporting material e.g. internal reports, items in press, etc.

 Revised Manuscript Submission Procedure. Within a period of three (3) months after receiving
referee notes regarding the submitted paper, followed by the necessary interventions (additions, cuts, al-
terations, corrections), authors are to turn in three (3) copies of the revised manuscript, plus a floppy
disk (or CD-ROM) with all files. Highlight and indicate all interventions performed on the 3 submitted
manuscripts. Please, make sure that a brief letter/note is included and delivered with the rest of the
package expressing corresponding author’s response/conformation to the referee’s comments.









