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WARMTH PROPERTY OF CLOTHING ASSEMBLY
Part I: Factors Affecting Warmth Property of Clothing Assembly
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ABSTRACT - The study reported in the work concerns the influence of factors
affecting warmth property of different wearing cases of clothing assembly used in
winter season i Egypt such as type of under wear, suit fabric, knitted outer wear,
Iming, gasket andfuit fabrics, ar gap thickmess between lining and suit fabrics and
number of layers used in clothing assembly {wearing case). The application of frac-
tionalfactorial design to optimize the factors affecting warmth property. of clothung
assembly 15 demonstrated. The optimum factors (compenents} when using the | st
wearing case are Tricona, poplin of Kair El-Dawar and haif cardigan knitted outer
wear. And when using the 2 nd one are 3!, poplin of Kair £i-Dawar, polyester lining
fabric, sticking gasket and [00% wool suit fabric. And when using the 3 rd one
are Jit, poplin of Kafr El-Dawar, pelyester lining fabric, 0.5 cm aw gap and 100% wool
suit fabric, And when using the 4 th one are Jil, poplin of Kafr EJ-Dawar, half cardi-
gan kmitted outer wear, viscose liming  fabric, sticking gasket and 100% wool suit
fabric. And when using the 5 th one are i, poplin of Kafr El-Dawar, double jersey
knitted outer wear, viscose lining fabric, 1.5 cm air gap thickness and 50% wool/
0% pelvester suit FPabzie. Also 3 new apparatus for measuring thermal insulation
of clothing assembly could be constructed.

I. INTRODUCTION

In winter, different wearing cases of clothing assembly can be used to protect
the human body against the atmospheric conditions. One of the most effective propec-
ties related to the clothing assembly 1s the warmth property. The thermal conductivity
and air resistance are two important physical criteria involved in warmth of clothing
assembly [1]. The number and size of the ar spaces per unit area in a fabric greatly
affect its thermal properties. Although In general textile fibres are good heat insulater
and air gap between fibres tmproves this insutation provided that, air is not in moton.
Previous Work [2-6] on the subject of heat transmition through fabrics has concerned
with the type of fibres, yarn parameters, fabric construction, fabric weight, density
and thickness and wvery little work has been done on the effect of type of under
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wear, suit fabric, knitted outer wear, lining, gasket, ‘suit fabrics, number of layers
in clothing asszmbly and air spacing (air gap thickness) between lining and sult fabric
for predicting warmth parameters of clothing assembly.

The object of this paper s to {ill this gap and to design a new simphhed
apparatus lto invistigate the important factors influencing the warmth property
ol clotitng assembly in terms of its thermal and aw resistance and to relate ihe
observed perlormance of the clothing assembly to its components. And 1o determine
optimum components (er each clathing assembly.

2. CXPERIMENTAL WORK
2.1 Matenais

Five wearing cases of clothing assembly were selected and described as
Tollows:

The ! st wearing case is consisted of three components e.g. under wear,
shirt fabric and knitted outer wear;

The 2 nd wearing case is consisted of five components e.g. under wear,
shirt fabric and jacket (Lining, gasket and suit fabric);

The 3 rd wearing case s consisted ol five components e.g. under wear,
shirt fabric and jacket {lining, air spacing and suit fabricls

The & th wearing case is consisied of six components e.g. under wear, shirt
fabric, kritted outer weac and jacket (lining, gasket and suit fabric); and

The 3 th wearing case is consisted of six components e.g. under wear, shirt
fabric, kmtted outer wear and jacket {hmne air spacing and suit fabric),

Two common types of each cor nt of clothing assembly were chosen
as the foliowing:

- Under wear s etther Jil {T) or Tricona (T

- Sturt fabnic is esther pophn of Kafr -Dawar {K) or poplin of El-Mahalla
El-Kubra (M};

- Knitted outer wear 15 either half cardigan (H) or double jersey (D)

- Liung fabric 15 either polyester (P) or viscose {(V);

- Gasket fabric is either with sticking {3) or without sticking (W);

~ Sutt fabric 15 56, 70 or 100% wool (5%, 7W or I0W) and 50,30 or 100% polyester
respeclively.

2.2 Testing Methods
2.2.1 Thermal Resistance

lotrmsic thermal conductivity (K) and thermal resistance {R) values were
measured on a heat transport apparatus shown in Fig. ().
2.2.2 Air Resistance

Aur resistance values were measured with a Shirley air permeability instrument
at an air pressure difference of 49 pascals.
2.3 Measurement of Thermal Properties

The thermal properties of the fabrics were measured by the apparatus shown
in Fig. (1). It consists basically of bottom hot plate, simulating a section of the
surface of a human body, which can be covered with clothing assembly and sink.

The heat source, guard heater, contains nickel chrome wire heater of 104 ohm
resistance {insulated with gypsum). The temperature of the heat source was determined
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by a copper constantan thermocouple attached to it. The heat source is insulated
from the rest of the base by a support made of weod to prevent heatl losses during
the 1ests. The temperature was indirectly measured by digital multimeter, which
was calibrated at regular miervals, The connections of the thermocouple to the
digital multimeter are made through a 7-point switch, with one common cold junction.
The insuiated heater was connected to an electrical stabilized power supply as
shown in Fig. (2}, which canr controi properly the surface temperature of the bottom
hot plate in a range of 32 °C to 33 "C by means of changing the circuit mnput voltage.
Total thermal resistance of clothing assembly {Rt) could be calculated by the
following equation:

R, = (A aT)/Q, (m?.°C) / watt c 1)

where A- area of heat flow, mz;
4T~ temperature difference, °c; and
Q- heat flux, watt.

3. RESULTS OF EXPERIMENTS

The following are the results obtained [rom the tests and measurements,
arranged according to the plan of work.
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3.1 Design of Experiment

A fractional facteria! design [7} of three, five and six variables (components)
at two levels, namely, -1 and +| were chosen to wvestigate all the five wearing
cases of clothung assembly.

The response Y is given by a second - arder palynomial, i.e.:

i n
Y:bo+§ b, X, « E bii.xixi, A
i=1 iyj=1

where = 1 th variable

Xi =
n = number of variables , and
b

o, b.l and b, = regression coefficients associated with the variable.

In order to determine the regression coefficients, the response Y {thermal
resistance or air resistance of clothing assembly) had to be found by wusing different
experimentai combinations of the variables under consideration.

3.1.1 The | st Wearing Case of Clothing Asserably

~ The values of thermal resistance and air resistance of the clothing assembly
and its three components are given in Tables (1,2).

Table (1) : Actual Levels of Thermal Resistance of Components of Clothing Assembty.

Factor Leve!
-1 Oy
Rl = Thermal resistance of under wear, 1o, (mz."c)f waltt 89.321 (J) 58.297 (T}
Rz = Thermal resistance of shirt fabric, lOn. (m2.°c) / watt 39,630 (M) 39.822 (K)
R3 = Thermal resistance of Knitted outer wear, loq(mz."c})’watt 166.082 {D) 189.850 (H}
Table (2} : Experimental Plan For Three Yariables.
Level of Thermal Aur Relative Quality Parameters

No. Factors Rc;mstagt:e. Resistance, Value Geometric Exponential Rank

107, (M .c" ) watt 3 mean [unction

L)
RI R2 R3 (NSecHm q qy c E
] + o+ 38514 1222.86 | 0.976 0988 &.411 |
2 s+ - 32090 12533.20 0.844 | 0919 2.467 3
3 + =+ 352,52 300.22 0.915 0.203 0.472 0.285 5
[ + -~ 32577 303.59 0846 0.242 6.453 0.232 7
5 - 4+ 36509 1150.2¢% 0.9538 0918 0.938 2.743 2
6 - & - 32642 1170.85 0.R498 (0.9 0.8390 2Z.149 4
7 - -+ 357.02 288.41 0.927 0,230 0.462 0.238 6
8 - - - 32730 285.05 0.350 0.227 0.439 0.193 g
n N

‘E:ll‘l{r!\ Z eql)
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3.1.2 The Z nd Wearing Case of Clothing Assembly

The walues of thermal resistance and air resistance of the clothing assembly
and 1ts {ive components are given in Tables {3,k).

Table {3) : Actua) Levels of Thermal Resistance of Components of Clothing Assembly.

Factor Level

-1 s
R, = Thermal resistance of under wear, 10°. (mZ.co)/watt 49.321 (3) 58.297 (T)
R, = Thermal resistance of shirt fabric, 10%. tmz.c°J;'wa(t 39.630 (M}39.822 (K)
Ry = Thermal resistance of lining fabric, 16°. (m?.c*)wart 29.260 (v} 35.562 (P)
R, = Thermal resistance of gasket labric, 1% (m? e watr 43.938 (S) 61.702 (W}
Rj = Therma! resistance of suit fabric, 10, (mz.c"}fwatt g4 890(5w) 61.207{10W)

Table {4) : Experimental Plan For Five Yacnables

Thermal Awr Relative Quality Parameters
Reusista;ce, Resistance, Yalue Geometric Exponen-
Level of 107 {m°.mel Mzan tial Rartk
Factors watt 3 Function
HNo. {(M.seclm
R}Rz R3 R;F Rj q, a; G E
L 01.45 1530.40 0.609 9.4y 0.520 0.425 7
2 e 330.53 2047.56 1 0.593 0.770 1.30% ]
3 R 292.99 277049 0.886 0.303 0.844 1.772 2
b o+ v - - - 223.63 2373.46 0.692 0.638 0.650 0.991 5
5 - - 4 - 270.30 1088.03 0.81% 0,315 0.508 0.289 8
2 S 269.66 2535.00 0.8316 0.735 0.774% 1,363 3
7 D 270.23 345042 0.3138 1 0.904 2.293 |
2 e . - 266.66 2014.35 0.807 0584 0.686 0.977 &

3.1.3 The 3 rd Wearing Case of Clothing Assembly
The values of thermal resistance and air resistance of the clothing assembly

and s five components containing air spacing between lining and suit fabrec instead
of gasket fabric are given in Tables (5,6}

Table {3) : Actual Levels of Thermal Resistance of Compenents of clothing Assermbly.

Factor Level
-1 +1
R, = Thermal resistance of under wear, lGh. (mz."c)}'watt 49.321 {3} 58.297 (T}
R, = Thermal resistance of shirt fabric, (0%, {m”.*c}/watt 39.630 (M) 39.822 (K)
Ry = Thermal resistance of lining fabnc, 10%. (m?.c)fwart 29.260 (V) 35.562 (P)
S, = Awr spacing between lining and suit fabric, cm 0.5 (A) L3 (A)

R5 = Thermal resistance of sun fabric, 10{'. [rn2.6°);‘watt B4 440 (Sw) 61,207{10w)
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Table (6) : Experimental Plan For Five Variables

Thermal Air Relative Quality Parameters
Level of Resistance, Resistance, Value
Fact Geometric  Exponential
actors to” .(mz."c)/ (I\!.sec);'rra3 Mean Function
Mo, . watt Rank
R, R, R3 R, R5 a, 9 G E
| - - - - - 707.30 70016 0.814 0.791 0.303 1.515 3
2 [ Y 308.84 211,98 0.93] 0.493 0.678 0.904 7
3. o+ -+ s 839,22 836.08 0.966 0775 0.885 1.932 3
] e - - - 755.49 758.64 0.870 0.967 0917 2.451 2
b 2 819.84 80298 0.967 0.467 0.672 0.522 8
[ -+ - s 800.64 797.49 0.922 0.502 0.680 0.953 6
7 - 4+ s =3 786.67 789.81 0.905 ] Q.95 2.998 1
: S N S 868.82 863.68 | 0.722 0.850 1.8 4

3.1.% The % th Wearing Case of Clothing Assembly

The values of thermal resistance and air resistance of the clothing assembly
and its six components are given in Tables (7 , 8).

Table {7) : Actual Level of Thermal Resistance of Components of Clothing Assembly,

Factor Level
R, = Thermal resistance of under wear, lOa. imz-“c)}wau 89.321 {7} 38.297 (T
R2 = Thermal resistance of shirt fabric, IOQ. (m2.°c)/\vatt 39.630 (M) 39.322 (K}
I'{3 = Thermal resistance of knitted outer wear, 10 (m2.°c){watt 166,082 (D) 189.8350 (H)
R, = Thermal resistance of lining fabric, |0""| (mz."c),!watt 29.260 (V) 35.562 (P}
R = Thermal resistance of gasket fabric, 10% (el watt 43.938 (5} 61.702 (W)
R, = Thermal resistance of surt fabric, 1o (m2.°cl/watt 44 404 (Sw) 61.207 (10w}
Table (8} : Experimental Plan For 3i1x Vanables.
Level of Factors Thermal Aar Relative Quality Parameters
No. Rleifxstaznce, Resmtanceé Value Geometric Exponen
10" {m".°cH (N.Secm Mean 1iat
watt Function
Rank
R, R, Ry R, Ry R, 9, 49, G E

1 Y 398.38 2404 24 0.763 0.794 0,778 i.383 4
2 o= - - - + 414.39 2307.23 0.79% 0.762 0.778 1.320 3
i J 3ok.52 1987.44 0.698 0.656 0.677 0.94 7
] P - 44.03 2419.69 0.787 0.799 0.793 1.k860 3
b L 453,20 1572.3% 0.868 0.519 0.671 0.920 8
6 L - 522.21 14]19.60 1 0.469 0.685 0.970 [
7 - . 478.04 3029.63 0913 1 0.957 3014 1
b3 + & W4 + 297 37 2587.81 (.953 0854 0.902 2.274 2
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3.1.5 The 5 th Wearing Case of Clothing Assembly

The values ¢f thermal resistance and air resistance of the clething assembly and
115 Six Components, centaining air spacing between lining and suit fabrics instead
ol gasket [abric, are given n Tables (9,10).

Table (9) : Actual Levels of Thermal Resistance of Components of Clothing Assembly

Factor Levei
-1 wh
R, = Thermal resistance of under wear, 10" (m2.°c)f‘watt 49.321 (J) 58.297 (T)
R2 = Thermal resistance of shirt fabric, to* (m2.°c))‘watt 39.630 (M)39.322 (K)
R; = Thermal resistance of knitted outer wear, [Cl’1|| (mz."c)fwatt 166.082 (D} 189.850 (H)
R, = Thermal resistance of lining fabric, 10%. (m2.°c)fwatt 23.260 (v) 35.562 (P}
S = Air spacing between lining and suit fabeic, Jﬂﬂ(mz."cllwatt 0.5 (A3 {A)
R, = Thermal resistance of suit fabric, IO“ (m2.°cJ;"watt 46.046{5w)61.207 (10w}
Table {10) : Expecimental Flan For Six Variables.
Level of Factors Thermal Alr Relatsve Quality Parameaters
Resistance, Resistance value Geometric Exponential
No. lO“-(mz."Ch’ (N-Sec)/m3 Mean Function
watt Rank
R R, Ry R, S Ry 9, 9, G g
l - - - + + 982.65 LL15.69 | 0.758 0.870 1.974 3
e * 952,37 120.96 0.969 0.6923 0.820 1.615 3
I - s - - - 942.48 1472.88 0.959 | 0.979 3367 |
i P - 848.43 1155.49 0.863 0.785 0.323 1.635 3
5 - - 4+ - - 243,52 503.58 0.583 0.342 0448 0.221 3
S S S - 907.66 631.61 0.924 0.429 0.630 07707 7
7 - o+ 4+ = - + §29.u6 1192.43 0844 0810 0.827 1.659 4
3 P S Y + 908.33 1319.12 0,924 0.3% 6.210 2.358 2

3.2 Experimental Analysis

The results of thermal resistance and air resistance of clothing assembly
were analyzed using the computer. The rcegression coelficients were determined
and the response-surface equations for both the total thermal resistance (R _Jyand
total air resistance (R} for each wearing case of clothing assembly are given in
Table (I1) with the cérrelation coefficients between the experimental values and
Ihe calculated values obtained from the response-surlace equations. The response
surfaces agree fairly weil with the experimental results as can be observed irom
the high correlation coefficients. Contour maps were constrocted by using  the
response-surface equations as shown in Figures (3-7).

3.2.1 The | st Wearing Case of Clothing Assembly

In Table {2), the eight clothing assemblies are to be ranked 1n order of
peneral quality using two methods of quality assessment (geometric mean, G; and
avcrage exponential function, Q). These clothing assemblies have been ranked from
1 10 5: No. | represents the best clothing assembly and No. & represents the worse
ope. The {mal rank of the two methods 1s set out in Table {2) and the rankings
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of the two methaods were in complete agreement. From analysis the mathematical
model (Y ) of total thermal resistance in Tabfe (11), it -could be observed that wnien
changing l(hs.- factors within the chosen interval, the factor (R.) has a great influence

afterwards the factors RZ' Rl and the intecacticns R2 RJ, R1 R2 and RI R3

respectively. Total thermal resistance of clothing assembly (R ) increases with using
the tevel 1 of R, R2 and R,. But for the mathematical model {Y_) of total air
resisiance, it coulc' be hoticed }hat with an increase of the factors RT R, and with
using the leve) -1 of RB’ total zir resistance of clothing assembly increases.

3.2.2 The 2 nd Wearing Case of Clothing Assembly

In Table {#}, the clothing assemblies have been ranked from | to 8, No. 7
represents the best clothing assembly and MNo. 5 represents the worse one. The final
rank of the two methods of quality assessment is set out in Table (%) and the rankings
of the two metheds were in complete agreement. From analysis the mathematical
model (Y,) of total thermal resistance n Table (11), it could be cbserved that the

lactar (RS) has a great iniluence afterwards the factors R,, RJ, R3, R, and the
interactions R, R, and R R, respectively. Total thermal resistanée of clothing
assembly (R } incréases witl‘l using the Jevel «1 of R,, R,, R, and R. and with a
decrease of ;he variable R,. But for the mathematical rlnode% (Y") of totgl air resista-
nce, it could be noticed that with an increase of the Jacwrqu Tn - Rl’ R. and

with using the levetl -1 of Ru, total air resistance ol clothing assenibly “incréases.

3.2.3 The 3 rd Wearing Case of Clothing Assembly

In Table ( & } , the clothing assembly MNo. 7 represents the best clothing |
assernbly and MNo. 5 represents the worse one. The final rank of the two methods |
of quality assessment is set out n Table ( 6 ) and the rankings of the 1two |
methods were in complete agreement. From  analysis the  mathematical model |
(ij of total thermal resistance in Table { I{ }, it could be observed that the!

factor (Sﬂ) has a great influence afferwards the factors R, RZ' RS’ R, and the |
interactions R 5, and R, R, respectively. Total lherma[J resistante o} clothing
assembly [R ) Increases wit‘h uging the level +1 of R, R2 By S:; and R.. But for
the mathemﬁtical mode) (Y ,) of toral air resistance, it could.’ be "noticed”that with
an increase of the factor (léz) and with using the level -1 of Rl’ RB’ S!;’ RS’ total

air cesistance of clothing assembly increases.

3.2.4 The & th Wearing Case of Clothing Assembly

In Table (&), the clothing assembly No, 7 represents the best clothing
assembly and No. 5 represents the worse one. The final rank of the two methods
of quaiity assessment is set out in Table (8) and the rankings of the two methods
were in complete agreement. From analysis the mathematical model {Y,) of total
thermal resistance in Table (11}, it could be observed that the [actor fR ) has a
great influence afterwards the factors R, R, R,, R, and R,. Total thermal ;esistance'
of clothing assembly (R} increase with usihg fhe Pevel +1 of R!, R,, R, R6 and
with using the level -1 of R, and R,. But for the mathematical rnode:i (YS) of total |
aw resistance, it could be 5een that with an increase of the factors RS, R,, R [
and with using the level -1 of RI. R3, Rj, total air resistance of clothing assembiy '
increases.

3.2.5 The 5 th Wearing Case of Clothing Assembly

In Table {10}, the clothing assembly No. 3 represcnts the best ¢lothing
assembly and No. 5 represents the worse one. The final rank of the two methods
of quality assessment is set out in Table {10 and the rankings of the two methods
were In complete agreement, From analysis the mathematical model (Yg) of total
therma) resistance in Table {l1), it could be observed that the factor 15.) has a
great nfluence afterwards the factors R3\fR i RB‘ R, and R?. Total thgrrnal of
clothing assembly {R.) increases with wsing tge level +1 af R, 55, R, and with
using the level -1 of R, R, and R,. But for the mathematical nod&} (YIO) of
total air resistance, It c%uld te seen that with an increase of the factors R, 5.,
[ . and with using the level -1 of RI, R3, R{!, total ar resistance of clothing ass%mb?y
mcreases.



Hansoura Engineerlng Journal (MEJ), VolL.17, No.2, June 1992 T. s1

4. DISCUSSION OF RESULTS
i.] The 1 st Wearing Case of Clothing Assembly

Fig. 3 shows the effect af thermal resistance of knitted outer wear and
under wear on both thermal and aic resistance at R, = +1. The response surfaces
are eamly influenced by the vanables R\ and R,. Theré is a large increase in thermal
and air resistance when R and R, are at thie highest level. This is may be due
10 the higher resistance of tricona add half cardigan.

4.2 The 2 nd Wearing Case of Clothing Assembly

Fig. 4 shows the effect of thermal resistance of lining and suit fabnc
on both thermal and air resistance at R, = -1, R, = +1 and R, = -L. Warmth proper-
ties significantly increase when R, and Ry are at the highest level. This 15 may
be due to the fact that when the?mal and” air resistance of limng and suit fabrics
increases, warmth properties of clothing assembly increases,

Table (11} : Responsé--—Surface Eq_u;tic;ns of The Different Wearing Cases of Cloting

Assembly
Wear) Correiation
c::e”ns Response - Surface Equation Coefficient
No.
| v, = 10" 346:01641.059 R + 5364 R, + 19919 R, 0.9931
+ 2.566‘Rl R2 + 1.322 Rl R3 + 5301 R2 R3
Il
Y2 = R1 = 747.026 « 23.792 Rl + 451.860 R2 - 5.993 R3 0.999%
+ 14.953 Rl Rz - 1.682 R1 F«l3 - 6.742 R2 R;
2 Y3 = Rt.lDu = 266314 « 7.57) RI - 1.673 RZ .+ 2.900 R3 0.9989
+ 23.809 Rq + 26.5340 R5 - 8.622 RI R3 + 0.904 R] Rq
YQ ='Rt = 2226.213 + 16.378 RI + 425,967 R2 + 43.736 R3 0.998%¢
- 266106 Rq + B74.653 R5 - 13,652 Rl R3 + M ugd Rl Ru
3 Y5 = Rt.IOu = 300.851 + 7.596 RI +11.699 RZ + 2304 R3 0.9979
+38.328 Sq + 7.938 Rj + 3143 Rl R3 - 7.954 R] St;
Y6 =’Rt = 359.899- 21.962 Rl » 76212 RZ - 21177 Fl3 0.9962_

~350.574 Sh - 11.136 R5 - §.660 R] R3 + 18.631 RI Sq

§ Y, - Rt.loi" = 462,450 + 18.912 R

~2.330 Rq + 3.2%¢ R5 + 4.709 R6

P ” 4.583 R2 + 45.38 R3 - 09805

Yy ='Rt + 2216.011 - 32.602 R, + 290.134 R
¢ 300011 R, - 116.238 Ry + 366.262 R

3" 63.664 R3 0.9787

6

3 Y9 = Rt.lOQ = 901.869 + 2.34% RI - 19.681 R2 - 29.627 R3 0.9826

- 6.125 Rq + 33410 S5 + 16,334 R6

Yo ='Rt = 1031475 - 19.681 Rl + 233317 R, - 139778 Ry 0.9960
- 23.006 R, « 33.308 Sg ¢ 110,588 R,
(R l}‘ means total thermal resistance of clothing assembly , (m2 - °c) / owatt

. %
(1'3t) means total air resistance of clothing assembly , {NSec) / m,
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9.3 The 3 rd Wearing Case ol Clothing Assembly

~ Fig. 3 shows the effect ¢f both thermal resistance of bining and suit fabrics

on warmth properties at R, = -1, R, = +1, S“ = -l. Any increase in the variables

and R, leads to increasing thefmal resistance and decreasing air resistance.
Tians is ma);be due to the exist of air spacing (air gap).

4.4 The 4 th Wearing Case of Clothing Assembly

Fig. 6 shows the eifect of thermal resistance of knitted outer wear and
sutt fabric on warmth properties at R, = -1, R, = +1l, 1, = -1. Warmth
properties increase when R.-and R, dre at thé h:ghest ﬁeval because they share
with a high value of the tot :I thermaF resistance of clothing assembly.

4.5 The 3 th Wearing Case of Clothing Assembly

Fig. 7 shows the effect of thermal resastance of knitted outer wear and
suit fabric on warmth properties at R = - = +l, = -l and 5, = Tetal
thermal resistance significantly mcreases whean ancl S“ are at thé lowest and
highest  level respectwe!y Conversly, total air resnstance significantly ncrease
when R, and 5. are at the highest and lowest level respectively. This is may be
due to %he exm?of air gap between lining and suit fabrics., Thus, the rank of quality
parameters was concided with the graphical solution of dublicating the contours
of both total thermal and air resistance together.

5. CONCLUSIONS

From the work described in this paper ihe following concilusions have
been deduced:

The optimum compenents for obtaiming the highest warrmth property of
each clothing assembly are:

- The | st wearing case must be composed of Tricona, pophin of Kair El-Dawar
and half cardigan knitted cuter wear.

- The 2 nd wearing case must be composed of Jil, poplin of Kafr El-Dawar, polyester
hming fabric, sticking gasket and 100% wool suit fabric.

- The 3 rd wearing case roust be composed of Jil, poplin of Kalr El- Dawar polyester
lining fabric, 0.5 cm air gap and 100% wool suit fabric.

- The 4 th wearing case must be composed of Jil, poplin of Kafr El-Dawar, half

cardigan knitted outer wear, viscose lining fabric, sticking gasket and 100% wool
suit fabric.

- The 5 th wearing case must be composed of Jil, poplin of Kafr El-Dawar, double
jersey knitted outer wear, viscose I|n|ng‘fabru:, 1.5 ¢cm air gap thickness and 0%
wool suit fabric.
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