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A study o f the e f fe c t s of t he po lyest e r r~tl0 and tW is t 
multi p lier on phY 3 1ca l p r operti es (neat - loss inde x , ai r 
per~eabj l lty and wic kab il i ty ) in t cl otion t o clothing Qualit y 
i5 r epor t e d. r or po lye ,t e r r atio r a nging from l l~ to 67~ 
an d t wist ( Dcto ra ( tlre) be tw ee n 3.2 ond (1.2, i t wn!\ r oun d that 
th e hest possi bl e clot h quali t y c an be obtained in an opti mum 
r egi on tha t go e s fr om $ Or. polyes te r r olio nnd ~nre hl ~h ly 
t~ lat e d ya r ns to 6 0~ pol yest e r and } . 9 twj st m\lltip J ler. 11.e 
op timu~ va l ue s o( pol yes ter ratio end lwi ~t nultIplje r o f 
w" ft yar ns we re )(I~ a nd 4 .2 O:"e re spectively t o obtain a 
goo d shi rt fabric fo r wea r . 

1. I NTR OOUC t I ON 

Tile prev i ous wor k has verved to Show that the r e o r e seve r al 
way 8 i n ~h lch hea t and mois t u re can pass th rough fab ri cs in 
a c l oth ing e nviron men t. fo r exa~ple , Gorpt :on , dI ffUSion. 
evapo r ation , con denGatl0n and wi c k ing of ~.ter through fi bre 
.sse~b li e9 al l have their own associated heat transpo rl mech_ 
ani 31111 . 

Cotton/po lyes ter bl ended shjr l f abriCS hovo man~ adv~ n_ 

taaes com~dr ln9 with ' OO~ co tton o r po lye ste r. therefore make 
b le nded fab r ic s mo r@ acce p tab l e . As a r esult, s ll i r t rabri cG 
o f s eve r al po lyester r alio s , for eXDll'lp le, have become very 
cam lllon f o r c ve r }·day .... ear . Both pu l yest er r at io In blend 
WIt h co t t on and tWIst mul t ipl ier o f wer t ring 9p un ya rns 
a rr cc t t o 0 g r oa t extent t he ph ys i ca l p(op e rties of the b len
ded fa br I C3 . 

The object of th e ~or k des cri bed tn thiS paper Nas t o 
dc terml ne the optlnuB polye9ter rat i o anrt thist mu l tiplier 
of ./u f t ring ::o pun yarns to obtain the heighes t Qu a l it y of the 
p roduced b lended f abr ic :> . 

Ihe baSIC properties of f ab r ICS orrccti n g t~ ~ clotll 
Quality a r e nultcr ou:s. Ho .. eve r, It wa s thought t h,t the IIIC~t 
i ~portlln t o f whic h to be wort hwh il e studyinl) are heot - loBS 
i ndex , af r per .. ca hi li ly and WI Ckllb l llly. 
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Fi ll . l 

SchoMotic 4.laa:-.u ahon7l8' COll.o:t:-uc tloDoL 

d, t lilo of tho ap~arotlill 

T. '1 

t ~be ( 6) . w~. re the V'P i n bet ~ ee n t hl t~ o t~b el ~~, ri lled 
with d r y ,and (l) I n ord lr t o diotribvt e reg ullrl y the hcot 
01 0 n9 t h e perine tor Or t h e c y l i n der . Tht cyJ inder ~Ide, we t e 
f i rM l y clo,ed b y two l,( l un d iokl 19 , 10) t o decrel o c he~t 
100 . t hrough t he cy l I n de r .id., . The in.u l.te d hoote r Wa, 
c onnec ted to on aJ,eltiea l , t abil ited oow er 3uOp1y wh ic h can 
c on t r o l pr op e rl y t h o crl i nda r l ur(lce t l~per etu rc In I r lngc 
o f }6 .S oC t o '7.)oC by ~eo n , of chon91 n o lhe circuit I nput 
vo l t ., !)e. Ihe flo we r c o n 5umlld "hi eh co_p.ln ll, le heel· loloOII 
r r o i71 bct n the c~llnde r li n d f ab r ic (1 ) "10 _eDSUre d by ... oon. 
or In ord l naq "Itts elar . The r efo re, thcrMol COlu,l uc tiv itl 
c oul d b , cul c u la ted and ( ive teote Wlrt co rtl'd out In I 'Ch 
e 'le and t h e Iva r OOI vaJ u ~ is Obta i n ed, r ,b r lc he et - Jo.~ 
inde . whI ch i. defi n ld •• the ratIo o f f. brie thlc~nee 8 to 
j t~ t her~al cond~ctJv(ty could bl obt.ined ' ro~ the e.~ e rl-
.. en t al re e u1t :. . 

J. Z Ai r _pernlab l li ly Illl t 

Th e Shirley A1.r f llr neeai-I lly Tt'l:; te r WaD used lit " 10 .. •• 
ot c ~ ,u r e d~p . r or SlnpJ. , with h Igh plrnl a b i l ity, ,e~o r'l 
la y,r, wer e tl. t, rl and t h o rla d ing ~o, nultlpi lid by tnl 
nunber o f 10Yle l. 

J . J Wlc kab lJ i ty Toot ... 
long Dnd 
col ou red 
1, ... 1 "'., 
rhe. (or 

~,e~-up me t l.nd ' (or t. s tln~ s t r I ps o f f~br je . 2) c .. 
1 e~ ~i dl , cut !n wer~~i.e d~ r e c t !o ~ ~o, u~. d. A 
dlltllletcG wet. r 50i ut,on N'e ~s ed 1 0 t na l l h e ~. t er 

b e •• e n c le uly . !hc heiClht. to wnlch the liquid 
'0 ninut e. a re ob~er vad ,nd t he r e8ultz O !ot ~ I ~. 



I ,st' I r~ n . ~e unde~ st andlrd ~cndi ti ans (65~ r .~. ! Z~ 
. ~CI lO · C ~ 2 ), t"~ r'brl~ ' ' 'vi ne) p r eviously h",n sl o.ed for 
,t I • • • t 2(. h ~ In I ">e ,t.o.ph" re u f t he l ~ b ... rB I ~ r~. 

I h. r., ,,H II obl t lned ;,te IIh .... n .In r l ble II. TI,ty ~e r" 
,1 ."e .. 5¥!1 un c,}cullt., rX.120 ~y ,,,.ing Ihe u l nad of P r o f. 
SI 1. a,, ' , which . u p pll ed t~1 r ,ore. ,\ on ,qu .. llon. Dr t h e 
respen •• I"r { p" • • , In . n . l ylls . f v.r hn el, a nCl ot her ,t"ll.t~ 
ic~1 .nd t h., "o Troapond ln." p l o t . of "onl ou r , o f "on. t "nl 
rupo n .. , " h ieh a r e i n" luded h"r e lI •• hown i n fiq . 2 ( he .. t-
Ian , n d D ~l.F1 ." . ) (eir p. r •• abiIH~ l I nd r l,. a (wl ekrbllit y) , 

I h r r a9 r •• rloo equa ti on. f o r l he e"pons e ." r """~ c an be 
.ep . , .,nlud by the fo l} D~in9 n n t ne. atiea ] .0d ~ 1 , , 

h b(J ~b] XI • b 2 I Z·b 1l X] ~bJ2 XI X2 • bn X 2 

Ch . n \" 'Ibl . II I thC! ... t he.IU"el . 0d. l " of the respona • 
. ... r .. t e . fo r thr ve r iou . r .b. l e p r oportl" .n~ t h e vol u ,,, or 
f ls" or'. "r i t • • ln . 'h o fC!n] _~. ]ye . l n~l"a t.d that t", •• 
'Cluo tl on" c C!"l<l .. 0 " .od •• tll fletor ll~ to des"rlbe t h .. ' C!lr_ 
Ilon8"'OS , .. u l h. pr otl l eatlon or t h •• e prop erU. r frOI the 
v ru iab h a XI a no X2 , 

f ret. lable 11, It ~I. f o und the t t he , . p. r l ... nll J erro r 
In t h u " en t r . o f the ae h,,", is l o w ' o r all per • •• t ... , In , 
,:nr . ,1 1 1 10n " oor r lei.n l . be t .cull t h .. .... tn ... ;allea l .. o de I Ind 
lhe • • p.rl.e nl.1 ... , ... . a . o r e irlr h19" (0.10 (o r huel -
!IIft' Ind"" 0.' 7 f o r t) . p ... uub d lly and O.8Z (or w lc~obllllr). 
~I t h the ,~".pllon of l h. l"I e al_l o •• I nd.~ , r or whIch th .. 
c o .ral ,tlon e "l rfl c:lrnt i f 10"'1 .. ",,,1 10", tI •• par"lt e t S sho" 
1 (jood fit, I t t hlr, fo • • • 1",,,a to b •• n.f"l t o obt.ln lhe 
~ ] DI of the r.IPOn,. l urf.c •• . 

~ , D!SC USSI ON 

~ . I N" ... l.} os" In d • • 
~n opt l_" .. r o n .. II ab ." r ~ .. d . t t il' .1, _ \ l .. vel. o f po ] '1 • 

•• t. r .. tlo and l .. i st ,"Ul t l p ]i e r t,z. Iha ltlnd or the 
••• oonsa a ., . f.ea ae" " ,, to .u""e"t I". t the o p t l_,,_ p o l re.ter 
rltio t o obtu, n thr n . lq l"lert f ,br l " h.,l_ I D9. i nd" . vit n 
Ln. 1"lInt t .d et 111 »% or 6"1:1 pol r .,ter b }en ,j. It la l nt" . _ 
O' l i n , t o k oo~ t ha~ n t tl"l. lu r o l avI I a f pol , • • le r r a t io 
Cd n lOlu. nut·l"a. I ntJ ~~l , t n. r .b r l" dlln r it, . t tIJn~d • 
•• • I .,,~. I"i' I. In . ~ r a._."t wI t " t h. lIe n e • • 1 una ll . atandln" 
t " .t •• thu a.oun t (I f li r ant."pped wi t h i n t h e r .. b rl ~ die • ••••• , 
Ihe n •• I ~ J Da. I nd.. deere •• e l. At nny po l y •• t, r t ltio Inr 
l ne . ....... n t .. l ,t IIu ] tipl l •• I .. " •• u,e. tl"l e fib . ... r e, t _ 
lou I n ~ ••• o r . ,..rke dl, • • '''o _n i n rig. 1 . r t O_ lh. d. tl 

o f le ble ) I , l h. po l ,,,.t,,r r .tlo a nd t .. ht • .,ltiplh. v i s 
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110~ t -l D55 , ndel ~ u rUC9 w e~e d r 8~n i n r iQs . } and I re ~ r ec -

t, vo li'. II~ C:lr'l l>~ ~ec n the hi ghe r h .. et · lo s5 i nde~ corr c SPo nd1 
tu Lh e higher t~ i ~t f o r Do t h } )~ lind 6 1~ po lyes t e r f~ ti o . 
I h ill phen o", en on 5" .... 5 to be e xpl ai. ,.,d b y t h e i nc r ea s e i n 
e n tr npIJen ~ i .- , .. h ie ll occur s 115 II r e s u l t of I nc re a'lI ng t ",i s t 
",,,, l U pl ler . 

Sy "~e t tjc al r eudl s oot lilined in bo t h !li de:: o f the M ,n i ~u'" 
" alu e o r hea t - l os!!! l nde ~ lIIa y b ~ du e t o the reDulti ng y llC n 
ha i r i nes S ond fmb r ic ~en~i t y . The nel e f fe ct of l he gre nter 
fabric dc",ut¥ ~ nd t he 5r.l a ll u yar n ha irines~ is ~ II1 0 ra "lo ~ly 
pa c k e d fa br i c :: tru c Lu re . c onsequ e n tly ID~er f~b r lc h ~8l_ 
los s in de x ";! y be e " pecte d . 

~ . l Ai r Pe r me abl lit, 

~ s ca n be ob~ erv ed fr om r i g,S , f o r any vBl u ~ of t wist 
.u l tipli e r, ln e i nfl u ence o f polyest e r ral io on o il' p ef~eo b lljty 
1 11 v e r ~ 51:1011. In o the r wa d s , hbr l c ;t. lr ller~e 8bj l 1t y is ; ppr _ 
o ~j ~o l el y I ndep e nd ent o n t he po lye st e r ratio of ~ ~r t yar ns 
a s s h n_n In Fig .6. ri g . 6 ~howo t he re l a t lcnslll P bet w8~n 
polyee ter r~ t 1 0 on~ fab r ic elr perme ab i li ty. Tn e c u r ve ~now s 
a ~ jn l. u ~ uo l us fo r t h. » : po lyeste r l' ll tio, ~nd a mll x jn~M 
"lIluc fo r the 6 n ; lI o1y est e r. ThIll I e in II grce~ ent .. it h til " 
f acl that a s til e p~rc ont age o f co t t on fi b re de creoo ell th R 
f r i ctionu l resi sta nce t o a i r floN d e c rc R , e ~ . Tile mQX I~ U ~ 

vs l ue sLt a ln e d at )J~ c o tt n n fn b r i c n lly be due t o the 1~lI ll e r 
r~bd c l h i ckne 81i , lhe opel'> y:l r n :l Lt uc tu r e lind th .. ~r>a llar 
f ab n c d e n1riity . 

All t Nis t mu lt ~ pli cr o f f illi ng t h ro ods I nC r eQ~e 9 , the 
incn~o se o f a i r pcr ~eiltlj li t y bo c o~e~ "ure npp a r ent 0" :: h (l Wl1 
) 1'1 rig . 7, ~ ",o;h tn :l t , .. he n polye ster r a tio inCr e DGOIi. an 
inc reas e i n :li r perMe a b i li t y bec o~es "''' irlent . Ther efore , 
t he op t j num vol v ~s r o r :l ir -p tr~e eb l1 1 t y correSPond Lo ~ o tn 
n i gh p o lyo5t er ra ti O en d h ig h t~ l ~t nu ltip lJ er ( .. 1 thin th~ 

e~pc r in .. ntp l filed) . 'he i n fl ue n ce or t he polY ~ liler Tallo 
on air - pe r ~eq bi li l y ma y ~t cxpl a in e d by enD higher deg ree of 
str uc tur e o pcn jn" t hat i ~ ac h ie ve d at hi ghe r t wis t "u lt!pl ler ~ . 
On the other lu nO. I t is c onf l r ned by tho p re scnt r esull s Iho l 
t he yern l " is t i nf lue nces o ir permeooilit y 09 ~ ilS f ou nd 
o;~r l ier6. 

S . ) l/l.c l<a Ui iHy 

Tha ~ i e k in~ . up is i nf l uenc e O by ei ther po lyo3 tcr . all o 
0 : l Nis t ~ul l 1 p l i"' r. A ~a~i ~ ,m valu e o r .. ! ckilbl l il y 15 
e~ pVI' i ~o n t lr o bserve d fo r val ues of thu poly e st e~ ra l i o r !ose 
to ~O~ nnd for t~isl mu i l lp lic r ]. J iI ~ s hown i n r i g . s . r ro" 
t ne d~ ta of labl e 11 , t ~e re l Bt ionuh Jp b ~ tween wJ c~~ bil tt ~ 
and bOl h po l ¥e, t cr ra l l O an ~ t ~ .~t ~o i t ip li er we r e ~ ra wn o~ 

:;; hown I n fl.,.::. 9 , 10 . th il t i s to ~:)Y . t herei" an o p t i .,u" ~ 81ue 
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U,uU""dlnq 10 lU ~Olr .. t .. nt h ud 10· .. , aultlplh, o( 
nut S ,l .0 nloln In. boll .It_ o r _ie~,~.t' t r r~,. 
h •• , h •• 11' 1, ~u. to tn. low" ' .~ ' Ie d.n~ Hy 

Opt • • ll. t, on of I n •• Iud' • • focto,. to aot. l n tn . G~ .I 
• • Iu .. or . ... ih . .. b .. le p .r~".hn e"~ld U . c ~ h.~ by 
U .. " l\coth" I n. qu~h. ( 1 1q l 1,',1 1 0' 10'. , u p,m .. ,w,f..,08 
I .OUhu ....... " In f1" , II . 

I, ' IQ.ll, jf t h~ ,"Iul Of ......... I nd. . .. .. ~<I". l 10 
Z;h lm tH oel/wlnlAnd "t!tord I .. " I I< ".""blt,l, .... lor qc, 
, ,,"n 110 u. 100-, SIC Ind "Ie . .. lll l y"" 1 .... 1 t o 11<0. 
0 .. " up .... d, I I'~" In, optl~ '" f. ct . ........ Id h 'ound In t n. 
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