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Numerical simulation of heat and mass transfer in textile for electrolyte solution
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ARTICLE INFORMATION ABSTRACT

Heat and mass transfer in textiles are usually simulated using models that consider sorption and
condensation. But in electrolyte solutions, ions existed in fluid passing the textile can cause a
phenomenon called electric double layer. Charges on the textile pores will attract the ions with opposite
charge which will affect the fluid flow. To investigate this effect, Poisson-Boltzmann equation is solved
besides the other governing equations of the phenomenon. Net electric charge density is computed from
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-‘?E{‘t’}ﬁrdsz this equation and is applied to liquid diffusion coefficient. In this research, the influence of electric
Heat and mass transfer double layer is shown and then the factors affecting the strength of this phenomenon have been studied.
Electrolyte One side of the textile is thoroughly in contact with liquid and the other side is in contact with air. To

Electric double layer validate the obtained results, temperature variations in the outer side of the textile are computed and

compared with the available experimental works. There is good agreement between the results.
According to the results, applying electric double layer effect in equations causes temperature difference
of up to 20 percent in the outer surface of textile. In addition, time for textile full saturation when the
electric double layer is considered increased more than fivefold. The results show that by reducing the
viscosity of fluid the effect of electric double layer on the textile's outer surface temperature is
increased. Porosity and zeta potential are other influential factors which, according to calculations,
increasing each effect can accelerate the electric double layer.
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Fig. 1 A schematic of the pores and fluid movement within it
by (3950 Sl <5 > 5 Wiy 51 (Silos 1SS

6 o)leisd6 095 1395 D9 )i ()30 Suille wadie

bl Bl g (2le)S oo ey alox

32 FlR leop)l5 Sl az )l )3 Cogb) 9 LS JUSH (o) 2
Alas o blo b a3 Sligy coio 5 5y ialo] §l baie; gy
Pl szl 0950 (Kimse Sl Jbew e 35l g SleSle
ol 18 i 5 sl oS Jil ol o5 sl (glodznas

OLS 5o wughy Aoy (o @ bguye dno (nl po LI (s
ol S 5 lslp 3lmeoles b gl .88 & oo [1] 6 pid Lamsgs 45
ooz Jlw dal) 9057 2 (bt mies g colp led (05 2
ol oS o 1y il g aisSalobes g8 Cile g Lo by GL| Lags o
9 %3 gl 5l o By BB (Sl ol 0 plold Sledd o 4
bl (28,5 a5y Jod 5l e slassluesle 51 S L [2] (90,98
Wt dgue 1) adgl Joe a4zl 50 09290 e Sl £ ln bl
5 LoyS JEl gy sl Lk 4l Joe SG 8] 0 5 @951 O 5l o
Sl wlas Hlsiea 45) Jibiie clagle ;5 ol olyod 4 py>
U ol 4] GiSimo g gy 1y Joe ol vio,S ailyl (W so oolic
009380 U 1y o Jas ol [B] ol Sam 5 0,8 2004 Lo iols 3y Ll
2 1 ais,s 5l SUl bawg Cugh) i 4 bgye glasle
Joe a5 e 5 e 5l oS @l Sligy (ol [6] Sign a5 oo
el 035 7 ile allazr & g0 1) mle w5 lsn a5 oaes) (32 Sz
Oy LoyS g ey JWI[T] 95 5 (I dawgi ool 5] Jow jo (eizren
alo 55y 5 Olas sCusb) iz slaoway b 85 s b plejen
Ol Cewday 4 e a5 el ol pwy Azl B9 (Kmge Sl 0
5 50l )lge o (S0 Lo 4 @l

ol 8 5 (Ko S s 529 5 (S S sty 3l L el o
b ggoge Coedl S & (05 BT JU9 S0 5o Jhow bz 2 oy
oy o)y A (SHlewn ke Sl ass jo Lol o ls 5924 2000 Lo
wlasls p JUls S SLbl 5 ogaz 4 5 Jhw » SoSl plose
[12-8]

Jsit " iy 2SI 151 o Jote o [13] gz 5
2 ez i G gl is,s ail) JUS5See )0 olz 5 o)~
5 SWShaol gy sl Lelos Sl 5 00,5 jlate S giasl = b dobes
2 PleE S oy 4 [14] Sges 5 Silgn 1aio s Cawoay sl sae
5 2l (oSl slapuSmn p (1S Sy b JUgSee 0950 bz
as ols plas playl adlas auzsls ol jlad Lal 5 s Selns g,000
WJsbme 15 baoss omily Sl o g dale s VL2 (sb5 Jomiliy U
595 oeizmen S e )3 el v s 4 ol 5 ol Jlasd
2 0l ool 5B g ezl =gy Aolas Jo b b et (sl [15]
oy gl oz lp Joe pr JUH g S gl - gl SYslee
50,5 &l ax L

@on g dae bl plgsoe 1) Algs (SO SI Y (eglie S5
g ol e (565 Jemily 5 mle SoSUl 60 Sl gope b ceilite o
S cole (Jlw (Seslos co g Olile (oSe b calio pinen
S se ounl (Ko Sl Cunglie dae g Cewladijy; Fge ylE gope 9 Jlw
Sas Cawl 0als ooy lis O L Lol IS s sae pl oS (650l
s g ol alr mhaw Lalyd g Jlw (el 5l (b (S S Ceeglia

! Electro kinetic
2 Zeta potential

284


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.23.6
https://mme.modares.ac.ir/article-15-6026-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.6.23.6 ]

Obled 9 iy Eawld

g ISl Yoo Sl p2 430l 03 2 9 Loy Uil sl yd 5332 5 ilwdsis

G(Cgsg) ‘5 aCfEf

hiogSy (C*(T) — Cg)

at & 9t
1], 26
Tg0x| 8 Ox (12)
el (1413) Laly, & j0 4 325 (550 bl
x=0-Cee, =06 (13)
leapg%:%hc(cg—cab) (14)

S gy Cugby wis dolxe -4-3
aS Sgd oo 418 )T LA (o oo 4Bl slocend | slacgase Djgods ax b
355 4 1) Cugby algh oo a5 wiloads JuSias BLIL 5 g5 lacend oyl
Sl (15) alaly &)yg0a 0030y () 45 bgs o alolae .aiS o
ace(x,r,t) 10 aCe(x, 7, t)
e = T D, t) ——
at rar |5 (15)
Jds et 4y g wiloas 53 ailgtal &gt (1o n8) BLIN aolas ol 4o
Ol el ouls aiigl (gl dilgruwl Glaise (0 Cuond pl 4 bgs e dlolee
el oads J az b culies Job o g slopls ahaie o sly aloles
Lly) ©jpe 4 dolee cnl Glp ot oolinul (6550 Lulyd (uizeen
ol 008 B y2e (17,16)

—o Ce 0
T T ( ) (16)
We(RH(x, t)
=R - Ci(x,7,t) = pr (17)

Ol oz Gl Wr 9 BUI Glbl glen  cond ogh, RH (17) alal, o
A 0gb o pastine iulesl 51 ol ke a5 Col GLI bwg 0ol i
sty 5 5 1y ormd Cushy i ] Al il s
50 g add go ol 1) adaly sl a5 ol 00 03,91 (g loge3 2 JSi y0 .8 ,4]

ol 00l oolaiwl Jloges cpl 5l eads Zl Sl dlolas 5l ol a9

&5 dolzo -5-3

[7] sl (18) bl @500 4z )b 99 51 Jlows s90 (sl (5551 Aolas
aT _ aCfo _ aCfo
g = Batav g+ P

9 aT
— tahog(CT(T) = Cy) E [K &] (18)

0.35

0.3f

0.25¢

20 40 80 100

60
RH(%)

Fig. 2 Experimental measurements of the water absorbed by fibers [18]
Cagby s p BU Ly sals Cd Ol oy 6 pSoslal loges 2 Sl

[18] (oo

L Fick's law

285

o b oYl -3

oo ils = (puolgy loleo =1-3

b I8z T 5 5 TSI Sy (5951 sty (sl olae ]
sl lp o Jul dobe 55 25w o o1 by sl

B9l g0 ool
[15] el (B) alal, &y gty cyo 3t =y g0 sl sy y9 JSC5
10/( oy . -
Fa_I:(rﬁ) = ﬂslnh((llp) (5)
el dsln L (6) abasl 51 (S 2SI S S izpan
_ 1o P
Pe=For\ o7 (6)
el ool oslaiwl DYl ol (s3lwam o sl (9-7) Lilg, 5l as
7= r lﬁ = f 5 = Pe
' ¢ 'Pe —el/r? (7)
xed , _ (krc)?
a="——F,f=——
kb a (8)
kT
/1D == _b
K 2nye? y? (9)
sl (10) abasl; & j08 (5550 Ll b Alolae o (5l 45
__ o dy
JT =0 E =0
liz1-9=1 (10)

&b ooy Jol aolee -2-3

I3 5 Sl bawg mle @iz 4 barye sloc)le (55 Sl o L
7] Sgu o Aldigl (12) abl, O)g0a b o0 Jobs aoles ylae
d(pmea)  _ 9Ck

ac o + hiogSy (C(T) = C)
_190 a(p.&)
T 0x L ox (12)
ool & s 4l 5o b aie olwis d(pe)/ot o le

S oo (5 S el

L) wim b as 1) Jesl B mle ke o @,0Ce/0t &yle
a3 g i 09 o0 (35 1) o5zl Ll sy (a3

Llyaz)l o 0szge ol jlade ol s thgSV(C*(T) - Cg) <le
a2 Ol T s Glas b e

L Jlew lade &lyss cainoylas (A[D,0(pyg)/0x]1/ 0x) /1y &\le
el az )b 0950 @le Jlas!

ol ool las mle Jobay sl isn oy alaly o a5 gbclen
G e 5 Cl (8) e o S Gl b 093 a5y
Ded oo dolae ol

Sy o0y Jolas aloleo -3-3
Oke) B g Cugh ) Cio 4 bgyye slas e pud ax3)5 L b

Slon 6l (G S 3 pom Ojle) lase a3 5 (G S )3 pgo
(12) dhal;, ©jgon Jbu oo Jolss dslee szl JB slad o950

7T %1 e y0

6 o lois16 055 1395 gy piid e Suilse wise


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.23.6
https://mme.modares.ac.ir/article-15-6026-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.6.23.6 ]

Obled 9 iy Eawld

g ISl Yoo Sl p2 430l 03 2 9 Loy Uil sl yd 5332 5 ilwdsis

[5] &yl (b a2l slp (o8 (slocaneS Jaie 1 Jgur
Table 1 The amount of physical quantities for Polyester textile [5]

Jlade oles oS
1380 p (kg/m®) LI K>
10° R (m) SUI s
2.49x10° D, lga o Jlu isy oy
(m?s)

0.85 & Ak JobS ol
12 4 S fge Ghomn
0.002 L (M) 4> L cwlbs
0.137 he (Mfs) p > JUisl oy o
7 ¢ ol al;
10° K (kg/ms) Seolizs )
20 r az b, SUI ige asgl;

20.2
20 Current study
@ Experiment

19.8
)
[
~ 196 }

194 F

19.2

0 200 400 600 800 1000

t(s)
Fig. 3 Temperature changes in outer surface for current study and
experimental results [17]

soue [17] alBilej] ol gl az )b ()5 v j0 oo &l s 3 S

0.90

0.80 F

0.70 F

060 F — 60

- = = 6 =8e3
0.50 F

0.30 F
0.20 f

0.10 ¥

0.00
0 20 40 60 80 100
t(s)
Fig. 4 Liquid volume fraction graph for both with and without
considering the electric double layer

Y i85 Sl e o bocdle g0 Gl mle ez S Jlogei 4 JSCB
Ay S sl

ORI Oas 4 az )l ()1 e JolS eltl sl 5ls 390 ey w5
@le (59,8 WL ooy cplcwl oasay ol ceglie 5151 ooU oS azdl
o3 go Rl Dad ) Azl ol Sy (Jlow 3985 Sz o
50 azl o s YalS (gl Sl o0 03,374 Jloges 0 4T jebolen
Fom s b7 5l 2eS oloy oo alfgs (SoSIlaY joa> g Sl
a5 sy 486 38 4 ley cpl alfgs (SO S 4Y 3T la s
W oo slad lyeasay opl ol 6)1.)5)...014
) o e Ol saimo ylis Jloged j0 0g2ge diew kx5 S o
Pl Ol e b cul alf g S sS4y jpa> pae 6l 50

6 o lois 16 )93 1395 D9 )i ()30 Suille wadie

Cdz b eads ol3T 65,0 4 by pe Wyt 0CE Ot e T 5 &S
ool ol31 (65,0 4 bogrpe @y1ndCeer/0t jle )b SUI lawgs b

N I

Sl b e b wix b
3 i 5 (2L esd iz b o3l (635 4 gy tahieg(CT(T) = C)
el ezl 950 5l s)9ee Sl
abaly ©jgo Sl colse (oo gl cadoslitul alal) yizen
<ol (19)
K =404+ 23W, (19)

w S ey (22:20) Luly, & g0t 5550 Aolas slp (5550 5 4yl Lulpd

el 00
adgl by

x=0-T =29265K (20)
Sl

x=0->T =292.65K (21)

oT
x:L—>K—=—h1(T—Tab)

0x .
- allahlﬁg(c*(r) -Cp)

(22)

oo i -4
Oyl o iz 5l Sl ploxil (gl oads a8 )57 5kai po az )by 51 cnl yo
J= 50 ead eosliiul (58 slacaaS g azyly elgr sl 0ol 28
ol 00 03,51 1 0,les Jgu ;o (so0e

@B L8] J 555 )5 slr (225 sleosls @l (riwcons sl
aaw ] 50 a8 ol oo aglie pol> IS 50 Lo (gl edelcamdds goas
9,5 5 s 4l 5 o 8 Sl b JulS ol 3 sl
5 oogebos 42,520 SLLI slso slos Sl cnl j3 0095 9,8 Sl p0 a5
659 ULl 5130 (oo sl (it g 42,0 195 Jlew sl
LS Jasl olals coys . wl m/s 0,137 ul b gy Jisl co o g
5 e 6l lyd ol e o a8 S Lais WIMPK 8.1 e
ol 1S ilegT il o o soliial ey mSII il 48,5 ki
oW

w2l Lo goie gl col oad ools las 3 Ko j0 a5 jgbclen
ol 1 Seop Slsrer ool 5l Jol gl b gsas Sl
Joles yolaml o culga b wled jo a5 ax )b (> )5 mlaw ;o Les o e
5 b b az )l ) e e 3l ey el (42,0 20) mo (sl
50,5 ials 4 ggyh Vb gl o Los cazyl (9,0 @ qle 3585 5
oy g0 eaml Jlow (Glod a5 4> 0195 sles 4y ail 45 sg0 3l

S oSS 50 5 eads Jo eadly (650 il (sl Al aslol o
ol 00l oy Al g (S iSI Y gy g b Sl 90 (ly Jlogei 9o b

5 U5 5 b o2l e 3 ule (gaz S & bgpye 4 UK
2 50 dgd oo oadlin a5 jeblen aas 0 i ) mhe ples o Les
Sl 3l lis a5 04l 092 cl> g0 o glalade P oglay S
Bl o mSI V¥l (gly alEge (S aSIl gy (8,5 Las o

S S Y 8 5 b 3y saaliad S5 o o jsbsles

286


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.23.6
https://mme.modares.ac.ir/article-15-6026-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.6.23.6 ]

Obled 9 iy Eawld

g ISl Yoo Sl p2 430l 03 2 9 Loy Uil sl yd 5332 5 ilwdsis

0.90

0.80 F
o7 | — 6
0.60 F - == 6 -16e3
050 F
0.40 F
030 F
0.20 F

0.10

0 20 40 60 80 100
t(s)

0.00

Fig. 6 liquid volume fraction in the outer surface of fabric with and
without electric double layer for viscosity 5x10™

O g bl 9o sl azl (25l 53 gile ez S 090 6 S5
5x107 eyl jo ailSys (S S Y o388 L o

20.1

20

199

198 F

T(°C)

197

196 |

195 f

19.4

0 20 40 60 80 100
t(s)
Fig. 7 Temperature graph at the outer surface of the fabric for both the
presence and absence of an electric double layer viscosity 5x10™

WY o9z pas 5 292y I 9o sl Azl (2B gl o Lo Jloged T JSB
5x10™ e gl o alSys Sy xSl

Ol ) ey sals L ailfgs (S sl Y (o a8 51 iolsél el Jds
P28 Syge onl 408 s 95 Gl IS S 0gms (35 g )
ol SISl (i) (950 o g W9 (oS dmosssy (590
WY @ ISl s cagd el Loy Wl Jlw S5 e e

O I35 51 5wl Lol eglie g9, B 05 o ools ailfge (S Sl

D9 0 g
] . l oo _2_5

Sl &5 d9d 0 grhae 4zl LSl bl S plprea ax )l SRS
(M Jdst) o0 8t byo b (ol J5050) b, 5 23 53
g Jlgs>

Jlss Gial331 L oS 55 sanlive o508 L 4 (sl S alis L
Ol (ol oais ai8,5 L3 0 0.85 ax )l Jsdsw 5 5 4 slaJSs ,0)
e 0,95 J55 slye e il 3l 50 S S Y (535,56
ol (Sal algs S S Ay 0s2g e <l j0 3945 )l 0.85 4
Jol5 s e lo e« DYolas o oauay ol Jleel 51 g 5 00,5 lagy
18.5 yioli8l oaumolis a5 Cuwl oo, 4l 45 45 4l 38 5l ax
ol w8 g0 (SO SI Y Jeglie &8 gue 0

D393 b o 53 sl a b (2l gl o Los Sl 9 UK 5o
Cpl 50 saeliasats ol ol ous gy ailS g0 (S Sl Y 28,5 Lo
oz S (Gl s Cand 3 sdeliiwst @l b Salen o iy
Obe alold a5 5 5 samlie ()ls3 09 55 o JSs jo cds b cul milo

287

20.1

— )

20

T(C)

0 20 40 60 80 100
t(s)

Fig. 5 The temperature on the outer surface of fabrics with and
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