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ABSTRACT

Dehumidification of monst air by a silica gel desiccant packed bed 1s widely used in the food
and pharmaceutical industries. The system 15 a non-isothermal adiabatic process under constant
pressurce which described by heat and mass transfers between the moist air vapor phase and the silica
gel bed solid phase. The experimental procedure tor the improved and innovative design of this
process 1s costly and time-consuming; therefore, mathematical modeling of this system is a suitable
alternative. The explicit fimite difference method 1s applied to numencally solved the mathematical
model containing the mentioned phenomena. The experimental data conducted under diverse
condition are taken from other literature for validating the model. This model will then be used to
nvestigate the inlluence ol design paramelers such as air velocily, air humdity rato and ar

temperature. It has been found that increasing these parameters will reduce breakthrough time.
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(2) ATTHHUNUUUBIUNARIAA T (adsorbent density, pp ) ﬁ'i’] AVUHUMUUUBIUNAAD
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(3) ATTHHUNUUUBIYUINAAIAAL (bulk density, pb) ﬁ'ﬁ] ANMUUUNUUUBIYUINARATD
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gaguiiussylumisogasy Jufayeaitesznnudiad1gas (void fraction, &) Nu553 13 lusu
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AI9ATY Fanan Hanazgiiun Twanaarss ATURAGY
(silica gel) (activated (molecular sieve) (activated
alumina) carbons)
=1
VUIALIA (W) 1-5 2-10 1-5 3-10

APTUHUUU*

AR IRATY (0) 2,200 3,000 2,600 2,000-2,200
Hips Aty (0 ) 1,100 1,200 1,100-1,500 600-800
Yuiliasigady (0,) 400-800 700-850 600-900 300-500

= e TanSudegnuindas
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W
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p, A8 ATUHUIUUYBIBIAA (kg/m)
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i w3 2
w, A8 8ATIAIUANNYU U IMIA (kg /Kg,)
@ " t_?l’ a @ ' 4 aa
w9 saniduanusulusimaiauganusasidveninludaniog kg ke, )
s =y g 1 2
h,, A8 dulsz@nsmsnieTouna [kg/(m’ s) ]
ol 1 j dﬂ.q 1 -
a 8 oaTIEIUNUNAIAeS11AT (m)
e A Gl e 2
Ay A9 NUNHINAAUBIUA (m)
{ fanal(s)
- A9 ANEIATMIUNY (m)

2 =
£ Ao aAnulugwiuve e

2.4.2 aumsaaidamslmavesvasuds

3 a9 9 a a ' 8 o () ok o
AuaumsildetesasimsmeTeuwadhgaagadu dissarmsnlasumlaues

U z oy 1 a at 1 g 1 1’ a QA
amm’au‘uaauﬂumanui]anfnn‘uammnﬂwiaumﬂmmuﬂummﬁmumunmawa 10

aq m
=Ly

ot mg

w (2.4)

a,in a,om‘)
TaeilGeu'lu5udy (Initial condition) A
N r=onaznam -, g=gq,
) ¥
ie ¢ fie daniduveniludaning (kg ke)

A aa
mg A8 UIAUBILANIA (kg)
2.4.3 cmnnqawﬁ'&amimﬂmaﬁw [5]

3 o = o =Y 4 o o o '
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Tauiidou'lui3us (nitial condition) taziauluval (Boundary condition) 79
il t=0ungwnd z, 7,=T,
# (>ouaz z=0, I,=T,,
life T, fie qumniiveda1nia (K)
¢, fin AnmganLiouTIMIzYRIB1MA [Tk K))

¥
¢, fie AnugAnuiausumzves lonh (kg K)]

S

T, A gunniiuadua (K)

X

= &‘ 1
h e AulszamimsaieTeuanuieu [W/im’ K)]
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kb—2+HAtht(Wa "“’s)+]'a (];1 TS)—pch S (2.6)
oz *

Taeiidou luisudu (Initial condition) Ao

=\

W r=ouagynfnz, 7, =7,

il k, Ao fusz@ntmathaudeus wveana [ Wim-K) |
H ,fia mw%’auﬁ!ﬁﬂﬁumﬂmiﬂwﬁu (J/kg)

py B ANUAUNAIUYBINA (kg/m)

¢, fin anwaNuieuTINIzVaITANI0A (ke K)]
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AUIVDINAUNITVBY 1UBIBDS-HALABS (Bauer-Schlunder)
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k
kb:(1——-\/1-s)l:£—a+gkm:|+ks 1—¢ 2.7)

e—1
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<
wlszansmsihanuieuvedeinia [ Wim-K) ] [7)

G
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r
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e

=
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; D

(2) duilaza samsmaudTadnindeu (Am) (6]

Yo

= ar a a las o 3 o o ] - 1
L‘JJ‘umJ‘iJssz‘n‘ﬁmmwsaﬁmmsaumnﬁWhi:UﬁJﬁﬂﬂiﬁﬂ‘lMﬂ; leinatl

e 3
B 4o'£dp2’:Y

1 { al a 2 4
o fe masivedaavhu-Tuawiuy | Wim™ <K ) )

A9 AN UHT T UBITANUTA

]

=

d, @y ugudnanueIganing (m)

(3) dmlszansmarhanuienvessanaa (k) [6]

as I 1

= o o £ o Y= Y X o @ '
Ahudulszanimnihaneieuvessanivalussuugasuadilivagiuadnsidmues

1 o ey a =) o ar ‘;’
luddninadueampiivedwa Ao ldasl

kg =0.37+0.979+0.00147;, (2.9)

(4) ﬂ?lNﬁﬂ?]N%i’)‘Hﬁ]&W1 ﬂlE]ﬂEﬂﬂWlﬂll“ﬂﬁ’f’l'lﬁ]ﬁ e ), . 1]

AMUINDINAUNITVDINGISU Hazian (Pesaran and Mills)
%, :1,88411"61 +l,00-4(]“*wn) (2.10)
e, :4,186q+92] (2.11)

(5) ANMTeuNRAIUINMIGATY (H ) (7]

dd ol == o B r{
!.1]11?11?’?']11]331”‘] vuay l veaaIuvesdl luganioa Am lﬂ JUu

1,000(3,500 —12,400¢) g <0.05

1,000(2,950 —1,4004) g>0.05
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% ) -i d’
(6) M TNIEIUANNTUNYATNAD (W) [7]
TunszurumsaaduilimsnisTeunlarziiznaugaszring BImManu¥an1va lao

P g 4 , gt
sATIAIUANITFUNIAANAA ATUIAIAMITUTZEAATBIANMT MBANYTI LAZAYUBIAIAY

_ 0.622RH ; x P,

we = (2.13)
F,,; —0378RH x F,

tot sat

A A J o o da
19 Rffs A9 ANUFUTUWNNINIATUAD

P, A8 ANUAUBUAT (kPa)
P, f9 ANUAULITOINIA (kPa)

tot

5 U L2 "
(7N mmwauwwﬁﬁgﬂﬁuqa (RH,) [9]

I B B A . . \) v
Flule Tsmauiuaaanuduiuss e u19an N uTuwns fusas 1 1mvaarinlu

aa a o ~a  d .
FaNUIN ﬂ'I'H'Tlﬂﬁ]'lﬂﬂ'lﬂlﬂﬁEN‘UENﬁcﬁ'l‘ju HagHan (Pesaran and Mills)

2 3 -+
RH = 0.0078 —0.05759¢q +24.16554q —124.478¢" +2,004.2269 (2.14)

(8) ANUAUBNAD (P,,,) [10]

=] v A w 2 ° s .
luanuauduaIveni lueImig A1uININANN1T88IATU (Antoine equation)

3,885.70
In P, =516,3872= ———+—~ (2.15)
T —42.980
(9) dualsgansmsaglensia uazamien (1, h) (8]
AUIUINFUMIBUN HAVBINTITY aziing
—0.42
hm =1.70p,vRe (2.16)
—0.42
h=1.60p,,vc, Re (2.17)

A A o
118 v AR ANITIVBIBINA (m/s)

I'd
Re A8 auis Tuaq

(10) @usluad (Re) (8]

3 1 - o -] i as o B
ATLIUVINTHNITHIAUAULT 1.1!?]?5?1’1‘1’?‘5Uﬂ]ill'l”fﬂ'll@s]‘llé]\']lh'iﬁN"I'LlﬂBﬂJiUll]JlJ'lJﬂ'Ll.\]

2Rv

Re= (2.18)

y
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A = @ & aa .
(531] R A9 IAUVBIBANUDA (m)

y 719 AUNLAYBIIMALLUALANE (m7/s)

2.5 szilauITHassauiiiaauuuFauda (explicit finite difference method) [11]

a an ' E v Y g a4 ad a w & o
izlﬂﬂﬂﬂﬁﬂﬁﬂ'mﬁlllua\‘l!.HJU‘I‘fﬂll"ﬂ\ilﬂlﬁzlllﬂﬂ']'ﬁi‘h’Qﬂ']lﬁ‘llllUUﬂUQ‘ﬂcl‘]gﬂUﬂ’]ﬁﬁ‘lﬂﬁ
a @ & [ ' o 9 a Yy 79 3 o
lﬂafj‘lla\iﬂ'llﬂ'lﬂ‘lﬁa'HWUﬁﬂE]U Tﬂﬂﬂjaﬂ'ﬂj'ﬂﬂ1'§1‘])'\7’!1-lﬁ11|15ﬂf’]ﬁ1|‘]ﬂ|lﬂﬂ?ﬂﬂ1§ﬂ§$fgﬂﬂ1‘h’ﬂu
o

1 9 ' g n a' -:'H =1 = a
nsatemanuseulumaTanznioldaniusluam (on-steady state) FufluaumaiFeouus

gauUUMITITUAN Aaaung

——2:_“ (2.19)
pPC ox ot

v
s 1 ' =1 i 1 ' -~ b o
Tuvuaesuusnezdeuniumalanzes nfumareqdruTaslunaaz amiinnuemiify Avuas
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M5 Code 111154054 MATLAB

cle;

clear;

close all;
Snlonstant:
R=1.94*10"-3;
d_p=2*R;
d_b=0.13;
A_b=m()*d_b"2/4;
v=0.21;

por=0.31;
new=1.568*10"-5;
a=6*(1-por)/(2*R);
rho_a=1.2;
rho_b=1200;
L=0.0775;
P_o=101.325;
slefan=5.67*10"-8;
emiss=0.9;
k_a=0.029;
c_v=1884;

Toovi | [ vy 4%
Dl POTREI LY M|

Cmi=0; Umax=3600; maxt = 3600;
z_imt=0; z_max=l; maxz = 100;

i
vien

Vol=A_b*L*(1-por)/maxz;

Mass_s=Val*rho_b;

w_a = zeroslmaxzamaxt);
T_a= zerostmaxz.maxt)

T_s = zeros(maxz,maxt);

NANUIN U

dt=(t_max-t_mit)/maxt;

dz = (z_max-z_nit)/maxz

3
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q = zeros(maxz,maxt);

w_s = zeros(maxz,maxt);

T Insad condion

q(:,1)=0.0417;

T_s(:,1)=296.45;

T_a(:,1) = 296.45;

w_a(;,1) = 0.00078:

s Boundary condition

w_a(l,:)=10.01;

T a(l,:)=296.45;

T_s(1,:)= 296.45;

q(1,:)=0.0417,

“o Time bogp

for )=1:maxt-1;
tor 1=1:maxz-1;
P_sat=exp(16.3872-(3885.70/(T _s(i,j)-42.98)));
RH_s=(0.0078-0.05759%q(1,)+24.1 6554*q(i)"2-1 24.478%q(1,4)"3+2004.226*q(i,j)™4);
w_sl1))=0.622*RH_s*P_sal/(P_tol-(0.378*RH_s*P_sal));
Re=2*R*v/mew;
h_m=1.7*rho_a*v*(Re"-0.42);
NTU_m=h_m*a*A_b*L/(rho_a*v*A b);
c_a= 1884w a(19)+1004*(1-w_a(iy));
gamma=c_v/c_a;
h=1.6*rha_a*v*c_a*(Re-0.42);
NTU_h=h*a*A_b*LArho_a*v*A_b*c_a);
beta=(1+(gamma*NTU_m/NTU_h*(w_a(ig)-w_s(13)));
¢_b=4186*q(1,)+921;
k_ra=4*stefan*emiss*d_p*T_s(1j)*3/(2-emiss);
k_s=0.37+(0.97*q(g)+(0.0014*T_s1y));
k_b=(1-sqrt{1-por))*(por*k_a/(por-1)+(portk_ra)+sqri(] -por)*k_s);
Bi=h*a*L/(k_b/L);
Le=c_a*h_mt;
110 =0.03

H_A=1000%(3500-12400%q(1,1));
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else
H_A=1000%(2950-1400*q(14));
end
alpha=k_b/(rho_b*c_b);
ifi==
w_a(i+1)=w_a(ij)+dz*NTU_m*(w_s(ij)-w_a(ij);
T_a(i+1,))=T_a(i,))+dz*beta*NTU_h*(T_s(1j)-T_a(1j));
else 1f j==1
T_s(ij+D=T_s(ig)+(alpha*dt/LA2)*((T_s(i+1,)-2*T_s()+T _s(i-14))/dz 2+Bi*(H_A/c_a*Le
*w_alig)=w_s(i)+(T _alig)-T siig)N);
Qi+ 1)=q(1,))+dt/Mass_s*v*A_b*rho_a*(w_a(i)-w_a(+1));
else
T_s(1g+D=T_s(1 )+ alpha *dVLAZV(T_s(+10)-2%T_sg+T. si-1 )z 24 Bi*(H_Alc_a*Le
*w_aliy)-w_sG))HT _a(1))-T_s(,)));
w_a(rHL )=w_a(i Hdz*NTU_m*(w_s(ij)-w_a(i));
T_ali+1 =T _alig)+dz*beta*NTU_h*(T s(ij)-T a(i,j));
qOg+r1=qlg)+dUMass_s*v*A_b*rho_a*(w_a(g)-w_ali+1));
end
end
qlg+D=q(2y);
T_s(1g+1)=T_s(2y);
T_s(maxz)+1)=T_s(maxz-1,);
q(maxzg+1)=g(maxz-1,);

end

L+ D)=U i+ *dt;

end





