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ABSTRACT: A silica gel desiccant dehumidifier is studied theoretically in this paper adopt-
ing several linearization assumptions. The governing equations are linearized with the as-
sumptions, and the exact solutions to the temperature and the humidity ratio are obtained. In
spite of the assumptions, the theoretical results are found to agree well with those from the
numerical analysis without any assumption. In typical operation ranges of the desiccant dehu-
midifier, the time-averaged errors in the process air temperature and humidity ratio are less
than 4% and 7%, respectively, and the corresponding root-mean-square values are less than
5% and 15%, respectively. The analytical solutions are expected to contribute to the funda-
mental understanding of the dehumidification and regeneration processes and the correlation
analysis of the numerous parameters influencing the dehumidifier operation.
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Fig. 1 Actual configuration and simplified model for the desiccant dehumidifier.
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» Dehumidification period (0 < ¢ < t,)

T, (t,0)=T,,;
Yo, ,(t,0)0=Y,,;
Tw,(0,2)=T, ,(t, L—x)
Y, (0,2)=7Y,,(t, L—x)

%)

(6)

» Regeneration period (0 < ¢ < ¢#,)
Ta,r(t, 0) = Ta, 7,1
Ya,r(tv 0): Ya,r,i

Tw,r(o, x)= Tw‘p(tp, L—1x)
Y. .(0,x)=Y,,(,, L—x)

(7
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Fig. 2 Psychrometric change of the exit airs.
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Fig. 3 Axial distributions of the air condition during dehumidification process.
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Table 1 Parameter values for the simulation of Figs. 2 and 3

U, tp Ta,lz,i Ta, 7,1
(m/s) | (s) () (T)

Parameter

¢p,i

Ya.p,i Ya,r,i L f c a_1
(kg/kg)|(kg/kg)| (m) ” (m™)

Value 2.0 90 30 70 05

0.0133 | 00133 | 0.2 0.5 0.707 | 1630

22 Zi=pst WHE S8 MST] Aol

AZH AY, LE, 5 5 te3} go] X
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T=t/tp
x =x/L
T—T,,;
_ a.p.i
0= TorimTari (10
Y=Y, ,:
cpa( Ta i a,p,x)/i/g

AR S 2 7] Aol ey FHA
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e gagol wa o Liu,t,® 278 72
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AEolzg, o #59 4TE FAY & At
@ AxA Fede vy

@9 ve 2ae den 2ol Aasw,

W= Wy+ r(¢,— ) an
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&5 TN Ageo.
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4UEEE F719 LEd §E9 4Y Ao
2 the3} o) BT

Cpa(Ta,r,i_ Ta,p,i) w

- - 12
Yoie ¢ 02

¢ = ¢+

Yoo €%, A7l UR £E Hsuseln,
47 Esee £5 s Ae AdEE W
sesl MEFS JudTh Ay WE LFE
Walel AUWEAE Fig. 4o UEbd vheh 2o ©

Relative humidity
0.030 - : ,0',2 01,

0.025

0.020

0.015

0.010

Humidity ratio (kg/kg dry air)

0.005

0.000

Temperature(’C)

Fig. 4 Range of the temperature and humidity
ratio in the dehumidifier.
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(04,0— Was) = N(w,— w,) (14)
(0s.0—0..) =N(6,—6,) (15)
SF&,—¥¢,=N(w,— 0, (16)
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Table 2 Expressions for A}, 43, A, B, C, D, x and ¢

Parameter Expression Parameter Expression
A (1~ x42) (B4 ri— B i) T @y yi™ Wy 1) A 1+ ¥+x/a (1_'_\/1_ dx/o )
x(A; =) (1+exp (—4;)) ! 2x (1+ &+x/0)*
B (Z/ll—l)(ga.r.i—0a.p,i)—(a)a,r‘i—"wa.p.i) A +Q7+x ag ( \/l_ 47( g )
x (A —A) (1 + exp (— 43)) 2 1+ ¥+x/0)?
C (xA—1A x KF(1/N+1/2)
D (1—-x4)B o SE(1/N+1/2)
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Table 3 Range of parameter values
Tori
Parameter —
70C 80C 0T
K 353 349 346
F 0.000785 | 0.000785 | 0.000785
N 7.14 7.14 7.14
S 1410 1230 1090
x 0.177 0175 0.174
¢ 0.708 0618 0.548
v 1.58 1.50 1.42
A 155 153 15.0
Aq 0.515 0.606 0.698
A1, A2, A, B, C, D, x, 69 A& < Table 2¢|

AYstAath AMLE7F 70T, 80T, 90TY Ay
FAadse ALE9 gg Table 3o Yehhi

3. sl Moot F=xlsi2 vl

Fig. 5% Table 18] Zzoxe] #2343 8
Ao AAE AF7N detyq &7 2= H
&5, Ald 897 2% 9 428 uwd o=
olt}, Mo & HE&H o 7t THFel
= E7dn #aEe A8 A FAE F
HE 2YE ¢ F Ak

2598 % 229 AF HIZERMS, root
mean square) &7, Ay E 27 O3 Zol A

o g

80 T T

. T
/ a,simulation
T .
a,analytic —

w,avg,simulation

T
w.avg,analytic

Temperature(°C)

Time(s)
(a) Temperatures of the exit air and at the
channel surface averaged over the length

g .

RS
Yy T o —T. . \2
2 _ analytic simulation
N fo (—L_—_Ta,,_,»— o ) dr (%)
VY =Y. . \2
2 analytic simulation
sh= | ( . ) dr  (26)

2 Aol A Yy Fig. 49 Q@FHMAMY =32 o
&, Fig. 50 M AE713 &5 F7Ie=s ¥
V&%, Al 59U FTFne FEgE
o RMS 2.3+ zZ+zh 2.85%, 8.60%, 3.84%, 9.44
%ol W 2xte] A S RMS L3R
o} oA Zrzt 154%, —1.75%, —3.39%, 7.92%
ol t}.

Fig.63 Fig. 791 #%, AF717, AAF7
245 ¥ Ag7le £H4270] Table 19] e}
d NERAoERY HEg® o AFTV] EF
2&X9 RMS 23 ¥9E Jehicl Fig 79
A AEE7Y AdTEEEE ANITVY 4dFEE
o} 2L L JAE Aoz QLT Fig.
79 £Ex99L AFET7] 4F FAHEE7E 040
A 089 ¥ s Ftct.

Fig. 63 Fig. 7o} YER Az HY oA
AEF7 EFLEY RMS 23& A9 5% °]
yde & F glod, EFEEE F50 FAY
AFEF717F 2 A9 B AALE7 =2 A4
FE7 ¥e Jddg AYstne AY 10% ol
ol RMS & H9E 7IAle A& & & Urth
oxte] Ay HFE Fig. 63 Fig. 7o) Yebd
AA SAEAANN 2= A £4% "vh g%
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Fig. 5 Comparison of the analytic results with the simulation results.
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Table 4 Influence of each assumption

U, t
s (o | Al |Al&A2|A1-A3
8708 | g | 0230 | 236 | 53
8y 0328 | 928 | 176
A 7(%) 0501 | 279 | 28
20 | 90
Ay (%) 104 | 644 | 860
5 7(%) 0812 | 331 | 237
30 | 90
Ay (%) 141 | 640 | 699
2 1(%) 123 | 449 | 525
20 | 180
Ay (%) 222 | 911 | 114
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