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Optimization of the Area Ratio of Regeneration to Dehumidification and
Rotor Speed on the Condition of Low Regeneration Temperature
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ABSTRACT: The desiccant rotor is the most essential component of desiccant cooling
system, but its design relies on manufacturer’s experience and principles are not yet clear in
spite of a lot of theoretical/experimental work published. The mathematical modeling of desiccant
rotor needs solution of coupled partial differential equations of heat and mass transfer. In this
study, numerical program is developed and validated using a real desiccant rotor. The calcula-
tion results are in reasonable agreement with the experimental data and other available
numerical results. Optimization of desiccant rotor on the condition of low regeneration temper—
ature are investigated. The optimal rotor speed at which the process outlet humidity becomes
minimized, shows same as that of the system optimization. Compared to high regeneration
temperature, broad is the range of optimal speed of low regeneration temperature. Systematic
analysis on the optimal area ratio of regeneration to dehumidification section has also been
conducted.
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Fig. 1 Desiccant Rotor.
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Table 1 Input data used in simulation

channel shape sinusoidal
channel base (2b) 35x10 'm
channel height (2a) 35%10"°m
channel wall thickness (2¢) | 0.15x10°m
rotor length 0.3582m
facing area Im”
facing air velocity 2.0m/s
desiccant material silicagel
mass fraction of sorbent, fs 0.8
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Fig. 2 Validation with experimental and

available numerical results.
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Fig. 3 Variations of adsorption-side outlet humi-
dity under various rotor speeds for each
regeneration temperatures, 60 T, 90 T
and 120 TC.
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Fig. 4 Profiles of temperature (a) and humidity (b)

of air inlet, air outlet, air mean and desiccant

mean across a channel during one cycle of
desiccant rotor in steady state.
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Fig. 5 Humidity profiles along the channel
during dehumidification process.
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Fig. 6 For regeneration temperature of 60 TC,
profiles of amount of dehumidification (a)
and temperature at the outlet of dehu-
midification process (b) according to rotor
speed and the area ratio of regeneration
to dehumidification section.

A7t vob AR Hl&o] AAoF & Relrh
Ak ool g dwrAd dHolt FAA
g4 o] o] Folx 2= Wsteh Fig. 63 Fig. 7
APEE 60 T, 120 TAA S ©HALT SH=
BeAg AFFa AgEFiAe A7 2=E
AFAZ (BAAEE)H AAR/ASE B& (¢,/t,)
24 mdsgn. AAeEs G 60T A%
AFETF F=7F oty Aside QYA
o] AFoz Z ¢/t,7F 08 771k ¥

o 4 gtk XY ABLEIE Eobel uwh
g sld&Ee WAL ARHon

AANG AGFE AR £ AAR/AFH
Hge FojErh AMLEI ¥ 120Ce] A%

RUBRC
»
o
fu

SR

7

T NN N
[ U S Y \
09 j’ / '/ a\ Y\ \\ \ \\
o8 Eﬁugy//*\ \ % }E,p \ Y \‘3‘
' ZJJ / —~ \\ & \\ \ \\\
:<gv/ = A \ Ay N\

0.7

08

==
24

0.5

L/t
=GP
;/3"-\46
D
o
7 QV/
/
A
e
7 g
e
y

e
(
AN
|
3 o
e
v
7
/

TTTTT T T T

Lo NN . .
0.4 R"{‘ R o NN BN K \
u\;; S /// / \ N, hN
03 P S \:ﬁ o By 1 N
0 100 200 300 400
fp
(a)
= -
1= :
s f .
0.9 T ’ & i :
- <r ~ - (=2 (=3
T 3 i P
08 T } ; X :
=N ] 2 = : o
- 18] | B R - =
Rt A= NEE - Do
< At/ )/ > | Do
R e -//.«‘ = -
06 2 // / S T
NEl /S S S
A AR S
04 357 el e /
1% —
0.3 s i IO L L]
0 200 300

(b)
Fig. 7 For regeneration temperature of 120 C,
profiles of amount of dehumidification
(a) and temperature at the outlet of
dehumidification process (b) according
to rotor speed and the area ratio of
regeneration to dehumidification section.
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