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Abstract: A hygroscopic rotor comprises many microchannels with high adsorption characteristics. In this study, the
iterative adsorption/desorption processes that were affected by the humid air flow in a channel were numerically
simulated. In consideration of the accuracy and computational costs, in the desiccant layer, only surface diffusion was
considered in this simulation. The results were compared with the previous numerical results and found to show good
agreement. By conjugating the heat and mass transfer between the desiccant and the flow layers, temporal and spatial
changes in the vapor mass fraction, adsorbed liquid water mass fraction, and temperature in the channel were presented.
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Table 1 Properties of desiccant region

Porosity 0.485

Thermal conductivity 0144 Wm™'°C™'
Apparent density 1129 kg m>
Specific heat o1 I kg™'°C™
Tortuosity 2.24

Desiccant thickness 0.Imm
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Table 2 Initial and boundary condition for validation

Initial temperature 100C

Initial # 0.012 kg/kg
Inlet temperature 30C

Inlet 0.01 kg/kg
Inlet mass flux 1.5 kg/s* m2

Table 3 Initial and inlet conditions in a cycle

Initial ¢, 0.2
Initial temperature 10C
Temperature 40C
) o, 0.01
Desorption
Velocity 1 m/s
Duration 30s
Temperature 10C
. Z 0.004
Adsorption
Velocity 0.9 m/s
Duration 30s
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Fig. 10 Average temperature in desiccant layer



984 P =

&) ‘;‘l 2012 ?‘i}—k‘}}; 751:]?,‘1:]1@'57— Q’%?ﬂ?ﬂloﬂ ‘q
vz wadr

oo

(1) Sherony, D. F. and Solbrig, C. W., 1970, "Analytical
Investigation of Heat or Mass Transfer and Friction
Factors in a Corrugated Duct Heat or Mass
Exchanger," International Journal of Heat and Mass
Transfer, Vol. 13, No. 1, pp. 145~159.

(2) Simonson, C. J. and Besant, R. W., 1997, "Heat and
Moisture Transfer in Desiccant Coated Rotary Energy
Exchangers: Part I. Numerical Model," HVAC&R
Research, Vol. 3, No. 4, pp. 325~350.

(3) Simonson, C. J. and Besant, R. W.; 1999, "Energy
Wheel Effectiveness: Part I-Development of
Dimensionless Groups," International Journal of Heat
and Mass Transfer, Vol. 42, No. 12, pp. 2161~2170.

(4) Zhang, X. J., Dai, Y. J. and Wang, R. Z., 2003, "A
Simulation Study of Heat and Mass Transfer in a

o QA

Honeycombed Rotary Desiccant Dehumidifier,”
Applied Thermal Engineering, Vol. 23, No. 8, pp.
989~1003.

(5) Majumdar, P, 1998, "Heat and Mass Transfer in
Composite  Desiccant  Pore  Structures  for
Dehumidification," Solar Energy, Vol. 62, No. 1, pp.
1~10.

(6) Ruivo, C. R., Costa, J. J. and Figueiredo, A. R., 2007,
"On the Behavior of Hygroscopic Wheels: Partl —
Channel Modelling," International Journal of Heat
and Mass Transfer, Vol. 50, No. 23-24, pp. 4812~4822.

(7) Ruivo, C. R., Costa, J. J. and Figueiredo, A. R., 2006,
"Analysis of Simplifying Assumptions for the
Numerical Modeling of the Heat and Mass Transfer in
a Porous Desiccant Medium," Numerical Heat
Transfer, Part A, Vol. 49, No. 9, pp. 851~872.

(8) Pesaran, A. A. and Mills, A. F., 1987, "Moisture
Transport in Silica Gel Packed Beds—I. Theoretical
Study," International Journal of Heat and Mass
Transfer, Vol. 30, No. 6, pp. 1037~1049.



