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Summary

Dehumidifying performance and adsorption/desorption behavior of water vapor for adsorbent
desiccant wheel has been studied by means of computer simulation. Although the model we
suggested has dealt with the mass transfer coefficient as a fitting parameter, reliable value of the
overall mass transfer coefficient could be derived from a huge amount of experimental data.
Moreover it was found that derived mass transfer coefficient could be related to cycle time by
applying the penetration theory. Considering this relationship, influence of operating concept
(rotation speed, air velocity, regeneration temperature and so on.) and design concept (adsorption
area ratio, adsorption property and so on.) on the dehumidifying performance and adsorption/
desorption behavior inside the desiccant wheel were investigated. As an example of results, it was
found that appropriate shapes of adsorption isotherm existed at each regeneration temperature.
Moreover, it was expected to reduce the length of desiccant rotor considerably by selecting
appropriate shape of adsorption isotherm. Selecting appropriate adsorption area ratio and contact
time, it was suggested to reduce the volume of desiccant wheel maintaining dehumidifying
performance. These results were important to reduce the size of the desiccant cooling system.
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Table 1 Specifications of a typical commercialized
silica gel desiccant wheel.

Adsorbent species Silica gel
Channel pitch of honeycomb matrix | 2.3 mmx4.2 mm
Thickness of adsorbent wall 0.2 mm
Bulk density of adsorbent rotor 137 kg/m®

Specific surface area 2000 m% m®
Adsorbent content in weight 50 wt %
Specific heat of dry desiccant 1007 J/(kg * K)
Diameter of desiccant wheel 0.32m
Width of desiccant rotor 0.2 mm
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Fig.1 Position and rotational coordinates of
desiccant rotor.(b=0.5)
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Fig.1 Influence of the regeneration air
temperature on the overall mass transfer
coefficient.
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Fig.2 Influence of regeneration temperature and

ambient humidity on product air humidity.
(Tw=35 C, H;=11.2 g/kg)
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Fig.3 Influences of process/regeneration air
velocity and rotation speed on the overall mass
transfer coefficient at the same air velocity.
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Fig.4 Influence of cycle time on the mass
transfer coefficient at various process/regeneration
air flow ratio.
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Fig.5 Influences of rotation speed of the rotor
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product air condition. (Z7,;=807C)
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Fig.7 Assumed adsorption isotherm.
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