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This research was aimed to propose a mathematical model to predict the performance
of a portable batch-type dehumidifier using silica gel as the desiccant. A small artifact storage room
in a museum was chosen as a case study to test the proposed calculation procedure.

Pseudo steady state concept and heat and mass transfer between the moist air and
the desiccant were used to evaluate the properties of the air and the desiccant. The main idea was
that the dehumidified air coming out of the dehumidifier at each time step would mix with the room
air and the air at the new condition would be recirculated back into the dehumidifier at the next time
step. Then, the calculation steps were repeated.

Equations to evaluate basic properties of air and desiccant were used together with
numerical techniques to simplify the calculations. However, since there were many calculation steps
involved and iterations were required, a spreadsheet program was used to reduce time.

The proposed calculation procedure was applied to a case of a sample 4 x4 x 3 m®
artifact storage room in a museum where the temperature was controlled at 25°C. The relative
humidity in the room was assumed to be controlled (on-off scheme) within the range of 50£5%RH
(0.0099+0.0010 kgw/kgda) as required for a museum. Three parameters were varied to see the
effects on the performance comprising the mass (35, 40 and 45 kg), the bed thickness (0.3, 0.5 and
0.7 m) and the air velocity through the bed (0.2, 0.3 and 0.4 m/s). In the calculation, the desiccant
bed was divided into several layers with an equal thickness of 0.1. The results showed that to be
able to control the moisture level inside the room within the desired range, the following operating
conditions shall be met: mass of silica gel of 40-45 kg, thickness of packed bed of 0.3-0.7 m, and air
velocity of 0.3-0.4 m/s. The results from the proposed calculation procedure were found to agree
well with literature.
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