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a b s t r a c t

The objectives of this study were to evaluate the performance of a novel two-stage rotary

desiccant cooling (TSRDC) system and to obtain useful data and experiences for practical

application. Newly developed compound desiccant (silica gel–haloids) was adopted in the

system. An experimental set-up was built and used to test the system performance under

three typical environmental conditions. System performances were evaluated in terms of

moisture removal D and thermal coefficient of performance COPth. It has found that the

required regeneration temperature of TSRDC system is low and COPth of the system is

high. Regeneration temperatures from 65 �C to 80 �C, 65 �C to 75 �C and 80 �C to 90 �C

were recommended for each environmental condition. In addition, the effects of some

important operating parameters, such as inlet temperature and humidity ratio of process

and regeneration air, on system performance were also investigated in this study.
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1. Introduction

Energy crisis has already become a global issue. Actions

should be taken to resolve using clear and renewable energy

such as solar energy, geothermal energy and biological energy

instead of the traditional one including oil and gas. Besides,

traditional vapor compression air conditioning system has

caused serious pollutions due to the usage of CFCs or HCFCs.

In response to these problems, solid desiccant cooling

systems, which adopt water, a natural working fluid, as refrig-

erant and can be driven by renewable energy, have been

widely recognized as a promising technology for their energy

saving and CFC-free characteristics. Previous work has been

conducted on one-stage rotary desiccant cooling system in

which process air is dehumidified once by a rotary wheel.

Extensive theoretical investigations have been conducted,
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such as system simulation and comparison (Elsayed et al.,

2006, in press; Jurinak et al., 1984; Vineyard et al., 2000; Jain

and Dhar, 1995; Henning et al., 2001), parameter optimization

(Farooq and Ruthven, 1991; Belding et al., 1991),

thermo-economic analysis (Camargo et al., 2003) and feasi-

bility studies (Shelpuk and Hooker, 1979; Davanagere et al.,

1999). Also, some experimental results have been obtained

on one-stage system (Lof George et al., 1988; Vineyard et al.,

2000; Jalalzadeh-Azar et al., 2000; Pietruschka et al., 2006).

Recent studies on rotary wheel desiccant cooling system

focus on developing isothermal dehumidification which is

thought as one of ideal air conditioning processes with the

smallest irreversibility (Zhang and Niu, 1999). When the air flows

alternately over infinite desiccant wheels and intercoolers, its

thermodynamics would be close to isothermal. With other

conditions unchanged, the regeneration temperature of an ideal

infinite multistage desiccant cooling system is the minimum.

Since lower regeneration temperature can be used and thermal

energy can be recovered in the intercooler such as sensible heat

exchanger, the thermal energy used to drive the system is

reduced significantly. Hence, this system has great potential in

enhancing the energy performance COPth. Two-stage rotary

desiccant cooling system has been proposed because of that

(Zhang and Niu, 1999; Ge et al., 2007). It has been demonstrated

in theory that the required regeneration temperature of two-

stage system is much lower than that of the conventional

one-stage sytem. However, to the best knowledge of the

authors, there are few experimental works on this subject.

The objective of this work is to build, test and evaluate an

actual two-stage desiccant rotary cooling (TSRDC) system

under varying conditions and to investigate the influences of

some important parameters. In the present work, system

performances were evaluated not only under the mild ARI

(American Air-conditioning and Refrigeration Institute)

summer and humid condition, but also under the extreme

weather condition like in Shanghai. Also, sensitivities of

system performance to some important inlet parameters

were also investigated. The effects of inlet temperature and

humidity ratio of process air on dehumidification capacity

and thermal coefficient of the system were examined. Similar

evaluation was also conducted with regard to different inlet

temperature, humidity ratio of regeneration air.

2. Experimental method

2.1. Principle

Fig. 1 shows the schematic diagram and typical psychrometric

chart of the present TSRDC system. Three air streams are

involved in the present two-stage system: (i) process air; (ii)

regeneration air 1; and (iii) regeneration air 2. Process air comes

from ambient air, it (state 1) enters the system and flows

through the first desiccant wheel (DW1), where the process

air is dehumidified and simultaneously heated by the releasing

adsorption heat (state 2). The hot dry process air is then cooled

by the first sensible heat exchanger (HE1) to become dry cool air

(state 3). After that, it flows through the second desiccant wheel

(DW2) to state 4 and the second heat exchanger (HE2) to state 5.

Simultaneously, in the regeneration side, return air (state 7) is

withdrawn from the conditioned space with an equal flow

flux of process air. It is mixed with ambient air (state 6) to state

8. Based on the previous results (Ge et al., 2007), the mixing ratio

of 1:1 is selected in the experiments. A direct evaporative cooler

(DEC) is used to cool the mixture air before it enters sensible

heat exchangers (state 9). The cooled regeneration air is divided

into two air streams: regeneration air 1 and regeneration air 2,

which are preheated by process air in heat exchangers (HE2,

HE1) to state 10 and state 13. Afterwards, parts of the preheated

regeneration airs are heated up by the heaters to the required

regeneration temperature (states 11 and 14). The regeneration

air then flows through the regeneration section of the two

desiccant wheels (DW2, DW1) to regenerate the adsorbent.

The hot and humid regeneration airs at outlet (states 12 and

15) are exhausted to the ambient.

An experimental set-up was built to test the performance of

this novel system. Fig. 2 shows the schematic diagram of exper-

imental set-up operating on an open cycle. It mainly consists of

four parts: air preconditioning unit which is used to provide air

at different conditions, desiccant wheel which is the core

Nomenclature

COPth thermal coefficient of performance

D moisture removal (g kg�1)

d absolute humidity ratio of the air (g kg�1)

h enthalpy (kJ kg�1)

M volume rate of the stream (m3 h�1)

Q quantity of heat (kW)

T temperature (�C)

Dy absolute error

Dy/y relative error (%)

r density of air (kg m�3)

Subscript

1, 2 . 15, 9-1, 9-2 refers to the positions described in Figs. 1 and 2

in/out inlet/outlet

p process air

r/r1/r2 regeneration air/regeneration air 1/regeneration air 2
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