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Abstract

Desiccant cooling technology is an environmentally attractive alternative to conventional mechanical air
conditioning. A desiccant cooling system is a suitable way to improve indoor air quality due to its superior
humidity control and it also provide as economical and cleaner for hot and humid regions. The most important
component of the technology is the desiccant wheel which is used to remove the humidity of air. In this study,
the analysis of dehumidification and humidity removal process of desiccant wheel were carried out using the
performance data given by manufactures of the desiccant rotary wheel. Two parameters (F,, F) were defined
for the analysis of the process. It was found that dehumidification and regeneration processes do not occur at
constant wet bulb temperature. An equation for F  and F which depends on the humidity ratio of outdoor air
and regeneration temperature was composed.
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1. INTRODUCTION

Desiccant cooling consists in dehumidifying the incoming air stream by forcing it through a desiccant material and then
drying the air to the desired indoor temperature. To make the system working continually, water vapour adsorbed/ab-
sorbed must be driven out of the desiccant material (regeneration) so that it can be dried enough to adsorb water vapour
in the next cycle. This is done by heating the material desiccant to its temperature of regeneration which is dependent
upon the nature of the desiccant used. A desiccant cooling system, therefore, comprises principally three components,
respectively, the regeneration heat source, the dehumidifier (desiccant material), and the cooling unit [1].

The purpose of a solid desiccant cycle is to reduce the moisture content of the ambient fresh air. A typical approach for
using solid desiccants for dehumidifying air streams is to impregnate them into a light-weight honeycomb or corrugated
matrix that is formed into a wheel. The wheel is usually divided into two sections. The process air flows through one
section of the wheel to be dehumidified, while a reactivation airstream passes through the other section to regenerate
the wheel. The desiccant wheel rotates slowly between the process and the regeneration airstreams in order to make the
process continuous [2].

The solid desiccants are used in different technological arrangements. One of the typical arrangements consists of a
slowly rotating wheel impregnated with a desiccant like a silica gel or a molecular sieve, in which a part of the wheel is
intercepting the incoming air stream while the rest of it is being regenerated. For continuous operations, adsorption and
regeneration must be performed periodically. Solid desiccants are compact, less subject to corrosion and carryover, hence
in comparison with the other methods, desiccant wheels are more common [3]. Many researches carried out a lot of stu-
dies for design, modeling and optimization of solid desiccant cooling. Jia et al. [4] improved desiccant wheel adsorption
efficiency about 50% by preparation of a new kind of hybrid desiccant (silica gel and lithium chloride). They investigated
on the effect of a new adsorbent on desiccant cooling system and achieved 35% efficiency increase to the silica gel [5].

Antonellis et al. investigated the use of a desiccant wheel for air humidification with a numerical and experimental
approach. It is shown that the system can properly provide an air stream at satisfactory humidity ratio through an ap-
propriate arrangement of the desiccant wheel. When the ratio process air flow rate to the regeneration air flow rate is
greater than 1.3, the desired outlet humidity can be achieved. Besides the lower the outdoor air temperature, the higher
the process air flow rate [6].

Two-stage desiccant wheel systems are an effective way to improve the dehumidification performance. Liu et al. com-
pared the performances of a one-stage system and a two-stage system with identical heat transfer areas, with required
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heating source temperature. Compared to the one-stage system, the regeneration temperature of the two-stage system is
lower [7].

In this study, the analysis of dehumidification and humidity removal process of desiccant wheel were carried out. In
the analysis, the performance data given by manufactures of the desiccant rotary wheel was used. The effect of relevant
parameters such as inlet air humidity, regeneration temperature, air mass flow rate, etc., on performance of desiccant
wheel was discussed.

2. MATERIAL AND METHOD

The most important component of dehumidification air conditioning system is desiccant wheel. Some of the publica-
tions and introduction brochures related with the dehumidification regenerators point out that dehumidification and
removal of humidity processes (regeneration, reactivation) realize approximately at constant enthalpy (approximately at
constant wet bulb temperature) [4,9].

Dehumidification and removal of humidity processes are represented with the curves (A—B) and (C—D) in Figure 1.
However, dehumidification and regeneration processes do not occur at constant wet bulb temperature according to the
data given by the rotary desiccant wheel manufactures. Actual increase in dry bulb temperature during dehumidification
(A—B’) is higher than that of the constant wet bulb case (A—B). This is due to fact that a chemical thermal energy arises
and the energy carried by the matrix of the wheel dehumidification regenerator from the regeneration air, which is hotter
from the process air [8]. Because of this additional energy, dry bulb temperature further increases. The ratio of additional
dry bulb temperature increase (t,-t,) to total dry bulb temperature increase (t-t,) was defined as:

tB _tB

F. =
oty -ty (1)

Similarly, dry bulb temperature decrease higher than constant wet bulb temperature case during regeneration (C—D’),
due to sensible heat transfer to the process air. The ratio of additional dry bulb temperature decrease (t-t) to total dry
bulb temperature decrease (t,-t.) was also defined as:

tD _tD

F =
t, —te (2)

T

It is important to determine the values of F and F accurately to able to analysis the desiccant cooling systems. In this
study the performance data given by manufactures of the desiccant rotary wheel was used to calculate F and F . Analysis
of the data released that F and F are functions of dry bulb temperature and humidity ratio of the dehumidified (process)
air and the regeneration air.
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Figure 1. The process of dehumidification (A-B) and removal of humidity (C-D)
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3. RESULTS ANS DISCUSSION

In this study; the humidity ratio of the process air and the regeneration air are equal, since the same outdoor air was used
as the process air and the regeneration air. Figure 2 shows the variation of F, values with the humidity ratio (W) of the
outdoor air for a 70 °C regeneration air temperature (ng‘mmp‘). In the figure, F values are plotted for different outdoor
air dry bulb temperatures varying between 25 °C and 40 °C. As can be seen from the figure, F, decreases smoothly with
increasing humidity ratio of outdoor air and dry bulb temperature of the outdoor air has no significant influence on F .

Similar results were obtained for different regeneration air temperatures.

Figure 3 shows the variation of F values with the humidity ratio of the outdoor air for a 70 °C regeneration air tem-
perature at different outdoor air dry bulb temperatures. As can be seen from the figure, results similar to with F, were
obtained for F.
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Figure 2. Variation of F at 70 °C regeneration air temperature with humidity ratio of the outdoor air for different outdoor
air temperatures
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Figure 3. Variation of F_at 70 °C regeneration air temperature with humidity ratio of the outdoor air for different outdoor
air temperatures

Figure 4 shows values of F . and F, which were calculated for different regeneration air temperatures for dehumidification
and humidity removal processes. As it can be seen from the Figure, F, and F are almost the same for a given regenera-
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tion temperature. Therefore, the dehumidification and humidity removal data were handled together in order to obtain
equations required for the system analysis. Figure 5 shows the values of F, and F, which were obtained art different re-
generation air temperatures. The curves which were fitted (by using least square method) to the calculated data for each

regeneration temperature were also shown in the figure.
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Figure 4. The values of F, and F, which were calculated at different regeneration air temperature for dehumidification and
humidity removal processes
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Figure 5. The values of F, and F, which were obtained at different regeneration air temperature, related with the humidity
ratio of the outdoor air (Equations 3-7).

The equations of the curves which were fitted to the calculated data for each regeneration temperature were listed below:

T =60°C: F,=F. =82.136x W **"

reg. temp.
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T =70°C: F,=F =92.289x W % (R2=0.970) (4)
reg. temp. d r

T g tomp. = 80 °C: Fy =F, =102.45x W1 (R?=0.977) 5)

Ty tomp. = 90 °C: Fy = F, =112.41x W% (R2=0.983) 6)

Treg.temp. =100°C: Fd = Fr =116.80x W70'4979 (R2=0983) (7)

Use of only one equation that is valid for all regeneration temperatures would be easier than use of separate equations
for each regeneration temperature. In the next step of the study, possibility of representing all the data with only one
equation was investigated. As a result, Equation 8 that includes influence of both humidity ratio of outdoor air and
regeneration temperature was obtained:

F,=F =5.18xW " xT 0652 (R?=0.96) (8)

reg. temp.

Figure 6 shows the comparison of the values obtained from the curve and the real data. As seen from the figure, the
equation follows the data successfully.
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Figure 6. The values of F, and F, which were obtained at different regeneration air temperature related with the humidity
ratio of the outdoor air (Equation 8).

4. CONCLUSION

In this study, the analysis of dehumidification and humidity removal process of desiccant wheel were carried out. The
following main conclusions emerged from this study:

[ Dehumidification and regeneration processes do not occur at constant wet bulb temperature according to
the data given by the rotary desiccant wheel manufactures.

I Dry bulb temperature of the outdoor air has no significant influence on F and F.
o F, and F_are almost the same for a given regeneration temperature.

"l An equation for F and F which depends on the humidity ratio of outdoor air and regeneration tempera-
ture was composed.
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