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ABSTRACT

The main am of the present study is to design and test the dehumidify system
for ar-conditioning unit and testing rig to find out the performance of using
polymer technique to control the inside conditions, that are represented by relative
humidity and temperature in testing room by using desiccant wheel (Cromer cycle),
and testing the effect of some parameters which can improve the performance of
this system. An air-conditioner unit of 2tons capacity was instaled in this system
and used one type of desiccant material (silica gel) was used in this work. Two
thicknesses of desiccant material and two widths (channels depth) were studied
3.5mm with channd depth 5cm and 2.5 mm with channel depth 20 cm and wheels
diameter of 90cm.Four rotational speeds for desiccant whed were studied (36, 45,
60, and 90) rph and the regeneration temperature was used to control the inlet
regeneration air temperature using a number of eectrical heaters. The series of test
showed that, the best COP, efficiency and rdative humidity control within the
conditioned space was for the silica gd a thickness 2.5mm and channe depth
20cm. The maximum adsorption and desorption rate was 0.5427g/kg and
1.322g/kg respectively at 36 rph and (36.5 °C) regeneration temperature and the
best COP of A/C was about (5.12) at 36 rph and (42 °C) regeneration temperature.
Experimentally the best sensible and total efficiency that can be achieved was
(18.1%) and (17.98%) at 45 rph and (30.6 °C) regeneration temperature and
(17.88%), (17.76%) at 36rph and (30.91°C) regeneration temperature. The best
latent efficiency was (6.2 %) at 45 rph and (43.26 °C) regeneration temperature.
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Nomenclature
Symbols Definition Unit
a moist air _
da desiccant _
C Specific heat kJ/kg. °C
h heat transfer coefficient Win.°C
T temperature °C
Y moisture content of air kg/kg
n efficiency %
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INTRODUCTION
l ' se of desiccant is one solution to the problem of high humidity and
prevents increasing inside air conditi oning space.

The air conditioning industry is continually looking for an improved
desiccant materia. Specifically, research within the fidd of air conditioning
technology has focused upon the devel opment of new desiccant materias capable
of removing both sensible and latent energy that generate inside space (as a result
increasing the temperature and moisture content) within a single process as shown
in Figure.(1) [1].During warm humid summer westher, heat and moisture energies
are stored in the supply section of the whedl and as the whed rotates, the stored
energies are transferred from the supply inlet air to the exhaust air streams and this
results in a cooler dryer outlet air [2].Traditionally; the desiccant market has been
dominated by ceramic materids. The popularity of these materials can be attributed
to their low cost and high availability in addition to their ability to easily take on
water, a result of their porous construction. Notwithstanding, ceramics do lack
certain desirable characteristics in desi ccant applications.

Wilson, et.al. (2005) [3] studied control volume models for humid air and
desiccant materids which are implemented and finaly the operation of the
desiccant whed is simulated. Comparison of the dynamic and steady state results
from open literature, manufacturer data as well as experimenta result is used to
validate the model.

Huda Jasim M ohammad (2008) [2] was studied how can be control the indoor
relative humidity and conserve the energy consumed by the air conditioner unit by
using adsorbent system. An air conditioner unit of 2 tons capacity was used in
conjunction with desiccant whed to achieve the Cromea cycle The unit was
constructed and installed in a test room of (6.5m length = 2.8m width =~ 2.37m
height). Two types of desiccant materials were tested namely silica gel and active
carbon. The series of test showed that, the best COP and relative humidity control
within the conditioned space is for the active carbon. The best COP is about
(1.5948) as compared with traditiona cycle, for active carbon whed of (5) cm
thickness and (42) rph rotational speed. The latent heat ratio for Cromer cycle is
0.5714 for the same unit with Cromer cycle using 5 cm thickness silica gd a a
speed 42 rph. The A/C unit under consideration without Cromer cycle was found to
be 0.18032.

Chaoqgin Zhai, et.al. (2008)[4] They instaled and provided a solid desiccant
based ventilation system and cooling/heating as needed, to the Intelligent
Workplace of Carnegie Mélon University, as part of the Intelligent Workplace
Energy Supply System. Since its installation, extensive testing data have been

collected and analyzed to characterize the operating performance and cost of each
major component, namely the enthalpy recovery module, the active desiccant
module, the heat pump module, and the overall system. It has been determined that
the active desiccant whed is expensive to operate due to the high price of natural
gas in the current fuel market. In order to improve the energy efficiency and reduce
the operating cost of the overall system, it has been proposed to regenerate the
active desiccant whed using the rejected heat from abio diesd engine generator.
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ONE DIMENSIONAL EQUATION ANALYSIS

The governing differential equations for the one-dimensiona rotary whed total
enthalpy exchanger model were derived using a control volume technique.
Simultaneously, using the theories of conservation of energy and conservation of
mass, finite difference equations were derived. The control volume analysis used to
illustrate conservation of energy is represented in Figure (2).Figure (3) represents
the sample that tested in the present study. This section is similar to sample that
actually found inside desiccant whed and can be observed the air passages that
contain in desiccant material.

COEFFICIENT OF PERFORMANCE (COP)

This value caculated by dividing the refrigerant effect that represents the
different of enthapy of cooling coil to work of compressor,[5].

R.E (1)

COP =

COMPERESSO R

DETERMINATION OF ENERGY EFFICIENCIES
Three efficiencies are used to evaluate an exchanger’s overall steady-state
performance: sensible efficiency, latent efficiency, and total efficiency [1].

Sensible Efficiency

The sensible efficiency of the system describes the exchanger’s ability to remove
heat from one air stream and transfer it to another. The sensible efficencies
evaluated by using

- (Ua, - Ua,)

o= (Ua, - Ua,) 2

The sensible efficiency of a tota enthalpy exchange system is represented as the
difference in the inlet and exit temperatures of the supply air, temperatures at
locations 1 and 2 in Fig. (4) as compared to the difference in inlet supply air and
inlet exhaust air temperatures of locations 1 and 3 in Figure (4) [1].

LATENT EFFICIENCY

The energy associated with the phase change between liquid and vapor states is
caled latent energy. The latent efficiencies evaluated in this project are determined
from [1].

- (Ua, - Ua,)

hL
(Ua, - Ua,)

3
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TOTAL EFFICIENCY

The total efficency of the system describes the exchanger’s ability to remove
total sensible and latent energy from one air stream and transfer it to another. The
total efficiencies for al numerical modds evaluated in this project are determined
from [1].

_ Cda(Ta, - Ta,) +(Uayhy, - Uahy,)
" Cda(Ta, - Ta,)+(Uah,, - Uajhy,)

(4)

EXPRIMENTAL WORK

The test room has the dimension (41m  24m 25m).A (2Ton) air-
conditioning is used in this study. The room internal load is simulated by create
latent load that represent the vapor of water and the sensible load that represent
effect the heaters inside the space in addition to the outdoor load .

Desiccant Whed

The main pat of this system is the desiccant whed that holds desccant
material. The whed is to rotate through both supply and return air, and holds the
moisture from supply air and reeases it to the return air. Its diameter and width are
(90 and 7.5) cm respectivdy and made from iron .The center of whed (hub)
diameter is (11.5) cm .The whed is supported by a shaft of (28mm) diameter and
two bearings as shown in Figure (5).And its contains a number of slots used to fix
the galvanized plate (material plates) shown in Figure (6). Table (1) summarizes
the parameters that are used in this test depending on some references that  reached
to better state recommended the parameters. Implemented these parameters and
redesigned it with using new shapes for desiccant material, new rotational speed
and different regeneration temperature.

Table (1) Summary of the parametersthat are used in thistest

Parameters Typeof | Desiccant whed Desiccant
materials @ whed (2)

Thickness (mm) 25 3.5

Width (mm) 200 50

Speed (rph) Silicagd | 36, 45, 60,90

Regeneration 30,36, 42

temp(°C)

Desiccant M aterial

One type of desiccant materials was used in this work. This material is silica
gd. Three whedls are made for silica gel material in this test; each whed carried a
different thickness of desiccant material.
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Temperature, Reative Humidity And Air Vdocity M easurements

The dry bulb temperatures and relative humidity were measured using digital
(Temperature Humidity Meter) model (HT- 315) and dectronics sensor (probe)
with the aid of sdector switch. The veocity of supply and return air was measured
by used (Digitd Anemometer).

From figure (7) can be show the test rig this syssem and The locations of
temperature and relative humidity measurement are shown in schematic diagram in
Figure (8).

RESULTSAND DISCUSSION

Figure (9) shows the effect of whed rotationad speed on the COP of both
traditional cycle and the cycle uses desiccant whedl. It can be seen from this figure
that the enhancement in cop when using desiccant whed. The maximum cop of the
A/C unit is achieved when the thickness of desiccant materid is 2.5mm and width
of 20cm at 36 rph of whed rotational speed and 42°C regeneration temperature.
With increasing the whedl rotational speed the exit temperature from the whed (at
regeneration region) decreases which cause a decrease in cooling coil temperature.
This leads to decrease in evaporator temperature and that result in decrease in the
Refrigerant cooling effect (R.E) therefore the COP decreases.

Both Figures (10), (11) show the effect of whed rotational speed on sensible,
latent and total efficiency of desiccant whed system with a channe depth of 20
cm. it can be observed the efficiency of the cycle increases when the whed
rotational speed decreases .It reaches its maximum value for sensible and tota
efficiency (about 18%)at 45 rph under regeneration temperature of 30°C.The
reduction in cyde efficiency can be summarized by, the increase in rotational
speed makes the contact time of air — desiccant materia very short and there is no
enough time to transfer heat and moisture.

Figures (12) and (13) show the effect of regeneration temperature on sensible,
latent and tota efficiency of desiccant whed system. The figures show the sensible
and total efficiency decrease with increasing the amount of regeneration
temperature, because the increasing regeneration temperature at the same rotational
speed, the difference in temperature on two sides of desiccant whed in
regeneration region will be increased to reach maximum value of about 18% at
regeneration temperature of 30 °c at rotational speed 45 rph. But the latent
effidency increases when regeneration temperature increase to reech the highest
value of about 6.2 % at 42 °c and 45 rph.

Figures (14) show the effect whed rotational speed on efficiency of two
desiccant whed's with different channel depth. From these figures can be seen the
amount of efficiency that increasing when decrease the whed rotational speed to
reach the maximum value at 36 and 45 rph.

Figures (15) and (16) illustrate the difference between the results obtained from
the desiccant whedls with different channd depth as a function of the difference in
regeneration temperature.
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CONCLUSIONS
The main aim of the present study is test the performance of the Cromer cycle

in the field condition.
The following concusions can be drawn in regard to the Cromer whed

operation and numerical mode through testing the adsorption system:

1. Theincreasing in channd depth improves the performance system.

2. The best COP can be achieved at rotational velocity of 36 rph and 41.9 °C of
regeneration air inlet temperature.

3. The best total efficiency for this system at rotational velocity is 36 rph and
45rph a 30°C of regeneration air inlet temperature.

4. It is recommended to keep the regeneration temperature between (30°C-36°C)
to obtain maximum efficiency (for silicagd).

5. Theair in the supply duct is much drier that when using Cromer cycle.
Using Cromer cycl e increases the coefficient of performance of the A/C unit
system by 13.7 %.
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Figure (6) fixed desiccant material on whed
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