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A mathematical model for predicting the performance
of the solar energy assisted hybArid' air conditioning
system (SEAHACS) with one-rotor six-stage rotary

desiccant cooling system
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Abstract.

A mathematical model for predicting the performance of solar energy assisted hybrid air conditioning system
(SEAHACS) is presented. The honeycombed silica gel desiccant wheel was used in this study, one-rotor six-stage
rotary desiccant cooling system, in which two-stage dehumidification process, two-stage pre-cooling process and
two-stage regeneration process are realized by only one wheel. Three air streams are involved in the present system.

The mathematical model has been validated with the experimental data. As the key operating and design parameters,
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the range of regeneration air inlet temperature from 65 — 140 °C, area ratio of process air to regeneration air change

from 1-3.57, regeneration air inlet velocity from 1.5 — 5.5 m/s have been examined for a range of rotation speed from

6 -20 rev/h. the optimization of this parameters is conducted based on the moisture removal capacity D, relative

moisture removal capacity, dehumidification coefficient of performance and thermal coefficient of performance. At

last, the influences of these main parameters on optimal rotation speed are discussed.

Nomenclature . P Perimeter of channel-(m)
a Channel height (m) P The pressure of saturated Water
A Cross section area (m®) vapor (pa) - | '
b Channel width (m) Q Heat energy (J)
c. Layer thickness of desiccant T Temperature (K)
material (m) Sh Sherwood number
-Gy Constant pressure specific heat u Velocity (m/s)
‘ (J/kg.K) 'Y Water content of desicéant material
COPy, | Thermal coefficient of performance (kg/kg)
D Moisture removal capacity Y Humidity ratio (kg/kg)
DCOP | Dehumidification coefficient of ) Relative humidify ratio
performance € Effectiveness
Dy Hydraulic diameter (m) p density (kg/m’)
fo Mass friction of desiccant in the z Axial direction
wheel. t Timeﬂ (s
h Convective heat transfer coefficient Subscripts |
(W/m2.K) , ' a Air
Hor Heat of adsorption (J/kg) in Inlet
Kmn Mass transfer coefficient (kg/mz.s) I Liquid
L Wheel thickness (m) out Outlet
Nun ‘Nusselt number at constant heat p Process
: flux . I Regeneration
NuT' Nusselt number at constant heat v Vapor
temperature w Desiccant
Ny Nusselt number c Cooling
| m Mass flow rate (kg/s)




Mansoura Engine;ring Journal, (MEJ), Vol. 37, No 4, December 2012 . M. 3

‘1. Introduction

* The traditional resource such as oil and
gas cannot meet fhe rising energy demand.
This has led to increasing interest in
alternate-energy research such as solar
energy, geothermal enérgy and world is
facing a large-scale -and potentially
devastating global energy crisis. People have
already realized wind energy. Besides,
increasing occupant comfort demands are
leading to growing requirement for air
conditioning, whereas deteriorating global
energy and environment crisis are starving
for energy savihg and environmental
protection. Thus, how to provide thermal
comfort for occupants with low grade
thermal energy has attracted more and more
attention and extensive types of technologies
have been developed [1]. Among these
technologies, rotary desiccant cooling, which
is advantageous in controlling humidity
independently, using low grade thermal
energy and being free from CFCs, has been
considered as a potential choice. Over a
number of years, investigations on rotary
desiccant cooling have been widely carried
out -on the basis of mathematical simulation,
experimental

thermodynamic  analysis,

investigation and practical application [2].

- Due to the process air is usually heatéd by
released  adsorption  of "heat ' in
dehurhidiﬁcaﬁon process and the sténdélone
desiccant system could not handle the air to
qualified conditions, auxiliary cooler must
be adopted and it is right the main difference
between systems.

Various aspects of the desiccant cooling
systems have been infensively investigated
by many researchers. The desiccant material
studies [3-7], rotary desiccaht
dehumidification and air conditioning
processes [8-15], performance modeling of
desiccant wheels [16-20].

In this study, a solar energy assisted
hybrid air conditioning system (SEAHACS)
with a one-rotor six-stage rotary desiccant
cooling system, in which two-stage
dehumidification process, two-stage pre-
cooling process and two-stage regeneration
process are realized by only one wheel, is
proposed and investigated. A numerical
model is used to study and discuss the
moisture removal capacity and relative
moisture removal capacity, dehumidification
coefficient of performance, and thermal
coefficient of performance coﬁsidering the
operating—-aﬁd design-parameters-such as area
ratio of process air to regeneration air,
regeneration air inlet temperature, and inlet

velocity of regeneration air.
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2. Problem Formulation

Figure 1 illustrates the schematic diagram
of the proposed system. The system consists
of a desiccant wheel, two cross-flow heat
exchangers, two air heaters and three direct

evaporative cooler.

2.1. System Operation

There exists one process air path (1-2-3-
4-5-6), two regeneration air paths (7-8-9-10-
11 and 7-8-12-13-14), and two cooling paths

| (15-16).

The process air cycle is as follows:
Process air at state pointl passes through
section 1 of the desiccant wheel, where its
moisture is removed and temperature is
increased due to the adsorption heat. Then
this hot dry air is sensibly cooled from state
point 2 to 3 in a cross-flow heat exchanger.
Afterwards, the process air passes through
section 2 of the desiccant wheel, where its
moisture is further removed. And then in

another cross-flow heat exchanger, the

process air (state 4) is sensibly cooled with a
dry air output at state point 5. At state point
5, the process air passes through a direct
evaporative cooler; the air stream s
humidified and cooled to state point 6.

The regeneration air cycle is as follows:
The regeneration air is first cooled and
humidified in a direct evaporative cooler
from state point 7-8. Then it is divided into
two groups, which work in parallel (sfate 8-
9-10-11; state 8-12-13-14). These two air
streams are sensibly preheated to state points
9 and 12 in the cross-flow heat exchangers.
The parts of the warm air streams are
passing through the air heaters to state points
10 and 13, and exit at state points 11 and 14.

The cooling air cycle is as flows:

The cooling air from state point 15-16, is
used to pre-cooling the desiccants wheel
after the regeneration section and before the
process  section  to  increase  the
dehumidification  performance of the

desiccant wheel.
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Fig.1 Schematic Diagram of Solar Energy Assisted Hybrid Air Conditioning System

3. Mathematical Model

€~~~ Process air

3.1. Governing Equation -

Regeneration ait ~~3

€~m Cooling ait
Figure 2 shows the schematics of a :
desiccant wheel. One honeycombed channel Cooling .,:::,
with a length of L and cross section area is Peocess ait i W
* shown in Fig.2 in this study, the unsteady

one dimensional model (t,z) is chosen for the

" Aiz duct

Matrix material \

and desiccant layer

I—- Computation domain

I\
L\
g

-Fig. 2 The corrugated air duct and the

coupled heat and mass transfer process in the

rotary desiccant wheel.

computation domain.

The numerical analysis is based on the

following assumption:
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(1) The flow is one - dimensional.

(2) The axial heat conduction and the mass
diffusion in the fluid are neglected.

(3) The axial water vapor and adsorbed
water diffusion in the desiccant are
neglected.

(4) There is no leakage of the fluid in the
desiccant wheel. .

(5) All ducts are impermeable and adiabatic.

(6) The thermodynamic properties are
constant and uniform. '

.(7) The heat transfer coefficient between the
air flow and desiccant wall is constant
‘along the channel.

(8) The inlet conditions are uniform across
the wheel surface, but they can vary with
time.

(9) There is no heat or moisture storage in
the wheel when it completes one

rotation.

Based on the above assumptions, the energy
and mass conservation equation can be
obtained as folldws [19, 21, 22].

Mass Conservation of Process Air:

q _  KmPp _
az“uapaAp(Y Y.) O

* The term in the left hand side in equation
(1) is the change of moisture content in
control volume “sorbet influx by fluid flow”.
The term in the right hand side is the rate of

moisture variation in the air caused by

convective mass transfer between air and
desiccant.
Conservation of water content for the

absorbent:

aw Km Py
B P Yo—Yw) @

The term in the left hand side.in equation (2)

"is the convective mass transfer between the

air and desiccant. The term in the right hand
side is the moisture storage term in the
desiccant material.

Energy conservation for process air:

9T, _ hP
(Cpa + Ya va)-:’j? = Ug papAp (TW -

Ta) 3)
The term in the left hand side in equation (3)
is the sum of the energy transferred by fluid
flow and decreased by sorbet transfer to felt.
The term in the right hand side is the
conduction heat transfer to the felt.

Conservation of energy for the absorbent:
(Cow + fm W

w>+5"lM(Y ~ %) @)

Pw Aw

)6Ta: hPW (a

The term in the left hand side in equation (4)
is the energy storage in desiccant material.
The first term in the right hand side is the
energy transfer-by heat conduction, and the
second term in the right hand side is the

energy transfer by mass transfer.
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3.2. Initial and boundary

conditions:

The above equations are subject to the
following - boundary and initial conditions
which are easily. obtained considering

periodic natural desiccant wheel.

For the process section For the regeneration
Initiai condition section

Tap (1, 0.0) = Tap,in
Yap (1, 0.0) = Yapin Tar (t, 0.0) = T
Boundary codition Y (t, 0.0) = Yarin

Ty (0.0,2) = Twelte, L-z) | Boundary codition

Youp (0.0, 2) = Yyuelte, L- | Tur (0.0, z) = Tup(tp, L-2)
z) ' Yo (0.0, 2) = Yoty L-2)

Initial condition

For the copling section.
Bbuhdal;y codition

Tac (t, 0.0) = Tocin

Y (t, 0.0) = Yeciin
Boundary codition .

Tue (0.0, 2) = Tor (t, L-2)
Y e (0.0, 2) = Yoo (L, L-2)

-3.3.'Auxiliary conditions:

The governing equation Equations (1-4) -

have five unknowns Ta, Ty, Ya, Yw, and W.

in order to solve this set .of equations, i.e. to

close the problem, it is necessary to relate -

the equilibrium composition Yy to the water
content W and the temperature of the
adsorbent Ty. Here we erhploy silica gel as a
desiccant material so the water content is
covered by the following isotherm (19, 23,
24].

¢, = 0.0078 — 0.0576 W + ‘
242W2 — 124W3 + 204W* (5

Where @, is the equilibrium relative
humidity over the desiccant with the water
content W. the relationship between the
humidity ratio and the relative humidity is

expressed as.

0.622 @y, P.
YW — ctTw'Ss (6)
Patm—%w Ps
The pressure of saturated water vapor Ps was
given by [18] as,

P, = exp (23196 - et )

and heat of adsorption Hsor Was given by [18]
as,

HSOT

k
_12400 W +3500 W < 0.05 (——]—
kg water

= ‘ ok
—1400 W + 2950 W > 0.05 (——]—-)
: ' kg water

®)
The convective heat transfer coefficient and
hydraulic diameter are calculated' from the
Nusselt number in the sinusoidal shipped
channels [19].

Hydraulic diameter:

% = (1.0542 — 0.4660 " — 0.1180 a'? +

0.1794 a*3 — 0.0436 a*Ha* 9)
Nusselt number:

Ny =11791 x (1+2.7701 a” —
3.1901 a*2 — 1.9975 a*3 — 0.4966 a"*)
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Nyy = 1.903 x (1 + 0.4556 a* +
1.2111 a*2 — 1.6805 a*3 + 0.7724 a** —

0.1228a"5)
—_ Nyr+Nypn

= 10
Ny > 4 (10)
Where N,y is the Nusselt number at constant

heat ﬂuX, Nyr is the Nusselt number at

*

constant  heat  temperature, a* = %,

a=channe] height and b= channel width.
Convective heat transfer coefficient h:

b _ NuKgPp  NyKg
_ 44, D,

(1)

Where K, is the thermal conductivity W/m.K
Mass transfer coefficient K,,:

Mass transfer coefficient K, [25] is given

by,
Sh Dg Py
K =pg———F =
m = Pa
Sh D, kg -
a Dh. mz.sl Sh—'Nu (12)

Where Da is the mass diffusion diffusivity of

the water vapor in the air

D, =2.302 * 10—‘5@(_7‘#)1.81

Pa Tatm
(13)
Pam = 101.13 * 10° Pa, Tum =308 K

4. Model of other elements:

4.1. Cross-flow_heat exchanger:.

The heat transfer characteristics of the

two cross-flow heat exchangers are the same.

Their heat transfer process can be

represented by [26; 27 as,

Cpa,hot' Mpot (Thot,in - Thot,out)

Cpa,cold- mcold (Tcold,out - Tcold,in)

(14)
Effectiveness of cross-flow heat exchanger:
ECHE = |

Mpot -Cpa,hot (Thoc,in_Thot.aut)
min(Cpa,hat.Tﬁhot , Cpa,cold-mcald)x(Thor,in_Tcold,in)

(15)

Where hot; hot stream, cold; cold stream.

4.2. Direct evaporative cooler:

The heat and mass transfer of the direct
evaporative cooler occurs between the
falling film and the air flow through it. The
evaporative cooler is divided into micro-
segments along both the air and water flow
directions. Additionally, since the basic heat
and mass transfer principle of the direct
evaporative cooler used for supply air, the
regeneration air is of the same as the cross-
flow evaporative cooler, it can be simulated
with the model of the cross-flow evaporative
cooler too. However, in view of the air in the
direct evap:orative cooler experiencing an
throttling procedure, it can be simulated by
the following simplified expressions with
few influences on simulation accuracy [26,
27].

Effectiveness of direct evaporative cooler:
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£ — (Tin_Tout)
DiEC' (Tin—Twet)

hin(Tin , Yin) = hout (Tout » Yout) 17)
Where Ty is the wet bulb temperature, h the

(16)

enthalpy.
4.3. Air heater:

Based on the energy balance equation, the
thermal energy used to drive the system is
equal to regeneration heat consumed in the

heaters:
Qreg = Mg,hot Cpa,hot(Ta hot,out —

Tq hotin) = Ty, pr (Twi — Two) (18)
Where 1, is the mass flow rate of heating
water, Cpw is the water specific heat, Twi inlet
temperature of heating water, and Two, out

temperature of heating water.

S. Solution method

The governing equation set is solved by a

mixed numerical scheme. The two governing

equations on the desiccant side*(Egs. 2 and

4) are solved using a fully-implicit finite
difference scheme and the other two
equations on the gas side (Egs. 1 and 3) are
solved using forward finite difference
scheme. The space step is 0.002 m and the
time step depends on the air inlet velocity

and equal to

dt = Thickness of desiccant wheel (m)
- Inlet Velocity (/)

6. Validation

Experimental results related to a one-
rotor two -—stage rotary desiccant cooling
system [12], are adopted to validate the
present model. Under a ‘wide range of
operating conditions (the regeneration "air
temperature changes from 50 °C to 90 °C,
the rotation speed change from 4 r/h to 20
rev/h, the process air inlet temperature is
constant at 35 °C, the process air inlet
humidity ratio is constant at 14.3 g/kg), the
predicted results in the terms of
dehumidification coefficient of performance
(DCOP) as well as moisture removal .agree
well with the experimental data as shown in
Fig. 3. The discrepancy between the two
results is less than 6.5%. Compared with the
results of a model of compound desiccant
wheel where the discrepancy between the
experimental results and simulated data is
about 8-9% [20], this is a large

improvement.

7. Numerical Results and

Discussion

The structural and operating parameters
on the desiccant wheel vary a lot with
different climate condition and the

application areas. The model is used to

‘investigate the influences of main different

parameters on the system performance.
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Py

465 %
ya -6.5%

Simulated results of the moisure removal (g/kg)

T 5T
Exprimental value of the moisture removal (g/kg)

0.81 L

0.6 L

0.4 . ' -

0.21 Coor

Simulated results of dehumidification coeffictant of performanco (D COF)

0

0 - 0.2 04 0.6 08
Exprimental value of dehumidification coefficient of performance (DCOP)

Fig.3 Comparison between the simulated and the experimental results [12].

7.1. Performance indices

The rriai.n function of a desiccant wheel is
to remove the water vapor from a process
air. Therefore, the first group of performance
indices represents the dehumidification
capacity of -the desiccant wheel. Moisture
removal capacity D is defined as the absolute
dehumidification capacity of the desiccant
Whee}: _

D =Ypin—Ypou
Where Ypin and Ypou are the humidity ratio
of process air at inlet and outlet of desiccant
wheel respectively.
Relative moisture removal capacity, show
the ratio between moisture removal capacity

- D and inlet humidity ratio of process air

Yop,in. this value change between 0.0 and 1.

Relative moisture removal capacity increases
with increasing moisture removal capacity.

Relative moisture removal capacity
D Yp,in - Yp,out

Yo Ypin
The dehumidification coefficient of
performance 'DCOP, which reflects the
dehumidification capacity and energy
utilization performance at the same time is
defined as the ratio of the latent heat which
is contained in the adsorbed moisture and the

regeneration heat used for regeneration air:
Dcop

Thpa X D X hfg
{[ftra X € X (Tao = To)] + [ritya X Cp X (T13 — T12)]}

A higher DCOP indicates a better system
performance because the energy input to the

regeneration air is utilized in a better way or
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less heat is being used to heat up the
desiccant wheel.

Thermal coefficient of performance
COPy, was used as another indicator to
represent the overall performance and the
energy efficiency of the desiccant cooling
system. It was defined as the ratio between
the cooling power Q. and the tegeneration
heat Q. The electrical power input of the
fans was neglected as the thermal energy is

the primary energy source.
Qc

Teg

COPth =

Ty X Cp X (T} — Te)

; Spééiﬁbi heat of water vapor. Cpy" -/

“ Spec1ﬁc heat of water liquid Cp 4

Density. of the silica gel pw 720

K (kg/m) -
Air den51ty, Da (kg/m ) 1.1614

. Spe':mﬁc_:_, eat - of. ‘the . air, Cpa: [ 005 -

:4 ;l;herxnél Aconductfvityvof a1r, k; 00263

(wim.k)

(I/Kgk)

B {[Thra X Cp X (Tyo — T9)] + [mra X Cp X (Ty3 — Tiz)]}
The constant thermodynamic properties

and geometrical parameters of the desiccant

wheel used in the simulation process are

listed in the Table 1.

Table 1 Input data used in simulation

Channel shape " Sinusoidal -

-iHeighf; a ST ﬁ{,j'{11f75, mm.
Width, b 3.5 mm
Wall thickness, ¢ 0.15 mm
Rotary Length, L 0.1 m
Rotary diameter, D 0.2m
Desiccant material Silica gel
Mass friction of sorbent, fp, 0.7

Specific heat of the silica gel, 921
Cow (J/Kg.k)

7.2. Effect of structural and

operating  parameters  on

system performance

The structure and operating data used in
analysis are listed in the Table 2. One
parameter is changed at a time to investigate
its effect while all other parameters are

fixed. There is no pressure loss calculation.

Table 2 Structural and operating paraméters

Parameters Parametric
variati'ons

Rotation speed 6 —20 rev/h

Inlet temperature of process 35°C

air, Tpin

Inlet humidity ratio of process 15 g/kg

air, Yp,in

Process air inlet velocity 2.5 m/s
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—5

.Tegener

of 15 gkg

Inict humidity - ratio

regeneration air, Yy

Thickness  of

material

desi-ééant: 0.15 mm

"Area ratio of process to 1-3.57

regeneration air side, Ap/A,

7.2.1. Effect of Regeneration
Air Inlet Temperature on the

Dehumidifying ~ Performance

and the Optimal Rotation
Speed |

In this section, effect of regeneration air
inlet temperature on __t_he' dehumidifying
performance and the optimal rotation spéed .

is simulated. The process and regeneration

humidity ratio are constant and equal to 15.

g/kg and the process air inlet velocity and
regeneration air inlet velocity-are constant
and equal to 2.5 m/s and process air inlet
temperature is 35 °C and desiccant wheel
thickness equal to 0.1 m. .

Figure 4 show the impact of the

regeneration air inlet temperature on

dehumidification performance for the
regeneration air inlet temperature changes
from 65 °C to 140 °C and all other operation
parameters are held constant. It is found that:
for increasing the inlet temperatufes of the
regeneration air from 65 °C to 140 °C, the
difference in the vapor pressure between the
inlet process air and air layer in equilibriurn
with the desiccant solid phase increases from
1135 Pa to 1351 Pa, the moisture removal
capacity D increase about 2.228 g/kg,
relative moisture removal capacity increase:
about 0.136, dehumidification coefficient of
performance DCOP decrease about 0.517
and thermal coefficient of performance
COPy, decrease about 1.24. Therefore, the
moisture removal capacity increases with the
regeneration air inlet temperature increase
due to the desiccant being better regenerated
and the dehumidification coefficient of
performance DCOP and thermal coefficient
of performance COPy, decreases with
increasing the regeneration air inlet

temperature.

Figure 5 shows the effect of regeneration air
inlet temperature and rotation speed on the
difference in the vapor pressure between-the

inlet process air and air layer in equilibrium
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Regeneration air inlet temperature { oC)
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with the desiccant solid phase, the moisture
removal capacity D, relative moisture
capacify, |
coefficient of performance DCOP and

removal

thermal coefficient of performance COPy, It

is found that at the different regeneration air

dehumidification

inlet temperature the difference in the vapor
pressure between the inlet process air and air
la‘yer in equilibriﬁm with the desiccant solid
phase decreases with increasing the rotation
speed as well as the dehumidification
desiccant wheel performance decreasing

with increasing the wheel rotation speed.
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This is mainly because, for wheel rotates too
fast, the-desiccant-material in the process air
side as well as in the regeneration air side
does not have enough time to remove the

moisture. On the other hand, for increasing

the inlet temperature of regeneration air the
température-- of the- desiccant- material
increase, which results in the higher relative
humidity of the moisture air in equilibrium

with the desiccant solid phase from the
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N .

isotherms, and the smaller dehumidification
potential between the desiccant and the
process air reducing the dehumidification if
the wheel rotates too slowly. For high
regeneration inlet air temperature no effect
of rotation speeds on DCOP and COPyy. This
is mainly because when the regeneration
temperature is higher than 95 °C, the
increasing of the energy needed to produce
the high inlet temperature of the regeneration
air is more significant than the increasing the

moisture removal.

Figure 6 shows the relation between the
optimal rotation speed of desiccant wheel
and the regeneration air inlet temperature. It
is found that the optimal rotation speed
increases  with  increasing the inlet
temperature of the regeneration air. This is
mainly because, the higher of the

regeneration air inlet temperature, these

cause increase the temperature of the

desiccant material, which results .in the
higher relative humidity of the moisture air
in equilibrium with the desiccant solid phase
from the isotherms, and the smaller
dehumidification potential between the
desiccant and the process air reducing the
dehumidification if the wheel rotates too
slowly. To increase the moisture removal

capacity it is required decreasing the contact

time between the regeneration air and
desiccant material by increasing the rotation
speed of the desiccant wheel for increasing

the process air inlet temperature.

_3

-
A
n

Optimal rotation speed ( revih)
= 0

@

&7 B W I 10120 1% 138 150
Regeneration air inlet temprature (oC)

Fig. 6 Relation between the optimal rotation
speed and the regeneration air inlet

temperature.

7.2.2. Effect of the

Regeneration Air Inlet Velocity

on . the Dehumidifying

Performance and the Optimal

Rotation Speed

In this section, effect of the regeneration
air inlet velocity on the dehumidifying
performance and the optimal rotation speed
is simulated. The process and regeneration
humidity ratio are constant and equal to 15

g/kg and the process air inlet velocity is
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constant and equal to 2.5 m/s and
regenération air inlet temperature is 95 °C
and process air inlet temperature is 35 °C
and desiccant wheel thickness eéual t0 0.1m.

Figure 7 show the impact of the
regeneration  air  inlet  velocity on
dehumidification performance for the
regeneration air inlet velocity changes from
1.5 m/s to 5.5 m/s and all other operation
parameters are held constant. It is found that:
the difference in the vapor pressure between
the inlet process air and air layer in
equilibrium with the desic;:ant solid phase
increases with increasing the regeneration air.
inlet velocity and the moisture removal
capacity D, relative moisture removal
capacity increase with increasing the flow
rate of regeneration air from 1.5 m/s to 3.5
m/s. when the regeneration air inlet velocity

changes further from 3.5 m/s to 5.5 my/s, the

change of the difference in the vapor

pressure between the inlet process air and air

layer in equilibrium with the desiccant solid

phase is very small and the increase of

moisture removal is not significant. At high
regeneration air inlet velocity the adsorbed
moisture is almost in equilibrium with the
regeneration air. Therefore with the further
increasing of the air velocity, D does not
change a lot. DCOP, COPy, achieves an
optimal value when the regeneration air inlet
velocity about 2.5 m/s. at higher velocities;
on the one hand, the increasing of the energy
needed to heat the regeneration air increases
gradually, on the other hand, again the wheel
is heated without significant additional
adsorption capacity due to reheating the

equilibrium.

Figure 8 shows the effect of the regeneration
air inlet velocity and rotation speed on the
difference in the vapor pressure between the
inlet process air and air layer in equilibrium
with the desiccant solid phase, the moisture
removal capacity D, relative moisture
capacity, dehumidification

coefficient of performance DCOP and

removal

thermal coefficient of performance COPy,.
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Fig.7 Effect of the regeneration air inlet
velocity at 12 rev/h on (a) vapor pressure (b)
moisture removal capacity D and relative
moisture removal capacity (c) dehumidification
coefficient of performance DCOP and thermal

coefficient of performance COPyy.

From Fig.7 it is found that at the different
regeneration air inlet velocity the difference

in the vapor pressure between the inlet

process air and air layer in equilibrium with

the desiccant solid phase decreases with
increasing the rotation speed as well as the
dehumidification desiccant wheel
performance decreasing with increasing the

wheel rotation speed.

This is mainly because, for wheel rotates too
fast, the desiccant material in the process air
side does not have enough time to remove
the moisture. On the other hand, equilibrium
is reached and the saturated desiccant
material is still in the process section if the

wheel rotates too slowly.
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Figure 9 shows the relation between the

optimal rotation speed of desiccant wheel

and the regeneration air inlet velocity. It is
found that the optimal rotation speed

increases with increasing the regeneration air
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inlet velocity. This is mainly because, the
adsorption rate increases with increasing the
regeneration air inlet velocity, and then the

optimal rotation speed increases.

15

149 . ' . E

g

—
»

Optimal rotatlon speed N (revih)
3 =

L

2

3 4 5
Regeneration air inlet velocity (m/s)

Fig. 9 Relation between the optimal rotation

speed and the regeneration air inlet velocity.

7.2.3. Effect of Area Ratio of
Process to Regeneration Air on
the Dehumidifying
performance and the Optimal

Rotation Speed

In this section, effect of area ratio of
process to regeneration air on the
dehumidifying perforxﬁance and the optimal
rotation speed is simulated. The process and
regeneration humidity ratio are constant and
equal to 15 g/kg and the process air inlet

velocity and regeneration air inlet velocity

are constant and equal to 2.5 m/s and process

air inlet temperature are constant and equal

to 35 °C and the regeneration air inlet .
temperature is 95 °C and desiccant wheel
thickness equal to 10 cm.

Figure 10 show effect. of area ratio of
process to regeneration air on the difference
in the vapor pressure between the inlet
process air and air layer in equilibrium with
the desiccant solid phase, the moisture
removal capacity ‘D, relative moisture
capacity, dehumidification

coefficient of performance DCOP, and

removal

thermal coefficient of performance COPy,
for fixed air flow velocity, the mass flow rate
of process air increase with increasing the
area ratio of process to regeneration air,
whereas the mass flow rate of regeneration
air decreases with increasing the area‘ratio of
process to regeneration air. This means that
less regeneration air flow is adopted to
remove the moisture of fnore process air
flow for increase the area ratio of process to
regeneration air. It is found that the
difference in the vapor pressure between the
inlet process air and air layer in equilibrium
with the desiccant solid phase decreases
from 1354 Pa and 1154 Pa, the moisture
removal capaéity D decrease about 1.7184
g/kg and relative moisture removal capacity
decrease about 0.1146 with increasing the
area ratio of process to regeneration air. This

is mainly because, the contact times between
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the regeneration air flow and the desiccant
side is not enough to removal the moisture
from desiccant material. For decreasing the
area ratio of pr.ocess‘to regeneration air, the

flux of process air decreases but the

A. M. Elzahaby, A.E. Kabeel, M.M. Bassuoni and M.A. Ahmed

However, at the same time the thermal
energy needed to heat the regeneration air
decrease with increase the area ratio of
process to regeneration air, and then DCOP

and COPy, increases.

regeneration becomes more effective.
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Figure 11 shows the effect of area ratio of coefficient of performance DCOP and

process to regeneration air and rotation
speed on the difference in the vapor pressure
between the inlet process air and air layer in
equilibrium with the desiccant solid phase,
the moisture removal capacity D, relative

moisture removal capacity, dehumidification

thermal coefficient of performance COPy,. It

is found that at the different area ratio of

process  to regeneration  air  the -

dehumidification desiccant wheel

performance decreasing with increasing the

whee] rotation speed. This is mainly
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because, for wheel rotates too fast, the
desiccant material in the process air side as

well as in the regeneration air side does not

On the other hand, equilibrium is reached
and the saturated desiccant material is still in

the process section if the wheel rotates too

have enough time to remove the moisture. slowly.
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Figure 12 shows the relation between the
optimal rotation speed of desiccant wheel
and the area ratio of process to regeneration
air. The optimal rotation speed is obtained at
biggest moisture removal capacity D. the
value of optimal rotation speed decreases
when the area ratio of process air to
regeneration air increases. The results show
that the desiccant wheel needs smaller area
ratio between the process and regeneration
air to complete the adsorption process if it

rotates faster.
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Area ratio of process air to regeneration alr (Ap / An)

Fig. 12 Relation between the optimal
rotation speed and the area ratio of process

to regeneration air.

8. Conclusions

A mathematical model for predicting the
performance of solar energy-assisted hybrid
air conditioning system (SEAHACS). The
desiccant wheels used honeycombed silica

gel-haloids composite desiccant wheel, one-

rotor six-stage rotary desiccant cooling
system, in which two-stage dehumidification
process, two-stage pre-cooling process and
two-stage regeneration process. are realized
by only one wheel. Three air streams are
involved in the present system. The model is
adopted to investigate the influence of the
main parameters on system performance and
optimal rotation speed. The conclusions of
the main results from this paper are

summarized below:

s For Aincreasing the regeneration air inlet
temperature, the moisture removal
capacity, DCOP, and COPy, increases.
Moreover, at the different regeneration
air inlet temperature the

dehumidification desiccant wheel
performance decreasing with increasing
the wheel rotation speed.

e The optimal rotation speed increases
with incréasihg the inlet temperature of
the regeneration air.

e Moisture removal capacity D and relative
moisture removal capacity increase with
increasing the regeneration air inlet
velocity from 1.5 m/s to-3.5 m/s. when
the regeneration air inlet velocity
changes further from 3.5 m/s to 5.5 m/s,

the increase of moisture removal is not

significant. At high regeneration air inlet
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velocity the adsorbed moisture is almost
in equilibrium with the regeneration air.
Therefore with the further increasing of
the air veloéity, D does not change a Jot.

‘At the different regeneration air inlet

" velocity the dehumidification desiccant

 wheel performance' decreasing with

increasing the wheel rotation speed.
Moreover, the optimal rotation speed
increases with increasing the
regeneration air inlet velocity.

For increase the area ratio of process to
regeneration air the moisture removal
'ca'pécit'y decreases as well as the DCOP
" and .COPﬂ1 increasing with increase the
area ratio of process to regeneration air.
At the different area ratio of process to
regeneration air the dehumidification
desiccant wheel performance decreasing
with increasing the wheel rotation speed.
‘Moreover, the optimal rotation speed
decreases when the area ratio of process.

air to regeneration air increases.
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