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Abstract

The research is present the heat-driven adsorption chiller
performance by using low temperature water which be extracted from the
solar energy through using photovoltaic solar panels and solar thermal
collectors as a main energy source. The adsorption system employs the
silica gel-water as the adsorbent. Also this system has an advantage such as
the maintenance is low, no major parts movement and environmental
friendly. The numerical simulations have been carried out for heat sources
temperatures ranged between 60-80°C, chilled water and cooling from
15 °C to 35 °C respectively. Program in FORTRAN was built to achieve
the numerical simulation for adsorption system. The results indicated the
coefficient of performance for lower hot water temperature is increased
with time processes of heating or cooling. The refrigeration capacity for
high hot water temperature is increased with time processes of heating or
cooling while the effect of low hot water temperature is low.
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Introduction

In Iraq, the refrigeration and
air condition systems are major
energy consumers. These systems
normally use CFCs as working
fluid that induces ozone depletion

and consequently  greenhouse
effect. The solid adsorption
system is  considerably an

alternative way to reduce of CFC
usage [1].

Adsorption cooling equipment
can be converted for using -heated
fluids with solar, also the
modification was suggested for
high performance applications of
solar is not have major design
changes. The adsorption
equipment represent the majority
of wunits used in solar air-
conditioning systems in future.
The water sent to the absorption
generator is heating by solar
collectors and photovoltaic array,
the DC power supplied by PV
require battery for energy storage,
and fed to one or more resistive
elements that are immersed in a
water  storage  tank. The
coefficients of performance used
for solar adsorption equipment
will be the same as those used for
the  steam-driven  adsorption
equipment, since no boiler losses
are involved [2,3]

Carl Munters develop the
adsorption cycle, and is often
known as the Munters system.
This system drying the air with
various kinds of crystals, salts,
silica gel, or zeolite. Heat and
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moisture are typically exchanged
between an exhaust air stream and
air stream using a heat exchange
wheel and a drying wheel as
shown in figure (1) [4].

In order to keep the heat
exchange is cool, the exhaust air
takes ambient air to humidifies
and cools it. Additional heat from
a solar or gas source is added to
the air stream passing through the
heat exchange wheel, because the
air is still not hot enough to drive
the moisture out of the drying
wheel, so that Through the drying
wheel the hot air are passes to
evaporates moisture from the
desiccant, and the moist, heated
air is exhausted to the atmosphere

[5].

In Iraq, the solar cooling
was initiated since 30-35 years
ago; however, none of
commercially system was
demonstrated though many works
were being done. The major
difficulties needed to overcome
were its naturally non-continuous
processes, requirement of maintain
vacuum conditions and leakage
problems. This research work has
focused on the development of a
combined solar/solid adsorption
system, which was prediction for
hot water and cooling production.
The system was theoretically

study, and  coefficient  of
performance (COP) was estimated
as well as its operational
performance.



JOURNAL OF MADENT ALELEM COLLEGE VOL 11

NO1 YEAR 2019

Condenszator

Cooling water-
circuit

-—

Silica-gel Packing .I_“r—'\
S 8

Heat exchanger
land 2

Heating water=
circuit

—_

“hilling water-
circuit

Evaporator

Figure (1): Schematic diagram of absorber system [4].

Objective of Research

Many adsorption systems
were developed Dby various
research groups to improve their
coefficient ~ of  performances
(COP). The solar adsorption
system, the schematic diagram is
shown in figure (2) .Due to of the
low regeneration temperature of
silica gel and the high latent heat
of vaporization of water, the silica
gel-water has been selected as the
adsorbent—adsorbate pair. And to

119

improve the cooling effect, a
strategy of mass recovery cycle is
proposed. This study is different
from the conventional mass
recovery cycle because no cooling
process and heating during the
process of mass recovery in
conventional mass recovery cycle.
In this strategy additional cooling
accelerate the
desorption/adsorption and heating
process; therefore the system
improving the cooling output.
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Figure (2): Block diagram for proposed system [5].

Mathematical Model 2. the water is a uniformly
The mathematical model is adsorbed
built according to the model 3. difference of the pressure
described in are neglected between the
[7] . The assumptions of this absorber and condenser .
model are: 4. the saturated vapor inside
1. uniform the temperature and the chamber.
the pressure through the 5. the system has no heat loss
adsorbed whole to environment.
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Components of the system
used in the current study and

shown in Figure (2) of the
following parts: Photovoltaic solar
panel, Solar collector system, in
turn, consists of the complex solar
thermal reservoir, Adsorption
cooling system, Pumps and
control equipment, Air handling
unit or fan coil unit. Photovoltaic
(PV) convert the solar radiation to
electricity in terms of direct
current (dc) using semiconducting
materials. In adsorption system
can be powered using PV where
the PV panels produce dc
electrical which is coupled to the
electrical heater of the adsorption
system. The main concerns in
designing a PV adsorption system
include suitably matching the
electrical characteristics of the
QCoII :TchCp(Tf,o _Ts)
Where TF  represents a
conversion function to control
the temperature and is equal to
one of eight in the morning
until ten at seven and is zero for
the rest of the hours [9].
MNeon = (iielle
Where, Q represents the output
energy, A is aperture area of
solar collector, 1 represents
solar radiation.
NMev :nR[l'B(Tc - Tg )]
Where, 1y represents the
reference efficiency at 0 °C,
Is a coefficient of variation of
the photo-voltaic efficiency, T,
Is the temperature of photo-
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electrical heater powered the
adsorption  system with  the
available voltage and current
being produced by the PV panels.
The electricity production rate of
being generated by a PV panels is
typically based on solar radiation
of 1000 W/m? and temperature of
25°C. Moreover, the electricity
produced by a PV panels is as a
parameter as the solar energy from
which it is powered [8].

Basic governing equations used in
the mathematical model to
represent the system
mathematically. To calculate the
solar energy collected, where
collected of solar energy and is
represented mathematically as
follows [9]:

®
The efficiency of solar collector
for both photo-voltaic collectors
and solar thermal collectors can
be defined as following:

(2)

The efficiency of the photo-
voltaic panels can be defined by
the following equation as:

(3)
voltaic cell/panel, and Ty is the
reference  temperature. The
available commercial photo-
voltaic panels were ranged
between 10-17% and it can
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produce 1.5 kWh/m?.day where on the assumption of the
the current is proportional to the absorbing temperature of plate
light contact area. equal to panel temperature
The temperature of the photo- according to the following
voltaic can be calculated based equation:

Toy =T+ 2T B-BTe T ) (@)

Where, T; represents the inlet temperature, Fg is heat removal factor, ¢r
is total energy, UL loss coefficient, and Ac is the panels area.

dT, . .

mscp d_ts = mcCp(Tw,o _Ts)+ me(TR _Ts)+ (UA)s (Ta _Ts) (%)

Where
T = Tsl + TsZ

) 2
m,C i m,C i
dTs _| Mo PT, + My Tr+%1—a _| Zep My +(UA)s Ta+Ts 6)
dt mC, mC, mC, mC, mC, mC, 2
Where
m Mass flow rate, m, Water mass flow rater through solar collector,
m,_ Water mass flow rate from storage tank
The adsorption rate can be written as [7]
p.T, )
X = 0.34{ s W J (7)
S'S
(1) the adsorber/desorber energy balance written as:
d dx
E{[ma (Ca + Cp,wx)+ Ccu M tube,ad + Cal Mfin,ad ]Ta }: maAh E +
dx .
(1_6)vama d—:ds(Te _Ta)+ me,W (Tad,in _Tad,out) (8)
KA,

Tad,out _Ta —e myCpow (9)

Tad,in - Ta

where 6=1 for desorption process and 6=0 for adsorption process, K is
thermal conductivity

(2) the condenser energy balance
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dx des dx des
ccumc%=8 _Ifma at oM Ty (Te-T.) (10)
+ mcooIpr (Tcool,in - Tcool,out )
—KA,
Tcool,out - T _ e(mcoolcp,w} (]_]_)
Tcool.in o Te

(3) the evaporator energy balance

d dx .
a[(cpwme,w +Cy M, )Te ] =(1- 5){_ LM, d—ids +MeninCpw (Tchill,in — Tenitn,out )} +

dx dx
5|:9Cp,w (Te - Tc )ma df[ies - (1_ 9) Lma ﬁ} (12)
—KA,
Tchill,out _Te —e MeinCp (13)
Tchill,in - Te
where

0=1 for T.<T. and 6=0 T;>T,

(4) the equilibrium liquid refrigerated in evaporator
Mew _pp . & (14)
"

(5) the mass equilibrium equations in process recovery
dXdes ands s (15)

-m, ot + Mg evap = Me condg + My e My

The evaporator energy equation in

%[(Cp,wme,w +CeuMme )Te]= —Ly +vom, Cp, (Tchill,in - chiII,out) (16)
where

w =m,.,,, forthe chamber desorbing and v =m, ,,, for the chamber
adsorbing

And v =1 for TESTchiII,in and v =0 for Te>TchiII,in
We can calculate The pressure in the chambers by this equattion:

2
-P :vammr (]_7)

P wv ,abs 2A2

wv,des

the equation of VVan Der Waals is calculate parameters of water vapor:
(PW " \%)(v —b)=RT,, (18)
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And the Refrigerating capacity Performance as follows:

t
E';Cp,wmchill (Tchill,in - Tchill,out )jt

Qref = (19)
tcycle

heating power is

t .

jcp,wmh (Th,in - Th,out )jt
Qn = ° t (20)

cycle
the performance of coefficient calculate from [10]
cop = Qeet (22)
h
dT,
(thcp,w T;ZM+ Qadsj
COP, = (22)
ITA'"Qaux

Results and Discussion Figure (8) show the behavior of

Figures (3), (4) and (5) coefficient of performance with
show temperature profiles for hot, time of mass recovery of hot inlet
cooling and chilled water water temperature at 60 °C and 80
temperature for m, = 0.6 kg/sec, °C respectively, we show increase
m, = 1.4 kg/sec and m, = 0.7 the performance coefficient and
kg/sec  respectively.  These with  increasing  the inlet

temperature hot water and the
steady state of mass recovery
reach at 140 sec approximately.
The same behavior in figure (9)
for refrigeration capacity. Figures
(10) and (11) show variation of

change it with operating time of refrigeration capa_ci_ty an_d the
adsorption  system, we show performance coefficient with hot

increase of COP at T;,,=60 °C and water temperature at chilled water
W

decrease at T,,=80 °C and we 15 °C and 20 °C respectively, we
show opposité behavior  for show increase coefficient of

refrigeration capacity (RC) in performance with increase hot
figure (7). water temperature and the same

behavior for refrigeration capacity.

represent process of heating or
cooling. The outlet temperature of
hot water is approach to the inlet
temperature after adsorber. Figure
(6) show hot water effect inlet on
the coefficient of performance and
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Figure (12) show the behavior the decreased with increased cooling
performance  coefficient  with water temperature, the behavior in
cooling water temperature, found figure (13) for refrigeration
the coefficient of performance is capacity.
100 I
Hot water outlet
ool — — — — Hotwaterinlet
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7\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\
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Figure (3): variation of hot temperature profile with operating time.
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Figure (4): variation of cooling temperature profile with operating time.
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Figure (5): variation of chilled water temperature profile with operating time.
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Figure (6):Variation of cooling time with coefficient of performance at
different hot water inlet.
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Figure (7):Variation of cooling time with refrigeration capacity at different hot
water inlet.
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Figure (8): Variation of mass recovery time with coefficient of performance at
different hot water inlet.
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Figure (9):Variation of mass recovery time with refrigeration capacity at different
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Conclusion

There is a significant amount from
solar energy can be used at
temperatures below 100 °C based
on PV technology and thermal
collectors. The exploitation of
such energy can lead to a
significant in energy saving which
leads to reducing CO2 emissions
and the consumption of fossil fuel.
This work investigated ability of
using the low-temperature heat
sources like solar energy in
adsorption system powered by
solar collectors and PV panels.
The extract of the mathematical
model is difficult due to the
empirical characteristics of
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adsorption  theory,  nonlinear
system identification of adsorption
processes. The COP for lower hot
water temperature is increased
with time processes of heating or
cooling. The RC (refrigeration
capacity) for high hot water
temperature is increased with time
processes of heating or cooling
while the effect of low hot water
temperature is low. The time of
mass recovery reach at 150 sec.
The COP and RC at chilled water
temperature 20 °C is greater than
it's from 15 °C. COP is decrease
with increased cooling water



temperature and the same behavior
for RC.
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