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Abstract

This research is proposed to fully investigate the performance of a single-effect
water/lithium bromide absorption chiller driven by geothermal energy. Since ab-
sorption cycles are considered as low-grade energy cycles, this innovative idea of
rejecting fluid from a single-flash geothermal power plant with low-grade energy
would serve as efficient, economical, and promising technology. In order to examine
the feasibility of this approach, a residential building which is located in Sharjah,
UAE, considered to evaluate its cooling capacity of 39 kW which is calculated using
MATLAB software. Based on the obtained cooling load, modeling of the required
water/lithium bromide single-effect absorption chiller machine is implemented and
discussed. A detailed performance analysis of the proposed model under different
conditions is performed using Engineering Equation Solver software (EES). Based
on the obtained results, the major factors in the design of the proposed system are the
size of the heat exchangers and the input heat source temperature. The results are pre-
sented graphically to find out the geofluid temperature and mass flow and solution
heat exchanger effectiveness effects on the chiller thermal performance. Moreover,
the effects of the size of all components of the absorption chiller on the cooling load
to meet the space heating are presented. The thermal efficiency of the single-flash
geothermal power plant is about 13% when the power plant is at production well
temperature 250°C, separator pressure 0.24 MPa, and condenser pressure 7.5 kPa. The
results show that the coefficient of performance (COP) reaches about 0.87 at solution

heat exchanger effectiveness of 0.9, when the geofluid temperature is 120°C.

KEYWORDS

absorption chiller, geothermal power plant, lithium bromide, space cooling

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2021 The Authors. Energy Science & Engineering published by Society of Chemical Industry and John Wiley & Sons Ltd.

Energy Sci Eng. 2021;00:1-14.

wileyonlinelibrary.com/journal/ese3

1


www.wileyonlinelibrary.com/journal/ese3
https://orcid.org/0000-0001-6311-7925
https://orcid.org/0000-0001-8574-5463
mailto:﻿
https://orcid.org/0000-0002-0097-2534
https://orcid.org/0000-0002-9540-3675
mailto:﻿
http://creativecommons.org/licenses/by/4.0/
mailto:mohammadhosein.ahmadi@gmail.com
mailto:mohammadhosein.ahmadi@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fese3.946&domain=pdf&date_stamp=2021-07-15

EL HAJ ASSAD ET AL.

2 Energy Science & Engineering
[OpenAcces:]

1 | INTRODUCTION

Energy-water consumption is a critical topic in the field of
energy and environment.' Due to fossil fuels being in such
a limited amount and the continuous use of coal and natural
gas for electricity generation, which result in harmful emis-
sions for community, the use of a clean source of energy is
of utmost importance.ﬁ’8 Geothermal energy is the thermal
energy stored underground due to the earth's core. It radiates
from the earth's core; then, the heat is transferred by con-
vection and conduction through different layers of the earth,
and it is available in many different forms and in different
proportions throughout the world.’ Utilization of the geother-
mal energy is an alternative sustainable and renewable source
of power with almost no greenhouse gas emissions and no
noise; therefore, no pollution is generated in its surrounding
environment.'%!" The operation cost is low, and no cost of
fuel is needed in case of electricity generation.12 Geothermal
energy handholds a high potential as it is a dependable source
of power generation that can operate base load of electricity
needs continuously throughout the day and night. 13.14 Besides,
it is very efficient and effective in direct use for heating, cool-
ing, distillation, and other industrial applications. 1518

There are many fields in which geothermal energy can
be applied. This vast field of precious energy can be indi-
rectly exploited for power generation by using the geofluid
in liquid phase which is changed later into steam to drive a
steam turbine for electricity productionlg'21 or can directly be
used for heating and cooling purposes, whether by passing
it directly through pipes to radiators to heat a specific place,
or by using absorption chillers which take advantage of the
geothermal heat to cool a space by a refrigeration cycle.zz’23
There are many other direct application of geothermal en-
ergy, especially for industrial use, such as food drying, distil-
lation, and desalination.*** Many different factors can affect
the method of using geothermal energy, like the cost, quality,
and lifetime of the geothermal energy source.?*®

Geothermal energy can be used to generate electricity
using different types of geothermal power plants which are
single-flash steam, double-flash steam, dry-steam power
plants, and binary cycle power plants.29'3] The most common
geothermal power plant is the single-flash steam power plant,
which is considered as the first power plant that installed
using a liquid dominated geothermal field.

Single-flash power covers about 29% of all geothermal
plants, and it has around 43% of total installed geothermal
power capacity.”>*®> The power capacity ranges for single-
flash power plant from three MW to 117 MW with an average
power of about 27 MW.* In order to run a single-flash power
plant of 30 MW, five to six geothermal production wells are
needed with at least two to three reinjection wells. Due to
the high pressure of a geothermal well, the well of single-
flash power plant is in liquid phase.3 > This type of geothermal

power plants is best suited to be connected to a single absorp-
tion chiller, where the latter runs on waste low-grade thermal
energy.36 Therefore, the reinjected geothermal fluid which is
colder than the initial geofluid is perfect to provide energy for
a single absorption chiller.

Many studies were conducted on absorption chillers due
to their dependency on the available low-grade energy.37'42
Such studies showed that absorption chillers powered by the
waste heat from existing power plants showed very promising
results although the use of geothermal heat in an absorption
chiller is not very common nowadays. Wang et al® suggested
a case study by the University of Western Australia to inves-
tigate the possibility of applying a geothermal single-effect
absorption chiller system at the main campus. The purpose
was to cover the base load requirement for air conditioning
and to analyze the feasibility of this project and economi-
cal cost. At a depth of 2.5-3 km, they extracted hot ground
water at a temperature in the range of 90°C to 100°C in order
to cover the campus base cooling load of 1 MW to 3 MW.
They used a cascaded geothermal-absorption chiller system
in order to convert as much of the thermal energy as possi-
ble. The ground water (90-100°C) is first used in the single-
effect absorption chiller for cooling, and the used ground
water that has a lower temperature between 80°C and 85°C
was used to drive another single-effect absorption chiller be-
fore the reinjection of the geofluid back to the ground. The
achieved COP of the cascade chillers system was 0.67, while
the COP of the first absorption chiller was 0.74 and the COP
of the second chiller was 0.6. They also found that the time
period for the project to payback was about 11-13 years.
Ketfi et al** made a probability study for the evaluation of
low capacity absorption cooling system and the performance
at 5 different climate zones in Algeria, which were named
as zone areas E1, E2, E3, E4, and ES5. The single-effect ab-
sorption chiller of 17.6 kW was simulated with a solar en-
ergy source. The chiller was capable of producing chilled
water of 7°C at five different zones having different climate
conditions. For zones E1 and E2 of ambient temperatures
between 30 and 40°C, the chiller was successful in supply-
ing chilled water at 7°C with 37% of the capacity. For zones
E3 and E4 where the ambient temperatures were above the
range of 30-40°C, it was not possible to produce chilled
water at 7°C, but when the chilled water temperature was
increased to 12°C, the single absorption chiller reached 45%
of its nominal capacity for zone E3 and 33% for zone E4. For
zone ES5, the absorption chiller was not able to operate due to
the very high ambient temperature, which was either due to
poor efficiency or the crystallization of LiBr. As a proposed
solution for the problem in zone ES, a geothermal heat ex-
changer was proposed, since the soil temperature was lower
than ambient and was constant throughout the year; hence,
it would be a preferred alternative to use solar thermal heat
source for places with hot climates. Salehi et al® studied
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and optimized a double-flash geothermal power plant which
was integrated with absorption chiller and freshwater pro-
duction unit. It was concluded that the integration of absorp-
tion chiller was performing 17% better than the other layout.
Abdullah et al*® carried out an experimental study on the ap-
plication of geothermal-absorption cooling in Sivas, Turkey.
Based on the reported results, geothermal energy in Sivas
was not practical for power production but would be feasible
for refrigeration and would provide considerable economic
output. Recently, the application of single-flash geothermal
power plants has been the focus of many research works.*”**
Moreover, recent studies on obtaining cooling load from
double effect water/LiBr absorption chiller powered by geo-
thermal energy connected in series and parallel configura-
tions have been conducted.*>°

The objective of this research is to study the effect of
geofluid temperature, solution heat exchanger effectiveness,
size of heat exchangers, and mass flow rate on the perfor-
mance of single-effect lithium bromide—water absorption
chiller powered by single-flash geothermal power plant to
determine the best possible option for providing cooling
load for a house made of two floors, which is located in
Sharjah, UAE. This work also presents a novel approach
by considering the climate conditions in the analysis and
to find out the required cooling capacity of a household
under hot and humid climate conditions. According to the
authors' knowledge, this is the first work of an absorption
chiller power by geothermal energy presented for the Gulf

pen Access,

region. The results of this parametric study will provide
HVAC engineers and researchers with a detailed idea about
the geo-chiller performance and the parameters effecting
this combination, and it will guide them to have a clear pic-
ture about the performance of such integrated system in the
design phase.

2 | METHODOLOGY
2.1 | Thermodynamic analysis of single-
flash steam power plant

The schematic diagram of single-flash steam power plant
combined with single-effect absorption chiller is shown in
Figure 1. The power plant receives saturated liquid from the
production well. The steam is flashed into liquid and vapor
when passing through the throttling valve, after which it is
directed to an adiabatic separator in order to separate vapor
from liquid. The separated steam enters a steam turbine for
electricity production, while the liquid is pumped back to the
ground through the injection well. Steam that leaves the tur-
bine goes directly to the condenser where it is condensed;
then, the produced saturated liquid is pumped and mixed with
saturated liquid leaving the adiabatic separator. The resulted
liquid mixture which is at a temperature above 100°C is cir-
culated in the generator of the absorption chiller, after which
it is reinjected back to the ground.
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2.1.1 | Mass balance

The mas balance equations are obtained as follows:

iy = 1ty = iy = g = 1itg (1)
iy = (1-x,) i, )

where x is the vapor quality which is defined as the ratio of the
mass flow rates of water vapor and mixture.

iy = Ms = Mg = XpHiy 3)
2.1.2 | Energy balance
The energy balance equations of each component are written
as follows:
Expansion valve:

hy = h @)

h
where hy=hy at T, )

The steam quality at state 2 can be calculated as

(6)

XH =
? hfg

which is needed to calculate the mass flow rate of saturated
vapor and saturated steam leaving the separator.
Separator:

myhy = rizhs + 1yhy 7
where
h3 = hf at Psep (8)
d
an hy=hg at P, (10)

Steam turbine:
The specific enthalpy of state 6 can be obtained using the
following equations:

SSS - Sf
Xy = — (10)
18

where s is the specific enthalpy and the subscript s refers to the
isentropic turbine case.

S5S=S4=Sg at Pcond (11)

where P, is the separator pressure. The separator is operating
at constant pressure and temperature.
The specific enthalpy at states 5s and 5 is obtained, re-

spectively, as follows:

hSS = hf + xSshfg (12)

hs =hy —nr (h4 _hss) (13)

where 7, is the isentropic efficiency of the steam turbine.
Condenser:
The exit specific enthalpy at state 7 is obtained from writ-
ing the energy balance as follows:

where hg = h, at P

Pump:
The pump work is obtained using the following equations:

cond

hgs = hy = v; (Pg — P;) (15)

where v is the specific volume.
The isentropic efficiency of the pumps is expressed as

th - h7

16
hy — T, (16)

Mp =

The input parameters for this power plant are the geofluid
mass flow rate, geofluid temperature, separator pressure, and
condenser pressure. Then by the help of these parameters, the
enthalpy of the geofluid entering the desorber (generator) of
Figure 1 can be obtained. Knowing this enthalpy, then the
temperature can be obtained from water steam tables for the
saturated liquid state.

2.2 | Absorption chiller operating principles
Single-effect absorption chiller consists of a generator (de-
sorber), absorber, condenser, evaporator, expansion valve,
pump, and solution heat exchanger. Lithium bromide solu-
tion as absorbent is flowing in the solution heat exchanger,
generator, and absorber, while water as refrigerant is circulat-
ing in the condenser and the evaporator.

The lithium bromide solution leaving the absorber has
low concentration of lithium bromide and the solution leav-
ing the generator has high concentration of lithium bromide.
The weak solution is pumped to the generator where heat is
added by the geothermal fluid to evaporate water from the
lithium bromide solution. The evaporator vapor goes to the
condenser, and the rich solution of lithium bromide is sent
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back to the absorber after it passes through the solution heat
exchanger and throttling valve to have low pressure prior
to absorber entrance.’! Since the generator and condenser
are operating at the same high pressure, a pump is needed
to increase the solution pressure after leaving the absorber.
Moreover, the absorber and the evaporator are operating at
the same low pressure; hence, throttling valves are needed
to cause a pressure drop in the absorbent and the refrigerant.
Solution heat exchanger is an effective device in absorption
chiller because the solution heading to the absorber releases
heat to the solution going to the generator, which results in
better generator thermal performance in producing vapor.

In most common absorption chillers, there are two main
working fluids which are lithium bromide/water and am-
monia/water. Water/ lithium bromide is the commonly used
working fluids in absorption chillers for space cooling be-
cause the operating temperature of such chillers is above
0°C. Many reasons lead to choosing lithium bromide solution
namely the good enthalpy of vaporization of water, stability,
and relatively high latent heat. Furthermore, lithium bromide
is free of toxins and is not harmful to the environment. In
addition to that, experimentally the pair of lithium bromide/
water has higher COP. Although due to the freezing tem-
perature of water at 0°C, the absorption chiller with lithium
bromide/water solution cannot be used for cooling at tem-
perature lower than 4°C to avoid freezing in the pipes of the
chiller. Hence, absorption chillers using lithium bromide are
recommended for air conditioning.

For steady state processes in the absorption chiller, the
mass and energy balance equations of absorption chiller com-
ponents are shown in Table 1.

The coefficient of performance of the absorption chiller is
defined as follows:

0
COP = = (17)
Q0
TABLE 1 Balance equations of mass
and energy

System components

Solution pump

Solution expansion valve

Solution heat exchanger

Generator

Refrigerant expansion valve

Condenser
Evaporator
Absorber

pen Access,

where O, and Q , are the heat transfer rates of the evaporator and
generator, respectively.
The solution heat exchanger effectiveness is obtained as

T13 B T]4

Eqp = 1% (18)
SHE T13 - T]l

The heat transfer rate of the generator, absorber, con-
denser, and evaporator is expressed in the following general
form.

Q =UAAT,, (19)
where UA is the overall heat transfer coefficient and AT, is the
log mean temperature difference.

The absorption chiller in this study is operating be-
tween high and low pressures of 7.406 kPa and 0.676 kPa,
respectively, and between high and low lithium bromide
concentrations of 62.16% and 56.48%, respectively. Sample
calculations for the absorption chiller, which include the
enthalpy, mass flow rate, and temperature are presented in
Table 2 for the operating pressures and lithium bromide con-
centration at heat source temperature (generator inlet tem-
perature or temperature leaving the geothermal power plant)
of 100°C. Table 3 shows the values of heat rates of generator,
absorber, condenser, evaporator, solution heat exchanger and
pump work, log mean temperature difference, and COP of the
absorption chiller.

2.3 | Space cooling load calculation

In this section, a summary of the method used to calculate
the cooling load of a chosen residential building in Sharjah,
UAE, as shown in Figure 2. The building has two floors and
consists of four bedrooms, six bathrooms, two living rooms,

Mass balance

equation Energy balance equation
Ty = 1y Wb = Mgl =ty
Neglecting pump work
hy =h,
Tits = i Titshs = titg g
hs = hg
1y = ity yhy + myhy = mzhy = shs
lity = g

ity = 1ty + 1itg 0, = tiyhy + 1iyhy — rnshy

g = it tiighg = rghg
1y = g Q. = mzhy —ringhg
Tig = 1ty Q, =r1inyghyy — righg

1y = g + 1ty 0, = tighg + myghyg — 1 by
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TABLE 2 Thermodynamic properties of state points

x (vapor
State points h (kJ/kg) m (kgls) P (kPa) quality)
8 419.1 1 300 0
9 404.3 1 300 0
10 87.76 0.05 0.676 0
11 87.77 0.05 7.406 0
12 149.9 0.05 7.406 0
13 223.3 0.04543 7.406 0
14 155.0 0.04543 7.406 0
15 155.0 0.04543 0.676 0.005
16 2643.1 0.00457 7.406 -
17 167.8 0.00457 7.406 0
18 167.8 0.00457 0.676 0.065
19 2503.1 0.00457 0.676 1

TABLE 3 The performance of components and overall system

Element (QkW)
Generator 14.7
Evaporator 10.7
Condenser 11.3
Absorber 14.1
Solution heat exchanger 3.1
Solution pump power 0.02
COP =0.73

FIGURE 2 3D model of the residential house

one store, one maid room, and a kitchen, with a total area of
312 mz, out of which an occupied area of 183 m” needs to be
cooled.

The cooling load was calculated using the standard spec-
ifications of the American Society of Heating, Refrigerating

Xyipe (kg/
T (°C) kg) Remarks
100 0 Compressed liquid water
96.51 0 Compressed liquid water
32.72 0.5648 Saturated solution, low pressure
32.72 0.5648 Subcooled liquid solution, high pressure
63.61 0.5648 Subcooled liquid solution, high pressure
89.36 0.6216 Saturated liquid solution, high pressure
53.11 0.6216 Subcooled liquid solution, high pressure
44.96 0.6216 Vapor-liquid solution, low pressure
76.76 0 Superheated water vapor, high pressure
40.06 0 Saturated liquid water, high pressure
1.39 0 Saturated water mixture, low pressure
1.39 0 Saturated water vapor, low pressure

and Air-Conditioning Engineers (ASHRAE). The methodol-
ogy followed using these standards presents the cooling load
of a specified space as the amount of heat required to be re-
moved from the area and which is transferred to that space
by conduction through the building walls, roof, floor, doors,
and by radiation through fenestration and infiltration such
as windows and skylights as well as the heat gained by the
electric lights, equipment, occupancies, and other activities
which take place in that area. Extracting this heat from the
space will make the air reach the required design temperature
and relative humidity, which meet the standard comfort zone
of this method.

The following design parameters given in Table 4 were
used as input parameters for calculating the cooling load
using ASHRAE standards.

To calculate the cooling load using the mentioned meth-
odology, each part of the chosen building was treated as a
separate space from the whole building. In other words, the
heat gained in each part via its windows, doors, lights, oc-
cupancies, and activities was calculated separately; then, the
total heat gained in all the parts was summed up to get the
total cooling load required for the entire building.

The calculations must be carried out for each single hour
during the day, which means that the process must be re-
peated 24 times if it is required to calculate the cooling load
of one day in the year. In the present study, the calculations
were done for ten active hours during one day in the month of
August. To calculate the maximum cooling load required for
the entire building, the peak of each graph which is called the
rush hour which represents the maximum heat gain of each
part of the building. By summing up all these peaks, the total
heat gain in the building will represent the required cooling
load. The heat gain in all spaces of the building is shown
in Figure 3. For example, Figure 3G shows that the maxi-
mum heat gain in the kitchen is about 4.5 kW; hence, this
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TABLE 4 Cooling load design conditions for Sharjah, UAE

Parameter Values Units
Indoor conditions
Indoor temperature, 7; 24 °C
Indoor relative humidity 50 %
Outdoor conditions
Dry bulb temperature, 7, , 40 °C
Wet bulb temperature, T, , 28 °C
Maximum temperature, 7,,,, , 43 °C
Mean temperature, T, , 35 “C
Adjacent space temperature, 7,,; 29 °C
Cooling degree days 17 °C
Latitude 25.35 °N
Longitude 55.42 e
Overall heat transfer coefficient of walls
Uy 12 W/m? °C
Ue 1.8 W/m? °C
Uy 2.1 W/m? °C
Ug 6.7 W/m? °C
U, 3.5 W/m? °C

amount of cooling load is required for the kitchen. Similarly,
the maximum the heat gains in the rest of the house spaces
shown in Figure 3A-I are summarized in Table 5 from which
it is found that the total heat gain by the whole space is about
39 kW, which is the amount of cooling load that is required
to be provided by the absorption chiller. Figure 3G shows
that the heat demand increases to reach a maximum value at
around 16 pm after which it decreases as the day is close to
sunset time.

3 | RESULTS AND DISCUSSION
3.1 | Parametric study of geothermal single
water/LiBr absorption chiller

A parametric study is provided in this section in order to eval-
uate the behavior of geothermal single absorption chiller and
how the mass flow rate of the geofluid, generator inlet tem-
perature, effectiveness of the solution heat exchanger, and
size of heat exchangers affect the performance of the absorp-
tion chiller. In order to determine the chiller performance,
information about the parameters of geothermal power plant
is needed, which are production well temperature of 250°C,
separator pressure of 0.24 MPa, and condenser pressure of
7.5 kPa. At these input values, the thermal efficiency of the
single-flash geothermal power plant is about 12.9%.

pen Access,

3.1.1 | Effect of the desorber inlet
temperature, Ty

One of the key components in the design of the absorption
chiller is the inlet temperature of the heat source that pro-
vides heat to the generator. In this paper, it is considered that
the thermal source for the chiller is the hot fluid leaving the
geothermal power plant prior to its entrance to the reinjec-
tion well. To operate a single-effect water/lithium bromide
absorption chiller, the supplied heat needs to be at least at
90°C. This condition is well achieved by the proposed heat
source in this work. The temperature of the heat source is a
strong parameter which influences all other parameters in the
cycle. Figure 4 shows the behavior of the cycle represented
by its cooling COP and cooling capacity versus the heat
source inlet temperature at different solution heat exchanger
effectiveness and at heat source mass flow rate of 1 kg/s. In
all the graphs presented in Figure 4, the following behavior
can be noticed:

The cooling capacity of the evaporator is increasing, while
the COP is decreasing as the supplied geofluid heat tem-
perature is increasing. This can be explained by the fact that
increasing the temperature of the geofluid in the disrober re-
sults in higher heat supply to the disrober. Moreover, the rate
at which the heat supply in the desorber increases is higher
than the rate of the cooling rate increase in the evaporator,
which leads to a decrease in COP according to Equation (17).
Increasing the effectiveness of the solution heat exchanger
results in better absorption chiller performance as from the
COP trend shown in Figure 4, which is slightly higher than
the trend given at the same geofluid inlet temperature of the
generator.

Figure 5 shows the effect of solution heat exchanger ef-
fectiveness on the COP as the geofluid inlet temperature
changes. The figure shows that increasing the geofluid inlet
temperature always results in a decrease in COP for all values
of solution heat exchanger effectiveness. Moreover, Figure 5
shows that the cooling load increases as the geofluid inlet
temperature increases for all solution heat exchanger effec-
tiveness values.

Figures 6 and 7 show the same comparison and behav-
ior of the COP and the cooling capacity but at different
heat source inlet mass flow rates of 10 kg/s and 50 kg/s,
respectively. The same discussion can be repeated here for
Figure 8 but with observing that the machine behavior at
different heat source mass flow rates is strongly tied with
the size of the internal solution heat exchanger which rep-
resented by its effectiveness. No changes in the machine
performance with the change in the heat source mass flow
rate as long as the size of this heat exchanger does not
change.
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TABLE 5 Required cooling load

e

change in the mass flow rate of the geofluid. Figure 9 shows
the results at geofluid temperature Ty = 90°C, which is the

Heat gain
Occupied hall Area (m?) (kW) case with the mass flow rates of all the heat exchangers of
Living room 1 351 6.92 the chiller. This can be .explamed in fa\ way that the increase in
. mass flow rate results in smaller exit temperature and hence
Living room 2 24.75 5.94 . .
the increase in the mass flow rate compensates for the de-
Room 1 (master mood) 22:5 4.158 crease in the exit temperature of the heat exchanger, which
(sl 2 (L0550 L0005 ) — <110 results in almost unchanged cooling load and COP.
Room 3 (master mood) 22.5 4.6
Room 4 (master mood) 22.5 4.6
Maid room (master mood) 6.75 2.83 3.1.3 | Effect of solution heat exchanger
Kitchen 235 45 effectiveness &
Store 3 2.15
Total required cooling load 39 kW The solution he.:at exchanger 1§ a. key compone.nt in the d'emgn
of any absorption chiller. This is because of its strategic ef-
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3.1.2 |
flow rate

Effect of the heat source inlet mass

In Figure 9A,B, it can be seen that the COP and the cool-
ing capacity of the chiller show very little sensitivity to the

fective location in the configuration of the chiller which lies
as a connecting point between the high-pressure side of the
machine represented by the generator, and the low-pressure
side represented by the absorber. Therefore, any change
in this component will result in changing the heat transfer
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requirements in both the generator and the absorber, and thus
the COP. Figure 10 shows how the COP is strongly influ-
enced by the solution heat exchanger effectiveness. This is
due to the high influence on the generator operating condi-
tions because it is directly affected by the performance of the
solution heat exchanger. This is true for all the geofluid inlet
temperature to the desorber. Figure 10 also shows the effect
of €4y on the cooling capacity of the chiller. The trends of
performance at different geofluid inlet temperatures show
that the cooling capacity is slightly increasing with the in-
crease in the effectiveness for geofluid inlet temperature to

the disrober between 70 and 100°C. Hence, it can be stated
the effectiveness of the solution heat exchanger has more di-
rect influence on the heat transfer load of the desorber and
absorber rather than the evaporator.

3.1.4 | Effect of heat exchangers sizes

Another design parameter that has been examined is the
size of the implemented heat exchangers in the absorption
chiller. The sizes are represented by the UA values of the heat
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exchangers. This effect is shown in Figure 11. In all cases, it
is observed the same trend of the COP and the cooling ca-
pacity of the chiller against the size of all the heat exchang-
ers at different heat source input temperatures. In all cases,
the cooling capacity is increasing exponentially with the size
of the heat exchangers due to the increase in the area of the
heat exchanger. The COP is increasing significantly as the
size of the evaporator increases as shown in Figure 11A. As
well as, the increase in the evaporator area results in an in-
crease in the cooling load. The increase in UA means either
increase in U and A, or increase in one of them, which results
in better heat transfer characteristics of the evaporator, hence
resulting in higher COP and cooling load as UA increases.
The same results are obtained for the desorber, absorber, and
condenser except for the COP variation when considering
the changes in the overall heat transfer coefficient of the dis-
rober (Figure 11B). This figure shows that COP increases to
a maximum value after which it decreases with increasing
the overall heat transfer coefficient. This is due to the fact
that increasing UA of the desorber results in higher values
of heat input to the desorber at a higher rate than that in the
evaporator for UA values above 0.25 as can be seen from
Figure 11B, hence from the COP definition, COP decreases
as higher values of disrober UA.

The variation of COP with UA, for different heat source
temperature values at heat exchanger effectiveness of 0.64 is
shown in Figure 11B. Figure 11B shows that increasing the
overall heat transfer coefficient of the desorber results in an
increase in the COP. This is due to the fact that the amount
of water vapor generated in the desorber increases with in-
creasing the heat source temperature; in other words, the
mass flow of the refrigerant increases which in turns results
in increasing the cooling load of the evaporator. Figure 11B

also shows that increasing the heat source temperature results
in an increase in the cooling load for the same heat exchanger
effectiveness. The figure shows that for heat source of 90°C,
the cooling load cannot be computed at large values of UA,
due to the possible LiBr crystallization problem. Figure 11C
shows the variation of COP with the absorber overall heat
transfer coefficient for different heat source temperature val-
ues at € = 0.64. The figure shows that COP is monotonically
increasing with UA,,. This increase in UA,, results in improv-
ing the heat transfer characteristics of the absorber to absorb
more water vapor coming from the evaporator as can be seen
from Figure 11C which shows an increase in the cooling load
due to the increase in the refrigerant (water) mass flow rate.
Figure 11C shows that it is not recommended to operate the
absorption chiller at 90°C and 110°C at UA, values higher
than 1.9 and 2.5, respectively, due to the possible crystalli-
zation of LiBr.

Figure 11D shows the variation of COP and cooling load
with the overall heat transfer coefficient of the condenser for
different heat source temperatures at £ = 0.64, respectively.
The figure shows that increasing UA,. results in increas-
ing COP and Q,. The increase in both parameters is sharp
up to UA, = 1.1 after which the increase becomes smooth.
Increasing the overall heat transfer coefficient of the con-
denser will improve the heat transfer characteristics of the
condenser which will in turn results in better evaporator per-
formance which results in an increase in the COP.

4 | CONCLUSIONS

In conclusion, this paper aims to analyze the performance
of a water/lithium bromide single-effect absorption chiller
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driven by geothermal energy drained from a geothermal
power plant after consuming part of the enthalpy of the hot
fluid for electricity generation. This had been done through a
pure research approach by proposing a model and perform-
ing a parametric study on the proposed model. The partial
analysis that was done showed that the proposed absorption
machine is a really promising technology in replacing the
conventional air conditioning devices due to many reasons.
As a main reason that it can operate with an accepted COP
using a low-grade energy such as the heat carried by the geo-
thermal fluid prior to its reinjection back to the earth through
the rejection well. Thus, the cooling load obtained by using
the waste heat from existing geothermal power plants is free
of cost. Moreover, these machines have the advantage of low
or even no noise while operating which is considered as dis-
advantage in conventional air conditioning. The parametric
study showed that the input heat source temperature and the
sizes of the heat exchangers are the key components in the
design of absorption chiller. The thermal efficiency of the
geothermal power plant is 12.9% and the COP is 0.87 when
the plant is running at 250°C, 0.24 MPa, and 7.5 kPa as geo-
thermal well temperature, separator pressure, and condenser
pressure, respectively.

More analysis approaches would be done in the future
by examining wider range of operating conditions to further
investigate the full picture about the performance of these
machines.

Nomenclature

A area (mz)

COP  coefficient of performance

h enthalpy (kl/kg)

m mass flow rate (kg/s)

P pressure (Pa)

0 heat transfer rate (kW)

T temperature (°C)

U heat transfer coefficient (W/m2 K)
X lithium bromide concentration

Greek letters
EsHE solution heat exchanger effectiveness

AT,, log mean temperature difference (K)
Subscripts

a absorber

ADJ adjacent space

c condenser

C ceiling

d desorber (generator)

D door

db dry bulb

e evaporator

F floor

EL HAJ ASSAD ET AL.
g generator (desorber)
G ground
i inside
m outside mean
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