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Abstract   A detailed modular modeling of an absorbent cooling system is presented in this paper. 
The model including the key components is described in terms of design parameters, inputs, control 
variables and outputs. The model is used to simulate the operating conditions for estimating the 
behavior of individual components and system performance and to conduct a sensitivity analysis 
based on the given control variables. The proposed model has been validated by means of comparing 
the predicted results with the experimental data in a full-scale absorbent cooling system installed at 
MERC. Careful attention was given to estimate the behavior of the system at transient mode. Based 
on operating conditions, a range of time-constant start-up time had been estimated for generator and 
evaporator. The results indicated that the model predictions were in good agreement with 
experimental data. Sensitivity analysis also showed that the performance characteristics of the system 
could be approximated by generalized polynomial functions of order 2 in terms of control variables. 
Finally typical performance results are discussed. 

 
Keywords   Closed-Cycle Absorption Cooling System, Modular Modeling, Simulation, 
Performance Characteristics, Transient Mode 

 
اين . شود  الگوسازي جزء به جزء براي يك سيستم تبريد جذبي به تفصيل ارائه ميدر اين مقاله روشچكيده       

 است، )كننده و مبدل حرارتي چگالنده، تبخيركننده، مولد حرارتي، جذب (الگو كه شامل اجزاي اصلي سيستم 
توان  يالگو را م. شود برحسب پارامترهاي طراحي ورودي، متغيرهاي قابل كنترل و خروجي سيستم تعريف مي

ي كل يي رفتار جداگانه اجزاي سيستم، كارآيمنظور تخمين و برآورد كارآه سازي شرايط كار سيستم ب براي شبيه
معتبرسازي الگو با مقايسه .  متغيرهاي قابل كنترل بكار برد ي سيستم بهيسيستم و نيز براي تحليل حساسيت كارآ

شده در سايت  نصب(آزمايش يك سيستم تبريد جذبي آمده از  بيني شده و اطلاعات تجربي بدست نتايج پيش
بيني رفتار سيستم در   به پيشی توجه بيشترتحقيق،در اين . است  صورت پذيرفته) پژوهشگاه مواد و انرژي

اندازي مولد حرارتي و تبخيركننده   حدودي براي زمان راه،كار سيستم  حالت ناپايدار گرديده و برحسب شرايط
بيني الگو با نتايج تجربي به خوبي مطابقت دارد به طوري  دهد كه پيش ايج حاصل نشان مينت. است  تعيين شده

همچنين نتايج . هاي تبريد جذبي با مدار بسته بكار برد سازي سيتم  شبيهبرایتوان با دقت زياد  كه اين الگو را مي
ي سيستم يهاي كارآ كه مشخصهدهد  حاصل از مطالعه تحليل حساسيت سيستم به متغيرهاي قابل كنترل نشان مي

. كار سيستم تقريب نمود اي از مرتبه دوم برحسب اين متغيرها در شرايط توان با يك رابطه چندجمله را مي
 .گيرند آمده مورد بحث و بررسي قرار مي   از نتايج بدستنمونه هايیبالاخره در اين مقاله 

 
 

1. INTRODUCTION 
 
Over the past few decades considerable research 
has been devoted to the development of absorbent 
refrigeration systems and their performance 
prediction. At the same time, there have been other 
researches underway for the advanced absorption 
cycles and non-conventional working fluids, which 
can provide significantly greater efficiency than 

conventional and single-effect absorption systems 
with ammonia and lithium-bromide solutions [1-4]. 
Open cycle systems have been developed for use 
with low temperature heat-sources and seem to be 
economically viable. In contrast, there have been 
researches done, towards achieving a better 
performance for closed-cycle absorption systems 
by taking advantage of high temperature heat 
sources. 
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A computer simulation has been conducted to 
analyze a water-LiBr, water absorption heat pump 
[5,6]. The code is a system-oriented program with 
a structure that does not allow easy modification to 
model other systems. Based on specified design 
parameters, the code calculates the operating 
parameters of the system for a variety of 
conditions. A modular simulation was also 
conducted to analyze closed-cycle systems with 
different working fluid and under steady state 
conditions [7]. The code has been modified by 
adding some subroutines to make the analysis of 
open-cycle systems possible [8]. 
     As a result the on-off control strategy most 
commonly used in residential applications for the 
cooling system, often calls for cooling when the 
room temperature rises above a set point and shuts 
off below the set point. If the cooling capacity is 
significantly greater than the building-cooling load, 
the thermostat will cycle and cooling system will 
spend part of its operating time in a transient mode 
[9]. 
     This paper describes the performance analysis 
of a closed-cycle absorption system during its 
operation. The analysis was performed using a 
code developed for modular simulations of 
absorption system under varying operating modes. 
Based on design parameters and control variables, 
the code evaluates the start up time and 
temperature profile in the generator during the 
warm up period. It also fixes the variable 
parameters for prescribed conditions and finally 
computes the operating parameters. The present 
work, attempts to predict the performance of the 
system and of its main components. 
 
 
 

2. DESCRIPTION OF EXPERIMENTAL 
SYSTEM 

 
Figure 1 schematically describes the absorbent 
cooling system investigated in this study. It 
consists of an evaporator, an absorber, a 
generator, a recuperative heat exchanger and a 
water-cooled condenser. The number in a circle, 
as shown in Figure 1, indicates the fluid state 
point. Liquid refrigerant is supplied at state point 
(8) to the evaporator, where its evaporation is 
used to chill the entering airflow with entering 

temperature as state (5) and leaving at (6). The 
liquid refrigerant entering the evaporator at state 
(8) reaches its evaporation temperature and 
leaves the evaporator at state (7). The vapor is 
absorbed in the absorber by a weak Li-Br water 
solution entering at state (12), reaching 
equilibrium and leaving strong solution at state 
(14). The heat of absorption is rejected to a flow 
of cooling water entering at state (1) and leaving 
the condenser at state (2). The strong solution is 
circulated through the heat exchanger to the 
generator at state (17) where it is heated by a hot 
water stream. The regenerated solution at state 
(12) is returned to the absorber through the heat 
exchanger. 
 
 
 

3. MATHEMATICAL MODEL 
 
3.1. Transient Mode   When the cooling system 
is warmed up, the Li-Br water solution will begin 
circulating between the generator and the absorber. 
No vapor will evolve unless the generator and all 
the solution held up in the generator have been 
heated up to a minimum temperature (Tmin). This 
temperature is the boiling point of the Li-Br 
solution whose concentration corresponds to the 
chiller’s initial charge, at a pressure set by the 
condenser temperature. 
     If the generator sensible heat exchanger and the 
absorber are all modeled as constant effectiveness 
heat exchangers during the warm up and the 
generator is considered as a single node thermal 
capacitance; and if it is assumed that the absorber and 
sensible heat exchanger respond much more rapidly 
than the generator, then the generator temperature 
during startup will vary exponentially [9] as: 
 

Hτ
τ-

e)ss,gTo,gT(ss,gTgT −+=  (1) 

 
Where Tg,o and Tg,ss are the initial and steady state 
generator temperature, respectively. 
     To complete transient mode, it is assumed 
that the instantaneous cooling delivered is a 
unique function of the generator, condensing 
water and evaporator temperatures. The 
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Figure 1. Schematic diagram for experimental system. 

evaporator temperature is assumed constant 
and the cooling capacity and coefficient of 
performance are empirical functions in terms of the 

generator and condensing water temperatures. 
When the generator temperature is above Tmin, then 
the cooling and generator heat uptake are given by: 
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When the generator temperature is less than Tmin, 
the following would then apply: 
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3.2. Steady State Mode   In order to simulate 
the cooling system, physical models for the system 
components should be derived. Due to the complex 
nature of simultaneous heat and mass transfer 
process, occurring in various components of the 
cooling system, physical models developed to date, 
have all been incorporated with various 
simplifying assumptions [2,8]. These physical 
models representing the water condenser, 
evaporator, absorber, heat exchanger and generator 
are described in details in this section. These 
models are generally based on the same physical 
laws applied for system components (mass and 
energy balance equations): 
 
3.2.1. Water cooled condenser   The condenser 
as illustrated schematically in Figure 1, consists 
of a shell and tube heat exchanger. The cooling 
water stream entering the tubes and cools the 
refrigerant steam that entering the shell at state 
point (11) and leaving it at (8). The following 
equation applies: 
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3.2.2. Evaporator   According to Figure 1, the 
evaporator consists of a coil, in which a stream of 
air is blown through its external surface. The 
following equation applies: 
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3.2.3. Absorber   The evaporator as illustrated 

schematically in Figure 1, consists of a cylindrical 
shell filled with solution and a water coil inside it 
for rejection of heat. The following equations apply: 
     Energy balance for cooling water: 
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Energy balance for the solution: 
 

( ) ( ) 7hrm12hm14hmabQ &&& +=+  (7) 
 
Mass balance for the solution: 
 

14mrm12m &&& =+  (8) 
 
Mass balance for salt in the solution: 
 
( ) ( )14xm12xm && =  (9) 
 
Where h and x are the enthalpy of solution and the 
concentration ratio of salt in the solution, 
respectively at various state points and can be 
determined by the approach followed in the 
Appendix. 
 
3.2.4. Heat exchanger   Again, according to 
Figure 1 the heat exchanger consists of a shell, 
protected from heat losses by insulation and an 
inner shell. Solution to be regenerated enters the 
inner shell at the top at state (13), flows down and 
absorbs heat from the weak solution and leaves at 
state (12). The strong solution enters from state 
(14) and leaves towards the generator at state (17). 
The following equation applies: 
 

⎟
⎠
⎞⎜

⎝
⎛ −=⎟

⎠
⎞⎜

⎝
⎛= 14h17h14m  12h-13hrmhxQ &&  (10) 

 
3.2.5. Generator   A schematic presentation of the 
generator appears in the left side of Figure 1. It 
consists of a cylindrical shell with a hot water coil 
inside it and is insulated to protect from heat 
losses. The strong solution from state (17) entering 
heated up by the hot water coil and leaves the 
separator. Due to the complexity simultaneous heat 
and mass transfer, the generator with the separator 
is modeled as a single component. The following 
equations apply: 
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Figure 2. Schematic flow chart for the simulation code. 

Heat balance for hot water: 
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Heat balance for generator: 
 

( ) 13h1m11hrmlossQ17hmgQ &&& +++=+  (12) 

 
 
 

4. COMPUTER SIMULATION CODE 
 
The computer simulation code developed in this 
study is a modular code such as the one developed 
by Grossman, et al [7]. Considering that the studied 
absorption cooling system consists of standard 
components described in previous section, each of 
these is simulated by individual subroutines. These 
subroutines describe the components behavior by 
implying the mathematical models developed in 
Section 3. They are linked together in the main 
program to analyze the whole system. 
     Figure 2 shows the program flowchart, in which 
the major variables required to describe the full 
and part load performance of the absorption 
cooling system are shown as input, output, design 
parameters and control variables. The input 
variables are the thermal energy received from the 
building at a lower temperature, electrical energy 

required to provide low-pressure hot water stream 
and energy required to drive circulation pumps for 
absorbent and refrigerant. The output contains the 
heat rejected from the load (cooling capacity), heat 
rejected from the condenser and the user defined 
output results, which contain selected components 
simulations. The design parameters contain the full 
load and the minimum part load capacities. In 
order to analyze the system results at different 
operating conditions, it is necessary to simulate the 
control variables that affect the performance in 
order to obtain the maximum COP. These variables 
are shown in Table 1. 
 
 
 

5. EXPERIMENTAL SETUP 
 
Before applying the computer code to simulate the 
complete absorption cooling system and validate 
the proposed model, it was decided to study the 
performance of a 10 kW absorption cooling system 
installed at MERC site. To achieve this objective, a 
set of runs have been made. To trace the transient 
mode for each experiment at a 5-minute time 
increment the temperature of generator, inlet hot 
water and the evaporator have been recorded until 
the system warmed up. By observing the bubbles 
of solution vapor in the economizer, the evaporator 
started up. Insuring that the system is working at 
relatively a steady state mode, one time increment 
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TABLE 1. List of Variables Needed for Analyze of an Absorption Cooling System. 
 

Description Symbol 
Input 
Electricity Need for Water Heater, kW 
Electricity Need for Circulation Pumps, kW 
Thermal Energy from Building, kW 

 
Qhw 
Qp 
Qb 

Design Parameters 
Full Load Cooling Capacity, Tons 
Minimum Part Load Capacity, Tons 

 
Lf 

Lmp 

Control Variables 
Entering Condenser Water Temperature, 0°C 
Condenser Water Flow Rate, lit/min 
Entering Hot Water Temperature, 0°C 
Hot Water Flow Rate, lit/min 
Leaving Chilled Water Temperature, 0°C 
Chilled Water Flow Rate, lit/min 

 
t11 

cwm&  
t3 
hwm&  

t7 
rm&  

Output 
Cooling Capacity, Tons 
Heat Rejected to the Condenser, kW 
User Defined Output, Simulation Results for Selected Components 

 
Qev 
Qc 
F 

 
 
 

TABLE 2. Experimental Results for Transient Mode (30th December 1999). 
 

Time From Start Point in Minutes 
Parameters Need to be Measured 

0 5 10 15 20 25 30 35 40 45 

Entering Hot Water Temperature, °C 23.0 31.0 38.0 40.0 52.0 54.0 65.0 72.0 78.0 82.0

Generator Temperature, °C 20.5 25.5 32.5 41.0 47.0 54.0 60.0 67.5 74.0 77.0

Evaporator Temperature, °C 15.0 6.5 6.0 5.5 5.5 5.5 6.0 7.0 7.5 4.0 

until the system shuts down, the temperature at 
various state points are recorded. Numbers in 
circles in Figure 1 indicate location and the number 
of thermocouples inserted at various state points. 
The tabular results of the experiments conducted 
on 30th December 1999 are shown in Tables 2 and 3. 

6. RESULTS AND DISCUSSIONS 
 
6.1. Steady State Mode   To estimate the value 
of various parameters in the steady state mode an 
average value is determined by the following 
equation: 
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TABLE 3. Experimental Results for Steady Mode (30th December 1999). 
 

Time From Running the System System Component/Measured 
Parameters 

Th
er

m
oc

ou
pl

e 
N

o.
 

8:20 9:05 10:10 11:15 12:35 14:00 15:00

Cooling Tower 

Inlet Water Temp., °C 
Out Let Water Temp., °C 

 
1 
2 

 
15.0 
17.0 

 
15.0 
20.0 

 
16.0 
22.5 

 
12.0 
16.5 

 
16.5 
23.0 

 
17.0 
23.0 

 
17.0 
23.0 

Condenser 
Inlet Tube Surface Temp., °C 
Surface Temperature, °C 

 
11 
8 

 
17.5 
17.0 

 
32.0 
28.0 

 
42.0 
23.0 

 
34.0 
16.0 

 
41.5 
23.0 

 
41.0 
23.0 

 
41.0 
23.0 

Generator 
Inlet Hot Water Temp., °C 
Out Let Hot Water Temp., °C 
Surface Temp., °C 
Economizer Surface Temp., °C 

 
3 
4 
9 

10 

 
23.0 
21.0 
20.5 
19.0 

 
82.0 
80.0 
77.0 
63.5 

 
83.0 
79.5 
70.0 
67.0 

 
78.0 
74.0 
65.5 
61.0 

 
82.5 
79.0 
70.0 
66.5 

 
82.0 
79.0 
70.5 
66.5 

 
82.0 
79.0 
71.0 
66.5 

Heat Exchanger 
Surface Inlet Pipe Carrying Weak 
Solution Temp., °C 
Surface Outlet Pipe Weak Solution 
Temp., °C 
Surface Inlet Pipe Strong Solution 
Temp., °C 

 
 

13 
 

12 
 

14 

 
 

17.0 
 

16.5 
 

16.0 

 
 

41.5 
 

18.0 
 

12.5 

 
 

55.5 
 

26.5 
 

22.0 

 
 

47.5 
 

26.5 
 

16.5 

 
 

55.5 
 

28.0 
 

22.0 

 
 

55.0 
 

26.5 
 

22.0 

 
 

55.5 
 

26.0 
 

22.0 

Absorber 
Surface Inlet Water Pipe Temp., °C 
Surface Outlet Water Pipe Temp., °C 

 
15 
16 

 
17.0 
18.0 

 
8.5 
9.0 

 
18.0 
22.0 

 
13.5 
14.5 

 
17.5 
22.0 

 
18.0 
21.5 

 
18.5 
22.0 

Evaporator 
Coil Surface Temp. 

 
7 

 
15.0 

 
4.0 

 
1.0 

 
-1.0 

 
0.5 

 
1.5 

 
1.0 

Cooling Load 
Inlet Airflow Temp. 
Return Airflow Temp. 

 
5 
6 

 
14.0 
17.5 

 
19.5 
19.5 

 
17.5 
6.0 

 
18.5 
12.5 

 
17.5 
6.0 

 
18.0 
7.0 

 
17.5 
7.0 

Control Variables 
Pressure, mmHg 
Cooling Water Flow Rate, Gpm 
Hot Water Flow Rate, Gpm 
Air Flow Rate, kg/min 

 
- 
- 
- 
- 

 
654 
10.0 
11.0 
33.6 

      

Ambient 
Barometric Pressure, mm Hg 
Indoors Temp., °C 
Out Door Temp., °C 

 
- 

18 
19 

 
622 
15.0 
3.0 

 
 

19.0 
3.0 

 
 

18.0 
4.0 

 
 

19.0 
6.5 

 
 

18.5 
6.0 

 
 

18.0 
7.5 

 
 

18.5 
7.5 
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∫=
Δt

0
z.dt

Δt
1z  (13) 

 
Where z is a system parameter value, z  its value at 
steady state mode or average value over the whole 
period of the system operation, tΔ . The results 
obtained from testing the system on 30th December 
1999 are shown in the 5th column of Table 3. 
     The simulation code described in Section 4 was 
used to estimate the performance of the system, 
such as solution and refrigerant flow rates, salt 
concentrations at various state points, inlet 
temperature of the strong solution at the heat 
exchanger and coefficient of performance, was 
applied to the system. In all simulation runs the 
following steps were taken: 
 
• System components were defined in terms 

of the unit subroutines. 
• Full load operation was established at 

different design parameters and input 
parameters. 

• Ambient conditions were selected 
corresponding to the experimental data. 

• The code was used to simulate the operating 
conditions and calculate all the system 
parameters based on the given control 
variables. 

• Finally a sensitivity analysis was carried out, 
varying one control variable at a time while 
the others were fixed. 

 
The simulation procedure would give an estimate 
of how he experimental system would operate. The 
simulation results for 30th December 1999 are 
shown in Table 4. Time-temperature history of 
the refrigerant and LiBr-water solution for the 
system components are illustrated in Figure 3. 
Examination of the plots in Figure 3 reveals that 
solution vapor from the generator, by entering 
weak solution to the exchanger and refrigerant 
vapor from the evaporator after a transient mode 
and with different time constant start up, reached a 
steady state condition. This is due to different 
responses of the components to heat transfer 
phenomena. Due to heat transfer between the 
cooling water and the refrigerant inside the 
condenser and because of the variation in the 
entering cooling water temperature, the steady 

state mode of entering vapor to the condenser is 
reached, following some variations in temperature. 
     Thermal capacity and heat exchange in various 
system components are shown in the time-energy 
history diagram of Figure 4. By careful 
examination of the plots in Figure 4 reveals the 
heat exchanged in the generator, condenser and 
evaporator following a transient mode with relative 
time-constant start up, reached a steady mode. 
Whereas due to mixing of the refrigerant and weak 
solution from the heat exchanger, the heat 
exchange in the absorber is carried out with 
significant alterations. 
     To determine performance characteristic of the 
absorption cooling system, simulations were 
carried out to study the effect of control variables 
on the system performance. The simulation results 
are shown in Figures 5-8. 
     Figure 5 shows the effect of the inlet hot water 
temperature on the rate of heat transfer in the 
generator and hot water feed. Comparison of the 
simulation results show that the rate of heat transfer 
in the generator varies linearly, whereas in hot water 
feed, particularly at high temperatures and due to 
the effect of heat and electrical losses, variation of 
in the rate of heat transfer is non-linear. Figure 6 
shows the effect of the generator's inlet hot water 
temperature on the outlet temperatures. As depicted 
from Figure 5, prediction of results implies a linear 
variation of the generator outlet temperature. A 
careful examination of Figures 5-8 reveals that the 
performance characteristics of the system in term 
of control variables could be approximated by a 
polynomial function of the order 2, as follows: 
 

2CXBXAY ++=  (14) 
 
Where, Y represents a performance parameter and 
X is a control variable. The coefficients A, B and C 
are determined based on the correlation of the 
experimental data using least-squares method. 
They are given in Table 5 for various operating 
conditions of the system. 
 
6.2. Transient Mode   To investigate the system 
behavior at transient mode and to estimate a time-
constant start up for the generator, hot water feed 
and the evaporator, the non-dimensional temperatures 
for these components, are given by the following 
equations: 
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TABLE 4. Simulation Results for System Performance (30th December 1999). 
 

System Component/Parameters Description Unit Value 

Generator 
Generator Temperature 
Enthalpy of Solution Vapor at Outlet of Generator 
Temperature of Strong Solution in Inlet of Generator 
Absorbed Heat by Generator 
Hot Water Flow Rate 

 
°C 

kJ/kg 
°C 

kJ/s 
kg/s 

 
71.6 

2621.2 
52.9 
6.23 
0.45 

Condenser 
Condenser Temperature 
Enthalpy of Saturated Liquid at Condenser Temperature 
Cooling Water Flow Rate 
Heat Rejected 

 
°C 

kJ/kg 
kg/s 
kJ/s 

 
30.5 
127.6 
0.583 
5.19 

Evaporator 
Evaporator Temperature 
Enthalpy of Vapor at Evaporator Temperature 
Refrigerant Flow Rate 
Cooling Capacity 
Air Flow Rate 

 
°C 

kJ/kg 
kg/s 
kJ/s 
kg/s 

 
-1.1 

2499.1 
0.0021 
4.93 
0.54 

Absorber 
Absorber Temperature 
Heat Rejected by Cooling Water 
Concentration Ratio at Inlet 
Concentration Ratio at Outlet 
Flow Rate for Entering Solution 
Flow Rate for Exiting Solution 
Enthalpy of Entering Solution 
Enthalpy for Exiting Solution 
Heat Reject by Weak Solution 

 
°C 

kJ/s 
- 

kg/s 
kg/s 

kJ/kg 
kJ/kg 
kJ/s 

 

 
32.0 
7.4 

55.0 
52.8 
0.051 
0.053 
79.3 
61.5 
6.0 

Heat Exchanger 
Enthalpy of Entering Weak Solution 
Enthalpy of Exit Strong Solution 
Temperature of Entering Strong Solution 
Effectiveness 
Heat Absorbed by Solution 

 
kJ/kg 
kJ/kg 

°C 
- 

kJ/s 

 
55.0 
0.053 
79.3 
61.5 
6.0 

 



66 - Vol. 21, No. 1, February 2008 IJE Transactions A: Basics 

 
Figure 3. Time-thermal capacity and heat exchange history in 
various system components. 
 
 
 
 

 
 
Figure 4. Time-temperature history of refrigerant and LiBr-
water solution at system components. 
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Figure 5. The effect of inlet hot water temperature on heat 
exchange rate in generator and hot water feed. 
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Figure 6. Variation of hot outlet water temperature vs. the 
inlet hot water temperature. 
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Figure 7. Variation of chill water temperature and cooling rate 
vs. inlet cooling water temperature. 
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Figure 8. Variation of COP and inlet cooling water 
temperature vs. cooling capacity. 
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TABLE 5. Generalized Equation Coefficients-Performance Characteristics (Y) vs. Control Variable (X). 
 

Y A B C X Ref. 

Chilled Water Outlet Temp. (°C) 

Cooling Capacity (kW) 

Performance Coefficient (%) 

Inlet Cooling Water Temp. (°C) 

29.184 

3.387 

0.948 

9.012 

-1.290 

0.693 

-0.048 

2.1297 

0.048 

-0.012 

0.003 

0 

Inlet Cooling Temp. (°C) 

Inlet Cooling Temp. (°C) 

Cooling Load (kW) 

Cooling Load (kW) 

Figure 8 

Figure 8 

Figure 9 

Figure 9 
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Figure 9. Time-temperature history in various system components at transient mode. 
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Using Equation 15 and the data obtained from 
operating the system at transient mode (Table 2), 
θg, θhw and θev can be calculated. The steady state 
temperature Tg,ss, Thw,ss and Tev,ss are estimated 
using the procedure discussed in Section 6.1 and 
using the data obtained by operating the system at 

steady slate mode (Table 3). The results are plotted 
in Figure 9 on a logarithmic scale. A careful 
examination of the plots in Figure 9 reveals that 
the thermodynamic behavior of the generator and 
evaporator could be approximated by a straight 
line. On the other hand Equation 1 could be used to 
estimate the behavior of these components in the 
transient mode. The time-constant start up (τH in 
Equation 1) can be estimated from Figure 9 to be 
24 min. and 7.1 min. for the generator and 
evaporator, respectively. 
     Based on the above procedure a number of 
experiments have been carried out on the absorption 
cooling system in the transient mode (during 16th 
November-30th December 1998). By analyzing the 
obtained experimental data, estimation for the time-
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constant start up has been found in range of 18.8-
33.3 minutes for generator and 2.8-150.0 minutes 
for evaporator, respectively. It should be 
emphasized that because of the relatively low heat 
exchange between the refrigerant and the air flow, 
over the surface of the evaporator, therefore, the 
time-constant start up for the evaporator is rather 
greater than that for the generator. 
 
 
 

7. CONCLUSIONS 
 
A computer simulation model for prediction of a 
LiBr absorption cooling system has been proposed. 
It is a component-oriented model and is capable of 
estimating the behavior of individual components 
and overall performance of the closed-cycle 
absorbent cooling system. It is also capable of 
making a sensitivity analysis in terms of some 
control variables. 
     The approach taken in the simulation was to 
describe the system in terms of components, design 
parameters and other required input that was 
recognized by the code. Thus it selects design 
parameters and carries out individual components 
analysis, system performance and makes a 
sensitivity analysis. A number of experiments on a 
10 kW absorbent cooling system installed at 
MERC site have been carried out to validate the 
proposed model. The simulation results show that 
the performance characteristics of the system in 
terms of control variables can be estimated by 
generalized equations in the operation conditions 
for the system. Further investigation was carried 
out to estimate the system behavior at transient 
mode. The results show that the transient behavior 
of generator and evaporator can be estimated by an 
empirical function with a time-constant start up 
18.8-33.3 min for generator and 2.8-150 min for 
evaporator, respectively, at common ranges of 
operating conditions for the system. 
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9. NOMENCLATURE 
 
A Surface Area, m2 
Cp Specific Heat Capacity, kJ/kg.K 
h Enthalpy, kJ/kg 
mo Mass Flow Rate, kg/s 
Q Absorbed or Rejected Heat Transfer 

Rate, kW 
t Temperature, °C 
T Temperature, K 
U Overall Heat Transfer Coefficient, 

kJ/m2.K 
Vo Discharge Flow Rate, m3/s 
x Concentration Ratio (%) 
 
Subscripts 
 
ab Absorber 
c Condenser 
cw Cooling Water 
e Evaporator 
g Generator 
hw Hot Water 
hx Heat Exchanger 
loss Heat Losses 
min Minimum 
o Initial Conditions 
r Refrigerant 
ss Steady State Conditions 
v.e Evaporative 
 
Greek 
 
ρ Density, kg/m3 
θ Dimensionless Temperature 
τ Time, s 
τH Response Time Constant, s 
 
 
 

10. APPENDEX 
 
For any system operating conditions, x, the 
concentration ratio of salt in the solution in the 
range of 50 ≤ x ≤ 70 can be calculated by the 
following expression: 
 

s0.214t37.5
s1.107t20solt

50x
+

−⎟
⎠
⎞⎜

⎝
⎛ −

+=  (16) 
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TABLE 6. Coefficients of Equation 16 [10]. 
 

A0 = -2024.33 B0 = 18.2829 C0 = -3.7008214 E-2 

A1 = 163.309 B1 = -1.1691757 C1 = 2.887666 E-3 

A2 = -4.88161 B2 = 3.248041 E-2 C2 = -8.1313015 E-5 

A3 = 6.302948 E-2 B3 = -4.034184 E-4 C3 = 9.9116628 E-7 

A4 = -2.913705 E-5 B4 = 1.8520569 E-6 C4 = -4.4441207 E-9 

Where tsol is the solution temperature and ts is the 
saturation temperature at the solution pressure. 
     The enthalpy of solution can be determined 
from following expression [10]: 
 

nx
4

0
nCnx

4

0
nB

4

0
nxnAh ∑+∑+∑=  (17) 

 
Where h is the enthalpy in kJ/kg and t is the 
temperature in °C. Equation 16 is valid for the 
range of: 
 
50 ≤ x ≤ 70 and 15°C ≤ x ≤ 165°C. 
 
The coefficients of An, Bn, Cn are given by Table 6.  
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