
International Journal of Innovative Science and Modern Engineering (IJISME) 
ISSN: 2319-6386 (Online), Volume-6 Issue-9, August 2020 

1 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  
© Copyright: All rights reserved. 
 
 

Retrieval Number:100.1/ijisme.I1257086920 
DOI:10.35940/ijisme.I1257.086920 
Journal Website: www.ijisme.org 
 

   
Abstract: Paper The energy shortage in today's world has 

shifted the view of researchers to the optimal use of available 
energy, and experts from energy research centers have always 
taken steps to achieve this important issue. In the present study, 
the focus is on the simulation of a mixed system which, in addition 
to generating power, uses the heat dissipated from its chimney to 
produce cooling using an absorption chiller. This mixed system is 
simulated in EES software. The performance of the mixed system 
is examined in three different views, and in each view, the values 
of cold loads are obtained from the absorption chiller. 

Keywords: Absorption, Chiller, Energy, Heat dissipation, 
Power 

I. INTRODUCTION 

Energy optimization has been proposed as a basic 

solution to reduce energy consumption and reduce 
environmental pollutants in developed countries. Research 
centers of these countries are working on energy optimization 
and management. Among these, one of the most important 
energy optimization strategies performed in all these 
countries with the aim of increasing the efficiency of energy 
production and optimal use of fuel resources with an overall 
efficiency of 75 to 90%, and the use of simultaneous 
production systems of cooling, heating and electricity. 

The simultaneous generation of electricity and heat 
technologies generate electricity or mechanical power and 
significantly recycle excess heat for a variety of uses, 
including heating and cooling. 

Much researches has been done on the simulation of mixed 
power generation systems, including the article by Salcedo et 
al (2011), which examines the economics and environmental 
aspects of mixed Rankin and Water System and The power 
supply system is covered using a solar collector[1]. This 
article uses weather data from Tarragona, Spain. 

Sanaye et al. (2013) presented an energy, economics, and 
environmental analysis plan for a mixed cycle in which 
evaluations and research were performed by multitasking and 
Pareto method (Wilfredo Pareto 1948-1848 Italy)[2]. 

Alzahrani et al. (2014) investigated the combined 
electricity generation system with industrial data with 
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thermal vapor density (TVC) in terms of energy balancing 
and the effects of various parameters in the power generation 
system including pressure ratio and turbine inlet temperature 
[3]. They concluded that a major irreversibility occurs in the 
combustion chamber. Loutatidou et al. (2015) simulated a 
low enthalpy earth heating system with reverse osmosis 
desalination and multi-stage distillation, and concluded from 
economic analysis that in the Persian Gulf zone, the 
combination of the earth heating system with reverse osmosis 
is more economical than combining geothermal systems with 
multi-stage distillation, and the operating life of the systems 
was also examined[4]. Gabriel et al. (2016), provided an 
overview of the power generation process and water 
production capacity, and used the plant's excess heat as input 
heat to the mixed electricity and freshwater production 
system [5]. They economically analyzed the 
cost-effectiveness by optimizing the mathematical formulas. 
Mokhtari et al. (2016) simulated a mixed gas and fresh water 
turbine system and showed that it would save costs [6]. 

Wang (2014) investigated on a simultaneous generation 
system based on a polymer fuel source and studied the effect 
of key parameters such as inlet gas mass, cooling water mass 
and source operating temperature on system performance[7]. 

Taheri et al.(2014) studied the system of simultaneous 
production of fresh water from saline, electricity and cooling 
and designed an optimal cycle to use low pressure steam to 
produce fresh water, electricity and cooling[8]. 

Tavakuli et al. (2016) studied the simultaneous generation 
of electricity, heating and cooling systems by studying and 
comparing the prices of energy carriers using the balance and 
demand of energy through genetic algorithm [9]. 

In the current research, first the simulation has done for gas 
power generation unit, and the estimation of output heat lost 
studied. Then, the simulation has made for the cooling 
production system using absorption chiller. Finally, the 
mixed power generation and cooling system is discussed in 
different views. 

II.  THE GOVERNING EQUATIONS 

A. Gas turbine cycle 

The gas turbine cycle is modeled by the relations of the 
first law of thermodynamics.  

As shown in Figure 1, air enters the compressor under 
environmental conditions (point 1) and after compression 
(point 2) is sprayed with fuel into the combustion chamber 
and explodes.  
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The combustion gases are then removed from the 
combustion chamber (point 3) and electricity is generated by 
passing through the gas turbine (point 4). Gas cycle losses 
occur mainly in three main components: compressor, 
combustion chamber and gas turbine. 

For irreversibility calculations in each component, each of 
them must be considered as a control volume. The energy 
balance and the governing equations for components of this 
cycle are as follows [10]: 

Compressor: 

             )1(            a,com/ w com,s= w com𝜂 

(2)                                                        1h – 2= h comw 

(3)                                                              1p  a= r 2p 

                        
Where  is the compressor pressure ratio. 

Combustion chamber: 

        (4)                      LH f) ṁcc𝜂 -+ (1 3h gṁLHV =  fṁ+  2h aṁ 
  

 (5)                                                   )cc∆p-= (1 2/ p 3p 
      

        (6)                                                f+ ṁ air= ṁ  gas ṁ
     

In these equations  is the fuel mass,  is the mass of the 

products  is the efficiency of the combustion chamber, 
 is the pressure reduction inside the combustion 

chamber. 
Gas turbine: 

 

(7)                                     =      

 

(8)                                                                  4h – 3= h turW 

 

       (9)                                               compW – tur= W netW
           

 
Fig.1. Gas-turbine Steam generator system  

 

B. Steam generator of heat recycling 

The considered recycle boiler in this cycle is a single pressure 
recycle boiler which consists of two parts, economizer and 
evaporator. The feed water first enters the economizer and its 
temperature rises to saturation temperature. It then enters the 

evaporator and its vapor quality reaches one at constant 
temperature and pressure. Some of this steam is used for 
absorption chillers. 

 
Fig.2. Steam generator of recycled heat [11] 

 
     The energy balance for the assumed recycle boiler in 
figure (2) is as follows [11]: 
 ṁsv hfg = ṁg cpg (Tgin – Tg)                                              (10)                       
 
ṁsv cp1 (T2 – T1) = ṁg cpg (Tg – Tg,out)                      (11) 
 
Where,  is the hot gas temperature, which is estimated 

from the difference between the hot gas temperature at the 
evaporator outlet and the drum saturation temperature. 
 Tpin = Tg – Tsat@Drum pressure                                   (12) 

Drum inlet water temperature ( ) is also estimated from the 
temperature difference between the drum inlet water 
temperature and the saturation temperature. 
Tapp = Tsat@Drum pressure –T2                                                   (13) 

C. Absorption chiller 

      Double-acting absorption chiller includes evaporator, 
absorber, generator, condenser, expansion valves and pump. 
Each of the chiller components is assumed to be a control 
volume, and the thermodynamic equations and mass and 
energy balance for each are written as follows [12-15]: 
∑ṁin = ∑ ṁout                                                    (14)    
          
∑ (ṁ.x)in = ∑ (ṁ.x)out                                                         (15) 

 

(16)in                                         h inṁ∑ - outh outṁ= ∑ Ẇ -   

III. SIMULATION HYPOTHESES 

1. All inspections have been carried out assuming stable 
conditions. 

2. The condenser outlet is in saturated liquid state and the 
evaporator outlet is in saturated steam state. 

3. The solution of the adsorbent, the single-acting system 
generator, and the low-pressure and high-pressure generators 
of the two-acting system are at their equilibrium 
concentration at the targeted temperature. 
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4. The reduction of pressure by friction in heat exchangers 
and pipes connecting system components is negligible. 

5. Direct heat transfer of system components to the 
environment is neglected. 

6. The feed water flow is equally distributed between the 
evaporators. 

7. The temperature difference between the evaporators is 
considered the same. 

IV. VALIDATION OF RESULTS 

A. Validation of the thermodynamic simulation(I) 

Validation of the thermodynamic simulation has done for a 
single-acting absorption cycle. The results of Kaushik and 
Aurora study have been used to validate the thermodynamic 
simulation of a single-acting absorption chiller [16]. Table 1 
compares the results of the present study with the study of 
Kaushik and Aurora. 

 
Table-I: Validation of the thermodynamic simulation  

B. Validation of the thermodynamic simulation(II) 

Validation of the thermodynamic simulation has done for a 
double-acting absorption cycle. To validate the 
thermodynamic simulation of double-acting absorption 
chiller, the results of Gomri and Hakimi research [17] have 
been used (Table 2). 
 

Table-II: Validation of the results for double-acting 
absorption cycle  

V. DISCUSSION AND CONCLUSION 

A. Performance changes with number of evaporators 

As the number of evaporators increases in the same 
temperature range (while the temperature difference between 
the first and last evaporators is constant), the coefficient of 
performance increases as shown in Figure 3. 

 
Fig.3. Changes in the performance ratio (PR) with the 

number of evaporators in the series-parallel arrangement 

B. Effect of heating steam temperature on PR 

 As the latent heat of vaporization decreases with 
increasing temperature, increasing the temperature of the 
heating steam (exhaust steam) reduces the water mass and 
performance ratio (Figure 4). 

 

 
Fig.4. Effect of heating steam temperature on the 
performance ratio in a number of different stages 

C. The effect of first evaporator temperature on 
performance ratio 

As the temperature of the first evaporator rises, which also 
increases the temperature difference between the 
evaporators, the amount of water mass decreases.  

As a result, less steam is produced and the efficiency is 
reduced (Figure 5). 

 

Components Symbol Energy Flow (kW) 
Current Research Research [16] 

Generator gen 3076.40 3095.70 

Absorber abs 2942.66 2945.27 

Condenser cond 25005.91 2505.91 

Evaporator eva 2355.45 2355.45 

Pump p,ac 0.0326 0.0314 

Coefficient of 
Performance 

COP 0.7656 07609 

Components Symbol Energy Flow (kW) 

Simulated Model Designed 
Model [17] 

High Pressure 
Generator 

hpg 245.407 252.407 

Condenser cond 167.707 167.205 

Evaporator eva 300 300 

Absorber abs 384.796 385.236 

Pump p,ac 0.058 0.000 

Coefficient of 
Performance 

COP 1.220 1.189 
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Figure 5. Changes in the performance ratio with the 

temperature of the first evaporator  

D. Simulation of mixed power generation and cooling 
systems 

    This simultaneous system is modeled using the 
governing equations in EES software. In this way, initially in 
a CHP system with power generation rate of 2MW was 
considered to direct the outlet gas of turbine into the 
recycling boiler. The outlet gas is flowing with 13.3 Kg/s at a 
temperature of 500∘C. The recycling boiler is producing the 
steam with 4.089 Kg/s at a temperature of 179.9 ∘C. 
The resulting steam can be used in an absorption chiller to 
achieve the amount of water and cold load as well. 
Considering this, different views can be considered for this 
mixed system, which are referred to below. 
 

• The first view 
In this view, 100% of the resulting steam mass with a 

temperature of 179.9 is assigned to the absorption chiller and 
the cold load produced in the single-acting chiller Qgen = 
225.07 kW and in the double-acting chiller obtained as Qgen 
= 40.48 kW. 

 

• The second view 
In this view, 70% of the resulting steam mass is desalted 

and 30% of the desired steam mass is given to the absorption 
chiller, which produces Md = 19.0616 kg/s of fresh water and 
the cooling load produced in single-acting chiller Qgen= 
67.52kw and in double-acting chiller obtained as Qgen = 
12.14kw. 

 

• The third view 
      In this view, 30% of the steam mass is given to the 
desalination device and 70% to the absorption chiller for 
cooling production, which Md = 8.1693 fresh water is 
produced and the cooling load in the single-acting chiller will 
be obtained as Qgen = 157.55 kw and in the double-acting 
chiller as Qgen = 28.33 kw. 

VI. CONCLUSION 

 In this research work, the simulation of mixed power 
generation system has been investigated for a single-acting 
and double-acting absorption cooling systems. It has found 
that the proposed mixed system will be an alternative solution 
for the energy shortage. In the current work, the validation 

perfumed and after validating the simulation results of each 
part of the mixed system, the performance of the mixed 
system has been studied in three different views in terms of 
power generation and cooling production using single and 
double-acting absorption cooling system. The design of a 
physical model of a mixed system of power generation and 
absorption cooling on a laboratory scale is proposed for 
future experimental researches. 
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