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ABSTRACT 

In the present study, double absorption heat transformers that are known as a desirable technology for 

the reuse of medium level waste heat energy are investigated. The main parameter that is considered 

as well as others is physical exergy destruction. Through an optimization process by the Genetic 

algorithm, it is found that, the new configuration has 14.3% and 3.36% higher distilled water and the 

COP compared to those parameters for common third type DAHT. When it comes to the total exergy 

destruction, it is 5.7% higher in comparison to the third type DAHT. Thermodynamic analysis and 

optimization are performed through EES. 
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1. Introduction 

The optimum use of available existence 

energy resources in the world is an 

inevitable subject. In order to achieve this 

purpose, the importance of recycling or 

improving the quality of wasted thermal 

energy in industrial processes has always 

been the focus of experts in the field of 

energy research and development. One of 

the most desirable energy saving devices 

that operates with low or medium level 

temperature thermal energy is Absorption 

Heat Transformer (AHT). In other words, 

AHT is a device that transforms medium 

temperature dissipated heat energy to 

higher temperature heat energy through 

performing a series of processes [1]. 

Delivered high temperature heat energy is 

used then in other secondary processes such 

as Organic Rankine Cycle (ORC) power 

plants, carbon dioxide critical fluid cycle, 

and water purification systems, etc. 

Absorption Heat Transformers has a very 

low electrical energy consumption that 

results in reduced emissions of pollutants 

such as CO2 [2]. Increasing energy costs do 

not affect heat transformer’s operation and 

performance because, this technology does 

not require fossil fuel to run. Since the only 

rotary equipment of an AHT is pump, 

therefore its relatively simple structure, 

operation, and maintenance, along with 

long useful life, are among the other 

advantages of this system [3]. The 

International Energy Agency (IEA) has 

introduced this device as a future 

technology although its industrial 

applications currently are very limited [4]. 

Rivera et al., investigated the exergy loss of 

a model of the double absorption heat 

transformer (DAHT), which is called the 
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first type double absorption cycle [5]. The 

second type double absorption cycle, which 

is an improved model of the first type 

double absorption transformers and has the 

possibility of simpler control, was proposed 

by Zhao et al., [6]. Another structure of 

DAHT that Mostofizadeh et al., [7] had 

made experimentally and known as the 

third type DAHT was theoretically 

investigated by Zhao et al., [8] which was 

shown to have a higher COP than the first 

and second types. Hernandez et al., [9] 

introduced a new cycle for single 

absorption and double absorption systems 

based on the resorption of heat from the 

solution and refrigerant lines by heat 

recovery, which, although the working 

pressure is lower, but the COP is lower 

compared to the basic transformers. Qin et 

al., [10] investigated the ecological 

performance of single absorption systems 

by considering both COP and heat loss from 

the cycle. Wang et al., [11] investigated the 

effect of the temperature difference between 

the generator and evaporator on the 

performance of the dual absorption system 

proposed by Khamooshi et al., [12] and 

they stated that the best performance is 

obtained at the same temperature of 

generator and evaporator. Heredia et al. [13] 

reported an increase of about 20% in the 

COP of lithium bromide single absorption 

system by installing a heat pipe assembly 

instead of a condenser. Vakim et al. [14] 

performed the simulation of the single 

absorption model in order to eliminate the 

contradictions of the previous studies and 

obtained different results including the 

existence of an extremum point in the 

performance coefficient curve versus 

absorber temperature increase. Wang et al., 

[15] demonstrated a conventional, advanced 

exergy and exergoeconomic analyses 

simulation and showed that only 21.28% of 

the exergy destruction rates are avoidable 

by improvement. Mahmoudi et al., [16] 

performed a thermoeconomic analysis on a 

proposed cogeneration cycle and indicated 

a minimum total product unit cost of 

42.6$/GJ, a maximum exergy efficiency of 

27.9%, and a maximum distilled water 

mass flow rate of 0.53 kg/s. Tang et al., [17] 

investigated the system performance 

enhancement brought by an AHT on the 

supercritical CO2 Brayton cycle and repoted 

a 4.96% higher exergy efficiency than that 

of the sCO2 system. 

In the present study, the third type DAHT is 

selected based on its wide range 

applications and its performance from 

energy and exergy destruction point of view 

is compared to a new configuration of 

double absorption heat transformer [18]. An 

optimization based on neural networks is 

performed to achieve more clarified 

behavior of cycles in order to minimize 

exergy destruction. 

2.  Description of Cycles 

An impure water desalination system 

attached to third type DAHT that is 

introduced by Khamooshi et al., [12] is 

shown in fig. 1. In the mentioned system, 

the wasted heat energy from industrial 

processes, QGen, feeds generator at a 

relatively low temperature, TGen, in order to 

vaporize a portion of water refrigerant from 

LiBr-H2O solution. The refrigerant flows to 

condenser where a phase change to 

saturated liquid occurs. Then, the 

condensed refrigerant is divided into two 

flow lines. One portion is pumped to 

evaporator, where receives a quantity of the 

waste heat, QEva, at an intermediate 

temperature, TEva, and becomes saturated 

vapor. The other portion flows to Abs/Eva 
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via a pump at a higher pressure to produce 

steam at a higher temperature, TAbs\Eva. The 

steam in absorber will be absorbed to strong 

solution coming from the generator at 

higher temperature, TAbs. This is an 

exothermic process in which, desired 

thermal energy, QAbs, at higher temperature, 

TAbs, is released. Also, the strong solution 

already recovered some heat through two 

heat exchangers towards the absorber. The 

output weak solution from the absorber 

flows to the absorber-evaporator for 

absorbing the saturated vapour that comes 

from the evaporator. The recent process, is 

exothermic and some heat is produced, 

QAbs\Eva, through it too. Impure water from 

outside of DAHT receives the QAbs and 

becomes partially evaporated. Finally, 

desired pure fresh water vapour is extracted 

through a separator.  

 

 

Fig.1.Schematic diagram of a DAHT coupled 

to a desalination system. 

 

Fig. 2 shows the new configuration [18] in 

which strong solution leaving the generator 

and after passing through two heat 

exchangers is divided into two streams, one 

stream flows to the Abs/Eva and the other 

flows to absorber. The solution leaving the 

Abs/Eva is diluted only once and joins with 

the weak solution leaving the absorber, then 

flows to generator. It should be noted that 

the refrigerant path is the same in all cycles. 

 

 

Fig. 2.Schematic diagram of new 

configuration of DAHT coupled to a 

desalination system. 

3. MODELING 

Basic assumptions and input parameters 

as well as essential equations necessary for 

analyses are mentioned in this section.  

  

3.1. Assumptions 

Some assumptions have been considered 

in order to model the cycles as follows: 

(1) All processes are under steady 

conditions [2,3,7,12,15,16]. 

(2) Changes in kinetic and potential 

energies are neglected.  

(3) Pressure drop because of friction in the 

piping system and components is 

ignored [2,3,4,6,7,16]. 

(4) Heat transfer to the environment is 

ignored for all components. 

(5) Solution is saturated at the generator 

and the absorber outlet. Refrigerant is 

saturated at the evaporator and 

condenser outlet [2,3,4,5,6,7,12,].  
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(6) The input energy of the cycles is 

supplied from a heat source with 

temperature range of 90~100
o
C [3,12]. 

(7) The amount of input heat energy 

supplied to the evaporator is assumed 

to be the same in all cycles and 

temperatures of the generator and the 

evaporator are equal [3,12]. 

Also the range of values of modeling input 

parameters are expressed in Table 1. 

Table 1. Input parameters 

parameter value 

Tcon  (C) 20~30 
Teva= Tgen (C) 80~90 

Tabs/eva (C)  105~115 
Tabs (C) 130~165 

Theat source (C)  Teva+10 
Max. mass rate of heat source (kg/s) 20 

 Tcooling water (C) Tcon-4 
Mass flow rate of cooling water (kg/s) 13.8 

η HEX (%) 80 

3.2. Performance evaluation 

In order to evaluate the thermodynamic 

performance of the double absorption heat 

transformer cycles discussed in this 

research, it is first necessary to consider 

each of the mentioned cycle components as 

a control volume. Then the principles of 

conservation of mass according to 

equations 1 and 2, as well as the principle 

of conservation of energy i.e. equation 3, 

should be checked in each case. 

i e
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The coefficient of performance for the heat 

transformer cycle is defined as the ratio of 

the useful heat available at the output of the 

system to the driving heat input to the 

system [12,17]: 

The exergy efficiency, which is needed to 

compare the performance quality of the 

cycles to each other, is defined as the 

subtraction of the exergy of the outgoing 

heat from the evaporator to the exergy of 

the incoming heat to the evaporator and 

generator [5]: 

Another very important characteristic in 

evaluation of the cycles performance is 

exergy destruction that indicates the amount 

of loss in useful potential of energy that 

should be avoided and is defined as 

follows: 

A set of equations that are solved for the 

third type DAHT and the new configuration 

is mentioned in Table 2 and 3 respectively. 

Table 2. Energy equations of fig.1. 
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As stated above, the exergy destruction 

should be calculated. Therefore, the related 

equations are as follows:  

 

Table 4. Exergy destruction equations of 
fig.1. 

Item Equation 

Con 2 2 3 3 1 1

22 22 23 23

( -
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D oEx T m s m s m s

m s m s
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Subsequently the same relations are applied 

to figure 2 as table 5: 

Table 5. Exergy destruction equations of fig.2. 

Item Equation 
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Exv2 21 21 20 20( )D oEx T m s m s 

  

3.2. Optimization 

In order to minimize exergy destruction 

of discussed absorption heat transformers, 

the Genetic algorithm is applied. The 

dependent variable is exergy destruction, 

while temperature of two main components 

of cycles (TCon and TAbs) are selected as 

independent ones within the given range 

according to table 1. 

Results 

4.1. Validation of analysis 

In order to validate the thermodynamic 

analysis, the results of the present study for 

a specific case have been compared with 

the reference results [12] and are shown in 

figure 3. According to figure 3 it can be 

concluded that there is a good agreement 

between the results of the present study and 

results of the Khanmooshi et al., [12]. 

Table 3. Energy equations of fig.2. 

Item Energy equation 
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4.2. Results of thermodynamic analysis  

In this section, the effect of the working 

conditions of the cycle components on its 

performance has been examined. Figure 4 

shows the effect of increasing the absorber 

temperature on the COP of the two 

structures discussed in this research. It is 

clear that the maximum value of the COP of 

the third type DAHT occurs in the 

temperature range between 150-165°C, 

while for the new configuration it is in the 

temperature range of 135-150°C. Basically, 

the reason for the faster reduction of the 

COP of the new configuration compared to 

the third type DAHT is the faster increase 

of the flow rate. 

 
Fig. 4. The effect of the absorber temperature 

on the COP 

 

According to figure 5, the maximum 

amount of purified water can be obtained 

by the new configuration. It should be 

noticed that although the COP of the 

existing third type DAHT in the 

temperature range after 150°C is higher 

than the new configuration but more 

produced heat energy is the main cause of 

more distilled water production by new 

configuration. 

 

Fig. 5.The effect of absorber temperature on 

produced vapour 

 

In the figure 6, the effect of absorber 

temperature increase on ECOP is 

illustrated. It is observed that the exergy 

coefficient of performance will tend the 

same as the energy coefficient of 

performance. 

 

Fig. 6.The effect of  the absorber temperature 

on distilled water production 

 

 

Fig. 3.Validation chart for thermodynamic 

analysis 
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Properties of state points of third type 

DAHT is stated in the table 6. 

 

Table 6. Properties of state points of third type 

DAHT 

s(kJ/kg.K) h(kJ/kg) x (%) 
P 

(kPa) 

T 

(°C) 

ṁ 

(kg/s) 
state 

8.74 2650  4.246 80 0.2008 1 

0.4365 125.7  4.246 30 0.1009 2 

0.4365 125.7  4.246 30 0.09986 3 

0.4365 125.7  47.37 30 0.1009 4 

0.4365 125.8  143.2 30 0.09986 5 

7.611 2643  47.37 80 0.1009 6 

7.239 2691  143.2 110 0.09986 7 

0.7955 246.2 45.69 47.37 110 0.7325 8 

0.7095 213.7 45.69 47.37 96.35 0.7325 9 

0.7506 213.7 45.69 4.246 50.31 0.7325 10 

0.4346 210.2 62.94 4.246 80 0.5317 11 

0.4346 210.2 62.94 143.2 80 0.5317 12 

0.5574 255 62.94 143.2 104 0.5317 13 

0.7349 325.3 62.94 143.2 140.8 0.5317 14 

0.9103 327.9 52.99 143.2 150 0.6316 15 

0.7666 268.7 52.99 143.2 123.4 0.6316 16 

0.7706 268.7 52.99 47.37 116.6 0.6316 17 

1.193 376.9 0  90 7.56 18 

1.099 343.3 0  82 7.56 19 

1.193 376.9 0  90 7.56 20 

1.011 312.5 0  74.65 7.56 21 

0.381 108.9 0  26 13.8 22 

0.502 145.7 0  34.78 13.8 23 

 104.8 0  25 0.09126 24 

1.302 417.2 0  99.55 15 25 

1.344 432.8 0.6084 101.3 100 15 26 

1.307 419.1 0 101.3 100 14.91 27 

7.354 2676 100 101.3 100 0.09126 28 

 

Total exergy destruction (ExD,total) of 

discussed cycles that is defined as 

summation of exergy destruction of all 

main components is illustrated through 

figures 7 to 9. Figure 7, shows the 

comparison of the total exergy destruction 

of both cycles versus absorber temperature 

increase. In figure 8, the variation of total 

exergy destruction of both transformers is 

being seen as a function of condenser 

temperature variation. Finally, the 

dependency of total exergy destructon to 

evaporator and generator temperature is 

expressed in figure 9. As it is observed, The 

overall effect of increasing the temperature 

of the absorber on total exergy destruction 

is incremental in third type DAHT. This is 

because of mixing of refrigerant and strong 

solution in the absorber that results more 

vapour production. Total exergy destruction 

has a slightly decrease in lower absorber 

temperatures in the new configuration, 

because the strong solution flow to the 

absorber in comparison with the refrigerant 

flow is less, but this process changes as 

absorber temperature increases to values 

more than 150
o
C. 

 

 

Fig. 7.The effect of absorber temperature on 

total exergy destruction of cycles 

 

It is observed from figure 8 that as 

condenser temperature increases, heat 

losses in the cycles decrease and less heat 

will dissipate to the environment. Therefore 

total exergy destruction tends to decrease in 

both transformers. 
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Fig. 8. The effect of condenser temperature on 

total exergy destruction of cycles 

 

Figure 9, reveals that any increase in 

temperature of the evaporator will increase 

total exergy destruction, because more 

refrigerant will produce in both cycles, in 

other words, more phase change from liquid 

to vapour occurs in the evaporator.  

 

 

Fig. 9. The effect of evaporator temperature on 

total exergy destruction of cycles 

 

4.3. Results of optimization 

 In order to achieve minimized total 

exergy destruction in both transformer 

cycles, an optimization has been performed 

through Genetic algorithm. The results of 

optimization are shown in table 7. 

 

 

 

Table 7. Optimization results 

 
TAbs 

(°C) 

TCon 

(°C) 

ṁvap 

(kg/s) 
COP 

ExD,total 

(kJ/s) 

3rd 

type 

DAHT 

130 30 
0.083

07 

0.30

66 
68.73 

New 

config

uration 

148.

1 
30 

0.094

95 

0.31

69 
72.65 

 

As the results show, the new configuration 

demonstrated better results from produced 

vapour amount and COP point of view, but 

when it comes to total exergy destruction, 

the third type DAHT treats better. 

5. CONCLUSIONS 

In the present study, thermodynamic 

analysis and optimization of a new 

configuration of double absorption heat 

transformer integrated with a water 

desalination system are performed. The 

purpose of this article was to compare the 

new configuration of double absorption 

heat transformer with common third type 

DAHT from the exergy destruction point of 

view and to find specific operation 

conditions in order to minimize the total 

exergy destruction of both cycles. Analysis 

and optimization process has been 

performed through EES software [19]. The 

results showed that distilled water amount 

and the COP of new configuration are 

14.3% and 3.36% higher than those 

parameters for common third type DAHT 

respectively. When it comes to the total 

exergy destruction, it is 5.7% higher in 

comparison to the third type DAHT. 
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