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Abstract 

A generator/absorber heat exchange (GAX) absorption cooler using waste heat or solar energy with the 
ammonia-water (NH3-H2O) working pair to produce cooling down to -20 °C is a potential solution to reduce 
electricity consumption and greenhouse gas emissions. Previous parametric studies of the GAX cycle were 
mostly conducted under the assumption of constant heat exchanger effectiveness. In this study, a new model 
was developed based on effectiveness values determined for different operating conditions to improve the 
accuracy of the simulation. The results showed a significant reduction in deviation between simulation results 
and experimental data when the thermal and mass effectiveness parameters were optimally adjusted. 
Specifically, the average relative deviation of the cooling capacity and the coefficient of performance (COP) 
decreased from 16 % to 1.6% and from 8% to 2%, respectively. Furthermore, the developed model was applied 
to evaluate the impact of the two-phase state of the refrigerant at the inlet of the condenser, which can reduce 
the machine performance by up to 10%.  
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1. Introduction 

Absorption chillers using renewable heat sources are expected to partially replace vapour compression 
chillers to reduce the need for electricity and greenhouse gas emissions in the future [1]. This transition would 
be eased with an improved efficiency of the machine along with a more compact size [2]. This can be achieved 
by using a generator-absorber heat exchange (GAX) NH3-H2O absorption cycle. In this cycle, part of the heat 
rejected during the absorption process is recovered to generate the refrigerant vapor (as will be detailed in 
Figure 1). This reduces the external heat required at the generator [3,4]. 

Several studies on the simulation of the GAX refrigeration cycle have been carried out. Grossman et al. [5] 
studied a GAX absorption cycle with a cooling capacity of 10 kW, the evaporation temperature of 10 ℃, a 
condenser/ absorber temperature of 42 ℃, and a generator temperature of 195 ℃. The heat transfer 
characteristics of some heat exchangers are included in the model through UA values. Absorption simulation 
(ABSIM) software was used to solve and the simulated Coefficient Of Performance (COP) is about 1.04. 
Simulation results were also obtained for off-design conditions. However, this model has not been validated 
experimentally.  
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Also, Herold and Keith [6] simulated a GAX NH3-H2O absorption chiller with a cooling capacity of 468 
kW. With generator temperature, absorber temperature and evaporator temperature conditions of 163, 40 and 
5 ℃, respectively, the COP achieved was 1.11. This study was conducted with the assumption of ideal heat 
exchange for the GAX, the rectifier and the generator so it is difficult to achieve the above efficiency with 
actual machines. 

In the work by Mendiburu et al. [7], the authors built a more detailed simulation model for the GAX cycle. 
The model has divided the important heat exchanger components in the system (such as the generator and 
rectification column and GAX heat exchanger) into many control volumes and formulated balance equations 
for each of those elements. The absolute relative errors for the COP compared with the experimental study of 
Gomez et al. [8] (heating oil temperature entering the generator was 193 ℃, cold water temperature produced 
was 15.3 ℃) and the simulation of Herold and Keith [6] were 1.47 % and 1.07 %, respectively. The comparison 
results are good under design conditions with the assumption of a 5 °C approach temperature for the GAX heat 
exchangers. Howerver, evaluations under other conditions have not yet been carried out. 

The above simulation results have shown that the GAX cycle can achieve a COP greater than 1 under 
cooling conditions with positive temperatures. Other conditions with negative temperatures, however, have 
not yet been investigated. To further expand the application of absorption chillers, the FriendSHIP project 
developed an innovative design using the GAX effect with a commercial plate heat exchanger (PHE) to 
produce chilled water down to -20 ℃ using renewable energy sources as well as improving compactness and 
facilitating industrialization. Aste and Phan [9] conducted a numerical study of the above cycle and obtained 
a COP of 0.45 at an ambient temperature of 20 ℃ and a generator temperature of 120 ℃. Later, Demasles et 
al. [10] built a prototype with a cooling capacity of 10 kW. A numerical model was also developed to compare 
with the prototype. The results showed a deviation of about 5% for the COP and 20% for the cooling capacity. 

The literature review indicates that most numerical parametric studies have been conducted under the 
assumption that the parameters in the heat exchanger models (e.g., approach temperature, UA, or effectiveness) 
are constant. However, the actual efficiency parameter in plate heat exchangers vary with operating conditions 
[11,12]. Moreover, in the GAX cycle, the performances of the heat recovery components strongly influence 
the overall efficiency [6,10,13,14]. Therefore, the objective of this study is to develop a thermodynamic model 
of the GAX cycle that enhances accuracy by considering the variation of heat exchangers parameters with 
respect to operating conditions. Simulations are carried out to determine the optimal effectiveness values under 
the specified experimental conditions. The validated model is then applied to detailed analyses, such as 
assessing the influence of a two-phase state at the condenser inlet. 

2. Cycle description and experimental results  

The architecture of the GAX prototype was developed in the FriendSHIP project [10] and shown in Figure 
1. It consists of the main heat exchangers of the conventional absorption cycle (a generator, absorber, 
evaporator, condenser, rectifier, pre-cooler) and additional heat exchangers: GAX-1 and GAX-2. This 
architecture allows taking advantage of the GAX effect, where heat can be received from the absorption 
process (GAX-1) as well as heat recovery from the weak solution (GAX-2) and the rectifier to preheat and 
desorb the solution. To improve compactness, all the above components are selected as plate heat exchangers. 
Tanks ST21, ST22, and ST3 are used to separate heat transfer, mass transfer, and phase separation, thereby 
improving the functioning of the heat exchangers. The working principle of the prototype can be divided into 
three sub-cycles as follows:   

2.1. Strong solution sub-cycle 

From state 11, the strong solution is pumped to a higher pressure at state 12. It then passes through GAX-
1, the rectifier, and GAX-2 to recover heat before entering the generator at state 21. At GAX-1, the solution is 
preheated from the first absorption process and reaches state 13. After that, the solution splits into two 
branches: one branch (13,P) exchanges heat with the rectifier to become state 14,A, while the other branch 
(13,b) passes through the bypass valve (which is used to regulate the rectifier temperature). These two flows 
are mixed into state 14, which is further heated by the weak solution (from 22 to 23) and becomes state 15. 
Then, it enters separator tank ST21, separating to vapor (310) and solution (21). The solution flows to the 
generator, where external heat raises it to state 211. It then enters separator ST22 and split into vapor (311) 
and weak solution (22).  
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2.2. Refrigerant sub-cycle 

The vapors from states 310 and 311 combine and pass through the rectifier. After purification, it goes to 
ST3, where the flow is separated into vapor that has been purified (state 32) and condensate (state 41). The 
purified vapor at state 32 flows to the condenser and becomes liquid at state 33. It is subcooled in the pre-
cooler to state 34, then expanded through the valve to state 35. At the evaporator, the refrigerant evaporates 
and absorbs heat from the chilled fluid, producing cooling down to -20 °C. The refrigerant leaves the 
evaporator as low-pressure vapor at state 36. It is then reheated in the pre-cooler to state 37. 

2.3. Weak solution sub-cycle 

The weak solution at state 23 mixes with the condensate at state 41, forming state 24. This state, after 
throttling at the solution valve, becomes a low-pressure weak solution (state 25). In GAX-1, the first absorption 
process occurs between the weak solution at state 25 and the vapour at state 37, releasing heat that preheats 
the strong solution from state 12 to state 13 as stated before. The remaining solution at the outlet of the GAX-
1 (state 26) is fully absorbed into the strong solution at state 11 through an exothermic process, and the released 
heat is transferred to an external fluid. 

 
Figure 1. Schematic diagram of the GAX-absorption chiller. 

The type and uncertainty of the instrumentation are introduced in detail in the study of Demasles et al. [10]. 
The uncertainty of temperature is 0.1 K and the uncertainty of the refrigerant mass flow rate is given in the 
Table 1.  

The heat flux of the absorber, the generator, the condenser and the evaporator are calculated from the heat 
transfer fluid (HTF) mass flow rate follows as:  

𝑄̇𝑄 = 𝑚̇𝑚!"# × 𝐶𝐶𝐶𝐶!"# × (𝑇𝑇∗,&'( − 𝑇𝑇∗,)*) (1) 

The COP of this prototype is defined as the ratio between the useful energy at the evaporator and the heat 
input in the generator: 

𝐶𝐶𝐶𝐶𝐶𝐶 =
𝑄̇𝑄+
𝑄̇𝑄,

 
(2) 

Table 1 presents the operating conditions of the GAX prototype and the experimental results of the cooling 
capacity and the COP with the uncertainties determined by the propagation of uncertainties method [15].  

During the data analysis, the state of the vapor leaving the separator and entering the condenser (state 32) 
is always in a two-phase condition. Therefore, to evaluate its influence the vapor quality is considered. The 
vapour quality (q) is defined as the ratio of the mass of vapour over the total mass. In this study, 𝑞𝑞-. is 
determined from 𝑇𝑇-., 𝑃𝑃-. and	𝑥𝑥-. assuming 𝑥𝑥-. = 𝑥𝑥-/ and 𝑝𝑝-. = 𝑝𝑝--, where 𝑥𝑥-/ is determined from the 
measured values 𝑇𝑇-/, 𝑝𝑝--, 𝜌𝜌-/ according to a correlation obtained using EES software [16]. 
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Table 1. Experimental data of stabilized points at different heat transfer fluid temperatures with calculations of uncertainty for pump 
mass flow rate, vapour quality at the condenser inlet, the evaporator power and the COP. 

Test 𝑻𝑻𝑮𝑮
∗,𝒊𝒊𝒊𝒊 

[°C] 
𝑻𝑻𝑨𝑨
∗,𝒊𝒊𝒊𝒊 

[°C] 
𝑻𝑻𝑪𝑪
∗,𝒊𝒊𝒊𝒊 

[°C] 
𝑻𝑻𝑬𝑬
∗,𝒐𝒐𝒐𝒐𝒐𝒐 

[°C] 
𝒎̇𝒎𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 [kg/h] 𝒒𝒒𝟑𝟑𝟑𝟑  

[kg/kg] 
𝑸̇𝑸𝑬𝑬	 

[kW] 
COP  

[-] 

#1 120.1 19.6 19.8 -19.2 171.7 ± 0.08 0.960 ± 0.013 5.88 ± 0.51 0.38 ± 0.03 
#2 120.2 19.8 19.9 -15.2 172.4 ± 0.09 0.976 ± 0.013 5.95 ± 0.71 0.39 ± 0.05 
#3 130.1 19.7 19.9 -19.5 171.6 ± 0.08 0.962 ± 0.013 6.33 ± 0.43 0.37 ± 0.03 
#4 130.1 19.4 19.7 -9.7 171.0 ± 0.12 0.979 ± 0.011 9.01 ± 0.43 0.46 ± 0.02 
#5 130.1 19.7 20.0 -7.4 169.5 ± 0.14 0.983 ± 0.011 9.92 ± 0.42 0.49 ± 0.02 
#6 140.1 19.7 19.9 -19.4 169.8 ± 0.09 0.965 ± 0.013 6.29 ± 0.41 0.36 ± 0.03 

3. Numerical study 

In this study, a model of the GAX absorption chiller was built, using the measured data presented 
previously. For the internal heat exchangers, this model employed thermal and mass effectivenesses which 
were either constant or determined by adjusting the simulation results to match the experimental data.  

3.1. Hypothesis 

To simulate the operation of the GAX refrigeration cycle, a zero-dimensional model was developed. The 
following general assumptions are used [6,13,17–20]: 

• The system is at steady state; 
• The evaporator, condenser, generator and separation tanks are considered equilibrium; 
• Components and pipes are adiabatic; 
• Pressure drops are negligible; 
• Expansion through the valves is considered isenthalpic;  
• The mixing point is adiabatic; 
• Pump work could be neglected. 

3.2. Thermodynamic models  

The general mass, species and energy conservation equations are applied for each component and mixing 
point (Eq. (3) – Eq. (5)): 

3𝑚̇𝑚)* − 3𝑚̇𝑚&'( = 0 (3) 

3𝑚̇𝑚)* 𝑥𝑥)* − 3𝑚̇𝑚&'( 𝑥𝑥&'( = 0 (4) 

3𝑚̇𝑚)* h)* − 3𝑚̇𝑚&'( h&'( + 3𝑄̇𝑄 + 3𝑊̇𝑊 = 0 (5) 

 
Heat exchanger (HE) 
In this study, to reduce the complexity improve the numerical convergence and focus on the analysis of the 

heat exchangers that exhibit the GAX phenomenon, a pinch point model is used for the generator, the absorber, 
the condenser and the evaporator [6]. The outlet temperature of the generator, absorber, condenser and 
evaporator is determined by the heat transfer fluid (HTF) temperature and the minimum temperature difference 
Δ𝑇𝑇0)*	(Eq. (8) - Eq. (12) in Table 2). Δ𝑇𝑇0)* values were set based on the values assessed experimentally 
(Table 3). The evaporator temperature glide Δ𝑇𝑇+

12)34 is maintained in the prototype at 3 ℃ by the refrigerant 
throttling valve.  

Thermal effectiveness models were used for the pre-cooler, GAX-1, GAX-2 and rectifier (Eq. (13) – Eq. 
(19)). Thermal effectiveness is defined as the ratio between the actual power transferred to the maximum 
transferable power [21]. 

𝜀𝜀(5 =
𝑄̇𝑄	

𝑄̇𝑄067
 

(6) 

According to our experimental results, the thermal effectiveness of the pre-cooler reached 0.99 and was used 
in all simulation cases. 
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The efficiency of the absorption process is affected by both heat and mass transfer [22]. Therefore, in the 
simulation study of the GAX cycle, the mass effectiveness model is used, specifically for GAX-1 and the 
absorber (Eq. (20) - Eq. (23)). The mass effectiveness is the ratio of the concentration differences between the 
inlet and the outlet to the concentration differences between the inlet and an ideal saturated outlet [10]: 

𝜀𝜀0688 =
𝑥𝑥)* − 𝑥𝑥&'(

𝑥𝑥)* − 𝑥𝑥&'(,86(
 (7) 

Most of the models determine that the thermal and mass effectiveness are constant under all working 
conditions [6,10,13,14]. However, the efficiency of heat and mass transfer is sensitive to the operating 
conditions, which in turn affects the cycle efficiency [6,23,24]. Therefore, in this study, the thermal and mass 
effectiveness is selected according to each operating conditions to improve the accuracy of the model.  

Separation tank 
The separation process is assumed to occur at constant pressure and temperature. Normally, the exiting 

vapour and liquid of the separation tanks are considered to be saturated [10]. However, the experimental results 
of the prototype show that the outlet of ST3 to the condenser is two-phase. The experimental average vapour 
quality is 0.971 (Table 1). Details of the evaluation and analysis of this is presented in the results and discussion 
section 4.  

Bypass 
Demasles et al. [10] studied the effect of the rectification temperature on the refrigerant concentration and 

hence on the COP of the cycle. The results showed that maintaining the rectification temperature at 75 ℃ can 
give the highest efficiency. Therefore, a bypass valve was installed to maintain this temperature at point 313. 
The coefficient bypass is expressed through the bypass factor 𝑀𝑀𝑅𝑅9:;688 (Eq. (24), Eq. (25)). The value of the 
bypass factor was determined under the different operating conditions (Table 3). 

Expansion valve 
In some studies, the pressure of the cycle is determined based on the assumption that the liquid leaving the 

evaporator and condenser is saturated [14,25]. However, according to the analysis of the prototype, the 
saturations at outlet of the evaporator and condenser do not occur [26]. Therefore, to improve the accuracy of 
the simulation model, the low pressure is determined by Eq. (28) and the high pressure is determined by the 
refrigerant expansion valve model (Eq. (29) – Eq. (30)). The relationship between the refrigerant flow rate and 
the Kv coefficient is determined by fitting the experimental values (Eq. (30)).  

The equations describing the GAX cycle model are solved using the EES software [16] according to the 
flow chart shown in Figure 2.  

Table 2. Summary of specific components equations model of the GAX cycle. 

Components Equations 
Evaporator,  
Generator,  
Condenser, 
Absorber 

𝑇𝑇01 = 𝑇𝑇2
∗,345 − ΔT6789 (8) 

𝑇𝑇0: = 𝑇𝑇01 + Δ𝑇𝑇2
;<=>? (9) 

𝑇𝑇@AA = 𝑇𝑇B
∗,=C − Δ𝑇𝑇BD=C (10) 

𝑇𝑇00 = 𝑇𝑇E
∗,=C + ΔTF789 (11) 

𝑇𝑇AA = 𝑇𝑇G
∗,=C + Δ𝑇𝑇GD=C (12) 

 

GAX-1,  
GAX-2, 
Rectifier,  
Pre-cooler  
 

𝑇𝑇H35,345,=> = 𝑇𝑇I3<>,=C	 (13) 

ℎH35,345,=> = ℎ.𝑇𝑇H35,345,=> , 𝑃𝑃H35, 𝑥𝑥H352 (14) 

𝑇𝑇I3<>,345,=> = 𝑇𝑇H35,=C (15) 

ℎI3<>,345,=> = ℎ.𝑇𝑇I3<>,345,=> , 𝑃𝑃I3<> , 𝑥𝑥I3<>2 (16) 

𝑄̇𝑄JK2,DLM = min	[𝑚̇𝑚I3<> × .ℎI3<>,345,=> − ℎI3<>,=C2;	 𝑚̇𝑚H35 × (ℎH35,=C − ℎH35,345,=>)] (17) 

𝜀𝜀5H =
𝑄̇𝑄JK2

𝑄̇𝑄JK2,DLM
	 

(18) 

𝑄̇𝑄JK2 = 𝑚̇𝑚I × (ℎI,345 − ℎI,=C)=	 𝑚̇𝑚H × (ℎH,=C − ℎH,345) (19) 
 

GAX-1  𝑥𝑥@:,<=N,OL5 = 𝑥𝑥(𝑇𝑇@:, 𝑃𝑃@:, 𝑞𝑞@: = 0) (20) 

𝜀𝜀DLOO,BGPQA =
𝑥𝑥@:,<=N − 𝑥𝑥@1

𝑥𝑥@:,<=N,OL5 − 𝑥𝑥@1
	 (21) 

 

Absorber 𝑥𝑥AA,<=N,OL5 = 𝑥𝑥(𝑇𝑇AA, 𝑃𝑃AA, 𝑞𝑞AA = 0) (22) 

𝜀𝜀DLOO,G =
𝑥𝑥AA − 𝑥𝑥@:,<=N

𝑥𝑥AA,<=N,OL5 − 𝑥𝑥@:,<=N
 (23) 
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Bypass 𝑚̇𝑚A0,J=𝑚̇𝑚A0 × 	𝑀𝑀𝑅𝑅RSTLOO (24) 

𝑚̇𝑚A0,R=𝑚̇𝑚A0 × (1 − 	𝑀𝑀𝑅𝑅RSTLOO) (25) 
 

Expansion 
valves  

ℎ@1 = ℎ@U (26) 
ℎ01 = ℎ0U (27) 

𝑃𝑃<3V = 𝑃𝑃(𝑇𝑇01, 𝑥𝑥01, ℎ01) (28) 

𝑚̇𝑚0U = 𝐾𝐾𝐾𝐾 × F𝑃𝑃H=;H − 𝑃𝑃<3V (29) 

𝐾𝐾𝐾𝐾 = 0.3964 ×	𝑚̇𝑚0U − 0.00031 (30) 
 

 
Comparison between experimental and modeling results was evaluated by using the absolute relative error 

(ARE) and the average of the absolute relative error (AARE) [7]:  

𝐴𝐴𝐴𝐴𝐴𝐴	(%) =
|𝐸𝐸𝐸𝐸𝐸𝐸. 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣|

𝐸𝐸𝐸𝐸𝐸𝐸. 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	 × 100% 
(31) 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	(%) =
1
6 × 3𝐴𝐴𝐴𝐴𝐴𝐴)

<

)=>

 
(32) 

The criteria for 𝐴𝐴𝐴𝐴𝐴𝐴?̇!(%), 𝐴𝐴𝐴𝐴𝐴𝐴?̇"(%), 𝐴𝐴𝐴𝐴𝐴𝐴ABC(%) are required to be lower than the uncertainty value. 
Under the above conditions, some sets of effectiveness parameters can be obtained. The objective of the 
simulation is to investigate the system behavior, particularly the vapour generation thanks to by the GAX 
exchanger and the generator. Therefore, an additional criterion of 𝐴𝐴𝐴𝐴𝐴𝐴0̇(%)  to be less than 10% is 
introduced. To find the optimal effectiveness set, the thermal effectiveness values are varied from 0.6 to 1.0, 
while the mass effectiveness ranges from 0.3 to 0.8. At each iteration, the values are increased sequentially by 
0.01. 

Figure 2. Flowchart for the chiller simulations with iterations to calculate the optimized values of thermal and mass effectiveness to 
satisfy the predefined criteria concerning the mass flow rate, the evaporator and generator powers and the COP.  

15th IEA Heat Pump Conference 2026 - ACY2.3 - https://doi.org/10.23697/gh8x-k782

https://doi.org/10.23697/gh8x-k782


15th IEA Heat Pump Conference 2026  000–000 

 

 7 

Table 3. Input values of the bypass ratio and the pinch temperatures at the generator, the absorber, the condenser and the evaporator 
obtained through experimental tests. 

Test MRbypass 𝚫𝚫𝑻𝑻𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎 [°C] 𝚫𝚫𝑻𝑻𝑪𝑪𝒎𝒎𝒎𝒎𝒎𝒎 [°C] 𝚫𝚫𝑻𝑻𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎[°C] 𝚫𝚫𝑻𝑻𝑮𝑮𝒎𝒎𝒎𝒎𝒎𝒎[°C] 
#1 0.174 2.0 0.7 4.3 2.6 
#2 0.223 2.0 0.2 4.0 2.6 
#3 0.310 2.2 0.0 4.5 2.8 
#4 0.300 2.3 2.7 5.1 3.2 
#5 0.304 2.8 2.9 5.1 3.0 
#6 0.435 2.5 0.0 4.5 2.9 

4. Results and discussion 

4. 1. Simulations with fixed and optimized thermal and mass effectiveness 

The results presented in this sections are simulated with inputs from the Table 1 and Table 3. First, 
simulations will be performed with fixed effectiveness values for thermal effectiveness of GAX-1, GAX-2 and 
the rectifier of 0.8, while mass effectiveness of GAX-1 and the absorber is 0.6 [10]. The results of the optimized 
effectiveness parameters according to the Figure 2 are given in Table 4. In most of the working conditions 
GAX-2 and the rectifier have thermal effectiveness higher than the fixed value of 0.8. Mass effectiveness in 
all cases is less than 0.6.  

Table 4. The resulted values of the thermal and mass efficiencies of different internal heat exchangers (GAX-1, GAX-2, Rectifier, 
Absorber) obtained from the calculations by the flowchart in Figure 2. 

Test 𝜺𝜺𝒕𝒕𝒕𝒕,𝑮𝑮𝑮𝑮𝑮𝑮Q𝟏𝟏 𝜺𝜺𝒕𝒕𝒕𝒕,𝑮𝑮𝑮𝑮𝑮𝑮Q𝟐𝟐 𝜺𝜺𝒕𝒕𝒕𝒕,𝑹𝑹𝑹𝑹𝑹𝑹 𝜺𝜺𝒎𝒎,𝑨𝑨 𝜺𝜺𝒎𝒎,𝑮𝑮𝑮𝑮𝑮𝑮Q𝟏𝟏 

#1 0.85 0.66 0.90 0.53 0.49 

#2 0.77 0.76 0.70 0.45 0.41 

#3 0.85 0.90 0.74 0.47 0.54 

#4 0.75 0.90 0.90 0.50 0.60 

#5 0.75 0.90 0.92 0.52 0.51 

#6 0.85 0.95 0.88 0.44 0.47 

Average 0.80 0.85 0.84 0.49 0.50 

Figure 3 presents the comparison between the fixed-value case (with the thermal effectiveness of 0.8 and 
the mass effectiveness of 0.6) and the case with optimized effectiveness parameters. With the fixed-parameter 
model, no experiment simultaneously satisfies both 𝑄̇𝑄+	and COP criteria. In contrast, when the effectiveness 
parameters are adjusted to vary with the operating conditions, both 𝑄̇𝑄+	and COP criteria are achieved with 
errors smaller than the experimental uncertainty. The results further show that the AARE of 𝑄̇𝑄+	and COP 
decreases from 15.9% to 1.6% and from 8.0% to 2.1%, respectively, when optimizing the effectiveness 
parameters. One reason for the improvement in model accuracy is that the simulation error of the mass flow 
rate decreases significantly, from 42.8% in the fixed-parameter case to 4.2% in the optimized case.  

  
Figure 3. Comparison of the cooling capacity and the COP between two methods: simulations with fixed values versus simulations with 

optimized values of thermal and mass effectiveness, with the reference of experimental data.  
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4.2. Simulations with saturated vapour and two-phase conditions 

To evaluate the influence of refrigerant vapour quality at the condenser inlet, a comparison is made between 
the commonly assumed saturated vapour condition (q_32=1) and the two-phase vapour condition 
(q_32=0.971) using the optimized efficiencies model. The results for 𝑄̇𝑄+ and COP in both cases are presented 
in Figure 4. In all simulations, the saturated vapour condition is consistently greater than the two-phase vapour 
condition for both 𝑄̇𝑄+ and COP. The calculations indicate that the presence of only a small fraction of liquid 
in the vapour leads to an average reduction of 9.8 % in 𝑄̇𝑄+ and 11.4 % in COP. This occurs because, in the 
model, the concentration of the refrigerant is determined by temperature, pressure, and vapour quality at the 
condenser inlet. Thus, even a small amount of liquid carried with the vapor into the condenser reduces the 
refrigerant concentration. Consequently, the evaporation process becomes less effective, the amount of 
ammonia actually evaporated decreases, and the overall cooling capacity and COP are reduced. These findings 
suggest that improving vapour quality at the condenser inlet could significantly enhance the prototype’s 
performance. 

  
Figure 4. Comparison of the cooling capacity and the COP of simulations with saturated vapour (q_32 = 1) versus simulations with 

vapour containing a small amount of liquid (q_32 = 0.971) at the condenser inlet. 

5. Conclusions 

By using the pinch temperature model and the optimized thermal and mass effectiveness values obtained 
from a prototype’s experimental data, a new simulation model of an NH3-H2O GAX absorption refrigeration 
cycle was proposed. The simulation results showed that adjusting parameters such as the thermal effectiveness 
of GAX-1, GAX-2 and the rectifier as well as the mass effectiveness of absorber and GAX-1, under different 
working conditions, reduces the average deviation between simulation and experimental values of the cooling 
capacity and the COP to about 1.6 % and 2.1% respectively. In addition, the impact of the two-phase flow 
entering the condenser was observed. The carry-over of liquid solution droplets lowers the overall NH3 

concentration in the refrigerant sub-cycle and subsequently degrades the cooling capacity. Specifically, only 
about 2.9 % of liquid at the condenser inlet can reduce the cooling capacity and the COP of the machine by 
9.8 % and 11.4 % respectively.  

One limitation of the current model is its dependence on existing experimental data to determine the 
effectiveness values. To extend its applicability, a model employing correlations for the heat exchanger 
effectiveness will be developed to predict system behavior under different operating conditions. 

Nomenclature 

ℎ   specific enthalpy, kJ/kg 
𝑚̇𝑚  mass flow rate, kg/s 
MRbypass               bypass factor, - 
p  pressure, bar 
q               vapour mass quality, kg/kg 
𝑄̇𝑄   heat exchange rate, kW 
T   temperature, ℃  
T*   temperature of heat transfer fluid, 
℃  

out  outlet 
Subscripts 
A  absorber  
C  condenser 
E  evaporator 
G  generator 
HTF            heat transfer fluid    
id              ideal 
in  inlet 
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UA  heat transfer conductance, kW/K 
𝑊̇𝑊   power, kW 
𝑥𝑥   ammoniac mass fraction, kg/kg 
Greek Symbols 
𝜌𝜌  density, kg/m3 
e  heat exchanger effectiveness 
Superscripts 
in  inlet 
min  minimum 
COP  coefficient of performance 
EES  engineering equation solver 
Exp.             experimental 

liq  liquid 
max  maximum 
out  outlet 
R  rectifier 
sat  saturated 
th             thermal  
Acronyms 
ARE            absolute relative error 
AARE           average absolute relative error 
GAX         generator/absorber heat exchange 
HTF            heat transfer fluid 
PHE            plate heat exchanger 
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