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A B S T R A C T 

This paper presents the numerical simulation of an efficient ammonia-water single-stage absorption chiller integrating a new combined 

desorber, able to produce and purify the refrigerant vapor.  An experimental campaign was conducted on the pilot plant by varying the main 

operating parameters, namely the temperatures of external sources and the mass flow rate of the working fluid. Direct experimental measures 
were analyzed and indirect calculation of other physical quantities was used for tuning of the numerical models. 

 

First, a simplified model of the cycle was developed, based on fixed effectiveness and pinch temperatures. Absolute values and tendencies 

outside nominal working conditions were not sufficiently accurate to predict the performance of the cycle even at the small scale, so more 

accurate modeling was undertaken. Accordingly, components were characterized by effectiveness, modeled using three operating parameters: 

the Jakob number (𝐽𝑎), the number of transfer units (𝑁𝑇𝑈) and the energetic ratio (𝑅𝑒𝑛). The small average errors for calculated effectiveness 

confirm that these parameters are well suited for the application studied. Global cycle model results showed errors compared to experimental 

results below 6 % for the COP and 15 % for the cooling power output. The tuned model was used to perform a parametric analysis on the 
dimension of the components, highlighting the performance improvements/reductions obtainable by increasing/decreasing their size. The use 

of dimensionless parameters makes this approach well suited for analysis at larger scales of industrial interest, the development of more 

complex or combined cycles as well as to perform techno-economic or exergo-economic analysis.  

 

Nomenclature 
 

   Indices  

cp heat capacity [kJ. kg-1.K-1]  a absorber 
h enthalpy [kJ.kg-1]  c condenser 

Ja Jakob number [ - ]  d desorber 

K overall heat transfer coefficient  [W.m-2.K-1]  en energetic 
L latent heat  [kJ.kg-1]  e evaporator 
𝑚̇ mass flow rate [kg.s-1]  HTF heat transfer fluid 
P pressure  [bar]  id ideal 

𝑄̇ power [kW]  i inlet 
R ratio [ - ]  int intermediate  
S surface [m2]  liq liquid 
T temperature [K]  LF limiting fluid 

x liquid ammonia mass fraction [-]  mass mass  

ΔT pinch of temperature [°C]  max maximum 

ε effectiveness [ - ]  min minimum 

ρ density [kg.m-3]  NLF non-limiting fluid 

    o outlet 
Acronyms    ref refrigerant 

    sat saturation 
COP thermal coefficient of performance   shx solution heat exchanger 

NTU number of transfer units   sol solution 
HTF heat transfer fluid   sp poor solution 

    species species 

    sub subcooler 

    sr rich solution 

    th thermal 
    vap vapor 
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1. Introduction  

Due to the ever-increasing global demand for energy and growing concern about environmental issues and climate 

change, the scientific community has focused its attention on the search for new and efficient energy conversion 

technologies based on renewable sources [1][2][3]. All sectors are involved from power production and transport 

to heating and cooling [4][5]. The tripling of global energy demand for cooling in residential buildings [6] between 

1990 and 2016 shows that this end use is growing much faster compared to other uses, resulting in an ever 

increasing demand for electricity. Cooling is mainly delivered using conventional technologies such as air 

conditioners which supply about 75 % of the world cooling demand. Worldwide there are around 1.6 billion 

cooling systems with a total consumption of over 2000 terawatt hours (TWh) of electricity per year [6], nearly two 

and a half times the total annual electricity consumption of Africa.  A continuous increase in cooling systems 

globally is foreseen, with installed power expected to reach 3500 GW in 2050, i.e., four times the power installed 

in 2016. 

Cooling systems based on recovery of waste energy and on thermal and photovoltaic solar energy consume less 

electricity resulting in fewer climate-changing emissions. Increased adoption of such systems is therefore key to 

improving the sustainability of cooling. In this context, absorption systems [7] are very well suited for the recovery 

of thermal energy as they replace the mechanical vapor compression of standard air conditioners by 

thermochemical compression. The circulation pump in such systems consumes a modest amount of electricity and 

can use any type of thermal source as the main driver, notably renewable sources (e.g., solar) or waste heat. In 

addition they use fluids that are not harmful to the environment [8] [9] [10], require low maintenance due to the 

absence of moving parts (except for the pump) and they produce very little noise and vibration. However, these 

systems are bulky and heavy and are more costly than traditional vapor compression systems. Research is needed 

to improve their performance and compactness as well as to reduce their cost. 

Absorption systems can be divided into three categories based on the cycle arrangement: single stage, half-effect 

and multi-effect.  In terms of cost, low driving temperatures and simplicity in the single-effect cycle proved to be 

the most advantageous and is therefore the most commercially available.  Many absorption pairs have been 

investigated [11], but two pairs are more commonly encountered: water-lithium bromide and ammonia-water. The 

first pair generally allows higher COP to be reached while the latter allows the production of cooling at negative 

temperatures and development of innovative new cycles for combined production of cooling and electricity [12]. 

The object of this work is the study of a small capacity ammonia-water single stage absorption chiller of nominal 

desorber power of 10 kW and cooling power of 7 kW. The pre-industrial prototype was developed at CEA INES 

starting in 2012 [13] with the goal of redesigning components to optimize their performance and test innovative 

cycle architectures [14]. In addition, experimental tests on the pilot plant serve as a valuable source of data for the 

development and validation of numerical models [15]. 

Appropriate modeling is of fundamental importance for performance evaluation, characterization and optimization 

of a system. Existing models can be divided into three categories depending on their nature: physical, semi-

empirical, with some degree of physical insight, and black box or empirical, when no physical insight is necessary 

and the model describes a dataset of experimental results [16]. Black box methods include multivariate polynomial 

regression and artificial neural network models [17]. Semi-empirical models were proposed as an alternative by 

Gordon [18] and Ziegler [19] who adapted the characteristic equation method to account for the fact that predicted 

cooling capacity deviates considerably from the linear behavior, particularly at high temperatures.  Despite the 

increased accuracy of these models, the underlying physics of cycle functioning are concealed, and the calculated 

performance can deviate considerably from experimental performance, especially outside nominal conditions. A 

more accurate approach is to implement semi-empirical effectiveness in a physical model considering heat and 

mass transfer processes separately [16].  Physical models provide the best results in steady state conditions but 

need access to the physical properties of fluids [15]. Several correlations have been proposed for the ammonia-

water mixture. Thorin [20] compared the saturation properties predicted by the correlations of Stecco and Desideri 

[21], Ibrahim and Klein [22] and Tillner-Roth and Friend [23], showing that at low temperatures they all give very 

similar results and that the difference is not significant for performance calculation at low temperatures (below 

250 °C). 

This paper develops a model of the absorption machine as a whole based on semi-empirical models of the 

individual components tuned using experimental data. The component models are then integrated in a physical 

model of the cycle, capable of predicting its performance, and taking into account the size and architecture of the 

specific application. Hence, the first step was to carry out an experimental campaign changing the main operating 

parameters. Experimental results were analyzed critically, excluding unreliable points, to be able to obtain an 

accurate database for numerical model adjustment. Initially a simplified physical model using fixed pinch 

temperatures was developed serving as a term of comparison for more detailed models. Then, a more detailed 

model of the pilot plant was developed based on thermal, mass and species semi-empirical effectiveness for each 

exchanger. Heat exchanger effectiveness is often characterized using dimensionless parameters like the number of 

transfer units (𝑁𝑇𝑈) and the energetic ratio (𝑅𝑒𝑛) between the maximum and minimum heat capacity of the two 

fluids. In the case of absorption machines, the absorber and the desorber represent two atypical heat exchangers in 
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which sorption processes also take place, making it necessary to include another parameter, the Jakob number (𝐽𝑎) 

for their characterization. The experimental behavior of each exchanger was characterized using appropriate 

effectiveness, and the various correlations developed to model them were integrated in the physical model of the 

cycle and compared to experimental results. Finally, the model provided deep insight into the functioning of the 

system, and was used to perform a parametric analysis on component size and its effect on cycle performance. 

The aim of this paper is to propose a modeling method for absorption machines able to give reliable information 

on the performance also when changing the plant size. This is particularly useful, for example, to evaluate the 

scale-up of the technology, help designing the relative size of components of the cycle and perform techno-

economic or exergo-economic analysis. Finally, this type of modeling can be very useful in the development of 

combined cooling and power cycles, for which the water-ammonia couple is particularly suitable.  

2. Description of the cycle 

2.1. Cycle architecture 

The absorption chiller under investigation is shown schematically in Fig. 1. The functioning is that of a classical 

single-stage ammonia-water absorption machine.  On the solution circuit loop, a first line of solution rich in 

ammonia circulates from the absorber to the desorber and is pressurized by a pump. A second line comprising an 

expansion valve returns the poor solution to the absorber.  An economizer, the solution heat exchanger, preheats 

the rich solution with the heat from the poor solution leaving the desorber where a power supply 𝑄̇𝑑 at high 

temperature allows the desorption of vapor mainly consisting of ammonia from the solution.  Since both ammonia 

and water are volatile substances, a vapor rectification process is needed at the outlet of the desorber to remove 

the remaining water evaporated with the refrigerant. This is normally done with a rectifier, a component placed at 

the desorber exit ensuring good vapor purification and preventing potential COP reductions over 30 % due to water 

in the evaporator [24]. Here, the use of the rectifier is no longer needed due to the integration of a new desorber in 

the loop, as developed by Wirtz et al [25].  This new component performs an internal purification of the exiting 

vapor through partial reabsorption by the entering rich solution, allowing a very high ammonia concentration to 

be reached in the vapor and avoiding the need for rectification. 

 

   

Fig. 1. Schematic of the absorption chiller. 

 
On the cold production side, the refrigerant vapor is condensed through the exchange of thermal power 𝑄̇𝑐 with an 

intermediate temperature source. Before cooling the low temperature heat source at the evaporator by absorbing 

power 𝑄̇𝑒, the fluid is expanded in a valve to reach low pressure. A sub-cooler is used to pre-cool the ammonia 

before it expands by transferring heat to the refrigerant vapor coming out of the evaporator. The vapor flow is 

finally absorbed in the poor solution due to cooling by an intermediate temperature source (the same used in the 

condenser) to which a power 𝑄̇𝑎  is transferred in the absorber. 

2.2. Experimental pilot plant 

The study is based on an existing absorption chiller device in the development phase at CEA INES [13].  The 

prototype (shown in Fig. 2) is a thermally driven single-effect ammonia-water absorption chiller of 7 kW cooling 

capacity designed for the development of new components and testing of innovative combined cooling and power 

architectures in solar cooling applications.  
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Fig. 2. Picture of the prototype of the NH3/H2O based cogeneration cycle [26]. 

Given that the ammonia-water mixture is corrosive to common materials, great attention was paid to all materials 

in contact with the fluid, using stainless steel and EPDM or PTFE for seals and membranes. The chiller is 

composed of six plate heat exchangers, the four main ones being external heat and mass exchangers: a desorber, 

absorber, evaporator and condenser, that exchange heat with an external Heat Transfer Fluid (HTF), here water. 

Two internal heat exchangers, a solution heat exchanger and a subcooler are needed to improve the performance 

of the cycle and are shown in Fig. 1. 

 

As explained previously, the desorber integrated in the loop is a combined component (Table 1), based on falling 

film technology. This heat exchanger is composed of a lower part where vapor is generated exchanging heat with 

the hot source, and an adiabatic upper part allowing the purification of the vapor generated by partial reabsorption 

of the latter in the ammonia-water solution entering the exchanger. The combination of the heated and adiabatic 

sections enables replacing two plate heat exchangers used for the desorber and the rectifier as well as two 

associated phase-separation bottles with only one component, thus helping to reduce costs and overall dimensions. 

In fact, the high purity of the ammonia vapor at the desorber exit eliminates the need for further purification, 

making this solution particularly interesting in terms of compactness and performance [27]. 

 

Table 1 

Dimensions of the desorber [25]. 

 Heated Plates (Bottom) Adiabatic Plates (Top) 

Plate length 320 mm 100 mm 

Plate width 150 mm 90 mm  

Plate thickness 6 mm  0.8 mm  

Number of plates 14 28 

Total surface 0.67 m2 0.5 m2 

 

The other key component of the cycle, the absorber, is a falling film gasketed plate-and-frame commercial heat 

exchanger with corrugated plates, previously studied by Triché et al. [28]. The geometry of the absorber as well 

as that of the other stainless steel corrugated plate heat exchangers is given in Table 2. 

Table 2   

Dimensions of the heat exchangers of the cycle. 

 Absorber Condenser  Evaporator Solution Heat 

Exchanger 

Subcooler 

Plate width 96 mm 111 mm 111 mm 72 mm 72 mm 

Plate length 668 mm 310 mm 310 mm 187 mm 187 mm 

Plate thickness 0.5 mm 0.5 mm 0.5 mm 0.5 mm 0.5 mm 

Number of plates 16 40 24 25 20 

Total surface 0.89 m2 1.29 m2 0.75 m2 0.31 m2 0.24 m2 
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The solution pump being the major electricity consuming component of the chiller, special attention was paid to 

its specifications with regard to hydraulic, environmental, user and electrical constraints as explained in [13].  

Since the liquid solution entering the pump comes from the absorber, its temperature is relatively close to 

saturation. If some frictional heating occurs, there is a risk of desorption around the moving parts, which can 

severely alter lifespan. These considerations lead to the selection of a diaphragm pump as the solution pump. 

Two actuated expansion valves are present in the loop, one before the evaporator, charged with controlling the 

temperature glide during the evaporation process, and the other before the absorber on the poor solution line. 

The ammonia-water absorption chiller is fully instrumented (Fig. 3). Measures of temperature (with T-type 

thermocouples for working fluid and with a platinum resistance thermometer for heat transfer fluid), density and 

mass flow rate (with Coriolis flow meters) and pressure are available at the inlet and the outlet of the main 

components. With this instrumentation, it is possible to calculate both the mass fraction in the different lines of 

the circuit and produce energy balances for each component. The chiller sensors are described in Table 3.  

 

Fig. 3.  Schematic view of the machine. 

 

Table 3 

Sensor number and measurement characteristics. 

Sensor Type  Number Uncertainty (±) 

P-Type cooling or heating fluid temperature  8 0.15 K 

T-type refrigerant and solution temperature  12 0.18 K 

Low pressure (0-10 bar)  2 0.4 % 

High pressure (0-20 bar) 2 0.8 % 

Coriolis flow meter (Mass flow rate and density) 3 0.3 % - 2.3 kg/m3 

 

External heat transfer fluids (HTF), temperatures and mass flow rates, rich solution mass flow rate and temperature 

glide in the evaporator are the only control parameters available. They are used to modify the operating conditions 

of the chiller to perform the tests necessary for the tuning of numerical models.  Design values and variability 

range for these parameters are shown in Table 4. 

Table 4 

Nominal point and operating range of components. 

  Evaporator Condenser Absorber Desorber Pump 

Temperature 

[°C] 

Minimal 10 22 22 80 - 

Nominal 18 27 27 95 32 

Maximal 22 30 30 106 50 

Pressure 

[bar] 

Minimal 5 11 5 11 - 

Nominal 7 12 7 12 7/12 

Maximal 8 14 8 14 5/20 

HTF and pump 

mass flow rate 

[kg/h] 

Minimal 200 200 200 200 - 

Nominal 1100 1200 1200 1600 150 

Maximal 1200 1300 1300 1800 250 

Power [kW] Nominal 7 7 9 10 0.55 
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3. Experimental campaign 

In order to tune the numerical model of the absorption chiller, an experimental campaign was carried out with the 

main goal of characterizing the behavior of the pilot plant. The experimental tests were conducted varying the 

main operating parameters that influence cycle performance, namely the temperature of the sources and the mass 

flow rate of the rich solution circulating in the loop. Stable operating conditions were reached for each test point 

and the quantities measured were averaged over the period of steady functioning, to obtain the time-averaged 

points shown in Table 5. The interval of variation was 80-106 °C for the desorber temperature, 600-1800 kg/h for 

the desorber HTF mass flow rate, 22-30 °C for the intermediate source temperature Tint, 80-110 kg/h for the rich 

solution mass flow rate and 10-22 °C for the HTF temperature entering the evaporator. The temperature glide in 

the evaporator was kept constant in all the tests at 5 °C as well as the mass flow rate of the other components’ 

HTF. 

 

Table 5 

Experimental campaign matrix.  

Point 

High 

temperature 

source [°C] 

Desorber HTF 

mass flow rate 

[kg/h] 

Intermediate 

temperature 

source [°C] 

Low 

temperature 

source [°C] 

Rich solution 

mass flow rate 

[kg/h] 

1 106.1 1600 26.9 17.7 100 

2 102.2 1600 27.2 17.8 100 

3 100.2 1600 27.0 17.8 100 

4 98.2 1600 27.1 17.8 100 

5 95.2 1600 27.0 17.8 100 

6 92.2 1600 27.0 17.8 101 

7 90.2 1600 27.0 17.8 101 

8 85.2 1600 26.9 17.7 99 

9 80.2 1600 27.0 17.8 100 

10 95.2 1800 26.7 17.7 100 

11 95.2 1600 26.8 17.7 100 

12 95.2 1400 26.7 17.7 99 

13 95.1 1200 26.7 17.7 100 

14 95.1 1000 26.7 17.7 99 

15 95.0 800 26.6 17.7 99 

16 94.9 600 26.7 17.7 99 

17 95.2 1600 30.2 17.7 101 

18 95.2 1600 28.2 17.7 101 

19 95.2 1600 26.2 17.7 99 

20 95.1 1600 25.3 17.7 100 

21 95.1 1600 22.5 17.7 100 

22 95.2 1600 27.0 17.7 110 

23 95.2 1600 27.0 17.7 105 

24 95.2 1600 27.0 17.7 100 

25 95.2 1600 27.1 17.7 95 

26 95.2 1600 27.1 17.7 89 

27 95.2 1600 27.0 17.7 85 

28 95.2 1600 27.1 17.7 80 

29 95.2 1600 26.9 21.7 100 

30 95.2 1600 27.1 19.7 99 

31 95.2 1600 27.0 17.7 100 

32 95.2 1600 27.0 15.7 100 

33 95.2 1600 27.0 13.7 101 

34 95.2 1600 27.0 11.7 100 

35 95.2 1600 27.0 9.8 100 

 

 

The power exchanged by each external heat exchanger is calculated through an energy balance on the HTF side 

knowing the temperature at the inlet and outlet of the exchanger and the HTF mass flow rate. 
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3.1. Ammonia concentration calculation 

Experimental data lack the direct measures of concentration within the loop, which is very difficult to achieve and 

not practicable. These data are necessary for calculation of the thermodynamic properties of the mixture and 

characterization of the functioning of the evaporator, desorber, and absorber and therefore need to be deduced 

from other direct measures.  Indirect evaluation of the concentration is possible, using the thermodynamic 

properties (h, T, P, etc.) of ammonia-water solution obtained from the Engineering Equation Solver, based on the 

mixture equation of state developed by Ibrahim and Klein [22]. The correlations are applicable for temperatures 

between 230 K and 600 K at equilibrium pressures between 0.2 and 110 bar with an average deviation of less than 

5 % with respect to reported experimental data. 

 

Ammonia concentration inside the loop can be calculated in several ways. For example, one possibility is to use 

the available measures of pressure and temperature together with the density measured by the Coriolis flowmeter 

on the rich and poor solution side (Fig. 3): 

 xsr =  x (T1, P6, ρ1) (1) 

 xsp = x (T5, P3, ρ5) (2) 

The values of ammonia concentration in the vapor refrigerant 𝑥𝑟𝑒𝑓  calculated with a mass balance on the desorber 

were often exceeding 1 for the test points and therefore this procedure was not retained. An alternative is to 

calculate the ammonia concentration of the refrigerant vapor from an energy balance formulated on either the 

condenser (Eq.(3)) or the evaporator (Eq.(4)):  

 Q̇c = ṁ9 ⋅ h (T7, P8, xref) − ṁ9 ⋅  h (𝑇8, P8, xref) (3) 

 Q̇evap = ṁ9 ⋅ h (T10, P10, xref) − ṁ9 ⋅  h (T11, P10, xref) (4) 

Knowing this value, the other two concentrations can be calculated either by assuming that the solution leaving 

the desorber is saturated liquid (Eq.(5) and Eq.(7)), or by performing an energy and mass balance on the desorber 

(Eq.(6)-(7) ) or on the absorber (Eq.(8)-(9)):  

𝑥𝑠𝑝 =  𝑥𝑙𝑖𝑞,𝑠𝑎𝑡  (𝑇4, 𝑃3) (5) 

 

Q̇d = ṁref ⋅ h (T7, P3, xref) + ṁsp ⋅  h (T4, P3, xsp) − ṁsr ⋅  h (T3, P3, xsr) (6) 

 ṁsr ⋅  xsr = ṁsp ⋅  xsp + ṁref ⋅  xref (7) 

 

Q̇a = ṁref ⋅ h (T12, P10, xref) + ṁsp ⋅  h (T6, P6, xsp) −  ṁsr ⋅  h (T1, P1, xsr) (8) 

 ṁsr ⋅  xsr = ṁsp ⋅  xsp + ṁref ⋅  xref (9) 

 

The concentrations calculated with the different procedures were used to calculate the power exchanged by the 

working mixture in each exchanger and compared with the power exchanged by the HTF, considered to be the 

effective power exchanged by the component. Calculation of the refrigerant vapor concentration through an energy 

balance on the evaporator (Eq.(4)) and assuming the poor solution leaving the desorber to be saturated liquid 

(Eq.(5) and Eq.(7)), was found to have the smallest average error between the power calculated on the solution 

side and the HTF side. The average ammonia concentration in the vapor calculated in this way for the points of  

Table 5 was 0.989, while the minimum was 0.982.  

 

Power balance errors on components higher than 5 % between the power calculated on the solution side and on 

the HTF side were not accepted and points 17– 22- 33 -34-35 were discarded for the following numerical 

adjustment of coefficients as they were not considered to be sufficiently reliable. As a validation check, refrigerant 

ammonia concentration was used to calculate the saturated liquid pressure at the condenser outlet and evaporator 

inlet temperature which are used to model the high and low pressure in the loop [7].  A comparison with 

experimentally measured pressure shows a difference of less than 3 % for the high pressure and less than 1 % for 

the low pressure thus validating the use of this hypothesis in the model of the cycle. Knowledge of the ammonia 

concentration together with measures of temperature and pressure makes it possible to define the thermodynamic 

state of the fluid at every point of the loop and to calculate the experimental effectiveness of each exchanger as 

well as the dimensionless number used to model them, as shown in the following sections.   
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4. Numerical modeling of the cycle and parameter tuning 

A simplified model is presented below in which the components are described by means of an average temperature 

pinch based on experimental tests for the external exchangers and constant effectiveness for the internal 

exchangers. Subsequently, a more detailed model is presented in which the functioning of the components is 

modeled using experimental effectiveness. For each test point, the experimental effectiveness of the components 

is calculated from experimental measures and a correlation is presented to model them using three dimensionless 

numbers: the energetic ratio 𝑅𝑒𝑛, the number of transfer units 𝑁𝑇𝑈 and the Jakob number 𝐽𝑎. The effectiveness 

correlations are integrated in the model and tuned on experimental results. Finally, the results of the simplified 

model and the adjusted effectiveness model are compared.  

4.1. Simplified model of the cycle 

A simplified steady state numerical model of the absorption cycle previously introduced was developed based on 

the description in Herolds et al. [7] with respect to which only the specific differences due to the combined desorber 

are highlighted here. For each component, the energy and mass conservation equations were formulated. The 

parameters of each heat exchanger (pinch or effectiveness) were set based on the values assessed experimentally 

in order predict well the performance of the ammonia-water absorption prototype in the nominal operating point. 

It is assumed that the mixture is saturated at the outlet of desorber and condenser and at the inlet of the evaporator. 

 

The desorber considered is a combined component that generates vapor and purifies it by exchanging heat with 

the liquid solution at the inlet. Therefore, in ideal conditions, the refrigerant vapor at the outlet reaches the same 

temperature as the solution at the inlet and its concentration is that of saturated vapor at the inlet temperature of 

the rich solution 𝑇3: 

𝑥7,𝑖𝑑 = 𝑥𝑣𝑎𝑝,𝑠𝑎𝑡(𝑇3, 𝑃3) (10) 

 

The conditions of the poor solution at the outlet can then be calculated through an energy balance on the desorber 

as explained previously. The performance of the absorber is modeled with a mass effectiveness 

εmass,a =  ṁ12/ṁ12,max  fixed to 0.6 [28] and a temperature pinch between the HTF at the inlet and the rich 

solution at the outlet  𝛥𝑇𝑎 =  𝑇 1– 𝑇𝑎,𝑖 fixed to 5 °C.  A fixed pinch of temperature of 5 °𝐶 is imposed between the 

inlet of the intermediate temperature HTF and the liquid refrigerant exiting the condenser (𝛥𝑇𝑐 =   𝑇8 – 𝑇𝑐,𝑖).  The 

high pressure of the cycle is then determined as the saturated liquid pressure at the condenser outlet temperature 𝑇8  

and ammonia mass fraction 𝑥8 . 

The evaporator performance is defined by the pinch between the HTF at the inlet and the refrigerant fluid at 

outlet (𝛥𝑇𝑒 =  𝑇𝑒,𝑖– 𝑇11) imposed equal to 5 °𝐶 and a temperature glide between the inlet and outlet of the 

component (𝛥𝑇𝑔𝑙𝑖𝑑𝑒 =  𝑇11– 𝑇10) also imposed equal to 5 °C. Knowing the refrigerant evaporator inlet temperature, 

the low pressure of the cycle can be determined as the saturated liquid pressure at T10 and  𝑥10 . The solution heat 

exchanger effectiveness εshx = Q̇shx/Q̇shx,max is set equal to 0.8 and the subcooler effectiveness εsub =  Q̇sub/

Q̇sub,max  is set to 0.9. Details for the calculation of ṁ12,max, Q̇shx,max  and Q̇sub,max will be given in the following 

sections. Finally, no pressure drop or thermal dispersion is considered and the pump isentropic efficiency is set to 

0.8 [13]. 

 

  

Fig. 4. Comparison of the simplified numerical model with experimental results. 
 

 

 

The results of the simplified model are compared to the experimental measures in Fig. 4. The model of the cycle 
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fixed component effectiveness results in simulated points differing substantially from experimental for conditions 

other than nominal, with a frequent overestimation of performance. This highlights the need for more accurate 

modeling so the model can be used reliably for different applications and plant sizes. The development of a model 

based on variable semi-empirical effectiveness is therefore presented in the following paragraphs. 
 

4.2.  Experimental effectiveness model (ε-model) 

 
With the goal of better describing the behavior of the machine, a more detailed steady state model was developed 

by introducing variable experimental effectiveness to describe the functioning of each heat exchanger. Also in this 

case, the assumption is made that the fluid is at saturation at the outlet of desorber and condenser and at the inlet 

of the evaporator. The efficiency of the pump is assumed equal to 0.8, expansion in valves is considered isenthalpic 

and pressure drops and thermal dispersions are neglected.  The only inputs of the developed model are the control 

parameters of the pilot plant (HTFs temperatures and mass flow rates, rich solution mass flow rate and temperature 

glide in the evaporator). 

Experimental effectiveness were calculated comparing the actual performance of exchangers with that of ideal 

components. Three dimensionless numbers were used in the modeling of the effectiveness: the energetic ratio 

𝑅𝑒𝑛 , the number of transfer units 𝑁𝑇𝑈 and the Jakob number 𝐽𝑎 [29]. 𝑅𝑒𝑛 is defined as the ratio of the maximum 

power transferable to the non-limiting fluid over the maximum power transferable to the limiting fluid in the 

exchange: 

 

          Ren =  
max (Q̇HTF,max ,Q̇sol,)

min (Q̇HTF,max ,Q̇sol,max)
 

 

(11) 

The number of transfer units NTU is a dimensionless parameter characterizing the rate of heat transfer in counter-

current exchangers. It is defined as the ratio of the product of the heat transfer coefficient 𝐾 and the exchange 𝑆 

surface to the smallest heat capacity rate between the two fluids [30]: 

          NTU =  
K⋅S

(ṁ ⋅Cp)𝑚𝑖𝑛
 

 

(12) 

The global heat transfer coefficient K considers both convective transfers between falling film and plate and 

between the HTF and plate and conduction across the absorber plate. For the external heat exchangers, the HTF 

side heat transfer coefficient is calculated with a correlation developed by the Heat Exchangers Research Group 

(GRETh) for corrugated plates with a Reynolds number value between 50 and 14,600 [28], while the convective 

heat transfer coefficient between the falling film and the plates is calculated with the Wilke’s correlation [31]. For 

the solution heat exchanger correlations developed by the GRETh was used on both sides. 

 

The Jakob number (𝐽𝑎) is a dimensionless number defined as the ratio of the solution sensible heat to the latent 

heat released during the liquid vapor phase change: 

Ja =  
ρsol.cpsol.(THTF,i− Tliq,sat)

ρvap.L
 (13) 

Where ρsol, cpsol and 𝐿 are the density, specific heat and latent heat of vaporization of the entering solution, THTF,i 

is the temperature of the HTF at inlet and T𝑙𝑖𝑞,𝑠𝑎𝑡  is the temperature of the saturated liquid at the inlet at the given 

pressure and concentration. The following sections show the definition of the effectiveness for each component 

and the semi-empirical correlations proposed for modeling them.  

4.2.1. Desorber model  

The performance of the desorber considered in the present study can be characterized using three effectiveness: 

thermal, mass and species [29]. These effectiveness relate the functioning of the desorber to that of an ideal one.  

In an ideal desorber, the vapor at the outlet reaches the same temperature T3 of the entering rich solution with 

which it exchanges heat, increasing its ammonia concentrations to that of saturated vapor at T3 (Eq. (14)). For 

fixed mass flow rate and thermodynamic conditions at the inlet, the minimum mass flow rate of poor solution 

ṁ4,𝑚𝑖𝑛, the maximum mass flow rate of vapor ṁ7,𝑚𝑎𝑥  and the maximum power exchanged by the ideal desorber 

Q̇des,max are deduced from mass, species and energy balances and assuming the poor solution at the outlet to be 

saturated:  

 

 𝑥7,𝑖𝑑 =  𝑥𝑣𝑎𝑝,𝑠𝑎𝑡  (𝑇3, P7) (14) 

𝑥4,𝑖𝑑 =  𝑥𝑙𝑖𝑞,𝑠𝑎𝑡  (𝑇4, P4) (15) 
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ṁ3 = ṁ4,min + ṁ7,max (16) 
ṁ3 . x3 =  ṁ4,min. x4,id + ṁ7,max.  x7,id  (17) 

Q̇d,max =  ṁ4,min . h(T4, P4, x4,id) + ṁ7,max . h(T3, P7,  x7,id) − ṁ3 . h(T3, P3,  x3) (18) 

 
If the solution is the limiting fluid (Q̇d,max = Q̇sol,d,max), the HTF imposes the temperature of the poor solution at 

the exit and: 

 𝑇4 =  𝑇𝑑,𝑖  (19) 
 

If instead the HTF is the limiting fluid (Q̇d,max = Q̇𝐻𝑇𝐹,𝑑,max) the HTF reaches the same temperature of the solution 

at the inlet (𝑇𝑑,𝑜 = 𝑇3 ), and the first term of Eq.(18) is equal to:  

 

 Q̇d,max =  ṁ𝐻𝑇𝐹,d. cpHTF,d(Td,i − T3) (20) 

 
The desorber thermal effectiveness is defined as the ratio between the power transferred from the HTF fluid to the 

solution and the maximum transferable power [29]:  

 

𝜀𝑡ℎ,𝑑 =
Q̇d

Q̇d,max

 
(21) 

 
The desorber mass effectiveness is defined as the ratio of the vapor mass flow rate generated in the desorber to the 

maximum vapor mass flow rate that could be generated [29] 

εmass,d =  
ṁ7

ṁ7,max

 
(22) 

 

The desorber species effectiveness is defined as the ratio of the difference between actual ammonia and minimum 

ammonia concentration reachable at the outlet of the desorber, to the difference between the maximum and the 

minimum ammonia concentrations reachable [29]:  

εspecies,d = (
 x7 −  x7,min

 x7,id −  x7,min

) 

 

(23) 

When the solution is the limiting fluid, the minimum ammonia concentration corresponds to the case in which the 

saturated vapor exits the desorber at the HTF inlet temperature and is calculated as:  

 𝑥7,𝑚𝑖𝑛 =   𝑥𝑣𝑎𝑝,𝑠𝑎𝑡  (𝑇𝑑,𝑖, 𝑃3) 

 

(24) 

The energetic ratio 𝑅𝑒𝑛, number of transfer units NTU and Jakob number 𝐽𝑎 are defined for the desorber as: 

Ren,d =  
max(Q̇sol,d,max,Q̇𝐻𝑇𝐹,𝑑,max)  

min(Q̇sol,d,max,Q̇𝐻𝑇𝐹,𝑑,max)  
  (25) 

 

 NTUd =  
K⋅S

(ṁ3.Cp3)
 (26) 

 

Jad  =  
ρ3.Cp3.(Td,i− T3,sat)

ρvap.L
 (27) 

The desorber effectiveness were calculated for each experimental point and a correlation was found based on these 

three parameters using an exponential correlation similar to the ones typically used in modeling heat exchanger 

effectiveness [32] with the addition of the Jakob number 𝐽𝑎. The calculated effectiveness can vary between zero 

and one, asymptotically approaching this value when the magnitude of the parameters inside the exponential 

increases.  The correlations found show that mass and thermal effectiveness have similar functions and depend 

mainly on the 𝑁𝑇𝑈 and 𝐽𝑎. On the other hand, the species effectiveness is negatively affected by the 𝑁𝑇𝑈 and 

depends mainly on the Jakob number 𝐽𝑎.  

𝜀𝑡ℎ,𝑑 = 1 − 𝑒𝑥𝑝 (−2.285 ⋅ 10−4  ⋅ 𝐽𝑎d
1.25 ⋅ 𝑁𝑇𝑈d

2 ⋅ 𝑅𝑒𝑛,d
0.66) (28) 

𝜀𝑚𝑎𝑠𝑠,𝑑 = 1 − 𝑒𝑥𝑝(−3.916 ⋅ 10−4  ⋅ 𝐽𝑎d
1.33 ⋅ 𝑁𝑇𝑈d

1.8 ⋅ 𝑅𝑒𝑛,d
0.6 (29) 

εspecies,d = 1 − 𝑒𝑥𝑝(−4.774 ⋅ 10−1  ⋅ 𝐽𝑎d
1.25 ⋅ 𝑁𝑇𝑈d

−0.55 ⋅ 𝑅𝑒𝑛,d
0.3

) (30) 
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As shown in Fig. 5 the effectiveness recalculated with the correlations approximate the experimental ones well, 

with errors below 15 % and an average error of 5.6 % for the thermal effectiveness, 7.5 % for the mass effectiveness 

and 2.63 % for the species effectiveness. 

 

 
Fig. 5. Calculated desorber effectiveness vs. experimental effectiveness. 

4.2.2. Absorber model 

The performance of the absorber can be characterized using two effectiveness [33]: thermal effectiveness and mass 

effectiveness. In an ideal infinitely long absorber, after the vapor reabsorption, the solution exits from the 

component as saturated liquid and balance equations can therefore be written as:  
 

x1,id =  xliq,sat (T1, P1) (31) 

ṁ1  =  ṁ6,min + ṁ12,max (32) 
ṁ1 .  x1,id =  ṁ6,min. xsp + ṁ12,max.  xref (33) 

Q̇a,max =  ṁ7,min. h(T6, P6, x6) + ṁ12,max. h (T12, P12,  x12) − ṁ1. h(T1, P1, x1,id) (34) 

 

If the solution is the limiting fluid (Q̇a,max = Q̇sol,a,max), the solution exits at the desorber HTF inlet temperature: 

 

𝑇1 =  𝑇𝑎,𝑖 

 

(35) 

If instead the HTF is the limiting fluid (Q̇a,max = Q̇HTF,a,max ), the latter will reach the temperature of the poor 

solution entering the absorber (𝑇𝑎,𝑜 = 𝑇6) and therefore the first side of Eq. (34) will be equal to: 

 Q̇a,max =  ṁHTF,a. CpHTF,a. (T6 − Ta,i) (36) 

 
The absorber thermal effectiveness is defined as the ratio between the actual power transferred from the solution 

to the HTF fluid and the maximum transferable power in an ideal absorber.  

𝜀𝑡ℎ,𝑎 =
Q̇𝑎

Q̇a,max

 

 

(37) 

The absorber mass effectiveness is defined as the ratio of the absorbed vapor mass flow rate and the maximum 

vapor mass flow rate that could be absorbed in an ideal component [28]:  

εmass,abs =  
ṁ12

ṁ12,max

 
(38) 

  
The energetic ratio 𝑅𝑒𝑛, number of transfer units NTU and Jakob number 𝐽𝑎 are defined for the absorber as: 

Ren,a =  
max (Q̇sol,a,max ,   Q̇HTF,a,max )  

min (Q̇sol,a,max ,   Q̇HTF,a,max )   
  (39) 

 

NTUa =  
K⋅S

(ṁ1.Cp1)
 (40) 
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Jaa  =  
ρ6.Cp6.(T6,sat− T6)

ρ𝑣𝑎𝑝.L
 (41) 

 
The two effectiveness are modeled based on these three parameters. The correlations found exhibit a similar 

dependence on the NTU as in the case of the desorber, but the 𝑅𝑒𝑛 is raised to a negative power: 

𝜀𝑡ℎ,𝑎 = 1 − 𝑒𝑥𝑝 (−9.200 ⋅ 10−3  ⋅ 𝐽𝑎𝑎
0.4 ⋅ 𝑁𝑇𝑈𝑎

1.5 ⋅ 𝑅𝑒𝑛,a
−0.72) (42) 

𝜀𝑚𝑎𝑠𝑠,𝑎 = 1 − 𝑒𝑥𝑝 (−8.968 ⋅ 10−4 ⋅ 𝐽𝑎a
0.4 ⋅ 𝑁𝑇𝑈𝑎

1.5 ⋅ 𝑅𝑒𝑛,a
−0.92) (43) 

The maximum error of the correlations is below 10 % for both effectiveness (Fig. 6), while the average error is 

1.91 % for the absorber thermal effectiveness and 2.1 % for the mass effectiveness. 

 

Fig. 6. Calculated absorber effectiveness vs. experimental effectiveness. 

4.2.3. Other components 

The evaporator being a component in which no concentration variation takes place, its functioning can be described 

simply using a thermal effectiveness. The maximum power that can be exchanged at the evaporator is: 

Q̇e,max =  ṁ11. (h(T11, P11, x11) − h(T10, P10, x10) ) (44) 

 

If the solution is the limiting fluid(Q̇e,max = Q̇sol,e,max): 𝑇11 =  𝑇e,i, while if the HTF is the limiting fluid 

(Q̇e,max = Q̇HTF,e,max):  

Q̇e,max =  ṁHTF,e. (hHTF(Te,i, PHTF) −  hHTF(T10, PHTF) ) (45) 

 
The evaporator thermal effectiveness is defined as the ratio between the actual power transferred from the HTF 

fluid to the solution to the maximum transferable power.  

𝜀𝑡ℎ,𝑒 =
Q̇𝑒

Q̇e,max

 

 

(46) 

The evaporator effectiveness is modeled well using Ren and 𝑁𝑇𝑈 defined as:  

Ren,e =  
max(Q̇sol,e,max,Q̇HTF,e,max)  

min(Q̇sol,e,max,Q̇HTF,e,max)  
  (47) 

 

 NTUe =  
K⋅S

(ṁ13.Cp13)
 (48) 

The correlation found for the thermal effectiveness of the evaporator depends mainly on the 𝑅𝑒𝑛 while the 𝑁𝑇𝑈 

is raised to a relatively smaller power. 

𝜀𝑡ℎ,𝑒 = 1 − 𝑒𝑥𝑝 (−1.231 ⋅ 𝑁𝑇𝑈𝑒
0.25 ⋅ 𝑅𝑒𝑛,𝑒

0.8) (49) 

 

0.3

0.4

0.5

0.6

0.7

0.8

0.3 0.4 0.5 0.6 0.7 0.8

C
al

cu
la

te
d

 𝜀
[-

]

Experimental 𝜀 [-]

ε-th,a 

ε-mass,a 
R2(εth,abs) = 0.87

R2 εmass,abs = 0.89



13 
 

  

Fig. 7. Calculated evaporator and condenser effectiveness vs. experimental effectiveness. 

 

As for the case of the evaporator, the condenser is also described well using just a thermal effectiveness function 

of Ren and 𝑁𝑇𝑈.  Therefore, an identical method can be applied in the case of the condenser, leading to the 

following correlation: 

𝜀𝑡ℎ,𝑐 = 1 − 𝑒𝑥𝑝 (−1.930 ⋅ 𝑁𝑇𝑈c
0.1 ⋅ 𝑅𝑒𝑛,c

0.2) 

 

(50) 

The correlation found for the thermal effectiveness of the condenser reveals the small value of the powers to which 

both 𝑁𝑇𝑈 and 𝑅𝑒𝑛 are raised in accordance with the small variance of this effectiveness. The maximum error of 

the correlations is below 1 % for both the evaporator and condenser thermal effectiveness while the average error 

is 0.2 % and 0.25 % respectively as shown in Fig. 7. 

Equivalent thermal effectiveness can also be defined for the two internal heat exchangers, the solution heat 

exchanger and the subcooler. 

𝜀𝑡ℎ,𝑠ℎ𝑥 = 1 − 𝑒𝑥𝑝 (−0.4066 ⋅ 𝑁𝑇𝑈shx
0.5 ⋅ 𝑅𝑒𝑛,shx

1.03) (51) 

𝜀𝑡ℎ,𝑠𝑢𝑏 = 1 − 𝑒𝑥𝑝 (−0.0736 ⋅ 𝑁𝑇𝑈𝑠𝑢𝑏
1.77 ⋅ 𝑅𝑒𝑛,sub

2.25) (52) 

 

The maximum error of the correlation with respect to the experimentally calculated effectiveness is below 5 % for 

the solution heat exchanger and below 3 % for the subcooler, with an average error below 1.2 and 0.9 % 

respectively as shown in Fig. 8. 

  

Fig. 8. Calculated solution heat exchanger and subcooler effectiveness vs. experimental effectiveness. 

 

4.2.4. Alternative thermal effectiveness modeling 

An alternative to the use of the thermal effectiveness presented in the previous sections is to model for each 

exchanger the ΔT between the two fluids. This can be especially useful in cases where due to the limited variability 

of experimental conditions the range of variation of the thermal effectiveness is very small. In particular, this is 

the case for the condenser where the range of variation of the thermal effectiveness is smaller than 1.7 %. In 

addition, the temperature pinch between the solution and the HTF on the condenser and on the evaporator is a very 

important parameter defining the high and low pressure of the cycle respectively. Therefore, in the case of the 

condenser this second type of modeling for the thermal effectiveness was preferred. 
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The correlation found for the condenser pinch of temperature 𝛥𝑇𝑐 = T8– Tc,i as a function of  𝛥𝑇𝑐,𝑚𝑎𝑥 =  T7– Tc,i, 

𝑅𝑒𝑛,c and 𝑁𝑇𝑈c is :  

 𝛥𝑇𝑐 =  𝛥𝑇𝑐,𝑚𝑎𝑥 ⋅ exp (−0.65 ⋅  𝑅𝑒𝑛,c
0.4 ⋅ 𝑁𝑇𝑈c

0.1) 

 

(53) 

Knowing  𝛥𝑇𝑐 ,  𝜀𝑡ℎ,𝑐  can be calculated as follows: 

𝜀𝑡ℎ,𝑐 =
 ṁref. (ℎ(T9, P9, xref) −  h(T11, P11, xref) )

Q̇c,max

 
(54) 

Where T8 = Tci +  𝛥𝑇𝑐. 
The average and maximum error for the  𝛥𝑇𝑐 were 2.2% and 5 % (Fig. 9), while the average error for the 𝜀𝑡ℎ,𝑒 

calculated through the use of  𝛥𝑇𝑐 was 0.27 %. 

 

Fig. 9. Calculated vs. experimental  𝛥𝑇𝑐 and derived εth,c 

 

4.3. Comparison of the simplified and effectiveness models 

The correlations for the component effectiveness modeled in the previous sections are implemented in the 

numerical model of the cycle. The comparison of the ε-model results to the experimental data (Fig. 10) shows that 

the model predicts the performance of the machines very well both in terms of COP and cooling power output 

with errors below 6 % for the COP and 15 % for the cooling power. 

  

Fig. 10. Effectiveness model results compared to experimental results. 

 

Table 6 compares the average and maximum error of the effectiveness model with those of the simplified model 

presented in Section 4.1. It is evident that the effectiveness model improves the accuracy of the predicted cycle 

performance significantly with an average error compared to experimental results of only 2.4 % for the COP and 

5.4 % for the cooling power output, against 6.3 % and 12.5 % average error respectively in the case of the 

simplified model. Even more remarkable is the improvement in the maximum error, which was reduced from 50 

% to 5.5 % for the COP and from 65 % to 14.8 % for the cooling power output. 
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Simplified model and effectiveness model error compared to experimental data. 

 Simplified model Effectiveness model 

 COP Cooling power output COP Cooling power output 

Average Error 6.3 % 12.5 % 2.4 % 5.4 % 

Maximum Error  50 % 65 % 5.5 % 14.8 % 

R2 0.39 0.70 0.98 0.92 

 

Fig. 11 compares the performance calculated by the simplified and the ε-model at the same points of Table 5 where 

only one parameter at a time is changed while the others are left constant at nominal conditions (Table 4). 

 

 

  

  

 

Fig. 11. Simplified model and ε-model results compared to experimental results. 

 

 

Fig. 11(a) shows that, as expected, the cooling power produced 𝑄̇𝑒 strongly increases when the desorber inlet 

temperature Td,i increases reaching up to 9 kW at 106°C, while the influence of Td,i on COP appears to be more 

limited with an optimum of 0.72 around 80°C. Higher desorber inlet temperatures increase the thermal 
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effectiveness of the component and thus the mass flow rate of desorbed vapor, thus increasing the cooling 

production of the cycle, despite the slight COP decreases due to the reduced purification capacity of the desorber 

(i.e. species effectiveness) when the hot source temperature increases. The COP and 𝑄̇𝑒 predicted by the simplified 

model are accurate near the nominal working conditions where the results are very similar to those of the ε-model. 

Nevertheless, given that fixed effectiveness and ΔT are used for all operating points, the simplified model fails to 

predict the variation of performance found with variation of both the intermediate source and the evaporator inlet 

temperature. In fact, Fig. 11(b) shows that in the case of the simplified model the COP is only slightly affected by 

the intermediate source temperature while instead, in accordance with experimental results, the COP decreases 

noticeably in the case of the ε-model from 0.75 at 23 °C to 0.6 at 30 °C. The difference found when decreasing the 

evaporator inlet temperature appears to be even more significant Fig. 11(c), which reduces the COP from over 0.7 

at 21 °C to 0.45 at 10 °C for the ε-model, while only a much smaller performance decrease is predicted by the 

simplified model. In addition, the simplified model does not take into account the geometry of the exchangers and 

therefore, in contrast with the experimental results, the mass flow rate of solution has no effect on COP and linearly 

increases 𝑄̇𝑒 Fig. 11(d). Results of the adjusted effectiveness model show instead a performance decrease when 

the solution mass flow rate increases with an optimum of around 85 kg/h. Finally, side fluid is not considered in 

the simplified model and therefore it has no influence on the behavior of the machine, as opposed to the 

effectiveness model which considers this. As an example, Fig. 11(e) shows that reducing the desorber HTF has 

little effect on the COP but strongly reduces the cooling power output. 

5. Parametric study of the size of components 

The model developed contains information about the geometry of the components, making it possible to perform 

parametric analysis on their size to study its influence on global performance of the cycle. Fig. 12 shows the impact 

on cycle performance of doubling or halving the size of the absorber for different intermediate and evaporator 

temperatures at the nominal desorber conditions and solution mass flow rate. (Table 4). The absorber is a 

bottleneck component [31] and reducing its size by half compared with the base case presented in Table 2 

generates an average COP and 𝑄̇𝑒 output reduction of 31 % and 57 % respectively. In addition, significant 

performance improvements are possible by increasing its size. For example, doubling the size of the absorber leads 

to an average increase in the COP of 14 % and in the cooling power of 41 %. Additionally, the impact of the 

absorber size on COP is higher at evaporator temperatures lower than design conditions, where the component 

operates at lower pressure and thus less efficiently. On the other hand, in the nominal operating point, increasing 

the size of the absorber has a smaller impact, since the absorber base size was designed to guarantee good 

performance in that point. 

 

 

  

Fig. 12. Change of COP [-] (orange symbols, bold line) and cooling power [kW] (blue symbols, dotted line) as a 

function of the intermediate temperature (a), evaporator temperature (b) and absorber size (● = base size, ■ = double 

size,  = half size) for nominal desorber conditions and solution mass flow rate. 

 

 

The results of the analysis carried out for the evaporator are shown in Fig. 13Erreur ! Source du renvoi 

introuvable.. In this case a reduction in the size of the evaporator also generates an average reduction of 9 % in 

the COP and 22 % in the cooling power output. Doubling the size of the evaporator instead leads on average to a 

5.5 % increase in the COP and 17 % in the cooling output. 

 

0

2

4

6

8

10

12

14

0

0.2

0.4

0.6

0.8

21 23 25 27 29 31

C
o

o
lin

g 
p

o
w

er
 [

kW
]

C
O

P
 [

-]

Intermediate source temperature [°C]

0

2

4

6

8

10

12

14

0.0

0.2

0.4

0.6

0.8

8 11 14 17 20 23

C
o

o
lin

g 
p

o
w

er
 [

kW
]

C
O

P
 [

-]

Evaporator temperature [°C]

(b)(a) 



17 
 

  
Fig. 13. Change of COP [-] (orange symbols, bold line) and cooling power [kW] (blue symbols, dotted line) as a 

function of the intermediate temperature (a), evaporator temperature (b) and evaporator size (● = base size, ■ = 

double size,  = half size) for nominal desorber conditions and solution mass flow rate. 

 

 

The effect of the size of the desorber on cycle performance is different, as shown in Fig. 14. In fact, an increase in 

size has a positive effect on cooling power output, with an average 𝑄̇𝑒 increase of 18 % for a desorber of double 

the size and a 44 % decrease on average for a desorber of half the size. The same is not true for the COP of the 

cycle which does not always increase with the size of the desorber. This is because a larger desorber enables the 

transfer of more power to the solution and to the desorbed vapor (𝜀𝑡ℎ,𝑑 increases with the 𝑁𝑇𝑈 in Eq.(28)) which 

will be hotter and produced at higher mass flow rates. This influences the internal rectification process in the 

adiabatic part of the desorber increasing the ΔT between the exiting vapor and the solution at inlet. The ability to 

purify the refrigerant vapor is therefore reduced as confirmed by the negative power to which the 𝑁𝑇𝑈 is raised in 

the correlation for 𝜀𝑠𝑝𝑒𝑐𝑖𝑒𝑠,𝑑 in Eq.(30). Imperfect vapor purification can have a very negative impact on COP 

suggesting the need for increasing the solution mass flow rate or adding a rectifier to further purify the vapor when 

the desorber size is increased.  

 

  
Fig. 14. Change of COP [-] (orange symbols, bold line) and cooling power [kW] (blue symbols, dotted line) 

as a function of the intermediate temperature (a), evaporator temperature (b) and desorber size (● = base size, 

■ = double size,  = half size) for nominal desorber conditions and solution mass flow rate. 

 

Finally, the condenser was found to have a smaller impact on performance: doubling the condenser size leads to 

an average improvement of 3 % in the COP and 12 % in the cooling power while a condenser of half the size 

reduced the COP by 5 % on average and the cooling power output by 16 %. Table 7 summarizes the effect on 

performance of the size of the components in the range of operation considered. The results are due to the intrinsic 

criticality of the components in the cycle. Components where heat and mass transfers take place at the same time 

(the desorber and even more the absorber), are the most crucial ones in absorption machines and particular attention 

needs to be paid to their design. It should be highlighted that the results of the parametric analysis also depend on 

the base size of the pilot plant components. The possibility of performing such studies on the size of components 

can be very useful in the design phase and when performing techno-economic or thermo-economic analysis of the 

technology. 
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Table 7 

Influence of the size of components on cycle performance and cooling production for variation of the intermediate 

source temperature [22-30 °C] and evaporator temperature [10-22 °C] around the nominal point. 

 Double Size Half Size 

 COP Cooling Power COP Cooling Power 

Absorber + 17 % + 51 % - 30 % - 54 %  

Desorber + 0.14 % + 18 % - 7.6 % - 45 % 

Evaporator + 5.5 % + 17 % - 9 % - 22 % 

Condenser + 3 % + 12 % - 5 % - 16 % 

 

6. Conclusions 

Absorption machines represent an alternative to conventional vapor compression systems for their ability to use 

renewable energy sources and waste energy.  Therefore, expanding their use could help reduce greenhouse gas 

emissions as well as electricity consumption.  Nevertheless, these systems are still more costly and complex than 

traditional systems and need to be developed further. Appropriate modeling is fundamental to their performance 

characterization and optimization. 

 

An experimental campaign on a 7 kW cooling power ammonia-water absorption chiller was carried out to create 

an accurate database for the numerical model adjustment. Experimental results were analyzed critically to obtain 

all the necessary thermo-physical properties, and unreliable points were excluded from further analysis. First, a 

simplified model based on fixed pinch points and absorber mass effectiveness estimated from experimental tests 

was developed. The model provided good results at the design point of operation but did not sufficiently describe 

the behavior of the machine under different conditions thus preventing generalization of the results at larger scales 

and with more complex architectures. 

 

Therefore, another model was developed based on thermal, mass, and species effectiveness relating the functioning 

of components to that of ideal ones. Experimental measures were used to characterize the effectiveness of the 

components in different operating conditions and correlations were found to model them based on three 

dimensionless parameters: the Jakob number Ja, the energetic ratio Ren and the number of transfer units NTU.  The 

model integrating correlations for each component showed very good agreement with experimental results, with a 

maximum error below 6 % for the COP and 15 % for the cooling power output. Results confirm a cooling power 

output of around 7 kW and a COP of 0.7 in nominal conditions of 95 °C of high temperature source, 27 °C 

intermediate temperature and 18 °C of evaporator inlet temperature. 

 

The tuned model was used to perform a parametric analysis on the dimension of the components, highlighting the 

absorber, the desorber and the evaporator to be the most critical components of the pilot plant and therefore those 

with the greatest room for improvement. The use of dimensionless parameters makes this approach well suited 

for analysis at larger scales of industrial interest and for the development of more complex combined cycles. 

Nevertheless, further experimental studies are necessary to confirm the validity of the model for different plant 

sizes and architectures. 
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