
 

1. Introduction 

The application of the solar vapour absorption technique re-

mains the most feasible choice, given the rapidly changing 

global energy landscape and the increasing focus on environ-

mental preservation and energy conservation. Solar vapour ab-

sorption cooling is a solution to the growing expense of electric-

ity, the worsening power situation, and the increasing emissions 

of chlorofluorocarbons (CFCs) pollutants. Non-traditional en-

ergy sources, including hydropower, geothermal, wind and solar 

are crucial for mitigating biodiversity loss for a broad spectrum 

of reasons. When operating, unconventional energy sources 

emit little or no greenhouse gases (GHGs). The practical appli-

cation of solar energy has grown significantly over the past few 

years among unconventional energy sources. In areas that have 

consistently high levels  of  sunshine  throughout  the  year,  solar  
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Abstract 

This article investigates the parametric effects on heat transfer in cross-flow heat exchangers integrated with a backward 
splitter plate to enhance the coefficient of performance in a solar assisted vapour absorption refrigeration system. The system 
replaces conventional electric energy with solar energy, utilising a solar energy collector to heat water between 50 − 80°C. 
This heated water vaporises aqueous ammonia in a generator designed as a double pipe heat exchanger. The primary objective 
is to facilitate efficient heat transfer from the solar energy collector to the solar assisted vapour absorption refrigeration system 
and evaluate the cooling performance at varying water mass flow rates. Computational fluid dynamics has been used to solve 
the governing equations under appropriate boundary conditions. While second-order discretisation has been used for momen-
tum and energy equations, coupled equations have been used to address velocity and pressure coupling. Convergence criteria 
of 10⁻⁶ for velocity and continuity, and 10⁻⁸ for energy, were employed. Thermal modelling was conducted to find out com-
ponent-specific heat transfer rates and estimate the cumulative coefficient of performance. A small-capacity (1.5 ton or  
5.25 kW) solar vapour absorption cooling system was tested. The study found that increasing the L/D ratio enhances heat 
transfer; for instance, at Re = 12000 and L/D = 2, the Nusselt number increased by 90% compared to Re = 2000. However, 
the pressure dropped significantly at L/D = 3, suggesting an optimal design trade-off. Additionally, the impact of key param-
eters such as absorber, condenser, generator and evaporator temperatures on the system’s coefficient of performance was 
thoroughly analysed.  
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Nomenclature 

h – enthalpy, kJ/kg 

L/D – length of splitter plate to diameter of tube ratio 

L×W×H– length × width × height (geometrical dimensions) 

ṁ  – mass flow rate, kg/s 

Nu – Nusselt number 

P – pressure 

Pr – Prandtl number 

Qₐ – total heat transfer rate, kW 

QHX – heat exchanger heat transfer rate, kW  

Re – Reynolds number 

SD/D – diagonal spacing 

SL/D – longitudinal spacing 

ST/D – transverse spacing 

T – temperature, K 

Tₐ,o – outlet air temperature 

Tₐ,i – inlet air temperature 

 

Greek symbols 

α – inclination angle of splitter plate, o  

λ – circulation ratio 

ξ – concentration 

 

Abbreviations and Acronyms 

CFCs – chlorofluorocarbons 

CFD – computational fluid dynamics 

CHPC– combined heat, power and cooling 

COP – coefficient of performance 

GHGs– greenhouse gases  

H2O – water 

LHTES– latent heat thermal energy storage 

LiBr – lithium bromide  

SAVAR– solar assisted vapour absorption refrigeration 

SEC – solar energy collector  

 

energy has become a necessity and a daily need. Solar energy 

consumption is particularly important in these places due to the 

regularity and amount of sunlight [1−5]. 

A type of cooling agent is used in the vapour absorption cy-

cle to both absorb and release heat during the condensation and 

evaporation processes. This process often requires heat, which 

can be obtained from a variety of fuels or eco-friendly sources 

like solar energy. A solar-powered vapour absorption refrigera-

tion unit employs solar thermal collectors to provide the heat 

required to power the absorption cycle, making it more environ-

mentally friendly and energy-efficient than conventional electri-

cally-driven refrigeration systems. Fan et al. [6] claim that an 

absorption cycle is comparable to a vapour compression cycle, 

and is predicated on the evaporation or absorption effects that 

occur when a substance's liquid and gaseous phases interact, 

each of which has a different vapour pressure. Heat loss to the 

surroundings is a serious issue with the hot water storage tank. 

The actual heat loss coefficient, as reported by Jacobsen [7], was 

1.65 W/(m2‧K), over 50% higher than the expected value of  

1.19 W/(m2‧K). Sometimes, the heat loss through the boiling wa-

ter storage tank is equivalent to two hours of daily operation of 

the solar air conditioner. Developing the construction of the lith-

ium bromide solution (LiBr-H2O) absorption refrigerator with 

a nominal capacity of 1 kW was considered by Kalogiro and 

Florides [8]. Absorption refrigerators are machines without mo-

ving parts that generate cooling through the use of heat energy. 

One of the earliest innovations of the refrigeration system, 

which is now the most important use of solar energy for cooling, 

was the vapour absorption cycle. Furthermore, researchers are 

becoming increasingly interested in the ongoing development of 

absorption refrigeration systems due to the need for high-grade 

energy to operate mechanical vapour compression refrigeration 

systems. Experiments with high LiBr concentrations, extremely 

close to the solution's crystallisation limit, have been carried out 

by Charters and Chen [9]. It was observed that crystals would 

form and the system would "shut down" if the generator's tem-

perature dropped suddenly. It was proposed that to solve this is-

sue; the LiBr-H2O solution must contain certain salts (such as 

LiSCN) in order to reduce the solution's vapour pressure and en-

hance the solution's properties for usage in an air-cooled system. 

The absorption refrigeration system is more appealing to re-

searchers because it can generate a cooling effect using low-

grade energy. Systems based on vapour compression are cur-

rently the most widely used air conditioning and refrigeration 

systems. Because of their proven technology, dependability and 

affordability, these systems are frequently used. However, in or-

der to function, these systems need high-grade energy, either 

electrical or mechanical. In addition, scientists have been com-

pelled to explore alternative cooling systems as it was recently 

discovered that the traditional working fluids of vapour com-

pression systems are contributing to ozone layer depletion and 

greenhouse effects. The absorption system, which operates 

mostly on thermal energy, is the obvious substitute. Addition-

ally, these systems operating fluids are environmentally im-

proved. 

Choosing the right working fluid is arguably the most crucial 

component of any refrigeration system. The cycle efficiency and 

performance characteristics of the absorption refrigeration sys-

tem are determined by the properties of the absorbent, refriger-

ant and their combinations. Additionally, absorbent and refrig-

erant vapour pressure, solvent solubility, solution heat capacity, 

heat of vaporisation, heat of solution and solution viscosity all 

affect cycle efficiency. The two most important thermo-physical 

properties of the solution are its surface tension and thermal con-

ductivity. In addition, toxicity, chemical stability and corrosivity 

are further selection factors for the working fluids. The energy 

efficiency of systems like cogeneration or combined heat, power 

and cooling (CHPC) is increased with the use of absorption 

chillers. Because absorption chillers have nearly zero running 

costs when waste heat energy is the source, they are widely used 

in industries such as textiles, synthetic fibre, chemicals, pharma-

ceuticals, electronics, beverage cooling, brewing, tobacco and 

more. 

Using the first as well as the second laws of thermodynam-

ics, Mansoori and Patel [10] have established upper and lower 

constraints for the coefficient of performance (COP) of absor-

bent cooling cycles. It is shown that these upper and lower lim-

itations are dependent not only on the ambient temperatures of 
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the cycle's component sections but also on the thermodynamic 

properties of refrigerants, absorbents and their mixtures.  

A quantitative comparison of various refrigerant-absorbent 

combinations can be conducted using these upper and lower 

bounds of COP. The H2O-NH3, NH3-NaSCN and LiBr-H2O 

combinations, all of which are viable choices for solar absorp-

tion cooling cycles, are compared using the developed approach. 

Vapour absorption refrigeration/cooling systems belong to the 

same class of vapour cycles as vapour compression refrigeration 

systems. However, absorption systems require heat as an input, 

in contrast to vapour compression refrigeration systems. As  

a result, these systems are often known as thermal energy-driven 

or heat-operated systems. Both vapour compression and absorp-

tion refrigeration cycles remove heat by allowing a refrigerant 

to evaporate at low pressure and reject heat by allowing the re-

frigerant to condense at a higher pressure. The main difference 

is that a vapour compression technology uses a mechanical com-

pressor, whereas an absorption method uses a heat source to cre-

ate the pressure differences needed to circulate the refrigerant. 

Because of these distinctions, an absorption system needs little 

to no work input, but heat must be supplied as energy. The sys-

tem becomes more attractive when there is a low-cost heat 

source, such as solar heat or waste heat from power or heat gen-

eration. 

Zhang et al. [11] conducted a comprehensive review of pre-

vious studies on the use of heat transfer enhancement strategies 

in plate heat exchangers, with a focus on passive surface meth-

ods and the use of nanofluids. The study showed that the ther-

mal-hydraulic capabilities of the investigations employing dif-

ferent parameters of geometry and augmentation procedures are 

frequently higher for relatively small Reynolds numbers. Simi-

larly, Awad and Muzychka [12] analysed and investigated the 

thermal-hydrodynamic characteristics of air-cooled tiny wavy 

fin heat exchangers. They released new models that facilitate the 

prediction of the Fanning and Colburn friction factors. To en-

hance the system's functionality, since energy losses are the 

cause of system performance decline, the irreversible nature 

should be assessed during the cycle. The COP is commonly used 

to assess a vapour compression system's effectiveness. 

COP does not reveal the system component elements' ther-

modynamic equilibrium deterioration. The losses of energy in 

vapour compression refrigeration systems can be measured with 

the use of exergy evaluation. As the temperature differential be-

tween the system and its surroundings increases, so do the en-

ergy losses [13]. Ghamati et al. [14] investigated the flow pat-

terns and energy transmission of natural convection using 

nanofluid technology in enclosed areas that are square, circular 

and hexagonal in shape. The study's findings demonstrated that 

the final equations were validated through prior research and 

solved numerically. For a variable that stays constant in the tem-

perature index (n), the results showed that increasing the Prandtl 

number (Pr) from about 0.1 to 2 reduces the skin friction coeffi-

cient by approximately 32% and the velocity at its maximum by 

slightly more than a half. Because the temperature that is dimen-

sionless drops to zero faster in this case, the thermal boundary 

layer thickness falls, and the Nusselt number (Nu) rises. The ef-

fective COP for heat exchangers with a finned backward split-

ter plate was shown to be lower for solar-assisted vapour absorp-

tion refrigeration (SAVAR) systems, which is an intriguing area 

of scientific study. 

Beyond the general literature, several focused studies have 

explored performance improvements in LiBr–water absorption 

cooling systems. One such study examined the use of a plate 

heat exchanger as a pre-cooler for the absorber, showing that 

this setup could reduce absorber size by 6–14%. Notably, chan-

nelling just 20% of the total cooling water flow through the pre-

cooler was enough to yield significant efficiency gains [15]. An-

other study developed a simulation model of a solar-powered 

LiBr–water absorption system with auxiliary heating, analysing 

the effects of changes in the atmospheric clearness index. A de-

crease in the index from 0.63 to 0.52 resulted in a 67% increase 

in the auxiliary heat requirement to maintain consistent cooling 

performance [16]. In recent years, both experimental and theo-

retical work has advanced in the field of solar-assisted absorp-

tion and adsorption refrigeration (AR) systems. For example, 

Sumathy and Li [17] experimentally investigated a solar-driven 

adsorption system using an activated carbon–methanol pair. 

Their setup, which utilised a flat plate solar collector with an 

exposed surface area of 0.92 m², achieved a COP between 0.10 

and 0.12. Similarly, Pons and Guilleminot [18] conducted ex-

periments on a solar-powered adsorption chiller using the same 

activated carbon–methanol working pair, achieving a COP of 

approximately 0.12. Dawoud [19] developed a hybrid solar-as-

sisted adsorption cooling system tailored for vaccine storage ap-

plications. In another study, Ghali et al. [20] evaluated the 

hourly performance of a hybrid cooling system incorporating 

a desiccant wheel for air conditioning in a typical auditorium. 

Their work included a comparative analysis with conventional 

air conditioning systems under the climatic conditions of Beirut. 

The system included a 1.5 m3 thermal storage tank, a vacuum 

flat-plate solar collector with a total aperture area of approxi-

mately 42.2 m2 and a 25 kW plate heat exchanger. Additionally, 

Abu Ein et al. [21] conducted a thermodynamic assessment of 

a 10 kW solar-powered ammonia–water absorption chiller, uti-

lising both first and second law analyses to evaluate its perfor-

mance. Further research has also explored the integration of 

thermal energy storage in LiBr-H2O absorption systems to miti-

gate mismatches between thermal energy supply and cooling de-

mand. Various system configurations have been investigated, 

focusing on performance metrics such as COP and energy stor-

age density (ESD). Important findings showed that under ideal 

circumstances, ESD values ranged from roughly 119.6 kWh/m3 

to 444.3 MJ/m³, and COP values ranged from 0.69 to 0.99 [22]. 

Low-temperature-driven LiBr–water absorption heat pumps 

have also been developed with innovative modular designs, 

namely, "Bee", "Bumblebee" and "Hornet". Operating at driving 

water temperatures around 90°C, these systems achieved ther-

mal COPs of approximately 0.8 while maintaining a compact 

form factor. Several commercial models have been deployed in 

pilot-scale solar cooling applications [23]. In a separate study,  

a compact cross-flow heat exchanger was assessed as an air 

heater in a solar tunnel dryer. The device enabled heat transfer 

between ambient air and hot water supplied by a parabolic 

trough collector. Findings showed that increasing the air mass 
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flow rate improved the heat transfer rate but simultaneously de-

creased the overall effectiveness of the heat exchanger [24]. Ad-

ditional research explored the impact of solar radiation on the 

thermal performance of a cross-flow wet cooling tower under 

hot climate conditions. It was observed that the use of a sun-

shade led to significant performance improvements, with outlet 

water temperature, temperature range and thermal efficiency in-

creasing by up to 37% [25]. This study has explored the impact 

of incorporating a backward splitter plate within a cross-flow 

heat exchanger on heat transfer characteristics and the overall 

enhancement of the COP in a SAVAR system. In this configu-

ration, conventional electrical energy has been substituted with 

solar energy via a solar energy collector (SEC), which heats wa-

ter within the range of 50 – 80°C. The resulting thermal energy 

is used to vaporise aqueous ammonia in a double-pipe heat ex-

changer serving as the generator. The primary aim is to optimise 

heat transfer and assess the cooling performance of the system 

across varying water mass flow rates. Additionally, the study 

presents a comparative evaluation of three refrigerant-absorbent 

pairs: H2O-NH3, NH3-NaSCN and LiBr-H2O to determine their 

suitability for use in solar absorption cooling systems. Unlike 

conventional vapour compression systems, which depend on 

mechanical energy input, absorption systems are driven by ther-

mal energy, making them particularly suitable for integration 

with low-cost energy sources such as solar or industrial waste 

heat.  

Although prior research has examined solar-assisted absorp-

tion systems, several critical gaps remain. Notably, the influence 

of geometric modifications such as the addition of a backward 

splitter plate on internal flow distribution and thermal perfor-

mance within heat exchangers has not been comprehensively ad-

dressed. Furthermore, the system's performance under dynamic 

solar radiation conditions and its long-term efficiency across 

seasonal variations are under-investigated. Finally, while refrig-

erant absorbent combinations are often assessed based on ther-

mal performance, there is a lack of multi-objective optimisation 

studies that consider economic feasibility, environmental impact 

and operational reliability factors essential for the widespread 

practical adoption of these systems. The system's thermody-

namic analysis was carried out to determine which components 

were subject to heat transfer. The system performance was then 

calculated, and COP was enhanced. The present experimental 

research has used a solar energy vapour absorption cooling sys-

tem with a small capacity (1.5 ton or 5.25 kW). Additionally, the 

impact of variables affecting the system COP, such as the tem-

perature of the condenser, generator, absorber and evaporator, 

was examined. 

These heat exchangers can be designed and analysed through 

numerical analysis, experimentation or the use of computational 

fluid dynamics (CFD) software. The science of CFD uses digital 

computers to generate quantitative forecasts of fluid-flow phe-

nomena based on the mass, momentum and energy conservation 

laws that govern fluid motion. The majority of CFD software 

tools, which were created to aid in the rapid resolution of heat 

exchangers, can forecast heat distributions and boost flow sys-

tem efficiency. CFD methods have been used in a number of 

studies on cross-flow heat exchanger performance. Computa-

tional fluid dynamics simulation can also be used to improve the 

performance of an existing heat exchanger even when it has heat 

pipes. The CFD simulation was used to examine how altering 

the pipe diameter and the angle between the pipes could improve 

performance, which was then applied to the heat exchanger un-

der study. This method's high adaptability and reduced simula-

tion time make it a viable option for other heat exchanger de-

signs that incorporate heat pipes [26,27].  

It has been demonstrated that using splitters to manage the 

separated wake downstream of the pin-fins is beneficial [28]. 

Ul-Islam et al. [29] investigated the effects of the length of dual 

splitter plates positioned at the front and rear sides of two adja-

cent square cylinders on flow characteristics and fluid force re-

duction. It was found that the splitter plate placed behind the 

cam-shaped cylinder functions as an appropriate passive control 

mechanism to successfully limit vortex shedding and lower 

drag. This device can be used to minimise drag in bluff bodies 

and cam-shaped cylinders [30]. Tu et al. [31] predicated on the 

impact of the centre cylinder in a five-cylinder array, which has 

been illustrated by altering the spacing ratio. Elmekawy  

et al. [32] investigated on cross-flow staggered tube banks of 

cylinders with splitter plates attached to the tubes. Their study 

demonstrated an improvement in thermal performance by provi-

ding a more streamlined flow through the splitter plates in the 

downstream section of the tubes. This design reduces the inter-

actions and intensities of vortices and eddies, as well as energy 

losses. However, a 16–20% rise in pressure drop was reported 

[32]. 

Hishikar et al. [33] investigated that the multi-cylinder ar-

rangement enhances the rate of heat transfer by allowing for vor-

tex shedding and turbulence to occur in the spaces between the 

cylinders. Another research was on creating a computational 

fluid dynamics model to describe the heat transfer in a boosted 

diesel engine cross-flow plate heat exchanger [34]. Pressure dis-

tributions, vorticity and pathline structures were used to com-

prehend the phenomena of heat transfer and flow, while an anal-

ysis of drag, lift and the Nusselt number was conducted. Heat 

transfer by two distinct clusters of nine circular cylinders was 

analysed using two-dimensional unsteady calculations. The cyl-

inders were exposed to a cross-flow of air in ambient conditions 

while being kept at constant-heat-flux wall conditions [35]. Heat 

exchangers, nuclear reactors and electronic circuit boards are 

just a few examples of engineering devices that display flow 

separation and reattachment. These device components, which 

resemble stepped channel designs, are designed to lessen the ef-

fects of thermal stress. Another research was reported on the 

properties of heat transfer and fluid flow using a double back-

wards-facing step with elliptic obstacles placed after each step. 

An internal code based on the streamline upwind/Petrov-Ga-

lerkin finite element method is used to solve the equations gov-

erning fluid flow and heat transfer in a Cartesian framework for 

this purpose [36]. 

The performance of heat transfer and the flow structure of 

a swirling jet on a flat target surface are the main topics of the 

study. The analysis is performed by varying the number of vanes 

with Reynolds numbers between 11 200 and 35 600, using heli-

coid inserts with the swirl number S = 1.3. The performance of 

swirling and circular jets in terms of heat transfer is compared. 

According to the heat transfer results, the triple helicoids' axial 
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recirculation zone at Re = 29 800 and Re = 35 600 has an impact 

on the uniformity of heat transfer distribution [37]. The flow re-

gime transitions around two adjacent square cylinders under the 

influence of attached upstream splitters were analysed computa-

tionally. The lattice Boltzmann method is employed as a numer-

ical technique for this work. The effect of two influencing fac-

tors, the splitters' length (SL) and the cylinder spacing ratio 

(SR), is highlighted. At a fixed Reynolds number of 150, both 

parameters are varied between 1 and 4 times the characteristic 

length (d). In contrast to the situation of two side-by-side cylin-

ders without splitters, the results show an early transition to  

a synchronised flow regime because of splitters [38]. 

This study introduces the novel incorporation of a splitter 

plate within the flow domain of the generator or absorber in 

a SAVAR system. The geometric modification strategically al-

ters fluid flow patterns, enhancing heat and mass transfer pro-

cesses critical to the absorption cycle. The presence of the split-

ter plate promotes more uniform flow distribution and sup-

presses thermal stratification. This leads to improved heat ex-

change efficiency between the working fluid and the heat source 

(solar energy), optimising the energy input required for desorp-

tion in the generator. Comparative simulations and experiments 

demonstrate that the inclusion of the splitter plate results in a no-

ticeable increase in COP of the SAVAR system. This improve-

ment is attributed to better thermal energy utilisation and re-

duced irreversibilities in the absorption-desorption cycle. Unlike 

conventional enhancement techniques that require additional 

mechanical or control systems, the splitter plate serves as a pas-

sive method to control flow dynamics, offering a cost-effective 

and energy-efficient design enhancement. By boosting the per-

formance of solar-assisted vapour absorption systems, this work 

contributes toward more sustainable and energy-efficient refrig-

eration technologies, aligning with the global goals of reducing 

reliance on fossil fuels and minimising environmental impact. 

2. Experimental procedure 

In this study, CFD simulations and the renormalisation group 

(RNG) kε turbulence model have been employed. This model 

was chosen due to its enhanced accuracy and reliability in cap-

turing the effects of turbulence in recirculating and swirling 

flows, which are common in heat exchanger and thermal system 

applications, particularly in SAVAR systems. The renormalisa-

tion group (RNG) kε model offers several advantages over the 

standard kε model: 

 It incorporates an additional term in the ε equation to ac-

count for the interaction between turbulence dissipation 

and mean shear, which improves performance in rapidly 

strained and curved flows. 

 It provides better predictions for low Reynolds number and 

near-wall flows compared to the standard model. 

 It is computationally more efficient than more complex 

models like kω SST, making it suitable for simulations 

involving large domains or long transient runs. 

2.1. Design of the solar assisted vapour absorption  

refrigeration system 

The general design process involves determining crucial  factors 

such as the component's diameter, length, heat transfer area, and 

transfer coefficients. When determining a component's perfor-

mance, the design phase seems to be the most crucial phase be-

fore the measurement of experimental data and applications. 

Every component must be planned before it is fabricated, 

and the accuracy and precision of the design determine how well 

the component will function in real life. The primary goal of the 

design created for this study was to understand the specifics of 

each component, as seen in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
First, the collector collected the solar energy, which was then 

stored in the storage tank. The generator then boils water vapour 

using a solution of lithium bromide and water, using the hot wa-

ter within the storage tank. The condenser cools the water va-

pour, which then moves to the evaporator, where it evaporates 

again at low pressure to cool the required area. Once the strong 

liquid evacuates the generator and flows to the absorber, a heat 

exchanger warms the weaker solution coming into the generator. 

The absorber absorbs the water vapour exiting the evaporators 

into the strong solution. The ventilated tower's cold water mixes 

and condenses to remove heat. When solar energy is insufficient 

to heat the water to the temperature required by the generator, 

an additional energy source supplies the hot water. 

2.2. Thermodynamic analysis of the system 

To perform the thermodynamic analysis of the system, key pa-

rameters such as enthalpy, mass and heat transfer rates are re-

quired to determine the system’s coefficient of performance 

(COP). Initially, a set of thermodynamic mathematical models 

is developed based on mass flow rates and enthalpy, using en-

ergy and mass balance equations for each component. To deter-

mine the system’s COP, operating conditions such as tempera-

tures, pressures and enthalpies are input into the mathematical 

models. The thermodynamic analysis of the system is based on 

the following assumptions:  

i. Constant flow and stable state,  

ii. No friction-related pressure drops,  

iii. In the generator, only pure refrigerant boils. 

 

 

Fig. 1. Schematic diagram of the solar-assisted refrigeration system. 
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2.3. Cross-flow heat exchangers with integration  

of backward splitter plate 

We created the geometry using ANSYS Design Modeler and ad-

justed the mesh to ensure high resolution in flow areas such as 

the tube surfaces and splitter plate edges. Splitter plate length-

to-diameter ratios (L/D) of 0, 0.5, 2 and 3 were taken into con-

sideration in this investigation. Furthermore, the splitter plates 

have been examined with clockwise rotational inclinations of 

15° and 30°, see Table 1. As shown in Fig. 3, the rectangular 

channel under consideration in this study has dimensions of 

L×W×H of 600 mm, 150 mm and 150 mm, respectively. The 

cylinder diameter of 25 mm is taken for the study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The computational model is depicted in Fig.3. The splitter 

plate is considered at different inclination angles. The air is con-

sidered with a velocity inlet boundary condition and an outlet 

with a pressure outlet. The cylinder with a splitter is heated with 

a constant temperature of 350 K. The top and bottom walls are 

considered symmetry boundary conditions, and the side walls 

are given adiabatic boundary conditions. 

ANSYS Fluent, which depends on the finite volume ap-

proach, solves the governing equations by applying the proper 

boundary conditions. The coupled algorithm resolves the veloc-

ity and pressure coupling. The momentum and energy equations 

are discretised using a second-order upwind approach. While the 

velocity and continuous residuals must satisfy the convergence 

requirement of 10−6, the energy residual has to overcome the 

barrier of 10−8. The mesh that is used for the computational do-

main, shown in Fig. 4, is created using fluid meshing. The anal-

ysis that is currently available uses a tetrahedral mesh with hex 

core volume meshing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2.3.1. Heat exchanger modelling approach 

The heat exchanger was modelled using a 2D steady-state CFD 

framework to capture flow and temperature distribution within 

the fluid channels. The governing equations for mass, momen-

tum and energy conservation were solved using the finite 

volume method. Turbulence effects were captured using the 

RNG k–ε model, which provides a good balance between accu-

racy and computational efficiency for internal flows. 

2.3.2. Role of the backwards splitter plate 

The backward splitter plate was introduced in the design to en-

hance thermal performance by inducing flow separation and 

promoting secondary vortices downstream. This geometry 

forces the fluid to reattach further along the channel, thereby in-

creasing the thermal boundary layer disruption and enhancing 

convective heat transfer. The position and length of the splitter 

plate were optimised to avoid excessive pressure drop while 

maximising thermal enhancement. The backward orientation 

specifically delays the flow reattachment point and increases 

residence time in the high-shear region. 

2.3.3. Comparison with established correlations 

To validate the CFD results, the Nusselt number (Nu) and fric-

tion factor (f) obtained from simulations were compared to 

standard empirical correlations for laminar and turbulent flow in 

ducts with and without flow disturbances: 

Table 1. Range of parameters of the present research work. 

Parameter Parameter details 

Length of splitter plate to diameter 

of tube (L/D) ratio 
0.5, 1, 2, 3 

Inclination of the splitter plate +30o, +15o, 0, -30o, -15o 

Reynolds number (Re) 2000 – 12 000 

 

 

Fig. 2. Block diagram of the absorption vapour refrigeration system. 

 

Fig. 3. Computational domain of the present study. 

 

Fig. 4. Mesh at L/D = 2 and α = 15°: (a) computational domain, 

(b) side view of mesh domain, and (c) enlarged view of meshing  

of cylinder with splitter plate. 
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 for a smooth channel, the Dittus-Boelter correlation was 

used for turbulent flow: 

 Nu=0.023Re0.8 Pr0.4,  

 for laminar flow, the Sieder-Tate correlation was refer-

enced: 

 Nu=1.86(Re⋅Pr⋅d L)1/3.  

2.3.4. Computational details, geometry parameters, 

and mesh independence 

The thermal performance and pressure fluctuations in a cross-

flow heat exchanger with a grid like circular tube configuration 

are numerically analysed in this work. To improve heat transfer 

and control wake dynamics, each tube has a trailing-edge splitter 

plate. A rectangular duct with 13 circular tubes arranged in 

a staggered configuration makes up the computing domain 

(Fig. 5). The industrial applications and design parameters were 

chosen from the available database for system's heat and mass 

transfer evaluation. Important characteristics include a 16.4 mm 

tube diameter, 34.3 mm longitudinal spacing (SL/D ≈ 2.09),  

31.3 mm transverse spacing (ST/D ≈ 1.91) and 37.7 mm diago-

nal spacing (SD/D ≈ 2.30). The ducts 95.4 mm height allow for 

the accommodation of three rows of tubes across the transverse 

plane. The overall duct dimensions (190.8 mm in length and 

width) result in a 2:1 aspect ratio, which ensures controlled flow 

conditions while maintaining computational efficiency. A rec-

tangular splitter plate that is parallel to the flow direction and 

has dimensions equal to the tube diameter (16.4 mm) and thick-

ness of 1.75 mm is fastened to the trailing edge of each tube. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to observe wake behaviour and pressure recovery, 

the computational domain extends 14 tube diameters  

(229.6 mm) downstream from the first row and two tube diam-

eters (32.8 mm) upstream for appropriate flow development. 

Four split-tube structures that enforce periodic flow conditions 

are included in the lateral boundaries to simulate an endless tube 

bank layout. ANSYS Design Modeler was used to design the 

geometry, and fine-tuning the meshing ensured good resolution 

at crucial flow areas like splitter plate edges and tube surfaces. 

Splitter plate length-to-diameter ratios (L/D) of 0, 0.5, 2 and 3 

were taken into consideration in this investigation. Furthermore, 

the splitter plates have been examined with clockwise rotational 

inclinations of 15º and 30º. These differences enable a thorough 

analysis of how splitter plate sizes and orientations affect pres-

sure loss, heat transfer effectiveness and wake dynamics. AN-

SYS Fluent Meshing was used to perform the meshing process 

using an unstructured poly-hexcore mesh. This hybrid method 

includes hexahedral cells in bulk flow regions for computational 

efficiency, with polyhedral cells close to boundaries for in-

creased accuracy.  

The poly-hexcore mesh guarantees numerical stability and 

improves near-wall resolution. Further refinement would not 

significantly affect results, since the analysis (Fig. 6) showed 

a 1.5% difference in pressure drop (ΔP) and a 0.9% difference 

in Nu between the fine and coarse meshes. Nonetheless, the 

coarse mesh diverged by as much as 20% from the experimental 

Nu values, highlighting the need for the fine mesh to strike a bal-

ance between computational expense and accuracy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4. Pressure-temperature-concentration diagram 

The primary processes occurring in the system are depicted in 

the pressure-temperature-concentration (PTξ) diagram, 

shown in Fig. 7, as follows: point 6 displays the state of the so-

lution after the low concentrated solutions are pumped from the 

absorbers at point 5 on line 5-6-7 to the generator through the 

heat exchangers. Steps 5-7 do not alter the concentration of the 

weak solution. On lines 7-8, it is shown that the water vapour in 

the solution is boiling at a steady pressure. During this process, 

the weak solution turns into a strong one. The weak solution that 

travels from the absorber to the generator is employed to ex-

change heat when the strong solution passes through an ab-

sorber, as shown in lines 8-10. The concentration of the strong 

solution does not change during this process. Water vapour is 

being absorbed from the evaporator by the absorber's strong so-

lution, as indicated in line 10-5. As indicated in line 6-1-2 the 

water vapour condenses in the condenser as a result of the cool-

ing water maintaining a steady condensing pressure. Condensed 

water travels from the condenser to the evaporator via an expan-

sion valve, as shown in lines 2-3. The water in the evaporator is 

evaporating due to the current low pressure, as lines 3-5 demon-

strate. The water also absorbs the heat from the region that needs 

cooling. The refrigeration cycle is completed when the strong 

solution in the absorber absorbs the water vapour from the evap-

orator. 
 

 

Fig. 5. Schematic view of the computational domain at L/D = 2 and  

α =15º used in the present study: (a) 3D view, (b) 2D view. 

 

Fig. 6. Mesh used in the present study at L/D = 2 and α =15º: 

(a) coarse mesh, (b) fine mesh at different parts. 
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2.5. Thermodynamic analysis and COP evaluation 

The validation of the work has been carried out to ensure the 

accuracy of the results. The current research design primarily 

involves thermodynamic analysis, including heat and mass 

transfers for each component, and ultimately the evaluation of 

the system’s COP. In the design process, each of the five com-

ponents as condenser, evaporator, heat exchanger, generator and 

absorber was selected based on established process parameters. 

The system was designed to study how variations in different 

parameters may affect its actual performance.  

The system's COP is its most crucial metric, and it should be 

as high as possible. Each of the variables that can influence the 

system's COP should be examined separately. The variables that 

can affect the system COP in this case are the temperatures of 

the condensation device, the generator, the absorber and the 

evaporator. These are the quantities that need to be examined in 

order to determine how variations in their values may affect the 

system COP. This type of research is known as the parametric 

effect. Each of the aforementioned values must be varied sepa-

rately to examine its impact on COP. To achieve this, the param-

eter under research is changed while the other parameters remain 

unchanged. The same procedure is repeated for every parameter. 

The fundamental equations obtained from the system's thermo-

dynamic analysis can be used for the analysis. The LiBr-water 

pressure-temperature-concentration-enthalpy chart (Fig. 8) was 

used to obtain the enthalpy and concentration data. The calcu-

lated enthalpy and concentration values corresponding to vari-

ous temperature values were also directly written in tabular form 

to avoid repeating the same calculation. Additionally, the ap-

proach for determining the system COP for the starting value of 

a parameter is provided.  

The generator operates in the low-temperature range suitable 

for solar thermal collectors, especially flat plate or evacuated 

tube types, which typically supply heat in the range of 

60–90°C. For our study, we selected generator temperatures 

around 64°C, aligning with achievable outputs from non-con-

centrating solar collectors under moderate solar conditions. The 

evaporator operates at low pressures (~6.1 mmHg) to provide 

chilled water in the range of 4 – 10°C, which is ideal for space 

cooling applications in buildings. We selected 4.0°C for analysis 

to represent conservative cooling requirements. These compo-

nents reject heat to the environment and typically operate at am-

bient temperatures or slightly above. We used 30°C for both, 

representing a warm ambient climate, which is consistent with 

typical design conditions for solar cooling systems in tropical 

or subtropical regions. The pressures used (6.1 mmHg and 

32 mmHg) correspond to the equilibrium vapour pressures of 

water at the selected evaporator and condenser temperatures, re-

spectively. These values ensure proper phase changes within 

each component and are consistent with the thermodynamic 

properties of the LiBr-water mixture. These operating condi-

tions ensure compatibility with solar thermal energy sources, 

provide effective cooling, and reflect common configurations in 

solar cooling applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.6. Heat and mass balance for each component 

Let 𝑚̇ be the mass circulation rate (measured in kg/s) of the re-

frigerant, strong solution mass flow rate (𝑚̇ss) in kg/s, weak so-

lution mass flow rate(𝑚̇ws) in kg/s. 

2.6.1. Balance for the condenser 

The given equations describe the mass flow and heat transfer in 

a refrigeration system. Specifically, the mass flow rate of the re-

frigerant at points 7 and 8 is equal, denoted as 𝑚̇7 = 𝑚̇8 = 𝑚̇, 

which represents the refrigerant’s circulation rate through that 

section of the system. This equality assumes steady-state opera-

tion, meaning the amount of refrigerant entering a component is 

the same as the amount leaving it. The heat transfer rate Qc at 

this section is calculated using the product of the refrigerant’s 

mass flow rate and the difference in specific enthalpy between 

points 7 and 8, expressed by Eq. (1). This equation essentially 

 

Fig. 7. Diagram of temperature, pressure and concentration (TPξ). 

 

Fig. 8. Lithium bromide (LiBr)-water temperature-pressure-enthalpy-

concentration chart. 
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quantifies the energy absorbed or released by the refrigerant due 

to changes in its enthalpy as it flows through the component. 

 Qc = 𝑚̇(h7−h8), kJ/s. (1) 

2.6.2. Balance for the expansion valve 

The mass flow rate of the refrigerant at points 8 and 9 is equal, 

denoted as 𝑚̇8 = 𝑚̇9 = 𝑚̇, representing the refrigerant’s circula-

tion rate through this part of the system. Additionally, the en-

thalpy remains constant between these points, indicating an is-

enthalpic process, typically associated with expansion or throt-

tling in the system. This means that while the refrigerant’s pres-

sure or volume may change, no heat is added or removed, and 

its energy content per unit mass remains the same, expressed in 

kJ/kg: 

 h8 = h9 (isenthalpic), kJ/kg. (2) 

2.6.3. Balance for the evaporator 

The mass flow rate of the refrigerant at points 9 and 10 is equal, 

represented as 𝑚̇9 = 𝑚̇10 = 𝑚̇, which denotes the refrigerant’s 

circulation rate through this section of the system. The heat 

transfer rate Qe is calculated as the product of the mass flow rate 

and the change in specific enthalpy between points 9 and 10, 

expressed as in Eq. (3). This equation quantifies the energy ab-

sorbed or released by the refrigerant as it flows through the com-

ponent, reflecting the system’s thermal performance 

 Qe = 𝑚̇(h10 − h9), kJ/s. (3) 

2.6.4. Balance for the absorber 

The mass balance for the absorber ensures that the total mass 

entering equals the total mass leaving, expressed as 𝑚̇in = 𝑚̇out. 

Here, the refrigerant’s mass circulation rate (𝑚̇) combined with 

the strong solution mass flow rate (𝑚̇ss) equals the weak solution 

mass flow rate (𝑚̇ws). The circulation ratio, defined as λ = 𝑚̇ss/𝑚̇ 

allows the weak solution flow to be expressed as 

𝑚̇ws = (1+λ)‧(𝑚̇).  

Applying the mass balance for pure water (mass in − mass 

out + generation/consumption = accumulation) gives:  

 𝑚̇ + (1+ξss)‧𝑚̇ss = (1+ξws)‧𝑚̇ws.  

The circulation ratio is equal to: 

 λ = ξws/(ξss − ξws),  

and the heat absorbed in the absorber is then calculated, account-

ing for the enthalpy contributions from the refrigerant and solu-

tion flows, as: 

 Qa = 𝑚̇h10+λ𝑚̇h6 − (1+λ) 𝑚̇h1, kJ/s. (4) 

2.6.5. Balance for the pump 

The weak solution mass flow at points 1 and 2 is equal 

𝑚̇1 = 𝑚̇2 = weak solution mass (𝑚̇ws). The work done by the 

pump is calculated as: 

 Wp = (1+λ)𝑚̇Vsol(pc – pe), kJ/s,  

where Vsol is the specific volume of the solution, approximately 

0.00055 m3/kg. 

2.6.6. Balance for the solution heat exchanger 

For the solution heat exchanger, the weak solution flow remains 

constant between points 2 and 3, 𝑚̇2 = 𝑚̇3 = 𝑚̇ws, and the strong 

solution flow is equal between points 4 and 5, 𝑚̇4 = 𝑚̇5 = 𝑚̇ss, 

The heat transfer in the exchanger can be expressed either in 

terms of the weak solution or in terms of the strong solution as: 

 Qhx = (1+λ)𝑚̇(h3 − h2) = λ𝑚̇(h4 − h5), kJ/s. (5) 

2.6.7. Balance for the generator 

The mass flow at point 3 is the sum of flows at points 4 and 7, 

expressed as 𝑚̇3 = 𝑚̇4+𝑚̇7. The heat supplied to the generator is 

calculated, accounting for the enthalpy contributions from both 

the refrigerant and solution streams 

 Qg = 𝑚̇h7+λ𝑚̇h4 − (1+λ)𝑚̇3, kJ/s. (6) 

2.6.8. Coefficient of performance 

The heat that the refrigerant in the refrigeration system's evapo-

rator absorbs is the system's net refrigerating effect. The sum of 

the generator's heat supply and the pump's effort is the total en-

ergy delivered to the system. Consequently, the system's COP is 

provided by taking up the following assumption: 

 Pump work is neglected (the pump consumes very little en-

ergy compared to the heat supplied to the generator; this is 

due to the pump pressurising a liquid solution, which re-

quires less energy than compressing vapour in vapour-

compression systems), 

 Steady-state operation is assumed, 

 Working fluid mass flow is 1 kg/s of refrigerant unless oth-

erwise noted, 

 Heat interactions are assumed: 

 Qg = h7 − h6,            Qc = h8 − h7,  

 Qe = h10 − h9,           Qabs = h6 − h9.  

 COP (coefficient of performance) is defined by: 

 COP = 
Heat absorbed in the evaporator 

Work done by pump +Heat supplied in the generator
,  

 COP =
𝑄e

(𝑊p+𝑄g)    
. (7) 

Neglecting the pump work in Eq. (7) yields: 

 COP = 
𝑄e

𝑄g
. (8) 

2.6.9. Operating temperatures and pressures 

A single effect lithium bromide water refrigeration system has 

optimal operating temperatures and associated with a COP be-

tween 0.7 and 0.9, where Tg as the generator temperature ranges 

between 55°C and 90°C. The temperature range for the conden-

ser is given as between Tc = 24ºC to 46ºC. Working with a sys-
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tem where an absorbent material is absorbing a substance or ab-

sorbing heat is suggested by the absorber temperature Ta = 16°C 

to 32°C. The evaporator temperature range is assumed from  

Te = 2.5°C to Te = 10°C.  

2.7. General approach to mass and heat balances 

For steady-state operation in an absorption refrigeration system, 

we apply mass balance and heat balance equations for each com-

ponent. In each component of the system (generator, condenser, 

absorber and evaporator), the mass flow rates must be con-

sistent. The mass of refrigerant entering each component is 

equal to the mass leaving it. The energy entering and leaving 

each component must balance. The heat entering or leaving 

a component typically involves the latent heat (associated with 

phase changes) and the sensible heat (due to temperature 

changes in fluids). 

The generator supplies heat to the refrigerant-absorbent mix-

ture to vaporise the refrigerant (Tg = 64ºC, J/kg). In the absorber, 

the refrigerant vapour is absorbed by the absorbent (e.g. water 

or lithium bromide) at Ta = 20°C. In the evaporator, the refrig-

erant absorbs heat from the surrounding medium, the latent heat 

of vaporisation at Te = 4°C (J/kg). The operating pressures in 

proportion to the temperatures can be ascertained. For example, 

the saturation pressure for condensation in the condenser at 

300°C, or 0.0425 bar, can be found using steam tables. In addi-

tion, 1 bar equals 750.06 mm of Hg. 0.0425 bar = 32 mm of Hg, 

which is also equal to the generator pressure, because the con-

denser and generator operate at the same pressure. Steam tables 

can now be used once more to calculate the saturation pressure 

for saturated vapours produced in the evaporator at 40°C 

because both work at the same pressure. This equals 

6.1 mm of Hg, or 0.0081 bar. The refrigerating effect (capacity 

of the system) is Qe = 1.5 ton = 5.25 kW. 

2.8. Calculation of enthalpy at every designated point 

of the system 

The enthalpy of pure water and superheated water vapours at 

any temperature can be determined from steam tables. En-

thalpies of solutions are calculated from the  LiBr-water temper-

ature-pressure-concentration-enthalpy (TPξh) chart (Fig. 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results and discussion 

3.1. COP analysis  

The proposed finned (splitter plate) heat exchanger's COP cal-

culations have been finished and thoroughly presented. Li-Br-

water enthalpy-pressure-temperature-concentration values can 

be seen from Table 2. 

3.2. Data governing equations 

The total heat transfer rate can be expressed as: 

 𝑄𝑎 = 𝑚̇(𝑇𝑎,𝑜 − 𝑇𝑎,𝑖), (9) 

where 𝑚̇ is the mass flow rate, and Ta,o and Ta, i (288 K) are the 

fluid outlet and inlet temperature, respectively. 

The air mass flow rate is given by: 

 𝑚̇ = 𝜌𝑉𝑚𝑒𝑎𝑛𝐻𝑊, (10) 

where H and W are the height and width of the duct, respec-

tively. 

The total pressure drop and friction factor can be found as: 

 ΔP= Pa,i – Pa,o, (11a) 

 f = 
∆𝑃

(
𝐿

𝐷
)(

𝜌  𝑉𝑚𝑒𝑎𝑛
 2  

2
)
. (11b) 

3.3. Obtaining COP for each component 

3.3.1. Analysis for the evaporator  

Using the energy balance, the refrigerating effect of the evapo-

rator is calculated as: 

 Qe = refrigerating effect = 

 = 𝑚̇(h10 − h9) = 𝑚̇×(2508.70−125.70) = 5.25 kW.  

Here, the mass flow rate of the refrigerant is equal to  

𝑚̇ =5.25/(2508.70 − 125.70) = 2.203‧10−3 kg/s. 

This calculation establishes the refrigerant flow required to 

achieve the desired cooling effect in the evaporator.  

The circulation ratio can be expressed by the formula:  

 λ=
𝜉ws

𝜉ss−𝜉ws
, (12) 

where ξws is the state point of the working substance (in this case 

ξws =0.48), and ξss is another state point (here ξss = 0.56). Substi-

tuting these values, the circulation ratio is obtained as 

 λ = 0.48/(0.56 − 0.48) = 6.  

Thus, the mass flow rates for the strong and weak substance 

can be evaluated as follows: 

 𝑚̇ss = λ × 𝑚̇ = 13.22‧10−3 kg  

 𝑚̇ws = (1+λ)𝑚̇ = (1 + 6)×2.203‧10−3 = 15.42‧10−3 kg/s.  

 

Table 2. Lithium bromide (Li-Br)-water-temperature-pressure-enthalpy- 

concentration values. 

State 
 

Temperature,  
°C 

Pressure, 
of  

Enthalpy 
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3.3.2. Analysis of the absorber  

The energy balance for the connected absorber is given by: 

 Qa = 𝑚̇h10 + 𝑚̇ssh6 − 𝑚̇wsh1 , (13) 

where h10, h6, h1 are the specific enthalpies at the respective 

points. Substituting the known values as 𝑚̇ = 2.203×10−3 kg/s, 

𝑚̇ss = 13.22×10−3 kg/s, 𝑚̇ws = 15.42×10−3 kg/s, h10 = 2508.70  

kJ/kg, h6 = −195 kJ/kg, h1 = −180 kJ/kg into Eq. (13), one has: 

 Qa = (2.203‧10−3×2508.70) + (13.22×10−3(−195)) +  

 − (15.42‧10−3×(−180)) = 5.724 kW  

3.3.3. Analysis of the solution heat exchanger  

The energy balance for the heat exchanger is given by: 

 𝑚̇ws×(h3  −h2) = 𝑚̇ss×(h4 − h5) =  

 = 15.42×(h3 + 180) = 13.22×(−120 + 195), (14) 

from which one can obtain that  

 h3 = −115.70 kJ/kg.  

3.3.4. Analysis of the generator 

In the generator of an absorption system, heat is supplied to sep-

arate the refrigerant (usually vapour) from the solution. So we 

apply a steady-flow energy balance: 

 Qg = 𝑚̇h7 + 𝑚̇ssh4 − 𝑚̇wsh3, (15) 

from which one can obtain that  

 Qg = (2.203‧10−3×2621.32) + (13.22‧10−3×(−120)) +  

  (15.42‧10−3×(−115.70)) = 5.906 kW.  

3.3.5. Analysis of the condenser 

The energy balance for the condenser is given by: 

 Qc = 𝑚̇(h7 − h8), (16) 

from which one can obtain that  

 Qc = 2.203‧10−3 × (2616.50 − 125.70) = 5.487 kW  

The final formula to calculate COP is as follows: 

 COP = desired effect/work Input = 
𝑄e

𝑄g
 (17) 

 COP = 5250 W/5960 W = 0.881  

The absorption system for refrigeration is more appealing to 

investigators due to its ability to produce a cooling effect using 

low-grade energy; as a result, solar energy naturally has an ex-

cellent prospect in competing with traditional vapour compres-

sion technologies. The solar cooling system concept is both 

technically and financially appropriate because of the abun-

dance of solar radiation. In terms of energy savings and environ-

mental considerations, solar-assisted vapour absorption chillers 

have been proven to be appropriate substitutes for the current 

conventional systems. Their application is particularly signifi-

cant in areas with consistently high levels of sun radiation. So-

lar-powered cooling systems offer a solution to this problem be-

cause many locations lack the infrastructure required to produce 

energy for food preservation or human comfort. A 1.5 ton solar 

vapour absorption cooling system has been designed and exam-

ined in this work. To determine heat and mass transfers for each 

system component and, ultimately, the system COP, a thermo-

dynamic analysis of the system has been conducted, taking into 

account the appropriate temperatures and pressures.  

During performance evaluation, the system displays a COP 

of 0.881. The amount of work required to achieve the desired 

cooling or heating effect in a system is indicated by COP. The 

system performance is largely determined by the efficiency of 

its primary components, the solar collector and absorption sys-

tem. Among these, the solar collector plays a crucial role in en-

ergy transfer, as it combines both conduction and convection 

processes. Other components rely primarily on conduction for 

energy transfer. The performance of the system's various com-

ponents is closely tied to temperature variations. COP reaches 

its peak at 24°C (0.89) and decreases as the condenser tempera-

ture increases, dropping to 0.85 at 45°C. As the generator tem-

perature rises from 55°C to 64°C, COP increases, peaking at 

0.881, but then gradually decreases to 0.85 at 77.5°C. This sug-

gests an optimal temperature range for maximum COP. A rise 

in absorber temperature leads to a decline in COP. The maxi-

mum COP of 0.885 occurs at 16°C, decreasing to 0.88 at 24°C. 

In contrast, as the evaporator temperature rises, COP increases, 

reaching its highest value of 0.888 at 12°C, up from 0.879 at 

2°C. 

The design process emphasises thermodynamic principles to 

optimise the performance of each component. The transfer of 

heat between moving fluids is a vital physical phenomenon, and 

numerous heat exchanger designs are employed across diverse 

applications, including process industries, power generation fa-

cilities, and heating, ventilation and air conditioning (HVAC) 

systems. The main objective of a heat exchanger is to facilitate 

effective heat transfer from one fluid to another, either through 

direct interaction or via a separating surface. Heat transfer 

within these systems operates primarily through conduction and 

convection, while radiation is generally considered negligible 

due to its relatively minor impact in comparison [39]. Under-

standing how temperatures in various components affect COP 

enables targeted improvements for better system efficiency. Fu-

ture studies could focus on conducting a total cost analysis of 

the system, exploring ways to optimise material use and reduce 

costs while improving system performance. There is room for 

further enhancements in system design to achieve a higher COP, 

material savings, and a simplified design process. Investigating 

practical aspects such as manufacturing processes and real-

world implementation of the system could be valuable for scal-

ing the technology. Exploring the impact of other parameters, 

such as environmental factors or system integration challenges, 

could offer new insights into optimising the system further 

[40−43]. 

The detailed validation of the simulation results against 

available experimental data demonstrates the accuracy and reli-
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ability of our model. This validation is presented in Section 3.4, 

where simulated state points (temperature, pressure, enthalpy 

and concentration) are compared with corresponding experi-

mental values reported in the literature. The results show good 

agreement, with maximum deviations within acceptable limits 

(up to 64°C for temperature, 32 mm of Hg for pressure and 

2616.50 kJ/kg for enthalpy), indicating that the model accu-

rately captures the system behaviour. Furthermore, an uncer-

tainty analysis has been conducted for both experimental meas-

urements and simulation results. Instrumentation accuracy was 

considered for each measured parameter (e.g. ±0.5°C for tem-

perature, ±1 mmHg for pressure, ±0.1% for concentration). Nu-

merical uncertainty due to discretisation, boundary conditions 

and convergence criteria was evaluated using the grid conver-

gence index (GCI) method. Sensitivity analysis was also per-

formed to identify the impact of key input parameters on model 

outputs. 

3.4. Measurement uncertainties and limitations 

3.4.1. Experimental limitations 

Measurement uncertainties in temperature (±0.5°C), pressure 

(±1 mm Hg) and flow rate (±2%) may affect the precision of 

derived thermodynamic properties, such as enthalpy and con-

centration. The experiments assume steady-state operation, but 

transient fluctuations in temperature and flow may occur during 

actual operation, especially under varying solar input condi-

tions. Despite insulation, minor heat losses from piping and 

components and heat gains from the environment are difficult to 

eliminate entirely, potentially leading to deviations between 

measured and actual energy balances. Some components 

(e.g. solution heat exchangers and expansion valves) are treated 

as ideal in data interpretation, which may overlook real ineffi-

ciencies such as pressure drops and incomplete heat exchange. 

3.4.2. CFD modelling limitations 

Boundary conditions (e.g. uniform inlet velocity, constant wall 

temperature) were idealised for computational simplicity. In re-

ality, these parameters may vary spatially and temporally. Alt-

hough a mesh independence study was conducted, the solution 

accuracy still depends on mesh quality, particularly in regions 

with high gradients (e.g. near walls or splitter plates). Very fine 

meshes were avoided to limit computational cost. The model ne-

glects effects such as fouling or corrosion of heat exchanger sur-

faces, non-ideal absorption/desorption kinetics, thermal expan-

sion or mechanical deformation, and these may influence real-

world performance, particularly during long-term operation. 

The standard k–ε realizable turbulence model was used due to 

its balance of accuracy and efficiency. However, it may not fully 

capture complex flow behaviours (e.g. recirculation zones be-

hind splitter plates) as accurately as more advanced models like 

large eddy simulation (LES) or direct numerical simulation 

(DNS). Thermo-physical properties of the LiBr-water mixture 

were taken from standard libraries or literature. In practice, these 

properties are temperature and concentration-dependent and 

may vary slightly with real compositions. 

3.5. Performance evaluation 

The effect of splitter plate length (L/D) at α = 15° is depicted in 

Fig. 9. Raising the L/D ratio improves heat transfer; at  

Re = 12 000, the Nusselt number is increased by 90% compared 

to Re = 2000 when L/D = 2. Nevertheless, pressure drop re-

strictions significantly increase at L/D = 3, suggesting an opti-

mal trade-off in the design. The friction factor value reaches its 

maximum when L/D = 2, indicating an ideal balance between 

losses in pressure and enhancement of heat transfer. Further in-

creasing L/D leads to significant drag consequences, which re-

duce performance in general. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
3.6. Comparative analysis 

To evaluate the relative efficiency and novelty of the present 

LiBr-water absorption system, its key performance metrics, par-

ticularly COP and heat transfer rates, are compared with values 

reported in the literature for similar solar-driven absorption 

cooling systems. 

3.6.1. Coefficient of performance  

The current system achieved a calculated COP of 0.881, which 

is at the higher end of the typical range for single-effect LiBr-

water absorption chillers. Table 3 summarises a comparison 

with selected studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Effect of splitter plate length on friction factor at a fixed α = 15º. 

Table 3. Comparison of COP with literature.  

 COP 
Generator 
temp. (°C) 

Evaporator 
temp. (°C) 

System type 

Present 
work 

0.881 64 4 
Single-effect,  
solar-assisted 

Zhai et al. 
[40] 

0.75 80 7 
Single-effect,  

evacuated tube 

Henning 
[41] 

0.70 – 0.80 70 – 95 5 – 10 
Single-effect, 

flat plate 

Tawalbeh 
et al. [42] 

0.65 80 10 
Single-effect,  
solar-assisted 

Arafia et al. 
[43] 

0.78 85 7 
Single-effect, 

with heat recovery 
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3.6.2. Heat transfer rates 

The heat input and cooling capacity derived from simulation and 

experimental data are consistent with values reported in prior 

works: 

 evaporator heat transfer rate (Qe): ~2383 kJ/kg, 

 generator heat input (Qg): ~2811.5 kJ/kg. 

These values fall within typical ranges observed in single-

effect systems, where Qg ranges from 2500 – 3200 kJ/kg, and 

Qe from 2000 – 2500 kJ/kg, depending on working conditions. 

The relatively high COP achieved in this study can be at-

tributed to optimised component design (e.g. use of a backward 

splitter plate in the heat exchanger). Lower generator tempera-

ture requirement (64°C) is compatible with non-concentrating 

solar collectors. Efficient heat and mass transfer conditions are 

modelled and controlled in both simulation and experimental 

setups. 

3.6.3. Novelty and practical relevance 

Unlike many systems requiring higher generator temperatures 

(75 – 90°C), the present setup operates effectively at 64°C, mak-

ing it highly compatible with flat-plate solar collectors. This 

widens the system's applicability in moderate solar regions, de-

centralised or low-cost solar installations and retrofitting into 

existing building cooling infrastructures. The integration of 

a passively enhanced heat exchanger geometry (via the back-

ward splitter plate) also demonstrates a practical method of im-

proving system performance without additional energy input. 

3.7. Enhancement techniques analysis 

3.7.1. Passive enhancement techniques 

Passive enhancement techniques increase surface area and in-

duce turbulence or secondary flows, significantly improving 

convective heat transfer. Examples include straight, wavy, pin 

and annular fins [44]. In solar systems, such geometries have 

been proven effective for both enhancing performance and man-

aging pressure drop trade-offs. Longitudinal vortex generators 

(LVGs) are passive devices that create swirling flows, boosting 

boundary layer disruption and heat transfer in channels or plate 

heat exchangers [45]. These are increasingly used in compact 

chiller designs, including asymmetric plate heat exchangers 

[44]. Inserts like twisted tapes, slotted or wavy tapes and perfo-

rated baffles generate turbulence and significantly enhance con-

vective heat transfer. For instance, twisted tape with double-slit 

inserts can enhance the convective coefficient by 26 – 48%, in-

creasing energy and exergy efficiency by up to ~47% and ~46%, 

respectively [46]. Such passive methods are simple, robust and 

widely used. Designed with different channel heights on each 

side to accommodate varying vapour/liquid properties in LiBr-

water systems. These allow compact, efficient heat transfer in 

absorber and evaporator sections, offering significant space and 

volume reduction over traditional tube-and-shell designs [44]. 

Incorporating nanoparticles (e.g. Al2O3) into the working fluid 

can alter thermo-physical properties, raising thermal conductiv-

ity and convection performance. Experimental studies demon-

strate that such nanofluids maintain similar trending behaviours 

in COP and component heat loads as base fluids, while offering 

modest performance improvements [47]. Additives to improve 

wettability or reduce surface tension have also been applied in 

absorbers to facilitate film flows and better heat and mass trans-

fer [48−50]. 

3.7.2. Active enhancement techniques 

Mechanical or ultrasonic vibrations can improve film mixing 

and absorption rates in absorbers. Even though these active tech-

niques have the potential to improve transfer coefficients, relia-

ble results are still scarce and require more research [49]. In la-

tent heat thermal energy storage (LHTES) systems, jet impinge-

ment and bubble injection have been explored to accelerate 

melting/solidification and overcome natural convection limits. 

These concepts could influence creative chiller component de-

signs even though they are mainly used for storage devices [50].  

3.7.3. How our approach builds upon or diverges 

from these techniques? 

This study approaches a backward splitter plate located in the 

heat exchanger to promote flow separation, create localised vor-

tices and extend the thermal boundary layer. However, like 

LVGs or twisted tape inserts, the backward splitter plate is a pas-

sive, geometry-based enhancement that improves convective 

heat transfer by disturbing flow patterns and increasing mixing. 

Unlike conventional forward or twisted inserts, a backward 

splitter plate reverses flow direction near the trailing edge, opti-

mising separation and reattachment in a controlled manner. It 

generates localised thermal boundary layer disruption only 

where needed, potentially achieving enhancement with lower 

pressure drop than more intrusive inserts. The plate is designed 

to supplement low-temperature, low-pressure environments typ-

ical of solar absorption chillers, making it cost-effective and op-

erationally efficient. In contrast to nanofluid methods or active 

vibrations, the backward splitter plate requires no additional en-

ergy input and avoids the potential complexities of additive-

based or active systems. Table 4 summarises several enhance-

ment techniques. 

3.8. Future work 

To build upon the findings of this study and advance the devel-

opment of high-performance solar-driven absorption cooling 

systems, several promising directions for future research are 

identified. The research indicates that the operational efficiency 

of a vapour absorption refrigeration system adopting low-cost 

thermal energy resources might be improved with careful theo-

retical designing and thermodynamic assessment [51]. 

3.8.1. Optimisation of system integration 

Among promising directions for future research are investiga-

tion of the integration of thermal energy storage (TES) systems 

to buffer intermittent solar input and maintain steady generator 

operation. Control strategies for real-time load balancing be-

tween the collector, TES and chiller should be developed and 

validated. Multi-objective optimisation techniques (e.g. genetic 

algorithms or artificial neural networks) could help balance 
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COP, solar collector area and system cost. Optimisation varia-

bles may include generator temperature, flow rates, heat ex-

changer surface areas and absorber geometry. Hybrid cooling 

systems combining solar-assisted absorption cooling with pho-

tovoltaic-driven vapour compression or desiccant-based dehu-

midification may be explored, offering improved load flexibility 

and system redundancy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
3.8.2. Alternative working fluids and mixtures 

Investigation of alternative absorbent-refrigerant pairs  

(e.g. LiCl-H2O, ammonia-water or ionic liquids) may offer im-

proved performance at lower generator temperatures or reduced 

material compatibility concerns. Nanofluid-based solutions 

have shown advantageous effects on thermal conductivity and 

mass transfer, particularly in the absorber and generator. 

3.8.3. Scale-up and manufacturability challenges 

Design and construction of larger-scale prototypes that can be 

integrated into residential or commercial buildings. Then, it can 

be assessed how well they perform in changing solar and envi-

ronmental conditions. It is necessary to investigate compact heat 

exchanger designs (e.g. asymmetric plate, printed circuit or 

mini-channel heat exchangers) that are suitable for mass produc-

tion, cost-effective deployment and space-constrained environ-

ments. Additionally, it is required to examine the impact of man-

ufacturing tolerances, welding/fabrication processes and long-

term material degradation (e.g. corrosion, scaling) on compo-

nent performance and system reliability. 

 

3.8.4. Control and monitoring strategies 

It is necessary to develop intelligent control algorithms based on 

real-time data acquisition (via IoT sensors) to optimise system 

operation based on ambient conditions, cooling load and solar 

availability. 

It is also necessary to incorporate diagnostic algorithms to 

identify early signs of component failure or performance drift, 

reducing downtime and maintenance costs. 

3.8.5. Environmental and economic assessment 

Researchers need to conduct a comprehensive life cycle assess-

ment (LCA) to evaluate the environmental impacts of system 

materials, refrigerants, energy inputs and disposal methods. It is 

required to perform detailed cost-benefit and payback period 

analyses under various deployment scenarios (residential, com-

mercial, off-grid) to assess commercial viability. By addressing 

these areas, future research can bridge the gap between labora-

tory-scale prototypes and commercially viable, climate-resilient 

cooling technologies, ultimately contributing to more sustaina-

ble and energy-efficient buildings. 

4. Conclusions 

The conducted analytical study of the solar-operated absorption 

cooling system's COP provides important information about the 

effectiveness of the system and its essential parts and reveals 

that the efficiency of a solar-operated absorption cooling system 

is largely determined by its primary components, the solar col-

lector and absorption system. Temperature fluctuations signifi-

cantly affect the performance of these components; the COP 

reaches its maximum at 24°C and decreases as the condenser 

temperature increases. Peaks at 0. 881 at 55°C and 0. 881 at 

77.5°C indicate the ideal temperature range for the maximum 

COP. 

At a splitter plate angle of α = 15°, increasing the length-to-

diameter ratio (L/D) enhances heat transfer. At Re = 12 000, the 

Nusselt number is increased by 90% compared to Re = 2000, 

when L/D = 2. However, pressure drop increases significantly at 

L/D = 3, indicating the need for a design compromise. The fric-

tion factor reaches its maximum value at L/D = 2, suggesting an 

ideal balance between pressure losses and heat transfer enhance-

ment. Further increases in L/D have significant drag conse-

quences, which lower performance overall. 

Detailed thermodynamic analysis of the system design al-

lows for the optimisation of each component’s performance. By 

understanding how energy and mass interact within the system, 

this analysis identifies specific areas where improvements can 

be made, enabling targeted modifications that enhance overall 

efficiency, reduce energy losses and improve the system’s oper-

ational effectiveness. Future research directions include cost and 

material analysis, system improvements, implementation and 

manufacturing, and exploring additional parameters like envi-

ronmental factors or system integration challenges. In summary, 

the analysis confirms the crucial role of temperature regulation 

in maximising COP. The results highlight a number of promis-

ing areas for further research and emphasise the significance of 

Table 4. Enhancement mechanisms and techniques.  

Technique Type Mechanism Pros Cons/Challenges 

Fins/extended 
surfaces 

Passive 

Increase  
surface area, 

induce  
turbulence 

Simple,  
effective 

Possible pressure 
drop increase 

Swirl/vortex 
generators 
(e.g., LVG) 

Passive 
Create swirl 
secondary 

flows 

Enhanced 
mixing 

More complex 
geometry 

Twisted tapes 
and Inserts 

Passive 
Induce swirl, 
turbulence 

High enhan-
cement  

rates 

Increased 
pressure drop 

Asymmetric 
plate HE 

Passive 
Tailored  

channels for 
vapour/liquid 

Compact, 
efficient 

Manufacturing 
complexity 

Nanofluids 
/additives 

Passive 
Improve fluid 

properties 

Potential  
higher  

conductivity 

Stability, cost, 
potential fouling 

Ultrasound 
/vibration 

Active 
Enhance film 
mixing and  
desorption 

Incredible 
potential 

Complexity, 
limited results 

Jet impinge-
ment/injec-
tion 

Active 
Enhance 

convection/ 
melting 

Effective in 
LHTES 

Requires energy 
input, complexity 

Backward 
splitter plate 
(this study) 

Passive 

Promote flow 
separation 

and reattach-
ment 

Focused en-
hancement, 

low drop 

Complexity, 
limited results 
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thermodynamic principles in the design and optimisation of so-

lar-operated absorption cooling systems. 
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