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Abstract. In cooling systems, the thermal energy transfer capability of the condensers used for the 

condensation of the refrigerant is very important for the efficient operation of the systems. A heat 

pump assembly was installed and R134a was used as the fluid. During operation, the temperature of 

the refrigerant compressed in the condenser increases and reaches the superheated vapor phase. Heat 

is transferred from the surface of the condenser, whose temperature is increasing, to the environment 

with the help of a fan. The exergy efficiency of the condenser was determined based on the inlet and 

outlet temperature of the refrigerant to the condenser, the temperature of the air flow to and from the 

condenser surface, its masses and thermodynamic properties. It was observed that the exergy 

efficiency (ψ) increased and the irreversibility (İ) decreased with the increase of the air temperature 

difference (ΔT) passing over the condenser surface. In addition, it was determined that the exergy 

efficiency (ψ) and surface temperature of the condenser decreased with the increase in the amount of 

air passing through (ma) the condenser surface. 
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Nomenclature 

Symbol Nomenclature SI Units 

ṁR Refrigerant mass flow kg/s 

𝑚̇a Air mass flow rate kg/s 

hR Refrigerant specific enthalpy kJ/kg 

sR Refrigerant specific entropy kJ/kg K 

cpa Isobaric air thermal capacity per unit mass kJ/kg K 

P Pressure kPa 

TR Refrigerant temperature K 

Ta Airflow temperature K 

Q Heat load kJ 

E Exergy kJ 

EΔP Pressure component of exergy kJ 

𝐼 ̇ Irreversibility kW 

Ψ Exergy efficiency – 

γ Heat capacity ratio – 
 

Indices 

0 : environment 

face :  surface 

1 :  input 

2 :  output 

a :  air 

R :  refrigerant 
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1. INTRODUCTION 

Heat pump systems are used as air-conditioning devices as well as cooling and deep-freezing systems. 

Such systems are in the category of devices used in the first degree at the point of protecting human comfort, 

quality of life and human needs. Thermodynamically, these systems are designed to transfer heat energy to 

their surroundings or to extract heat energy from the environment. In both cases of these systems, the energy 

transfer is realized by the compressor working with electrical energy. Improvements to be made in the heat 

transfer of the evaporator or condenser will provide savings in electrical energy costs.  

In heat pump systems, the refrigerant compressed by the compressor and sent to the condenser as 

superheated vapor is sent from the condenser to the throttling valve as a saturated liquid. In such systems, the 

condenser is considered as the heat exchanger that needs to be cooled. For this reason, it is important to 

dissipate the heat of the hot fluid in the condenser to the environment. In this respect, the manufacturing 

method of condenser devices determines the thermal performance of the condenser in terms of heat transfer. 

In addition, the performance of the condensers is closely related to the physical location, direction and 

arrangement of the device. 

2. DESCRIPTION OF THE SYSTEM AND LITERATURE STUDIES 

In air conditioning system, heat exchangers for heat pump condensers and evaporators are usually 

designed rated load conditions. In the refrigeration cycle, the heat is taken from one environment and 

transferred to another environment, It occurs with the heat transfer during the evaporation of the refrigerants 

used as intermediates from the liquid state to the gas state and their condensation from the gaseous state to 

the liquid state [1]. There are many studies on the operation of heat pump systems. When calculating the heat 

exchanger thermal design, a suitable correlation should be selected according to the condition of the 

refrigerant. Considering different manufacturing models, high heat transfer efficiency and low welding 

requirements, highly optimized heat exchanger design is widely used [2]. Benouali et al. [3] examined the 

effect of outdoor heat exchanger placement on performance in a three-heat exchanger system using R134a. 

The study determined that under heating situation, the placement method and the location of the refrigerant 

inlet have effects on performance. He also stated that the effect of fluid inlet in the superheated vapor phase 

would be better during the first process. Zang et al. [4] investigated the effect of outdoor heat exchanger 

placement on the performance of the heat pump. It has been determined that the heat exchange performance 

of a vertical heat exchanger is better than a horizontal heat exchanger and with the use of the vertical heat 

exchanger it is 12% higher at its COP. This is because the horizontal HX has longer flow paths and then 

higher pressure drop. However, considering the factor of frosting, the horizontal HX has better performance. 
On cooling conditions, horizontal external HX brings lower compressor power consumption, greater cooling capacity 

and higher COP. Chung et al. [5] performed heat and flow analyzes of the heat exchanger in a flat geometric 

design with parallel flow. The effect of flow on thermal performance is studied with varying design factors. 

It was found that the heat transfer rate of the optimized model increased by 6.0% and the pressure drop by 

0.4% compared to the base model. Tuo et al. [6] showed that the performance of a mobile air conditioning 

system operating normally with R134a in direct expansion mode can be significantly improved when the 

flash gas is switched to bypass mode. They observed that when operated at the same compressor speed, the 

system in the flash gas bypass mode produced approximately 13–18% more cooling capacity, with a 4%–7% 

higher COP than the direct expansion mode. 

In their study, they investigated the difference between a design that considers the partial load 

condition and the rated load condition in the heat exchanger path design. The optimum number of paths for 

each load condition was chosen considering the thermal resistance ratio. The results show that the heat 

transfer rates of a condenser with optimum path number based on thermal resistance at 84%, 51% and 33% 

load conditions are 18.29%, 27.58% and 42.58% higher than the heat transfer rate of a condenser [7]. They 

work includes analysis, testing and performance verification for a 1-ton water-cooled vapor compression 

refrigeration system using a mist-based condenser. Small mist droplets that evaporated quickly spread over 

the hot surface of the condenser.  In addition, the heat transfer area obtained for the fog-based system is 3.5 

times higher than a water-cooled condenser for the same heat exchanger. They observed a COP increase of 

approximately 50% with the water-cooled condenser to cool 1 tonne of water compared to the air-cooled 
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condenser. As a result, the coefficient of performance was 4.7, the energy efficiency ratio was 16, and the 

electricity consumption for water was 844 W/ton [8]. Bai et al. is a split ejector based cycle examiner with 

condenser outlet for high temperature heat pump in operation [9]. In their study, Zajacs et al. evaluated the 

theoretical feasibility of using low-temperature elevator heat pumps in the DH system to improve flue gas 

condenser efficiency [10]. In their study, ElSherbini et al. investigated the possibility of reducing electricity 

demand and saving energy by shading the condensers of air conditioning (A/C) equipment used for cooling 

in buildings. The theoretical increase in the coefficient of performance (COP) due to shading was determined 

to be within 2.5% [11]. 

3. HEAT PUMP SYSTEM 

 
Fig. 1 – Heat pump operating principle diagram. 

 

The working principle of the heat pump is that the refrigerant in the vapor phase is compressed into 

the condenser with the help of the compressor. The refrigerant is compressed up to the saturation pressure in 

the condenser by the heat pump, where the fluid condenses, and its temperature rises. It is made of materials 

with high thermal conductivity in order to discharge the heat load on the condenser to the environment. The 

surrounding air flow is provided by the help of a fan from the outer surface of the condenser made of finned 

pipes. While the temperature and pressure of the air flow provided by the fan are at ambient conditions, the 

temperature increases, and the pressure decreases slightly when leaving the condenser. Condensers used in 

the cooling system are evaluated in three parts. These are the sections where the superheat is taken, the 

cooling of the fluid, and the sub cooling. 

As shown in Fig. 1, an experimental setup based on the principle of a heat pump system with a heat 

exchanger was set up and the performance of the heat exchanger was measured using the enthalpy difference 

method.  

Many refrigerants are generally used in heat pump systems. In this study, only the thermodynamic 

properties of R134a (CH2 FCF3) refrigerant were used [12]. Some properties of R134a are boiling point 

(1 atm) −26.5 °C, melting point −101 °C, vapor pressure (25 °C) 6.65 bar, density, gaseous (air:1) 3.5 kg/m3, 

specific weight (25 °C) 1.208, critical pressure 40.7 bar [13]. In the study, depending on the condenser air fan 

speed, the air flow rate was taken between v = 3−10 m/s and the air mass flow rate was measured in the 

range of 𝑚̇𝑎= 2−4.5 kg/s. As a working principle, the superheat temperature of the R134a fluid in the 

condenser was kept at 319 K and the condenser outlet temperature was kept at 308 K. While the ambient air 

temperature was 288 K, the surface temperature of the condenser was measured as 310 K. Depending on the 

increase in the speed of the condenser fan, an increase in the amount of air mass was observed, and 

accordingly the condenser air outlet temperature was measured to vary between 295 K and 303 K. 𝑃𝑎1 and 

𝑃𝑎2 pressures are the air flow pressures on the condenser surface. The ratio of 𝑐pa specific heat capacity and 

heat capacity (γ) is taken as 1.4. 
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4. RELATED EQUATIONS 

The thermal energy of the refrigerant passing through the condenser should, under ideal conditions, 

pass all of its thermal energy to the air flow passing through the outer surface of the condenser. This heat 

transfer principle is due to the temperature difference of the fluids. There may be thermal losses (𝑄̇0) in non-

ideal heat transfers. If the energy equation is 

𝑚̇𝑅(ℎR2 − ℎR1) = 𝑚̇𝑎𝑐pa(𝑇a2 − 𝑇a1) + 𝑄̇0. (1) 

It is determined from the equation. Heat exchangers that function as condensers form a specific 

thermal control zone in terms of thermodynamics. The irreversibility ratio (𝐼)̇ of this formed region is 

determined by using Gouy-Stodola 

𝐼̇ = 𝑚̇𝑎𝑇0(𝑠a2 − 𝑠a1) + 𝑚̇𝑅(ℎR2 − ℎR1) − 𝑄̇0. (2) 

It determines the entropy increase difference of the air flowing from the outer surfaces of the condenser 

from equation (2) (𝑠a2 − 𝑠a1). This entropy difference determines the pressure, temperature and thermal 

capacity of the incoming and outgoing air, respectively 

(𝑠a2 − 𝑠a1) = 𝑐pa [ln
𝑇a2

𝑇a1
−

𝛾 − 1

𝛾
ln

𝑃a2

𝑃a1
]. (3) 

If air is considered an ideal gas irreversibility due to pressure loss 

𝐼𝑎̇
𝛥𝑃 = 𝑚̇𝑎

𝛾 − 1

𝛾
𝑐pa𝑇0 ln

𝑃a1

𝑃a2
 . (4) 

The refrigerant is compressed in the condenser by the heat pump. The temperature of the pressurized 

fluid rises up to the condensation temperature. In order to reduce the condenser temperature, air flow is given 

to its surface from the environment. The inlet temperature of the supplied cooling air should always be lower 

than the condenser temperature. In addition to the temperature difference of the air entering and leaving the 

condenser in flow, the surface temperature of the condenser is also important. This temperature difference 

causes heat loss and is calculated as exergy loss 

𝐼𝑠̇
𝑄

= 𝑄̇0

𝑇face − 𝑇0

𝑇face
 . (5) 

If a temperature difference occurs in a heat exchanger due to air flow, two irreversibility occur during 

the heat transfer process. ( İ ΔT ) Pressure loss occurs due to flow frictions between surfaces. Therefore, two 

irreversibility occur 𝐼𝑎̇
Δ𝑃 and 𝐼𝑠̇

𝑄
, total irreversibility 

𝐼̇ = 𝐼̇𝛥𝑇 + 𝐼𝑎̇
𝛥𝑃 + 𝐼𝑠̇

𝑄. (6) 

Exergy analysis of systems determines where system efficiency can be improved; it is a way of 

determining the location, magnitude, and source of irreversibility. Ambient temperature and pressure are 

considered as dead states in calculations [14]. The exergy efficiency ratio of the condenser is 

𝜓 = 1 −
𝐼̇

𝛥𝐸̇𝑅
𝛥𝑇 + 𝛥𝐸̇𝑎

𝛥𝑃
 . (7) 

There is no pressure drop during the refrigerant flow of the condenser, so the energy value (Δ𝐸̇𝑎
Δ𝑃) is 

the energy loss due to the viscous frictions that cause the pressure drop and (𝐼𝑎̇
Δ𝑃) is equal. Δ𝐸̇𝑎

Δ𝑃 = 𝐼𝑎̇
Δ𝑃, if 

Δ𝐸̇𝑅
Δ𝑇 is equal to Δ𝐸̇𝑅 

𝛥𝐸̇𝑅 = 𝛥𝐸̇𝑅
𝛥𝑇 = [𝑚̇𝑅(ℎR2 − ℎR1) − 𝑚̇𝑅𝑇0(𝑠R1 − 𝑠R2)] . (8) 

The condenser refrigerant is determined by taking into account the entropy change. 
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Fig. 2 – Exergy efficiency change of the amount of air  

passing through the condenser surface. 

 

Fig. 3 – The air temperature value leaving the condenser  

for the change in the amount of air  

passing over the condenser surface. 

 

 

Fig. 4 – Exergy efficiency variation of the temperature difference 

of the air passing through the condenser surface. 

 

Fig. 5 – Irreversible and exergy efficiency variation of  

           the temperature difference of the air passing  

over the condenser surface. 

5. CONCLUSION 

Inside the condensers used in air conditioning systems, there is a refrigerant whose temperature rises 

and condenses. Reducing the temperature of the refrigerant is the working principle of the system. Reducing 

the temperature of the refrigerant in the condensers occurs in three stages. The first is desuperheating from 

the refrigerant, the second is condensation, and the third is super cooling. Dissipating the heat of air-cooled 

condensers to the environment is also related to the design of the condenser. The efficiency of the condenser 

with a good surface air flow is high. A high efficiency condenser increases the efficiency of the heat pump. 

In the experimental study, the temperature of the refrigerant just above the saturation temperature of 48oC 

was measured. The exit temperature of the refrigerant from the condenser was measured at 35oC. The exergy 

efficiency ratio was calculated based on the thermodynamic properties of the refrigerant at this temperature. 

The condenser pressure is kept constant at 960 kPa, the amount of refrigerant 𝑚̇𝑅= 0.125 kg/s. In Fig. 2, as 

the amount of air passing through the condenser surface increases, the exergy efficiency () value decreases. 

In Fig. 3, the condenser air inlet temperature was taken as constant and it was observed that the condenser 

outlet temperature decreased depending on the increase in the amount of air coming out of the condenser 

surface. In Fig. 4, the exergy efficiency (ψ) increased with the increase of the air temperature difference (ΔT) 

passing over the condenser surface. In Fig. 5, while the temperature difference (ΔT) of the air passing over 

the condenser surface increases, the irreversibility (İ ) of the condenser decreases and the exergy efficiency 

(ψ) increases. 
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