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ABSTRACT 

Refrigerant temperature of an air-conditioning systems raises due to high compressor temperature; this is one of 

the most crucial problems in many hot countries. Temperature raising increases the pressure and temperature of 

the condenser. One of the reasons behind that is the increasing of air temperature of the condenser, causes 

increase the pressure-ratio of the compressor that leads to increase superheated degree of the compressor. This 

causes a decrease in performing cooling unit that causes raising in an energy expenditure. In current study a 

theoretical and experimental investment were achieves to decreases the refrigerant temperature by reducing 

superheated degree of the compressor. Engineering Equation solver (EES) software was used to compare the 

experimental data that given from experimental test rig with the theoretical one. For this purpose, several 

methods were used to solve the problem of raising the superheated degree of the compressor, one of them by 

raising the condenser air humidity ratio through adding water mist to decrease the high air-temperature of 

condenser problem. Air  duct was designed and developed for controlling the humidity of the air enters the 

condenser by adding water mist to the air flow that enters the condenser. As well, a water pump with water 

storage tank were supplies to provide water drops to the air flow of the condenser. As a result, System 

Coefficient of Performance once use a water mist was found to decrease the condenser air_temperature by 

(12%) compared with system without any modification. Also, the decreases in superheating degree of 

compressor for system using water mist was found to be (8%) less than system without modification. It is 

recommended to use a water mist through a water nozzle to the air flow enters the condenser for reducing the 

superheating degree of the compressor despite of high consuming of water to reduce the condenser air 

temperature. 
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Air conditioning is essential around the world countries. condenser temperature depends on an ambient 

temperature of the air  and relative humidity. Daniel et.al. [1], conducted that the effects of the superheat caused 

in the refrigerant by the electric motor cooling (SHSC) in a semihermetic compressor installed in an experimental 

refrigerating plant, which operates with CO2 as the working fluid in transcritical conditions. The maximum 

estimated reductions, due to the SHSC of the compressor, are a 20% in cooling capacity and a 23% in 

COP. Mohammad et. Al. [2,3], a comparative experimental investment of the effect of superheating degree of 

compressor on refrigerant system performance using low temperature different refrigerant in blends in porous 

media. The percentages of increase in evaporation capacities of R‐422A and R‐404A when compared with R‐22 

under the same conditions are 18.6% and 8.8%, respectively, while the percentages of increase in COP when 

compared with R‐22 are 17% and 12%, respectively. Guanwei et. al. [4], conducted a comparison between system 

using water spray with other one without water spray. The results show that increasing flow rate of water can 

enhance cooling effect and the generated pressure of water spray has little influence on cooling effect. 

Water spray method has a potential in reducing compression power by 23%.  The temperature and pressure of 

condenser are raises the compressor temperature so the superheated_degree of the compressor will increase. These 

two effects reduces the performance of the air conditioner considerably, Dossat [5]. For increasing performing of 

the system, is by reducing the air-temperature of condenser is the appliance by using direct evaporative-cooler 
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placed before the condenser to drop down the temperature of air before passing through the condenser pipes, 

Mohammed et al. [6], Jaafar J. A. et. al. [7], The turbulent transferring heat and afriction inside a corrugated-

square air duct inserted with various baffles geometries have been studied experimentally. Five types of baffles 

(flat, rectangular, semicircular, triangular and trapezoidal) are attached on top and bottom walls of the duct. The 

working fluid air was used with Reynold’s number ranged from 3442.6 to 17213.19 under constant wall heat flux. 

Experimental results show obtained for average Nusselt numbers and friction factor. Trapezium baffled shape 

show a thermal-performing greater than the others about 2.26 times more than that of plain duct. . However, the 

condenser has many variables that can be modified to get maximum efficiency for air-conditioning system. 

Therefore, the air of the condenser is the main focus of the current study. Installing pre_coolers, against condenser 

decrease ambient temperature before entering the condenser, consuming about 15% of cooling_water required for 

cooling towers and evaporative condenser, Zhang et.al and Bom et. al. [8, 9]. 

The air absorbs and evaporates water on the surface while exit the pre-cooler, the DBT absorbs water and then 

approaches WBT, the pre-cooler of the air enable dropdown in  condenser-temperature. The using of evaporative 

pre-coolers can increases the C.O.P. of about 14.7% of air-cooled chillers operating in a dry and hot conditions, 

Zhang et.al [8]. The pre-coolers may be have a large effectiveness while outdoor_air cooled in a hot_dry condition, 

but they can function properly even with humid and  hot, Bom et. al. [9]. The advantages of air cooled condensers 

are the simplicity of manufacturing, connections facility and transport, while the target of water-cooled 

applications are the reducing temperature and pressure of condensation, energy saving and initial cost and the 

saving of volume and installations, Stoecker and Jones [10]. Róbert Sánta, Kamal et.al. [11, 12], analyzed transfer 

models for   condensation in smooth tubes leveled horizontally. K. M. Willett1 et. al. [13], various humidity and 

temperature were observed-only climate-data_product that is homogenized. Consistent-estimates provides for 

specific humidity, vapor-pressure, relative-humidity, dew-temperature, WBT, dew-point depression and 

temperature. 

Despite increasing water-vapor over the mid-latitudes and Mediterranean, the surface air over land is becoming 

less-saturated. I N Ardita and I W A Subagia, Muna et.al [14,15], an experimental method has designed and 

manufactured to investigate water condensation usage as an intermittent cooling addition of condenser to raise the 

cooling capacity and system performance . It is shown that increase 2%  in refrigeration effect, 4% of cooling 

capacity and 7% of C.O.P. system. It is shown a reducing in power-consumption about 3%. Mohammed et. al. 

[16-17] ,an experimental investment has been done to enhance  the fluid temperature of outlet evaporator by 

modifying condenser temperature. The amount of water flow rate is varied with respect to the evaporator load. 

Increase of water flow rate (160 to 190) L/h causes increase of COP by (11.1 %). The cooling temperature from 

outlet evaporator has been found to decrease by (11.3%). However, (170 L/h) flow rate of water has been found 

as the best rate for improving evaporator temperature. 

SYSTEM SET UP 

Setup equipment of current work was illustrated in "Fig. 1". Two kinds of modifications were added and compared 

with the original system. Condenser improvement method by using water mist and wetted filtered sponge layer 

shown in "Fig. 3", for provide water drops to the air that enters the condenser. 



Experimental Investigation of A Condenser Air Humidity Effect on Superheated Degree of Compressor 

169 

Figure 1. System Layout 

MATHEMATICAL MODEL 

Galvanized air-duct of dimensions (45 cm ,33 cm and 100 cm depth) has been developed to obtain hot ambient 

air for condenser. Heater fixed in front of the fan to raise the air inlet temperature shows in "Fig. 2". 

Figure 2. Air-duct, fan ,heaters. 

Condenser
Duct

Fan and heater
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The pressure and temperature of a refrigerant cycle changed. Investigate different kinds of modified air of the 

condenser (water mist and wet- filtered sponge layer).  A computer program-EES has been developed to analyze the 

experimental data for R-22, with, (ASHREA-specifications) [18]. Air mass flow_rates are calculated from measured 

value of air velocity. The flow-rate of mass depending on air properties (Temp, RH , Press.), while the air speed 

ranges are (0.1 to 0.2 m/s). Tables 1 and 2 show the flow rate of mass and Reynold’s-number of the air respectively. 

Table 1. Rate of Mass flow of air with and non-modified 
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0.2.00 0.0.3133 0.0.3096 0.0.3096 

Table 2. Renolds number of air with and non-modified 
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Convection coefficient of transferring heat of the air can be obtained from the next heat balance  [19]. 

𝑄𝑎 = ℎ𝑐,𝑁𝑐𝜋𝐷𝑐𝐿𝑐(𝑇𝑠 −  𝑇𝑏𝑚) = �̇�𝑎𝑐𝑝∆𝑇𝑏∞      (1) 

Where �̇�𝑎: air mass flow-rate, created from:

�̇�𝑎 = 𝜌𝑉𝑎𝑁𝑐𝑆𝑛  (2) 

The Nusselt number of the air inside duct can be determined: 

𝑁𝑢𝑎,𝑑𝑢𝑐𝑡 =
h𝑎.𝐷𝐻

𝑘𝑎
 (3) 

A hydraulic diameter of rectangular duct expressed by the following [20]: 

𝐷𝐻=
4𝐴𝑐

𝑃𝑒
 (4) 

Where Pe = Perimeter 

Reynolds number for the air duct can be presented: 

𝑅𝑒 𝑎,𝑑𝑢𝑐𝑡 =
𝜌𝑎𝑉𝐷𝐻

𝜇
  (5) 

The (C.O.P.) was shown in below equations: 
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𝐶𝑂𝑃 =  
�̇�𝑒 

�̇�𝑐𝑜𝑚
 (6) 

�̇�𝑐𝑜𝑚 = (ℎ2 − ℎ1)  (7) 

�̇�𝑒 = (ℎ1 − ℎ4)       (8) 

"Fig. 3" shows the duct of the air that include the following: 

Heater Wet pad water MistCondenser 
Fan

Condenser Air duct Condenser

Hot air

Moist air

50 cm 50 cm

Air

Figure 3. Modified system on air flow through condenser
Figure 3. Modified system on air flow through condenser

Droplets of water mist solute in air before coming to the condenser: A water mist has been fixed to decrase the 

inlet temperature inside the air-duct of condenser for cooling air across the condenser. The air humidity will be 

raises. A wet- filtered sponge layer was added inside the air duct to increase the air humidity of the condenser. 

Pump of water was used to raise the pressure of water inside the nozzle of (0.4 mm diameter hole). 

DISCUSSION AND RESULTS 

"Fig. 4" a comparison of wet filtered sponge layer with non-modified system. When using wet filtered sponge 

layer, it is clear that the evaporator air temperature was decreased by 4% compared with non-modified system 

dueto raise an air condenser relative-humidity. The disadvantage of existing wet filtered sponge layer is to resists 

the air stream velocity that entered the condenser causes reduction in air velocity. 

Figure 4. Air-temperature effect with (FSL) 
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"Fig. 5" water mist (WM) was used. It illustrated a comparison of water mist with non-modified system.  The WM-

modification raises air relative humidity reduces the ambient temperature that entered the condenser, this also causes 

reduction in the condenser temperature and pressure. WM modify was better than non-modified system by (8 %) . 

Figure 5. Air-temperature effect with (WM) 

"Fig. 6" illustrates a comparison between systems using (wet-FSL and WM) together with non-modified system. An 

obvious drop in (T)evap. with raising ambient-temperature. It is clear that the optimum by using (WM) about (8 %) 

reduction of temperature of evaporator. 

Figure 6. Air-temperature effect with (Wet-FSL, WM, Non-modified) 

From experimental results that input to EES software; illustrate the Pressure-Enthalpy diagrams for modified and 

non-modified system. "Fig. 7" show Enthalpy-Pressure diagram for (WM) and (FSL) with non-modified system. 

The compressor power has been reduced for (WM) about (8.7 %) comparing with non-modified system. High 

relative-humidity increases air sub cooling temperature and decreases the superheated degree of compressor by 

8%. 
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Figure 7. (P_h) diagram of FSL , WM and non-Modified system 

"Fig. 8" illustrate the effect of raising ambient temperature with high humid air of filtered sponge layer effect on 

system C.O.P. , a comparison between performance coefficient of non-modified system and (FSL) system. At the 

beginning performing coefficient is increased with ambient Temp. raises due to raises the RH% of air because of 

filtered sponge layer effect. Then, drop in performance observed when increase ambient temp. due to reduces air 

stream speed because of the wet- filtered sponge layer existing as a barrier. It is clear that increasing of C.O.P about 

20 percent compared to non-modified. 

Figure 8. T amb effect on system C.O.P. for (FSL) and non-modified system 

"Fig. 9" shows increasing effect of (Tamb.) on system performance. C.O.P. of non-modified system compared with 

(WM) system. At the beginning C.O.P. increased about 12% with the raises of (Tamb.) with high humid air as compared 

to non-modified unit. The WM increases RH% of (Tamb.), there is no drop in air velocity like wet- filtered sponge 

layer system. 
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Figure 9. Tamb effect on COP with (W M) and non-modified system 

"Fig. 10" shows a comparison between COP and ambient Temperature by means of using thin filtered sponge layer 

(FSL) , water mist (WM) and non modified system. It is clear that the (W M) is the optimum selection with 4%. 

Figure 10. Tamb effect on COP with FSL-W M-and non-modified system 

"Fig. 11" illustrates a comparison of superheated degree of compressor with relative humidity percent for thin filtered 

sponge layer, water mist and non-modified system. It is clear that the water mist of 6% optimum value compared with 

the others. 
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Figure 11. Effect of RH% on super-heated degree of comp. for (FSl, WM and Non) 

"Fig. 12" illustrates a comparison of C.O.P with superheated degree of compressor for thin filtered sponge layer, 

water mist and non-modified system. It is clear that the water mist of 10% optimum value compared with the others. 

Figure 12. Effect of Superheated degree of comp. on system C.O.P. for (FSL, WM and Non) 

CONCLUSIONS 

All modifications types under investigation for improving condenser performance by means of reducing 

superheated degree temperature of the compressor and rasing the humidity of are: 

1- (WM) modification decreases the outlet air temperature of the evaporator by (8%).

2- (WM) modification increases in system C.O.P. of about (12 %) as compared with filtered sponge layer and

non-modified system.

3- (WM) modification gives decrease in superheated degree of compressor air relative humidity by (8%).
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