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Abstract 

The efficiency of the split-type air conditioner, which consists of indoor and                     

outdoor units, is determined by the refrigeration cycle efficiency of its condensation, 

compression and evaporation processes. The key factors that affect the performance 

of the outdoor unit are the air flow profile and the refrigerant pressure                                   

at the compressor discharge. If the air flow rate decreases, the discharge pressure                     

of the compressor increases. This will cause the power consumption to increase                    

and overall efficiency to drop. One of the factors affecting the air flow profile is                     

the installation distance between the outdoor unit and the wall. The distance of                         

this wall gap is crucial because it affects the static pressure in the gap. This                           

static pressure interferes with the air flow towards the outdoor unit. Therefore,                         

the smaller the gap, the higher the static pressure and hence less air will flow                 

through the outdoor unit. The purpose of this research is to study the air flow of a split-

type outdoor air conditioner unit when it is placed near the wall and investigate its 

optimum placement from the wall. For the first stage of this investigation, the 3D 

CAD modelling of the DAIKIN outdoor unit of 5SL15F SERIES was completed 

using ANSYS SPACECLAIM software. The meshing was done using 

SnappyHexMesh code. Next, the simulation was conducted using OPENFOAM 

software to determine the air flow profile. The air flow profile was then inputted into 

the CoilDesigner software. Then, the CoilDesigner software was used to create the 

heat exchanger condition for the condenser and evaporator prior to transferring this 

condition into the VapCyc software. The VapCyc software is a refrigerant cycle 

programme and it was used to predict the discharge pressure at the compressor based 

on the obtained air flow profile. The input for the VapCyc software comprises of the 

specifications of the four air conditioner components, namely the condenser, 

evaporator, expansion device and compressor. The results show that optimum 

distance is at 200 mm for both x-axis and y-axis directions with 1000 mm for the z-

axis. It has the highest airflow rate and lowest discharge pressure at the compressor.  

Keywords: CFD simulation, Split-type air-conditioner, Near wall installation, 

OpenFOAM. 
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1.  Introduction 

Usage of a split-type air conditioner units is common in Malaysia as the country is 

located along the Equatorial line which experiences tropical climate for the entire 

year with high temperature and humidity [1]. This makes the air conditioner 

important as it helps maintain comfortable indoor temperature and humidity levels. 

Most of the residential area uses split-type air conditioner units because they are 

smaller than other types of air conditioner units [2].  

A split-type air conditioner unit consists of two different parts which are the 

indoor and outdoor units. The indoor unit contains an evaporator while the 

outdoor unit contains a compressor and a condenser. The indoor unit absorbs heat 

inside the room while the outdoor unit releases the heat into the air through a heat 

exchange process inside the unit. This research will focus mainly on the outdoor 

unit as tasked by the industrial partner. In the process of designing the outdoor 

unit, there are certain conditions that must be applied, one of which is that the 

heat exchanger inside the outdoor unit must not be obstructed by other parts so 

that the air may flow through it. The flow of the air is created when the 

surrounding air is drawn in by a fan through the condenser and then discharged 

into the surroundings. In order to quantify the air passing through the heat 

exchanger, air volumetric flow rate is used. 

There are many factors affecting the performance of the outdoor unit and one of 

them is the installation distance between the wall and the outdoor unit [3]. The wall 

gap distance is closely related to the air flow and it is necessary for the heat exchange 

process. Hence, the wall gap affecting the performance of the outdoor unit and the 

performance of the air conditioner system can be evaluated using the Coefficient of 

Performance (COP) formula [2, 4].  

Essentially, the air temperature and flow rate affect the performance. Avara et al. 

stated that for every 1°C increment in temperature, there will be a 3% decrease of the 

COP value [5]. Furthermore, when the temperature reaches beyond 45°C, the entire 

air conditioning system will fail due to extreme conditions at the condenser and the 

evaporator [6]. This may be caused by the wall gap distance of the outdoor unit. An 

inappropriate wall gap distance could contribute to increasing the temperature and 

decreasing the air flow rate of the heat exchanger. 

Chow et al. [7] studied the effect of the of the placement and re-entry of the 

outdoor unit. The author stated that the placement of the outdoor unit for all kinds of 

re-entrant played an important role in the performance. Also, that in increasing the 

number of the outdoor units placed together at tall buildings, the heat rejected will 

accumulate and cause a mass of heat around the system and hence affect the 

performance of the outdoor unit. 

Avara et al. conducted a simulation using the k-epsilon model to search on 

the optimum placement of the outdoor unit. The relationship between the 

temperature and the placement are shown in Figs. 1 and 2. The author stated that 

at a certain distance, there is no change in flow rate. However, there will be                      

hot air recirculation occurring that will result in temperature increase. When                  

the distance of the installation is too near to the wall, the air flow will be                        

low. Accordingly, the hot air recirculation affected the air flow rate due to the 

static pressure.  
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Fig. 1. Graph of temperature against the installation distance [5]. 

 

Fig. 2. Graph of air flow against the installation distance [5]. 

To analyse the flow and velocity of a fluid, Computational Fluid Dynamic 

(CFD) simulation is one of the best ways to identify the air flow around the outdoor 

unit. Avara and Daneshgar  [5] conducted research using CFD simulation with the 

k-epsilon (k- ε) model being chosen to identify the turbulence flow created near the 

wall condition and high rpm speed of the fan blade. Furthermore, the k-ε model is 

able to give better quality and stable flow simulations. This was also supported by 

Chen [8] in the research about the comparison of the k-ε model for an indoor flow. 

However, radiative heat transfer was neglected due to the complex calculation in 

the simulation [3]. 
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This research’s objectives are to investigate the relationship between the air 

flow rate, measured in cubic feet per minute (CFM), with the installation distance 

of the outdoor unit from the wall and to predict the operating pressure of the 

compressor. CFD simulation is carried out to investigate the air flow rate when the 

outdoor unit is place at a certain wall gap distance. The distance should be measured 

along the x-, y-, and z-axes directions. These parameters were defined by 

referencing the research by Avara and Daneshgar [5]. However, research [5] did 

not consider changes along the z-axis. Therefore, the effect of the z-axis distance is 

examined in this paper. Based on the air flow profile produced in the simulation, 

VapCyc software will be used to predict the temperature and discharge pressure at 

the compressor. Lastly, this paper aims to determine the optimum placement of the 

outdoor unit when it is subjected to a near wall condition.  

2.  Research Methodology 

The methodology employed for this study is discussed below. Each stage is 

explained with the help of relevant figures. The work starts with the creation of the 

model in ANSYS version 15.0, followed by CFD simulation with OPENFOAM 

version 3.4, and then analysed by using CoilDesigner and VapCyc software. There 

will be further information about CoilDesigner and VapCyc software in subsequent 

sections of this paper.    

2.1.  Stage 1 

The model creation and the identification of study cases, which represents the first 

stage of this study, are elaborated in the subsections to follow. 

2.1.1. CAD drawing of the outdoor unit 

The original drawings of the outdoor unit 5SLY15F SERIES provided by DAIKIN 

are detailed with some complicated geometry. Hence, a simplified model is done 

using ANSYS SPACECLAIM where the important components are separated, 

leaving the rest being removed (de-featured). This process will create a simpler 

mesh and save a lot of time for simulation. The important parts left are the fan 

blade, the casing of the outdoor unit, the grill, the bell mouth and the heat exchanger 

(condenser). The drawings for each part is shown in Fig. 3. 

Based on Fig. 3, the drawings are a simplified version where all the complex 

geometry has been removed. These simplified drawings produce a lesser number 

of mesh elements and eliminate error during meshing. An assembly drawing is 

shown in Fig. 4, which is the representation model used in the simulation. 

Subsequently, the simulation has to correspond with the real operation where 

the fan blade rotates at a certain speed (rpm). To ensure that the simulation model 

is correct, a Multiple Reference Frame (MRF) zone has been created. During the 

simulation, the OPENFOAM software was used to create a boundary around the 

fan blade which allowed it to rotate inside the MRF zone itself. Since the MRF 

zone was assigned separately, it can perform simulations under different speeds 

(rpm). The MRF zone created is shown in Fig. 5. 

The purpose of adding the MRF zone into the fan blade was to ensure that the 

software will recognize which parts were moving (rotating) and stationary. 
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Fig. 3. CAD drawing of the parts for the outdoor unit. 

 

Fig. 4. Assembly drawing of the outdoor unit. 

 

Fig. 5. Multiple reference frame zone. 

2.1.2. Case studies 

Before proceeding with the simulation, several parameters must be set to allow 

comparison and analysis of the results for the optimum placement. The fan speed 

for every case will be constant while the variables are the distance of the outdoor 

unit from the wall along the x, y, and z-axis, as shown in Fig. 6. 
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Fig. 6. Manipulated variables. 

Table 1 represents the cases for the simulation where three different wall 

distances have been manipulated. There was a total of 6 simulations conducted 

throughout the research where the x and y distances were varied between 60 mm 

and 200 mm. For any distance lower than 60 mm, the simulation produces an error 

due to the small gap. According to Avara and Daneshgar [5] for a distance more 

than 200 mm, the air temperature will remain nearly unchanged. Therefore, the 

range chosen was between 60 mm to 200 mm. As for the z distance, this was set at 

50 and 1000 mm. 

Table 1. Parameters of case studies. 

Case Studies 
Wall Distance 

x-axis(mm) y-axis(mm) z-axis(mm) 

Case 1 60 60 500 

Case 2 60 60 1000 

Case 3 150 150 500 

Case 4 150 150 1000 

Case 5 200 200 500 

Case 6 200 200 1000 

2.2. Stage 2 

CFD simulation with OPENFOAM version 3.4, which represents the second stage 

of the study is elaborated in the subsections to follow. 

2.2.1. Meshing of the model 

After the first part was completed, the model was then meshed inside the 

OPENFOAM software using the SnappyHexMesh method, which created a fine 

mesh. Since the software uses the C++ language, all the information and editing 

were done in coding format as shown in Fig. 7. Figure 8 shows the sample of a 

refined mesh created on the fan blade using the SnappyHexMesh. 

 

x 

z 

x 

y 
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Fig. 7. OPENFOAM software coding. 

 

Fig. 8. Refined mesh at the fan blade. 

2.2.2. CFD Simulation 

CFD simulation was then completed by using the OPENFOAM software which 

consists of multiple solvers. This simulation assumes incompressible flow which 

narrows down the list of solvers. “simpleFoam” was chosen as the solver due to its 

steady-state characteristic suitable for the turbulent flow region around the fan 

blade. However, OPENFOAM is an open source software which does not come 

with a user guide. A list of the few commands used in performing the simulation is 

shown in Table 2. 

All the executed commands were recorded and saved in a log file which can be 

viewed during the process. Figure 9 shows a sample of the command and Fig. 10 

shows the data recorded in the log file. 
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Table 2. Commands used in OPENFOAM. 

Command Execute 

blockMesh Applying the basic mesh into the 3D-model. 

snappyHexMesh Refining the mesh. 

simpleFoam Run the simulation. 

Allrun Run all the commands according to the sequent that is set. 

 

Fig. 9. Allrun command script file. 

 

Fig. 10. Sample of a running simulation in a log file. 
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The purpose of running the simulation is to evaluate the air volume flow rate 

through the heat exchanger. The air volume flow rate and air velocity profile through 

the heat exchanger coil were extracted from the simulation and the results analysed. 

2.3.  Stage 3 

Analysis using CoilDesigner and VapCyc software, which represents the third stage 

of the study, are elaborated in the subsections to follow. 

2.3.1. CoilDesigner software 

Another software called CoilDesigner was used to analyze the heat exchanger 

performance. The actual heat exchanger, or also known coil, was drawn in this 

particular software. Since an air conditioner system consists of two coils, which are 

the indoor coil (evaporator) and the outdoor coil (condenser), both of these have 

different design specifications. Figure 11 shows the model of the condenser coil 

which has been discretized into smaller cells.  

 

Fig. 11. Model of the condenser coil using CoilDesigner. 

The air flow velocity profile obtained from the CFD simulation was then input 

into the corresponding discrete cell elements in CoilDesigner. For a known entering 

air conditions, the outcome of this software is to obtain the air leaving temperature of 

the condenser and evaporator units which became the inputs for the VapCyc software. 

2.3.2. VapCyc software 

Using the information obtained from the CoilDesigner software, the heat exchanger 

performance was then input into the VapCyc software which simulate the 

refrigeration cycle of the air-conditioner system. Data from the condenser, 

evaporator, and compressor were applied accordingly as shown in Fig. 12.  
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Fig. 12. Refrigeration Cycle in VapCyc software. 

The purpose of using VapCyc software was to calculate the predicted value of 

the compressor discharge pressure according to the air flow rate when subjected to 

near wall conditions. The results were recorded and analyzed to determine the 

optimum placement of the outdoor unit.  

3.  Results and Discussion 

The results of the airflow profile, air flowrate and discharge pressure are discussed 

in the following subsections. 

3.1. Airflow profile 

The air flow profile is shown in Fig. 13. It is revealed that a few important factors 

influence the air flow rate. Firstly, changes of static pressure at some locations 

affect the flow velocity profile. For example, the air velocity decreased as a result 

of the static pressure build-up that occurred due to blockages of the confined space.  

 

Fig. 13. Static pressure behind the outdoor unit. 

Static 

Pressure 

Region 
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The Bernoulli's Principle states that high static pressure will result in a low fluid 

velocity. Therefore, when there is a smaller gap between the outdoor unit and the 

wall, the static pressure will increase which then causes the flowrate, in cubic feet 

per minute (CFM), to decrease at the same time. Secondly, the air flow profile 

shows a backflow or a heat recirculation due to the suction from the rotating fan as 

shown in Fig. 14. 

 

Fig. 14. Hot air recirculation flow profile. 

The hot air recirculation is the backflow of the hot air that is blown out. This is 

due to the suction from the rotating fan causing less ambient air to be drawn from 

other directions. The hot air increases the entering air temperature of the condenser. 

Therefore, the discharge pressure of the compressor is affected as well. 

3.2. Flowrate (CFM) and discharge pressure  

Figure 15 shows the graph of CFM vs. discharge pressure (MPa) of the compressor 

for each of the cases studied. The graph shows that CFM is inversely proportional 

with the discharge pressure of the compressor. When the CFM value is low, the 

discharge pressure of the compressor becomes high. 

 

Fig. 15. CFM and pressure discharge (MPa) of the compressor. 
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This situation occurred due to the restricted air flow. Plus, the pressure is inter-

related with the area. Since case 6 has the largest wall gap, the CFM value is high 

and there is a larger amount of heat transfer taking place. There are also some other 

factors that might affect the discharge pressure such as the degree of refrigerant 

subcool and superheat. However, for this study, these have been fixed as constants 

throughout the simulation. 

Referring to the Table 3, it is clear that the minimum wall gap of 60 mm 

produces a very low value of CFM while on the other hand, a wall gap of 200 mm 

produces a high value of CFM. The CFM value remains nearly unchanged between 

150 mm to 200 mm. However, the manipulated z-axis does not produce significant 

effect for each case. 

Table 3. CFM results. 

Case 

Studies 

Power Consumption 

(W) 

CFM 

1 1078.91 630.31 

2 1076.77 632.98 

3 1063.92 683.40 

4 1063.17 683.97 

5 1062.42 689.48 

6 1062.31 690.05 

In summary, for every increment of the wall gap, there is a significant change 

in the CFM value and discharge pressure value. This shows that CFM is correlated 

to the discharge pressure of the compressor. When the discharge pressure is high, 

the power consumption of the compressor will increase too. Although the 

difference in power consumption is small, it will still affect the operating cost. In 

other words, the cost of the electricity will increase due to the extra workload of 

the compressor. In some cases, it will cause the entire system to fail due to the 

extreme condition. Therefore, it is important to place the outdoor unit at a proper 

distance due to the effect of the discharge pressure of the compressor. 

4. Conclusion 

The methodology of analysing the performance of compressor using CFD 

(ANSYS-SpaceClaim version 16, SnappyHexMesh, OpenFoam version 3.0) and 

system simulation (CoilDesigner, VapCycle) has been demonstrated. It is shown 

that smaller wall gap at constant fan speed produces high flow resistance due to 

higher static pressure. Hence, the air flow rate (CFM) becomes less. The optimum 

placement of the outdoor unit from this study is 200 mm from the wall along the x-

axis and y-axis. For z-axis, which is the top wall height, minimum effect is observed 

up to a minimum distance of 500 mm. Based on the CFM value, the discharge 

pressure of the compressor has been predicted. It is demonstrated that at lower 

values of CFM produced, higher discharge pressure is observed, which in turn will 

further push the compressor to exceed its safe operating envelope. 
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