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1. Introduction 

The temperature and flow rate of exhaust gases of internal combus-

tion engines can be converted into useful energy for the engine by us-

ing heat exchangers with different geometric structures and properties. 

In the literature, there are many studies in which the kinetic and heat 

energy of the exhaust gases are converted into useful energy for the 

engine [1-3]. Supercharging applications in internal combustion piston 

engines are an important improvement for the user, the manufacturer 

and the environmental conditions. Today, there are many studies on 

supercharging to improve power and fuel economy in diesel and gas-

oline engines used in vehicles [4-6]. Supercharging in brief, means 

filling the cylinders of internal combustion piston engines at pressures 

higher than atmospheric pressure and therefore at higher density with 

a compressor. In supercharged engines, the density of the air sucked 

into the engine and the amount of sucked air decrease due to the in-

crease in temperature, and as a result the engine power decreases. To 

avoid this, the charge air must be cooled before it is sent to the engine. 

The average effective pressure increases thanks to the supercharging 

done by cooling the charge air; higher power, increase in engine effi-

ciency and decrease in specific fuel consumption are provided from 

engines with small cylinder volumes. However, the improvement of 

in-cylinder combustion conditions in supercharged engines causes se-

rious decreases in HC and CO emissions, which are incomplete and 

bad combustion products, and a slight increase in NOx emissions [7, 

8]. One of the most important and most encountered processes in en-

gineering application areas is the process of providing heat transfer 

between two or more fluids at different temperatures. The devices used 

in this transfer are called heat exchangers or exchangers, and those 

used in turbocharged engines are specified as intercoolers [9, 10]. In 

heat exchangers, the fluids are separated from each other by a solid 

surface, mostly a metal material where the heat transfer is done di-

rectly without mixing with each other. Heat exchangers can be classi-

fied in various ways according to the type of heat transfer, structure 

properties, flow regulation, number of fluids or phase changes of fluids 

[11-13]. The maximum power an internal combustion engine can de-

liver is limited by the amount of fuel it can burn efficiently in its cyl-

inders. And this is related to the air consumption that is taken into the 

cylinder in one cycle and that will enable the fuel to burn. In order to 

get more power from an engine of the same volume, it is necessary to 

take more air into the cylinder. This happens with the application of 

supercharging [14-16]. In turbocharging, the compressor part is driven 

by the turbine, which is converted by the energy of the exhaust gas 
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exiting the engine's exhaust manifold [17-20]. With the increase in the 

pressure of the air sent from the turbine to the cylinders, the tempera-

ture rises, and the air density decreases, and the mass flow of the air 

sent to the cylinders decreases. The air is cooled by passing it through 

a heat exchanger to increase the mass airflow [19,20]. Turbo charging 

system and intercooler system are shown in Figure 1. 

 

 

Fig 1. Turbocharger and intercooler system [15] 

In this study, two different types of shell and tube heat exchangers 

were selected, and CFD analyzes were carried out to determine the 

heat transfer performance of the intercooler with the same fluid and 

different speeds.  

Qinguo Zhang et al. designed a fin-tube intercooler and investi-

gated the temperature and pressure distribution numerically with 

the help of the software named FLUENT. In their study, they ana-

lyzed the effects of air flow rate on the heat transfer performance 

and resistance characteristics of the intercooler they designed.  

They stated that the heat transfer capacity and pressure drop in-

creased by increasing the air flow rate of the designed intercooler, 

and the flow rate had a significant effect on the heat exchange ef-

ficiency [21]. Vishwa Deepak Dwivedi et al. aimed high efficiency 

and minimum fuel consumption in automobiles in their study. To 

achieve this, they used "Nano fluid" to increase the heat transfer 

performance in automobile radiator. The wavy fin type radiator 

was modeled with CATIA V5 software and the performance eval-

uation was made with the preprocessing software ANSYS 14.0. 

Calculation of refrigerant velocity and air temperature distribution 

was analyzed using fluid dynamics, environmental software CFX. 

The use of nanofluid (Si C + water) has shown that heat transfer is 

better than the use of conventional refrigerant [22]. Piotr Wais F., 

who examined the effect of fin thickness and fin orientation on 

mass and heat transfer in a crossflow heat exchanger, analyzed the 

heat transfer at different fin thicknesses by simulation and investi-

gated the effects on heat transfer efficiency and pressure drop by 

adding different fins in the experimental study [23]. M.Y.A Mifdal 

et al. designed a cooling system with a turbo intercooler. With the 

help of temperature sensors placed on the intercooler, this system 

activates when the temperature in the intercooler exceeds 36 ºC 

and aims to reduce the temperature of the intercooler by pumping 

water into the system. They tried to get results from their experi-

mental studies by reading the real temperature values on the micro-

controller and LCD screen [24]. Naser B. Lajgi et al. investigated 

the effect of different intercoolers on the performance of a turbo-

charged diesel engine. In their study, they examined the perfor-

mance of the intercooler in three different dimensions and depend-

ing on the total heat transfer coefficient in multi-cylinder engine 

performance at 1600 rpm constant engine speed operating condi-

tion with the codes they programmed in MATLAB. They evalu-

ated the temperature and pressure drop in the cylinders for three 

different intercoolers. In their study, they stated that engine power 

and volumetric efficiency increased under some conditions, and 

they also stated that the performance of the intercooler they simu-

lated increased [25]. 

 

2. Materials and Method 

2.1. Physical Model 

The main purpose of the study is to improve combustion perfor-

mance by reducing the intake air inlet temperature in turbocharger 

systems. For these purposes, two different types of intercoolers 

have been designed for cooling at the turbo compressor outlet. Cir-

cular and ellipsoidal air flow channels have been placed inside the 

body of the same dimensions. Circular channels consist of two ver-

tical rows as seen in Figure 2 and Figure 3, and ellipsoidal channels 

consist of two horizontal-vertical rows as seen in Figure 4 and Fig-

ure 5. 

 
Fig. 2. Circular tubular geometry 

 

 

Fig. 3. Circular section front view 
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As shown in Table 1, the body section, body length, inlet section 

and number of tubes were taken as the same in the geometries used; 

In order to increase the efficiency of the flow turbulence by con-

sidering the minimum difference in surface area compared to the 

tube channel structures, the tube layouts are foreseen as straight 

rows in the circular structure and horizontal-vertical in the ellipsoid 

structure. While determining these values, the main dimensions of 

the intercooler on the Toyota 2.0 engine and the one used in the 

literature were taken as reference. 

 

 

Fig. 4. Ellipsoid tubular geometry 

 
Fig. 5. Ellipsoid section front view 

Table 1.  Intercooler geometry parameters 

 
Circular section 

tube 

Ellipsoid section 

tube 

Body section 35 X 60 

Body length 180 mm 

Input section 23 X 39,4 

Number of tubes 8 

Total tube surface 

area 
54208 mm2 59040 mm2 

Tube layout Straight row 
Horizontal - Vertic

al row 

2.2. Basic Mathematical Equations 

For intercoolers working as heat exchangers, calculations can be 

made with the calculation methods used for heat exchangers. The 

heat transfer in air and water is equal, and the resulting heat transfer 

is obtained by the equation (2.1): 

                                                                     

     (2.1) 

Average logarithmic temperature difference used when calcu-

lating heat transfer is calculated from the equation (2.2). 

  

     (2.2)           

The mean logarithmic temperature difference of the Parallel 

Flow heat exchangers used in the study can be found with the equa-

tions (2.3) and (2.4). 

       
     (2.3) 

      
     (2.4) 

Conservation of energy: 

 

  

       (2.5) 

  

 (2.6) 

 

2.3. Boundary Conditions 

Based on the above-mentioned heat transfer basic equations for 

the geometries to be simulated: Constant temperature and constant 

air velocity were accepted as input boundary conditions as indi-

cated in Table 2, then variable speeds were defined (different Re 

numbers) and the results were examined. The outlet boundary con-

dition was defined as pressure. Body surfaces were assumed to be 

adiabatic at constant temperature. Aluminum with pipe material 

density of 2700 kg/m3, thermal conductivity of k=220 W/mK and 

specific heat value of Cp=870 j/kgK was used.  
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Table 2. Fluid parameters 

Air Inlet Temperature 373 K 

Air Inlet Rate 21-25 m/s 

Refrigerant Inlet Temperature 298 K 

Refrigerant Inlet Rate 1-2 m/s 

 

3. Findings and Discussion 

Recent numerical studies focus on optimum design processes in 

order to increase the heat transfer performance. In this way, differ-

ent geometries with the same dimensions are developed and the 

most suitable one is determined. In the study, different air flow 

channels were designed and numerical analyzes were carried out 

for the intercooler with the same dimensions. The geometry was 

created in ANSYS Workbench; Mesh independence was achieved 

by evaluating four different grid structures with 450000, 500000, 

550000 and 650000 element numbers according to the air outlet 

temperature. Around 500000 mesh structures were considered ap-

propriate. K-epsilon, realizable, turbulence models were used in 

the analysis. Water at a temperature of 298 K was used as the re-

frigerant. The temperature changes of the intercooler designed 

with circular channel geometry is given in Figure 6, Figure 7 and 

Figure 8. 

 

 

Fig. 6. Circular channel temperature variation 

 

Fig. 7. Circular X=0,06 m section view 

 

Fig 8. Circular X=0,12 m section view 

In the analysis, the effects of boundary conditions and geome-

tries on heat transfer were investigated. The intercooler examined 

in the study was investigated by changing the velocities of air and 

water, and how the geometries affect each other and the boundary 

conditions. The analysis results and numerical values shown in 

Figure 9, Figure 10 and Figure 11 demonstrate that the use of el-

lipsoidal air ducts is more effective in heat transfer. The high tem-

perature air entering the intercooler was tried to be cooled in both 

geometries designed with water as the refrigerant.  
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Fig. 9. Ellipsoid channel temperature variation 

 

Fig. 10. Ellipsoid X=0,06 m section view 

Fig. 11. Ellipsoid X=0,12 m section view 

The circular tube geometry shown in Figure 6 and the ellipsoid 

tube geometry shown in Figure 9 are cooled with the help of the 

refrigerant sent straight through the air ducts, starting from the hot 

air duct inlets.  Since the tube layouts are placed vertically and 

horizontally in ellipsoidal tube geometry, the refrigerant flowing 

through the channels circulates cyclically on the tube surfaces 

(Figure 10 and Figure 11). The results obtained at 0,06 m X dis-

tance for both designs are shown in Figure 7 and Figure 10. It is 

seen that the effect area is higher in ellipsoidal sections from the 

tube surfaces to the inner points. The positive effect of ellipsoidal 

tube geometry on heat transfer is more evident for X=0,12 m (Fig-

ure 8 and Figure 11). 

The temperature of the refrigerant was naturally observed to be 

high in the region of x=0-0.06 m, where the air first comes into 

contact with the refrigerant, and lower in the region of x=0.06-0.18. 

It is seen that the temperature interactions have a more uniform 

distribution in the circular section system, this distribution is not 

uniform in the ellipsoid section, the temperature interaction in the 

ellipsoid section is higher in horizontal tubes, and the temperature 

distribution in vertical tubes is uniform.  

In the study, it was observed that when the velocity of the air at 

the inlet is kept constant and the velocity of the refrigerant with a 

temperature of 25 C is increased, the temperature of the outgoing 

air decreases in both geometries, and there is an increase in the 

temperature when the velocity of the refrigerant is kept constant 

and the velocity of the air at the inlet is increased. It is an expected 

result that the outlet temperature of the fluid decreases as the re-

frigerant velocity increases, and the fluid outlet temperature in-

creases as the hot fluid velocity increases (Figure 12.), (Figure 13). 

Depending on the refrigerant and hot fluid velocity, it is seen that 

the refrigerant and hot fluid outlet temperatures are higher in the 

circular section than in the ellipsoidal section. It was determined 

that the intercooler with ellipsoidal cross-section geometry has a 

temperature drop of nearly 10% compared to the circular cross-

section geometry. 
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Fig. 12. Refrigerant velocity – Air outlet temperature graph 

 

Fig. 13. Air inlet velocity – Air outlet temperature graph 

4. Conclusion 

In this study, two different intercooler designs were devel-

oped in the light of literature studies and theoretical calcula-

tions, and they were analyzed with ANSYS Fluent Computa-

tional Fluid Dynamics (CFD) software. According to the data 

obtained:  

 Since heat transfer surface distributions are used 

more effectively in ellipsoidal tube sections, a flow 

cycle was created, and more cooling was provided 

approximately 10% compared to circular tube sec-

tions. 

 It was understood that the refrigerant velocity has an 

effect on the heat drawn from the hot ai for both in-

tercooler geometers. By increasing the refrigerant 

velocity from 1 m/s to 2 m/s, the efficiency of both 

intercooler geometries increased by approximately 

1%. 

 The increase in hot air inlet speeds negatively af-

fected the cooling of the compressed air coming out 

of the compressor for both intercooler inlets. By in-

creasing the hot fluid velocity from 21 m/s to 25 m/s, 

the efficiency of both intercooler geometries de-

creased by approximately 1%. 
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As stated in the light of the obtained data, since the cooling 

performance is good in ellipsoidal tube sections, it is pre-

dicted that intercoolers with ellipsoidal section tubes can be 

made smaller in size compared to circular sections and may 

have positive results in terms of production and operation. 
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