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في هذا البحث يتم دراسةةت سحنةةلت التبادح الح ار  في لبادح ي ار  ل ةةتخد ينةةتبري في سب ير النةةلارام ة  ا ل هملت التي يم   ا هذا :الخلاصةة 

لنطحت الى الجزء لت اجل التب ص لت الح ارة المتخلرة في لح ك النلارة. البحث يقري دراست ة  يه اعتمرم ستلل  شكل الاةابلب المنتبرلت لت 

اةف دائ يه المقطع لع الحفاظ ع ى ةفس المنةةايتا افةةافت الى ستلل  لارن الاةبخ  لت الم لخي الى ال حالا الرراسةةت اي ةةا شةةم ل ستلل  شةةكل الزع

ا 10م سرفق )( كنةةائل سةةاات ب ربع لارلا50-50الإي ل لت جلايكخح ) -الى لنةةتخيه لع ايادة عرد الاةابلب. س ةةم ل الرراسةةت اسةةتبراي ا ل  الماء 

لت الاح ال تائج التي سم الحصخح °. ي 35( ي / ث ودرجت ي ارة 5.5وال خاء كمائع بارد بن عه )° ( ي 75,85,95( لت  / ساعتا )24ا 18ا 12

ة ل  مخذج ع ل ا ال مخذج المصمم أظ   أداء ي ار  ل سفع عت ال مخذج القلاسي بنبب لادة وشكل الأةبخ  والزعاةف. سم الحصخح ع ى ةتلجت جلر

٪( لماالل اةتقاح 29.8٪( لماالل اةتقاح الح ارة الك ي ل مائع النةةةةةاات و )13.8٪( لمارح اةتقاح الح ارة و )18.6المصةةةةةمم لع ةنةةةةةبت سحنةةةةةت )

 ء.الح ارة بالحمل لت جاةب ال خا

1. INTRODUCTION 

The compact Heat exchanger is a standard device to transfer heat between two fluids. It does utilize in vast 

industrial fields like power plants, automotive radiators, refrigeration, air conditioning, etc. [1]. Heat removal 

from the automotive engine is a substantial matter in achieving the best performance of the system[2]. Engineers 

and researchers must pay attention to improving heat transfer rates in automobiles, air conditioning systems, and 

freezing due to the increased scientific and technological growth throughout the world. Many studies have been 

conducted in this area to enhance the cooling system, such as modifying the design of the fins or tubes to increase 

the heating surface or enhancing the thermal characteristics of the working fluid.  
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Abstract  
In this paper, the improvement of heat exchange in a compact heat exchanger 

that is used in the automotive cooling system is numerically studied due to the 

importance that this part of the automotive represents in removing the heat 

generated in the automotive engine. The study adopted CFD simulation to 

introduce a new design of radiator that included changing the geometry and 

material of the tube while maintaining the same cross-section area In addition, 

the study also included replacing the shape of the fins from the louver to plain 

fin with the increase in the number of tubes. The study used a water-Ethylene 

glycol mixture (50:50) as a hot fluid with four flow rates (10, 12, 18, 24) l/h, 

(75, 85, 95) °C inlet temperature, and air as a cold fluid with 1.5, 2.5, 4.5, 5.5) 

m/s and (35) °C inlet temperature. Through the results obtained, the designed 

model appeared to have a higher thermal performance than the standard model 

due to the material and shape of the tube and fins. The designed model 

performed well, achieving an improvement ratio of (18.6%) for the heat transfer 

rate, (13.8%) for the overall heat transfer coefficient for the hot fluid, and 

(29.8%) for the air side heat transfer coefficient 

Keywords: Automotive radiator, Compact heat exchanger, CFD simulation, Designed geometry, Heat transfer 

rate 
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Priyadarsini et. al.[3] present a numerical analysis to enhance the radiator design and air-cooled system that included 

power plants, refrigerators, and internal combustion engines. The study found that circular fan sections had higher 

temperature drops and lower pressure drops, which could help to reduce the size of the cooling system. Abhilash et. 

al.[4]conducted a CFD simulation on an automotive radiator that would have been fixed and helical to determine 

the optimal model for transferring heat. Each model has been tested with aluminum dioxide, air, and water at 1.5 

and 2.8 mass flow rates. The helical tube with an Al2O3/water mixture produced a greater reduction in outlet 

temperature and heat dissipation. Bhattarai et. al.[5] introduced a CFD simulation comparison of the behavior of a 

rectangular fin heat exchanger with a louver fin heat exchanger. The louver fin exhibited an increase in the rate the 

heat transfer. The radiator's weight was lowered by 6.27% with the use of louver fin.Zeeshan et. al. [6]  involved 

compression between compact heat exchangers with flat and oval tube organized in line and staggered, respectively. 

An experimental result for a circular tube compact heat exchanger validates the predicted result. The study's findings 

suggested that the staggered oval tube proved to have a better increase in the air convective heat transfer coefficient 

(hair) under laminar flow, as well as discovered an increase in pressure drop with (hair).  

 Borrajo-Peláez et. al.[7]  intruduced a 3D numerical simulation of a heat exchanger using flat tubes and plain fins. 

To accurately predict the conduction heat transfer across tubes, fins, and water flow inside tubes while comparing 

the actions of the air and water sides, a new model was introduced. The effects of Reynolds number, fin (thickness, 

pitch, and length), and tube diameter were shown in the study of two models, air side and air water side. The results 

from two models were identical. The findings indicated that Nussult number raised with Reynold number, fin pitch 

and thickness, and lowered with fin length. An obvious outcome of increasing tube diameter is an improvement in 

Nusselt numbe.Myhren & Holmberg [8]Computational fluid dynamics was employed in this investigation (CFD). 

The operation entails altering the ventilation radiator's division, which combines heat emission and air supply to 

improve output heat transfer by lowering water temperature to maximize heat capacity and also save energy for 

heating system production and distribution using a heat pump .Oliet et. al.[9]there were two parts to the comparison 

CFD and (effectiveness -NTU) approach on car radiator, analysing the effects of the operating conditions (mass 

flow rate temperature difference, and fluid type) comes first, the second involved a geometrical analysis with 

parameters like (fin pitch and Louver angle). The result demonstrates that the heating rate and p were high whenever 

the louvre angle increased. The absence of design-changing studies to enhance performance while concurrently 

utilizing cooling fluids and nanomaterials was noted from the Previous studies . 

In the current study, a cross-flow compact heat exchanger was created to match the bassline heat exchanger that is 

used in the automobile engine cooling system. It included changing the radiator's tube geometric features from a 

flat aluminum tube to a circular copper tube and also changing the louver fins to plain fins. The optimal diameter 

that provided the same tube cross-section area for the two models was also decided.  

2. THE MATHMETICAL MODEL AND BOUNDARY CONDTIONS    

The CFD model consists of two models, the baseline model and the designed model, which are used to analyze the 

thermal performance of small cross-flow heat exchangers. The dimensions of the two heat exchangers are shown in 

Table (1). Both geometries were produced using ANSYS FLUENT (2020 R1) and are made up of three components: 

a tube, water inside the tube, and an air domain. The geometry was then gathered into one section. The geometry of 

the two models is shown in Figure 1. Laminar flow occurs in the hot fluid at (75,85,95°C) at a mass flow rate of 

(10,12,18,24)flow rate .Table (2) illustrates the thermophysical properties of the hot mixture [10]. Air is the coolant 

fluid at 5.5 m/s and 35 °C. The thermal tube conditions are set as coupled, the outlet boundary conditions for both 

fluids are stationary motion for the wall and no-slip shear conditions. For the governing equation's solution 

convergence, the residual for energy equation, it is 10-6. The highest number of iterations was 1000, with average 

to be between 400 and 800. The simulation process for the created model is shown in Figure 2 at (10) L/h hot 

mixture mass flow rate and (1.5,2.5,4.5,5.5) m/s cold fluid velocity. 

  



Ola Abdul Hussein  et al. 

 

Wasit Journal of Engineering Sciences 2022 10 (3)                                                                                                            pg 246 
 

                  
(a)                                         (b) 

                                    Figure 1. Geometry of Two Models. (a) Baseline model. (b) Designed model. 

 

                                             Table 1 The Dimension of The Heat Exchangers. 

 

                

 

                                              Table 2 The Thermophysical Properties of Hot Mixture. 

 

 

 

 

 

 

 

                     
                                                                Figure 2 The Simulation Prosses.  

       

3. GOVRRNING EQUATIONS  

Assumption is applied in simulation which it is submit solve the governing equation and complete the simulation 

process. These assumptions include the flow under goes steady state conditions, The Physical properties constant 

with temperature, no heat loses, no heat generation, no phase change, The radiation effects are neglected and no 

mixing processes [11]. 

Heat 

exchanger 

type 

Tube shape Tube 

material 

Fin shape Tube 

length 

(m) 

Inner 

diameter 

(m) 

Outer 

diameter 

(m) 

Tube cross 

section 

aera (m2) 

Baseline 

model 

elliptical Aluminum Louver 0.34 0.0103 10.7 1.74×10-5 

Design 

model 

Circular copper Plain 0.34 0.0047 6.3 1.74×10-5 

Density 

(kg/m3) 

Thermal 

conductivity 

(w/m. °C) 

Specific          

heat  

(J/kg.k) 

Dynamic 

viscosity 

(kg/m.s) 

1042.04 0.392 3512 0.00107 

R
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u
al
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 Mass conservation (continuity equation): 

                                                                                    
𝜕𝑢̅

𝜕𝑥
+

𝜕𝑣̅

𝜕𝑦
+

𝜕𝑤̅

𝜕𝑧
= 0                                                ( 1) 

 

 Conservation of Momentum 
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 Conservation of Energy 

(𝑢 ̅  
𝜕𝑇̅

𝜕𝑥
+ 𝑣̅  

𝜕𝑇̅

𝜕𝑦
 𝑤̅

𝜕𝑇̅

𝜕𝑧
) + (

𝑑

𝑑𝑥
((𝑢 𝑇)́́̅̅ ̅̅ ̅̅

)) + (
𝑑

𝑑𝑦
(𝑣 𝑇)́́̅̅ ̅̅ ̅̅

) + (
𝑑

𝑑𝑧
(𝑤 𝑇́́

̅̅ ̅̅ ̅
)) = 𝛼 (

𝜕2𝑇́

𝜕𝑥2
+

𝜕2𝑇́

𝜕𝑦2
+

𝜕2𝑇́

𝜕𝑧2
)      (5) 

 

4. RESULTS AND DISCUSSION 

4.1. Mesh generation and grid independency 

Mesh generation is a significant simulation step because it imitates the geometry into a small cell (control volume) 

to improve the program's ability to solve partial differential equations. Mesh is divided into two types structured 

and unstructured.In this study, tetrahedral mesh was taken into account because it offers a more efficient solution 

for complicated geometry. The computational mesh for the investigation was displayed in Figure 3. Tetrahedral 

mesh quality was examined using the Skewness method; when the Skewness fine adjustment 1, the mesh's quality 

was acceptable reliability [12]. Overall number of nodes, elements, the skewness for this study as described in Table 

3. For this study, the inlet boundary conditions have been obtained considering six different numbers of elements 

as showen in figure (4). 
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(a)            (b) 

 Figure 3 Componential Mesh for The Two Models.(a) Baseline model.(b) Designed model 

 

Table 3 Number of Nodes, Element and Skewness. 

Type of H.E No. of 

nodes 

No. 

ofelements 

Skewness 

Baselinemodel 823335 4804088 0.98797 

Designedmodel 387531 2248512 0.84771 

 

 

Figure 4 Grid independence test between number of elements and water outlet temperature in (°C). 

 

4.2. Heat Transfer Rate  

The compression of the heat transfer rate between the specified model with a 4.7 mm diameter and water mass flow 

rate is shown in Figure (5). Due to the circular shape of the tube, which expands the surface area and the better 

thermal conductivity of copper than aluminium, the designed model exhibited a significant advancement in heat 

transfer rate under the same boundary condition and inlet temperature for the two models (10 L/h hot mixture mass 

flow rate  and 75 °C inlet temperature. The rate of heat transfer increased by a maximum of (18.6)%.  
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Figure 5 Heat transfer rate for baseline and designed model at 10L/h Hot mixture mass flowr ate and 75 °C inlet temperature. 

4.2. Inner Side  Overall Heat Transfer Coefficient (Ui) 

Figure (6) shows how the baseline and designed models' overall heat transfer coefficients (Ui) on the water side are 

affected by air velocity and water inlet temperature. The result for the two models demonstrates that (Ui) rises with 

air velocity. In the designed model, plain fins allowed to unmix the flow, direct the flow, and penetrate the thermal 

boundary layer that forms on the walls. The designed model has enhanced the (Ui) by (13.84)% over bassline model. 

                     

Figure 6 Inner side overall hat transfer corficient for baseline and designed model at 10L/h hot mixture mass flow rate and 75 

°C inlet temperature. 

4.4. Air side heat transfer coefficient (ho) 

Figure (7) explains the air-side heat transfer coefficient for hot mixture mass flow rates of (10)L/h and (75) °C 

with 5.5 m/s air velocity for the bassline and designed model. It can be seen from this figure that the (ho) fore 

designed model is higher than the bassline model with a maximum enhancement ratio of (29.88) %. 
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Figure 7  Air side heat transfer coefficient  for baseline and designed model at 10L/h hot mixture mass flow rate and 75 °C 

inlet temperature. 

4.5. Tamprature Countour 

The hot mixture outlet temperature counter for the baseline and designed model for hot mixture mass flow rates of 

(10)L/h and (75) °C with 5.5 m/s air velocity of the current study is shown in Figure (8). The colours red and blue 

represent both high and low temperatures, respectively. Fins absorb heat transferred from the tube's wall through 

conduction and convection along the tube's length. The designed model's circular tube created channels for 

controlling water movement inside the tube, the baseline model's temperature distribution was higher near the inner 

surface of the tube. The temperature drops and heat transfer rate in the designed model appeared to be greater than 

in the baseline Figures (9 and 10) explain the temperature gradient on the tube for both model from the temperature 

distribution that the tube surface designed model hotter than the bassline this means there is good exchange between 

the hot mixture and tube surface.    

 

 

 (a) (b) 

Figure 8 Temperature distribution for hot fluid bassline model for (a) Baseline model. (b)Designed model. 
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Figure 9 Temperature distribution of the tube for bassline model. 

 

Figure 10 Temperature distribution of the tube for desigened model.  

6. CONCLUSIONS  

1. A CFD simulation was applied in the study to evaluate the thermal behaviour of a baseline compact heat 

exchanger with louver fins on a flat tube to a newly created model with a circular tube and plain fins based 

on the same dimensions. The flowing findings have been reached. The optimum inner tube diameter that 

gives the same tube cross section area of the bassline model was 4.7 mm. 

2. The circular tube gave an improvement in thermal performance compared to the flat tube. 

3. This numerical result found that changing the material of the tube from Aluminum to Copper increased the 

temperature drop because of the high thermal conductivity of the copper than Aluminum.  

4. The designed model shows an enhancement in heat transfer rate over the baseline model with a maximum 

percentage of increment (18.6) %. 

5. The overall heat transfer coefficient in the designed model was higher than the bassline model by (13.8)%. 

as the temperature difference increased.    
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6. As result of temperature drop in hot mixture air side heat transfer coefficient increased. The maximum 

increasing is (29.8) %.    
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