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ABSTRACT 

Goal of the present investigation is to analyze the 

thermal and hydraulic performance parameters of 

plate fin heat exchanger (car radiator) using a 

theoretical methodology at various operating 

conditions of hot and cold fluid. It was observed that 

the effectiveness of heat exchanger was above 44 % for 

all the working conditions and increased up to 94 % 

with decreasing cold fluid flow rate up to Reynolds 

number of 30000 and inlet temperature of  

40°C. The overall heat transfer coefficient was above 

55 W/m2K and increases up to 130 W/m2K with hot 

fluid flow rate. It is also observed from the results that 

with increasing hot fluid flow rate the pressure drop 

across tube and air sides of the heat exchanger 

decreases up to 4 Pa and increases up to 4300 Pa 

respectively which is within the appreciable limit. 

Keywords: Theoretical investigation, Internal 

combustion engine, Performance analysis. 

NOMENCLATURE 

Symbol Terminology Unit/ Value 

A Heat transfer surface area m2 

bmep Brake Mean Effective Pressure kPa 

BP Brake Power kW 

𝐶𝑣 (𝑎𝑖𝑟) Specific heat capacity of air in the cylinder at constant 

volume 

J/ kg.K 

𝐶𝑣 (𝑓𝑢𝑒𝑙) Specific heat capacity of fuel at constant volume J/ kg.K 

𝐶𝑝𝑐 Specific heat capacity of cold fluid at constant volume J/ kg.K 

C* Heat capacity rate ratio, Cmin/Cmax - 

𝐷ℎ Hydraulic diameter of tube m 
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𝑓𝑎 Friction factor of the air - 

𝑓𝑡 Friction factor of the tube - 

fmep Frictional Mean Effective Pressure kPa 

𝐺𝑐 Fluid mass velocity of coolant kg/m2 ⋅ s 

𝐺𝑎𝑖𝑟 Fluid mass velocity of air kg/m2 ⋅ s 

imep Indicated Mean Effective Pressure kPa 

IP Indicated Power kW 

k 0.5 for 4-stroke engine - 

1 for 2-stroke engine - 

Ls Stroke length of cylinder m 

n Number of cylinders in the engine - 

N Engine speed RPM 

NTU Number of Transfer Units - 

𝑃1 Pressure of gas at the commencement of compression 

process in Otto cycle 

K 

𝑄𝑔𝑎𝑠−𝑙𝑖𝑛𝑒𝑟 𝑖𝑛𝑛𝑒𝑟 Heat transfer from engine gas to the inner liner of the 

cylinder 

kW 

𝑄𝑙𝑖𝑛𝑒𝑟 𝑖𝑛𝑛𝑒𝑟−𝑙𝑖𝑛𝑒𝑟 𝑜𝑢𝑡𝑒𝑟 Heat transfer from inner liner to the outer liner of 

cylinder 

kW 

𝑄𝑙𝑖𝑛𝑒𝑟 𝑜𝑢𝑡𝑒𝑟−𝑐𝑜𝑜𝑙𝑎𝑛𝑡 Heat transfer from the outer liner of the cylinder to the 

coolant jacket 

kW 

r Compression ratio of the cylinder - 

R Gas Constant kJ/ kg K 

𝑅𝑒𝑐 Reynolds number of cold fluid - 

𝑅𝑒ℎ Reynolds number of hot fluid - 

𝑡 Tube wall thickness m 

𝑇2 Temperature of gas at end of compression process in 

Otto cycle 

K 

𝑇3 Maximum temperature of gas in Otto cycle K 

𝑇𝑙𝑖 Inner temperature of liner of cylinder K 

𝑇𝑙𝑜 Outer temperature of liner of cylinder K 
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U Overall heat transfer coefficient of heat exchanger W m-2 K -1 

v Velocity of air m/s 

𝑣𝑡 Velocity of coolant in tube m/s 

𝑉1 Volume of gas at end of compression process in Otto cycle K 

Greek Symbols 

μ Dynamic viscosity of coolant Pa ⋅ s 

𝜌 Density of coolant kg/m3 

𝜌𝑝𝑒𝑡𝑟𝑜𝑙 Density of petrol kg/m3 

ε Efficiency of heat exchanger - 

𝛾 Specific heat ratio - 

𝜎 Air free flow ratio - 

𝜂 Fin efficiency - 

𝜂𝑐 Surface efficiency - 

∆𝑝 Pressure drop Pa 

1. INTRODUCTION

Plate fin heat exchangers are a class compact heat 

exchangers are used to transmit heat energy between two 

streams at different temperatures in an array of applications. 

Plate fin heat exchangers are employed as car radiators in the 

automobile industry because of their high surface to volume 

ratio, which allows for excellent cooling of internal 

combustion engines. This component has received little 

attention for a number of years, with little change in its 

production cost, operation, or geometry. As a result, in order 

to effectively cool the engine, it is required to examine the 

performance parameters of the automobile radiator. Many 

researchers have examined various aspects of the car 

radiator. The influence of geometric characteristics (fin 

spacing, louvre angle) and the importance of flow of cooling 

fluid on the efficacy of the radiator was investigated by 

(Oliet et al., 2007). The impact of changing the flow rates of 

different streams on performance characteristics (coolant 

load, pressure drop) was also investigated. (Chen et al., 

2001) studied the thermal characteristics of the radiator in 

the laboratory and established regression models for 

different thermal and hydraulic performance parameters of 

the heat exchanger. (Perez-Segarra et al., 2008, Oliet et al., 

2008) developed a simulation model for two radiator models 

and compared the performance parameters whose results 

were compared to that of the experimental observations.
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(Gollin et al., 1996) studied how the thermo-hydraulic 

performance varied under different models of the heat 

exchanger using various ethylene glycol combinations as a 

coolant. Using the finite difference method and the concept of 

thermal resistance, (Yadav et al., 2011) examined the thermal 

and hydraulic parameters of an automotive radiator. A bench 

scale system was also created, with various performance 

characteristics being evaluated using different concentrations of 

water and propylene glycol as coolants. (Lin et al., 2000) 

studied the effect of temperature variations in the ambient and 

coolant radiator inlet on the specific dissipation rate. With 

ambient temperatures as well as coolant temperatures varying 

to a great extent, the findings were computed using a analytical 

heat transfer model of the heat exchanger. (Charyulu et al., 

1999) performed computer simulations on a finned tube heat 

exchanger of a diesel engine using the NTU technique, 

concentrating on the effect of materialistic properties of the fin 

and tube on the efficacy of the heat exchanger. The effect of flow 

rates and temperatures of the fluid streams on the performance 

parameters of the heat exchanger were also studied. (Elias et al., 

2014) investigated if nano fluids could be utilised as coolants in 

automotive radiators to improve heat transfer performance. 

New discoveries on the thermal characteristics of Al2O3 
nanoparticles distributed in water are also presented in this 
work. (Leong et al., 2010) used ethylene glycol-based copper 

nano fluids to study the thermal characteristics of a heat 

exchanger which is used in transport vehicles. The thermal 

performance of a nano fluid-operated automobile car radiator 

was compared to that of a radiator using standard coolants such 

as ethylene glycol mixes. (Nieh et al., 2014) studied the use of 

nano- coolants to improve the heat recovery of an automobile 

radiator in an experimental setting. With various nanoparticle 

concentrations and sample temperatures, the thermal properties 

of the nano coolants were measured, and the nano coolants were 

then used in an air-cooled radiator to assess various thermal and 

hydraulic characteristics at different flow rates of the hot and 

cold stream and various inlet temperature of the hot fluid.  

performance parameters in this study. 

(Jamnani et al., 2011) evaluated the use of forced convection heat 
transfer in a vehicle radiator to cool fluids of different chemical 
compositions. The heat transmission properties of pure water and 
pure ethylene glycol, as well as their combinations, were also 
examined. With different amounts of different nanoparticles 
added to the water, (Peyghambarzadeh et al., 2013) evaluated the 
thermal and hydraulic performance of the heat exchanger using 
the - NTU approach. In order to calculate the thermal as well as 
hydraulic characteristics for a nano fluid flowing in a radiator 
with specific heat load, (Bozorgan et al., 2012) examined the 
heat transfer correlations between airflow and nano fluid coolant. 
(Hussein et al., 2014) examined the hydraulic and thermal 
performance parameters of SiO2 nano particles distributed in 
water as a base fluid in a finned heat exchanger for a variety of 
industrial applications by validating it experimentally and 
numerically in a car radiator. (Sheikhzadeh et al., 2014) 
investigated the influence of increasing nanoparticle 
concentrations in the coolant on the heat exchanger's thermal 
performance metrics. The performance parameters of the heat 
exchanger are dependent on the geometry as well as the flow 
conditions, according to a comprehensive review of the 
literature. We investigated the impact of cold and hot fluid flow 
rates on the heat exchanger's
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2. GEOMETRY OF HEAT EXCHANGER

For the present study, a plate fin type heat exchanger has been used.  

Table 1 and Table 2 illustrate the geometrical parameters of the heat 

exchanger on the air side and tube side respectively. 

Table 1 

Geometrical parameters of the radiator on the air side. 

Geometric Parameters Magnitude 

Radiator length 0.1 m 

Radiator width 0.04 m 

Radiator height 0.1 m 

Length of tube 0.1 m 

Width of tube 0.019 m 

Height of tube 0.003 m 

Thickness of tube 0.0005 m 

Number of tubes 14 

Distance between tubes 0.01 m 

Tube hydraulic diameter 0.00351 m 

Air free flow ratio 0.33 

Table 2 

Geometrical parameters of the radiator on the tube side. 

Description Magnitude 

Fin width 0.04 m 

Fin height 0.01 m 

Fin thickness 0.0005 m 

Number of fins per row 251 

Area of cross section 0.000045 m 
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3. METHODOLOGY

3.1 Development of Theoretical Model: 

Although there has been a good amount of 

research work done before, the development 

of current model was done by incorporating 

the heat transfer from engine cylinder to the 

coolant jacket which is a novel methodology 

not seen in most literature survey. 

Conditions under which the model was developed: - 

• All tubes, plates and fins are taken to be of

uniform size and shape each

• Convective heat transfer coefficient

varies axially but is again constant for a

particular section throughout

• Parameters such as Prandtl Number,

density, viscosity, specific heat do not

change throughout the heat exchanger

but for a particular given inlet

temperature.

•  Material properties do not change.

The designing of a car radiator begins with the 

determination of cooling load which is to be 

dissipated by the radiator, determination of outlet 

temperature of the coolant from the coolant jacket 

and sizing of the car radiator as a compact crossflow 

heat exchanger. 

3.1.1 Determination of cooling load requirements 

for internal combustion engine 

From a sample space of 30 Indian hatchback car 

engines (brake power rated from 30 HP to 108 HP), 

the following engine parameters were obtained: 

brake power, bore length, stroke length, number of 

cylinders, compression ratio, cylinder capacity (in 

cc), mileage and RPM at maximum brake power. 

From these parameters the following engine 

performance parameters were calculated. 

The brake power of the engine is calculated as: 

6 × 𝐵𝑃 
𝑏𝑚𝑒𝑝 = … (1) 

𝑛𝐿𝑠𝐴𝑝𝑁𝑘 × 10 

Heywood [19], stated that the frictional mean effective pressure(fmep) is related to the engine speed according to the 

following relation. Here, the maximum engine speed is considered for extreme operating conditions. 

𝑓𝑚𝑒𝑝 = 0.97 + 0.15 ( 𝑁 

1000 

) + 0.05 (𝑁 

1000 

2 … (2) 
) 

Subsequently, the indicated mean effective pressure is given as: 

𝑖𝑚𝑒𝑝 = 𝑏𝑚𝑒𝑝 + 𝑓𝑚𝑒𝑝 … (3) 

Hence, the indicated power is calculated as: 
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𝐼𝑃 = 

𝑖𝑚𝑒𝑝 × 𝑛𝐿𝐴𝑁𝑘 × 10 6 … (4) 

By calculating the indicated power for all the car engines, the highest calculated value for indicated power is 103.63 kW. 

According to Stone [17], for petrol engines, the heat energy to the coolant is nearly 28% of the indicated power. Hence for the 

calculations of the car radiator, the coolant load is taken as 30 kW. 

3.1.2 Determination of coolant outlet temperature from engine 

The determination of coolant outlet temperature from the coolant jacket begins with the calculation of maximum temperature 

attained during the combustion process in the engine cylinder at varying engine speeds and engine load. During this process 

maximum heat transfer takes place from the engine cylinder to the coolant jacket. Subsequently, applying appropriate heat 

transfer equations, the heat transferred from the engine cylinder to the coolant jacket is calculated and the coolant outlet 

temperature from the engine is obtained. 

3.1.2.1 Calculation of maximum temperature in engine cylinder 

Thus, the maximum temperature in engine cylinder is obtained as: 

𝑚𝑓𝑢𝑒𝑙. 𝐶𝑣 (𝑓𝑢𝑒𝑙) = 𝑚𝑎𝑖𝑟. 𝐶𝑣 (𝑎𝑖𝑟). (𝑇3 − 𝑇2) … (5)

Mass of fuel consumed per second at various car speeds (𝑚𝑓𝑢𝑒𝑙) is given as: 

𝑐𝑎𝑟 𝑠𝑝𝑒𝑒𝑑 𝜌𝑝𝑒𝑡𝑟𝑜𝑙
𝑚𝑓𝑢𝑒𝑙 =  ×   … (6) 3600

 𝑚𝑖𝑙𝑒𝑎𝑔𝑒 

Mass of air consumed for combustion process in the engine cylinder (𝑚𝑎𝑖𝑟) is given as: 

𝑚 = 
𝑃1. 𝑉1 

. 
𝑁 

  … (7)

𝑓𝑢𝑒𝑙 𝑅𝑇1 2 

Temperature at beginning of compression process in the engine (𝑇2) is given by: 

𝑇2 = 𝑇1. (𝑟)𝛾−1 … (8) 

3.1.2.2 Calculation of heat transfer from engine cylinder to coolant jacket 

The heat transfer from engine chamber to the coolant jacket is given by the equation: 

𝑄𝑔𝑎𝑠−𝑙𝑖𝑛𝑒𝑟 𝑖𝑛𝑛𝑒𝑟 = 𝑄𝑙𝑖𝑛𝑒𝑟 𝑖𝑛𝑛𝑒𝑟−𝑙𝑖𝑛𝑒𝑟 𝑜𝑢𝑡𝑒𝑟 =

𝑄𝑙𝑖𝑛𝑒𝑟 𝑜𝑢𝑡𝑒𝑟−𝑐𝑜𝑜𝑙𝑎𝑛𝑡 … (9) 

With substituting with the corresponding heat transfer equation, we get the following relation and the coolant outlet 

temperature from the coolant jacket (Tc) is calculated as: 
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ℎ . 𝐴 . (𝑇 − 𝑇 ) =
2𝜋. 𝑘𝑙. 𝐿𝑠. (𝑇𝑙𝑖 − 𝑇𝑙𝑜) 

𝑔 𝑠𝑖 𝑔 𝑤
𝑖

𝑟𝑜 
ln (

𝑟𝑖
) 

= ℎ𝑐. 𝐴𝑠𝑜. (𝑇𝑤𝑜 − 𝑇𝑐) 
… (10) 

3.1.3 Design and analysis of compact heat exchanger for engine cooling system 

There are two critical factors to consider while designing a heat exchanger. One is the heat exchanger's thermal performance, 

and the other is the heat exchanger's hydraulic performance. The flow rate of the hot and cold fluid streams, as well as their 

inlet temperatures, are the primary determinants of these performance metrics. 

Tube side calculations 

The heat transfer coefficient of the coolant is given as: 

ℎ   = 𝑅𝑒 . 𝐺 . 𝐶 . [(
    𝑘𝑎𝑖𝑟

)
0.66

] … (11) 

𝑐 ℎ 𝑐 

𝜌𝑐. 𝑣𝑡 

𝑝 (𝑐) 
𝜇𝑐. 𝐶𝑝 (𝑐)

𝐺𝑐 = … (12) 
𝜎 

3.1.3.1 Air side calculations 

For practical conditions the car speeds are assumed to vary from 4 m/s to 42 m/s wherein the car radiator operates. Therefore, 

the Reynolds number of air side is given as: 

𝜌𝑎. 𝑣. 𝐷ℎ 
𝑅𝑒𝑐 = 

μ𝑎 . 𝜎 

… (13) 

Since the range of the Reynolds number is less than 5 × 105, the flow of air is laminar in nature. Hence according to Sadik

[18], the equation for Nusselt number for laminar flow is given as: 

𝑁𝑢 = 0.037 × (𝑅𝑒𝑐)0.5 × (𝑃𝑟)0.33 … (14) 

Subsequently the coefficient of heat transfer coefficient of air is calculated as: 

𝑁𝑢𝑎𝑖𝑟. 𝑘𝑎𝑖𝑟
ℎ𝑎𝑖𝑟 =

𝑙𝑤 

… (15)

Also, the thermal resistance offered by aluminium as the tube wall is given as: 
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𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 

𝑡 

𝑘𝑡. 𝐴𝑡 … (16) 

According to Peyghambarzadeh [7], the overall heat transfer coefficient is expressed as: 

1 
= 

1 𝑡 1 
+ + 

… (17)

𝑈. 𝐴 η𝑐. ℎ𝑐. 𝐴 𝑘𝑡. 𝐴𝑡 ℎ𝑎𝑖𝑟. 𝐴𝑖 

The surface efficiency related to the fin efficiency is as follows: 

= 1 − 
𝐴𝑓

(1 − η) … (18) 
η𝑐 

𝐴𝑜 

Where, 𝐴𝑓 is the surface area of the fin. 

𝐴𝑜 = 𝐴𝑓 + 𝐴𝑏 … (19) 

Where, 𝐴𝑏 is the surface area of the bare tube without fins. The fin efficiency (η) 

can be calculated as: 

tanh (𝑚𝐿) 
η = 

where, 

𝑚𝐿 
… (20) 

2ℎ𝑎𝑖𝑟
𝑚 = √ 

𝑘𝑓 . 𝑡𝑓 
… (21) 

Subsequently, the number of heat transfer units is expressed as: 

𝑈. 𝐴 
𝑁𝑇𝑈 = … (22) 

𝐶𝑚𝑖𝑛

The specific heat capacities of the two fluids 

𝐶ℎ  = 𝑚ℎ. 𝐶𝑝ℎ … (23) 

𝐶𝑐 = 𝑚𝑐. 𝐶𝑝𝑐 … (24) 

The heat capacity ratio is defined as: 
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𝑟 2  ] 

𝐶∗ =
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

… (25) 

The relationship between effectiveness of heat exchanger, heat capacity ratio is given as: 

𝜀 = 
1 

(1 − 𝑒[−𝐶∗(1−𝑒−𝑁𝑇𝑈)]) … (26) 

𝐶∗

Consequently, taking into account the effectiveness (𝜀), heat to be dissipated by the radiator (Q), coolant inlet 

temperature(Thi), air inlet temperature (Tci), the outlet temperature(Tho) is calculated as: 

𝑄 = 𝜀. 𝐶ℎ. (𝑇ℎ𝑖  − 𝑇ℎ𝑜) … (27) 

𝑄 = 𝜀. 𝐶𝑐. (𝑇𝑐𝑜 − 𝑇𝑐𝑖) … (28) 

3.1.4 Calculation of pressure drop across air side and tube side: 

The pressure drop across the radiator core (air side) and the pressure drop across the radiator tubes (tube side) are given as: 

For Air side: 

The total air side pressure drop across the heat exchanger is given by the following equation. 

∆𝑝 = 
𝐺2

[(𝑘 + 1 − 𝜎2) + 2 ( 
𝜌𝑖  

− 1) + 𝑓
𝐴    𝜌𝑖   

− (1 − − 𝜎2) 
𝜌𝑖 

] … (29) 

𝑐 
2𝜌𝑖 𝜌𝑜 𝐴𝑚𝑖𝑛 𝜌

𝑒 
𝜌𝑜 

 𝐺𝑎𝑖
2

∆𝑝 = [(1 + 𝜎 ) ( 
2𝜌𝑖 

For Tube side: 

𝜌𝑖 

𝜌𝑜 

− 1) + 𝑓 𝐴 
. 
𝜌𝑖 

… (30) 

𝐴𝑚𝑖𝑛     𝜌

The pressure drop across the tube side is given as: 

1 
∆𝑝 = ( 

2 

𝜌𝑣 2) . [4𝑓𝑡. 𝐿 

𝐷
ℎ 

] … (31) 

Where, f is the friction factor of the tube which varies according to the Reynolds number of hot fluid. 
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4. RESULTS AND DISCUSSION

The effect of inlet parameters of the heat exchanger on the performance parameters were studied for theoretically 

and appropriate graphs were plotted. 

4.1 Effect of Hot fluid flow rate on performance parameters of heat exchanger 

Fig. 1. Variation of overall heat transfer coefficient with  

Reynolds number of hot fluid at various temperatures  

of hot fluid and different Reynolds number of the cold fluid.

Figure [1] depicts the variation in overall heat 

transfer coefficient with variation in mass flow rate 

of the hot streams and different discharges of the cold 

stream. For the lowest and highest cold fluid flow 

rates (Re = 30000 to 300000), U increases with hot 

fluid flow for maximum operating temperatures of 

hot fluid. It's because the thermal characteristic of a 

hot fluid stream augments as the discharge of the 

stream increases. It is also reported that as the cold 

fluid flow rate increases, the overall heat transfer 

coefficient increases. It's because the heat transfer 

coefficient of cold fluid increases as the flow rate of  

cold fluid increases. 
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4.2 Effect of hot fluid Reynolds number vs Overall Effectiveness (ε) 

Figure [2] depicts the relationship between total 

efficiency and hot fluid Reynolds number at various 

temperatures and cold fluid Reynolds numbers. For 

severe operating temperatures of hot fluid at the 

lowest cold fluid flow rate (Re=30000), the 

effectiveness rises (from 76% to 94%) with hot fluid 

flow rate (from 76% to 94%). Also, owing of the 

lower Re of cold fluid, the effectiveness of higher cold 

fluid flow rates is lower than lower cold fluid flow 

rates due to more residence time. For severe operating 

temperatures of hot fluid (Re. from 100 to 900), the 

efficacy lowers and increases with hot fluid flow rate 

(Re. from 100 to 900). For the maximum cold fluid 

flow rate (Re=300000), the effectiveness falls and 

increases with hot fluid flow rate (Re varying from 

100 to 900). 

Fig. 2. Variation of overall effectiveness (ε) with Reynolds number of hot fluid at various temperatures of hot fluid and 

different Reynolds number of the cold fluid. 
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4.3 Effect of hot fluid Reynolds number vs Pressure drop across air and tube side 

Fig. 3. Variation of pressure drop with Reynolds number of hot fluid at various temperatures of hot fluid and different 

Reynolds number of the cold fluid. 

Figure [3] depicts the drop in pressure on the tube 

side and air side as a function of the hot fluid's Re at 

various temperatures and the cold fluid's Re. At 

extreme hot fluid temperatures and highest Re of 

cold fluid, the tube side pressure drop increases with 

Reynolds number of hot fluid (300000). The tube side 

pressure drop is related to the hot fluid velocity and 

the tube friction factor, which increases with the hot 

fluid flow rate, as shown by equation [31]. For varied 

cold fluid flow rates, it is also noted that the air side 

pressure drop does not alter significantly with rise in 

hot fluid flow rate. Due to the variable nature of the 

heat exchanger's efficacy, the pressure drop reaches 

a minimal value at extreme cold fluid flow rate 

(Re(c) = 300000). 
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4.4 Effect of Cold fluid flow rate on performance parameters of heat exchanger 

Fig. 4. Variation of overall heat transfer rate with  

Reynolds number of cold fluid at various temperatures  

of hot fluid and different Reynolds number of hot fluid. 

Figure [4] demonstrates how the overall heat transfer 

rate varies with the Re of the cold fluid at different 

temperatures and different Re of the hot fluid. For 

extreme operating temperatures of hot fluid, U 

increases with cold fluid flow rate (Re. from 30000 

to 300000) for the lowest and maximum hot fluid 

flow rate (Re =100 to 900). It's because the heat 

transfer coefficient of cold fluid increases as the flow 

rate of cold fluid increases. It's also been discovered 

that as the rate of hot fluid flow increases, the overall 

heat transfer coefficient increases (Re. from 100 to 

900). It's because the heat transfer coefficient of a hot 

fluid increases as the flow rate of the hot fluid 

increases. 
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4.5 Effect of cold fluid flow rate vs Overall effectiveness (ε) 

Fig. 5. Variation of overall effectiveness (ε) with  

Reynolds number of cold fluid at various temperatures  

of hot fluid and different Reynolds number of the hot fluid. 

Figure [5] depicts the variance in overall efficacy as 
a function of the Reynolds number of the cold strean 
at various temperatures and Reynolds numbers of the 
hot fluid. For the highest Reynolds number of hot 
fluid, the efficiency falls with increasing Re of cold 
fluid (900). It's because the cold fluid has a longer 
residence period at a lower Reynolds number. Also, 
for the lowest Re of hot fluid (100) at 100°C of hot 
fluid temperature, the efficiency improves with the 
Re of cold fluid. For 40°C of hot fluid temperature 
and lowest hot fluid flow rate (Re=100), the 
effectiveness drops and increases with cold fluid flow 
rate (Re. from 30000 to 300000). It's because the 
specific heat capacities of hot and cold fluids reach 
their lowest points at various hot fluid flow rates. 
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4.6 Effect of cold fluid flow rate vs Pressure Drop (Air side) 

Figure [6] shows the drop in pressure as a function 

of the Re of the cold fluid at various temperatures 

and Reynolds numbers of the hot fluid. It's also been 

discovered that as the cold fluid flow rate (Re(c)) rises 

from 30000 to 300000, the air side pressure drop 

increases. The air side pressure drop is proportional 

to the mass velocity of the cold fluid, as shown by 

equation [30], and so the pressure drop at the air side 

increases as the cold fluid flow rate increases. 

Fig. 6. Variation of pressure drop with Reynolds number 

of cold fluid at various temperatures of hot fluid and  

different Reynolds number of hot fluid. 
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4.7 Effect of Inlet temperature of hot fluid on performance parameters of heat exchanger 

Fig. 7. Variation of overall heat transfer coefficient with hot 

 fluid inlet temperature at various flow rates of hot fluid and cold fluid. 

Figure [7] demonstrates how the overall heat transfer 

coefficient varies with hot fluid inlet temperature at 

various hot fluid and cold fluid flow rates. With 

increasing the temperature of the hot fluid inlet, the 

overall heat transfer coefficient changes very little. 

As a result, a mean value can be employed with 

acceptable precision within a range of coolant 

temperature inlet conditions for a particular set of 

operational parameters, saving money and effort. 
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4.8 Effect of hot fluid inlet temperature (Tho) vs overall effectiveness 

Figure [8] depicts the relationship between overall 

efficiency and hot fluid input temperature for various 

hot fluid and cold fluid flow rates. Because the 

maximum heat capacity of the fluid increases to a 

higher extent than the minimum heat capacity of the 

fluid, efficiency declines with rising hot fluid 

temperature for given hot and cold fluid flow rates. 

Fig. 8. Variation of overall effectiveness with hot fluid inlet 

 temperature at various flow rates of hot fluid and cold fluid 
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4.9 Effect of hot fluid inlet temperature (Tho) vs Pressure drop (Air side and Tube side) 

Figure [9] depicts the pressure drop as a function of 

hot fluid input temperature at various hot fluid and 

cold fluid flow rates. With an increase in the 

temperature of the hot fluid inlet, there is a minimal 

fluctuation in pressure drop on the tube side. As a 

result, for a given set of operating parameters, a 

mean value for the tube side pressure drop can be 

employed within the range of hot fluid inlet 

temperature. It can be seen from equation [30] that 

the air side pressure drop varies depending from the 

mass velocity, density of air at the exit, and friction 

factor. The graph depicts the interrelationship 

between the terms

. 

Fig. 9. Variation of pressure drop with hot fluid  

inlet temperature at various flow rates of hot fluid and cold fluid 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV13IS040063
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

Vol. 13 Issue 4, April 2024

www.ijert.org
www.ijert.org


5. CONCLUSIONS

A theoretical model was developed as shown in the 

section 3. Calculations were done on the basis of 

experimental matrix and relevant graphs were plotted 

to show the effect of various conditions on the heat 

exchanger. The present study focused on theoretical 

analysis of an automotive radiator as a plate fin heat 

exchanger. For the design and analysis of an 

automobile under typical working conditions, an 

analytical model was created. The impact of hot, cold, 

and intake hot fluid temperatures on performance 

measures such overall heat transfer coefficient, overall 

efficiency, and pressure was studied theoretically. An 

overview of theoretical analysis based on the current 

study is presented here. 

1. The overall heat transfer coefficient has minimal

dependence on the inlet hot fluid temperature for a

given set of other operating parameters and hence

a mean value can be used within a range of coolant

temperature inlet conditions for a given set of

operating parameters with acceptable accuracy,

saving costs and time.

2. The overall heat transfer coefficient of the automotive

radiator was over 25 W/m2K for each of the operating

conditions and can be increased up to 152 W/m2K with

maximum hot fluid flow rate (Re(h) = 100), minimum

hot fluid inlet temperature (40oC) and maximum cold

fluid flow rate (Re (c)=300000).

3. The overall efficiency of the heat exchanger was over

39% for each of the conditions and can be increased up

to 94% with decreasing cold fluid flow rate up to Re of

30000 and inlet temperature of 40°C.

4. The pressure drop across the tube side is independent of

the cold fluid flow rates. The pressure drop across tube

side was over 47 Pa and can be increased up to 4300 Pa

with minimum hot fluid flow rate (Re(h) = 100),

minimum hot fluid inlet temperature (40oC) and

maximum cold fluid flow rate (Re (c)=300000).

5. The pressure drop across the air side was over 86 Pa and

can be increased up to 5500 Pa with minimum hot fluid

flow rate (Re(h) = 100), minimum hot fluid inlet

temperature (40oC) and maximum cold fluid flow rate

(Re (c)=300000).
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