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Abstract

In this Study, radiator performance for passenger car has been studied experimentally in a wide range of 

operating conditions. Experimental prediction of Nusselt number and heat transfer coefficient for coolants in 

radiator tubes are also performed with  method. The total effectiveness coefficient of radiator and heat 

transfer coefficient in air side is calculated via trial and error method considering experimental data. The Col-

burn factor and pressure drop are also estimated for this heat exchanger. Examples of application demonstrate 

the practical usefulness of this method to provide empirical data which can be used during the design stage.
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Effectiveness can be expressed as a function of , the 

capacity ratio and heat exchanger configuration: 

Cr ,, (8)

-

ferent authors, but in real condition and for one row tube 

radiators, we can use equations (9) and (10):
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The flow of heat from the hot coolant to the cold air, can 

be represented by Newton's Law of cooling as shown in 

equation (11): 

chQ (11)

Where the overall heat transfer coefficient, U, comprises 

three separate resistances as shown in equation (12):
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If we assume the fin efficiency,  , then equation (12) 

can be rewritten to give:
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And total surface efficiency,  
°

110 (14)

A= surface area in which U is based.

For a flat tube heat exchanger it can be shown that [8]:
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The most commonly used relationship for laminar flow 

(Re<2300) is the correlation proposed by Seider and Tate 

in 1936 [8].
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Reynolds number, Re is defined as:

hRe
(18)

Prandtl number, Pr is defined as:
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Modification to the Petukhov model, by Gnielinski us-

ing experimental data has extended the correlation to in-

clude the transitional range (2300<Re<10000) where most 

automotive radiators operate [8]:
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Where fanning friction factor, f is given by [8]:
2

28.3Reln58.1 (22)

To facilitate the comparison of different heat exchanger 

geometries, the heat transfer coefficient is normally made 

into a non-dimensional number using Stanton number, St, 

or Colburn factor, j, and compared at constant Reynolds 

number, Re [8].
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Colburn factor is defined as [8]:

3

2

Pr.Stj (24)

Using the following procedure, Colburn factor (j) can 

be determined:

- For best accuracy select data for a coolant flow rate 

where Re>4000.

- As the inlet and outlet temperatures and flow rates are 

known on both sides of the heat exchanger calculate effec-

tiveness,  could be calculated using equation (7).

- Using the appropriate   relationship,  , and 

using equation (5)  , could be calculated.

-  Using the Gnielinski correlation of equations (21) and 
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(22) the coolant side Nusselt number is obtained.

- Then, in equation (17), Nusselt number is converted to 

heat transfer coefficient, h
h
 .

- Substitute for h
h
 , 

h
, t and k into equation (25):
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Where constant k is given by:
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Substituting equation (14) into equation (27), gives 

equation (28).
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- Using the fin efficiency relationships equations of (14) 

and (15), we can solve fin efficiency,   and air side heat 

transfer coefficient, h
c
 . As fin efficiency is a function of 

heat transfer coefficient, the solution will be iterative.

- Stanton Number can, then, be determined using equa-

tion (23) and Colburn factor using equation (24).

Air-side pressure drop in radiator

Following Kays and London results, air-side pressure 

drop can be calculated from the following relationship 

[8]:
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Error and accuracy analysis

It is obvious that any empirical study has special errors, 

such as application, operating, environmental, dynamic 

and calculating. 

Type K thermocouples are more frequently used in indus-

try. They are usually calibrated in the range 0°C to 1100°C, 

with expanded uncertainty of ± 1.0°C up to 1000°C.

We calibrated all thermocouples with comparison meth-

od and repeatability of all instruments is examined. To no-

tice response time error, we read all data after reaching 

98 percentage of standard value. Reproducibility of proce-

dures is other the criteria to be confidence of experimen-

tal data, and then we almost repeated any of exams for 

two times. We used all indicators with 10 times resolution 

higher than accuracy that we have accepted. 

For uncertainly analysis in equation 1, we can use the 

method below;
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Indeed, the total uncertainly in radiator heat loss equa-

tion is 8.8%.

Results and discussion 

At constant engine speed, increment of air flow in front 

of vehicle causes that temperature of the engine compart-

ment air the reduced. Also, air velocity growth in this 

cavity affects heat transfer coefficient of engine body and 

raises the heat loss of the engine and other solid parts of 

this space. Fig. 4 shows the component of energy balance 

at 3000 rpm and 62 km/hr.

The influence of engine speed on distribution of energy 

is presented in Fig. 5. Increment of engine speed decreases 

time of heat transfer and increases motion of cylinder gas 

which leads to engine heat transfer coefficient rising. Gas 










