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Abstract: - This study has investigated numerically and experimentally the flow characteristic of air-cooling fan 
for transmission oil cooler in the large-size diesel engine. Impellers of cooler were composed of eight normal-
scale and eight small-scale blades in the zig-zag pattern. In order to increase the discharge pressure of cooling 
fan, turbo type of fan blade is proposed in the impeller for transmission oil cooler. The fluidic performance of 
cooling fan has been estimated numerically by using the commercial code and experimentally carried out with 
reference on AMCA Standard 210-99. As a result, it is confirmed that the numerical result for performance 
curve is in a good agreement with experimental data. 
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1 Introduction 
Recently, interest in the high thermal efficiency of 
diesel engine has been increased in a high power 
vehicle and the fuel efficiency of diesel engine has 
been also continuously improved to yield the high 
power in a large-scale vehicle. Due to the improved 
thermal performance and output power of engine, 
there has been an increasing in the application of a 
high performance automatic transmission to a large 
vehicle. Especially, an automatic transmission has 
more complicated structure than that of manual 
transmission. Torque converter is also required in an 
automatic transmission to prevent car from being 
stalled during driving  as well as degradation due to 
the lower transmission level than manual 
transmission.1-3)  

The torque converter transfers rotating power 
from engine to wheel by using the fluid coupling 
system in a type of small turbine. But the 
transmitting rate of power energy can be inevitably 
reduced in the increasing of torque force of 
transmission when the car is accelerated or ascended. 
Eventually, the reduced power of torque energy 
turns into heat and it cause the temperature rise of 

oil in the transmission. The high temperature of 
transmission system yields the lubricant oil to be 
oxidized and poor lubrication and damage to inner 
components of transmission. To prevent the 
operating temperature of oil overheating, oil cooler 
system should be installed in automatic transmission. 
Generally, for an oil cooler system, water cooling 
system is applied in small size engine and air 
cooling system with forced circulation cooling fan 
in large size engine.  

In this work, the oil cooler system will be 
investigated for automatic transmission for large 
size engine. This oil cooling system sucks the air 
into oil cooler by cooling fan. automatic 
transmission can operate normally in temperature 
range from 50oC to 120oC and its performance 
becomes lowering rapidly over 130oC. So it is very 
important to be ready to cooling this. In the case that 
forced circulation air cooling system is installed for 
acquiring cooling capacity of transmission’s oil, the 
performance of cooling fan developing the flow 
field is the one of factors affect directly to cooling 
transmission’s oil.4-5) 
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Thus, this study is conducted to verify the 
performance curves of oil cooling fan with turbo 
type by CFD based on experimental result. Also, it 
tries to secure the data for product development 
through further optimized design and reliability of 
result by CFD. 

 
 

2. Setting up the Problem 
 

2.1 Impeller 
Fig.1 shows cooling fan system and impeller shape 
used in this study. As shown in Fig.1, blade shape of 
impeller applied in this study has 70o of inlet angle 
and 56o of outlet angle. Also, twisted angle between 
upper and bottom of the blade is 22.5o. It rotates in a 
clockwise direction at 5300 rpm. The impeller 
consists of 16 blades, includes 8 big blades and 
small blades each and small blades are positioned 
between big blades. And it is made of aluminum 
alloy (AC4C-T6). 
 

 
 

Fig.1 Schematic configuration of cooler system and 
impeller shape 

2.2 Research Method and Numerical Conditions 
 

2.2.1. Experimental Method 
In this study, experiment on cooling fan is 
conducted according to AMCA Standard 210-99 as 
Fig.2 and measurements of the experiment are given 
in Table 1. As decreasing 10% each from the 
maximum static pressure at 5300rpm, the flow rate 
was measured. And the measured data was 
converted to the pressure in standard atmosphere 
condition, and then the results were drawn by 
converting the value to pressure in operating 
temperature condition 
 
Table 1 Measurement items for experiment  
No. measurement unit range 
1 Input revolution rpm 5300 
2 static pressure Pa 0~10000 
3 suction flow rate kg/s 0~8.5 
4 output torque N,m 0~450 

5 ambient 
temperature ℃ 10~30 

 

 
 

ⓐ chamber ⓕ 
torque meter 

(Max 100kg•m) 

ⓑ cooling fan 
housing ⓖ Accelerator 

(3.5:1) 

ⓒ cooling fan ⓗ 
torque meter 

(Max 100kg•m) 

ⓓ gear box ⓘ motor (200HP) 

ⓔ telemetry ⓙ time belt 

Fig.2 Schematic diagram of cooling fan experiment 
setup 
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2.2.2 Numerical Method  
In order to analyze flow characteristics of the 
cooling fan efficiently, it was assumed to three-
dimensional steady flow. With high Reynolds 
number, standard k-ε model, which is considered as 
the industry standard model, was selected to the 
turbulence model. It was solved including energy 
equation regarding effects of air compressibility by 
high rotation of fan and temperature rise by air 
friction. And the air was assumed to ideal gas 
considering the change of air properties by 
temperature rise. Eq. (1) to Eq. (5) were applied as 
governing equations for numerical analysis of 
current research object. 

 
Continuity equation 
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Turbulence kinetic energy equation 
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Turbulence kinetic disappearance equation 
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Where, 
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Fig.3 Boundary conditions and fan rotating speed 

 
As a link the pressure and velocity at the 

governing equation, segregate flow algorithm by 
SIMPLE(semi-implicit method for pressure-linked 
equations) was used, and the commercial CFD 
software, named as Star-CCM, were used to analyze 
the cooling fan. 

For convergence judgment of a dependent 
variable under steady-state to obtain the numerical 
result, solving repetition was proceeded until the 
outlet flow rate came to a certain value. To grant 
rotating power to the impeller, MRF(Moving 
Reference Frame), which is the function applying 
rotating power to object, was configured. 

Standard k-ε model among the Reynolds-
Averaged Navier-Stokes equation was selected as 
turbulence model. At this moment, to raise the 
solving accuracy on the wall is critical. Thus, to 
achieve this, two-layer was inserted on the whole 
wall. 

Pressure boundary condition of the inlet in Fig.3 
was assumed to the atmospheric pressure, and in the 
inlet, the turbulence intensity was set to 5% and the 
turbulent mixing length was 10% of outlet diameter. 
The outlet pressure range was from zero to 9000Pa. 
Rotating Speed of Impeller was set to 5300rpm. 
Polyhedral type was used as the computation grids 
and the control volume consisted of about 130,000 
solid cells. 
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3. Results and Discussion 
As the result of numerical analysis on the flow 
characteristics of the oil-cooling fan, the pressure 
distribution like Fig.4 was obtained. To verify the 
numerical result, tendency of the numerical analysis 
was grasped comparing with numerical result by 
starting from the experimental result following the 
AMCA Standard 210-99, Analyzing the error range 
between experiment and numerical analysis, 
foundation datum for design in real were acquired. 

Fig.4 shows the distribution of static pressure at 
20oC. In a case that there is no load at the fan outlet, 
or both inlet and outlet are opened to the atmosphere, 
it shows the maximum flow rate.  

At this, the error between experiment and 
numerical analysis is about 3%, and it can be 
verified that the result of numerical analysis 
indicates a lower flow rate. But at the actually used 
flow rate 7.5 kg/s, the pressure by experiment is 
about 9000 Pa and numerical analysis is 8800 Pa.  

 

 

Working fluid=20oC 

 

Working fluid=100oC 
 

Fig.4 Distributions of static pressure according to 
flow rate 

 
Working fluid=20 oC 

 
Working fluid=100 oC 

 
Fig.5 Distributions of theoretical power according to 
flow rate 

 
In the respect of the broad tendency, the results 

by experiment and numerical analysis are almost 
identical and it can be judged that generated error 
can be covered in design. Moreover, converting the 
data based on the results at 20oC, the results at 
100oC of atmosphere were compared. In the 
experiment, the mass flow rate shows 7.65 kg/s at 
7100 Pa and , in numerical analysis, it show at 6900 
Pa. It could be confirmed that 200 Pa of gap 
between each result was generated.  

Fig.5 indicates the comparison of each result for 
theoretical power. There was no result on the 
theoretical power in experimental method. It only 
included the result on the axial power. So the 
theoretical power was obtained by calculating back 
to equation (10). The results were represented in 
Table 2. 
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Table 2 Comparison of shaft power with theoretical 
power. 

Axial power 
(kW) 

Static 
efficiency (%) 

Theoretical 
power (kW) 

101.85 0.58 0.59 
102.05 12.82 13.08 
102.42 23.69 24.26 

103.39 34.39 35.56 

103.52 42.66 44.16 
102.15 49.53 50.59 
100.84 55.48 55.95 

99.14 58.97 58.46 

86.91 62.97 54.73 

81.13 63.31 51.36 
 

6120
]mmAq[]/minm[]kW[
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PQP ×

=
                  (10) 

 
Unlike the axial power, the theoretical power is 

entirely generated by fluid so it is different from real 
axial power. As the theoretical power is acquired by 
multiplying theoretical power by efficiency, if real 
axial power is decided, proper motor can be selected. 
In this study, it could be verified that the theoretical 
power obtained by numerical analysis was lower 
than that by experiment. 

Fig.6 indicates the efficiency curve. When the 
outlet is completely opened, the efficiency shows 
very low. And, when the pressure acts to outlet of 
the cooling fan, the flow rate becomes low. At that 
time, it could be verified that, as the flow rate 
becomes low, the efficiency is increased.  

 

 
Fig.6 Comparison of efficiency to experiment and 
CFD 

To verify the accuracy of numerical analysis 
objectively, the peripheral velocity of impeller 
theoretically obtained by equation (11) was 
compared with Fig.7. As the result theoretically 
obtained peripheral velocity was 161.7[m/s] and 
numerically obtained peripheral velocity of impeller 
was about 170[m/s], that is, similar results of two 
could be acquired. 

The velocity distributions by numerical analysis 
show a little bit difference according to the position 
of casing. It because the pressure distributions are 
different according to the position of casing eddy 
chamber and the peripheral velocity of fan shows 
difference locally by the pressure effect. But the 
global velocity distribution was similar with the 
theoretical velocity. Thus, it can be confirmed that 
the reliability of result by numerical analysis of this 
study.  
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Fig.7 Result of velocity vector in cooling fan at 
middle section. 

 
 

4. Conclusions 
To verify the performance curve of oil-cooling fan 
applied in large size diesel engine, numerical 
analysis was conducted and similar result was 
acquired.  

(1) It could be verified the gap between 
experiment and numerical analysis was about 3%, 
which means that the result by numerical analysis 
showed somewhat lower flow rate. 

(2) It could be confirmed that mass flow rate was 
7.65 kg/s at 7100 Pa by experiment and 7.65 kg/s of 
mass flow rate was represented at 6900 Pa by 
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numerical analysis. There was 200 Pa of gap 
between experiment and numerical analysis. 

(3) About 60% of efficiency was represented at 
the flow rate 7.5 kg/s which is the operating section 
of cooling fan. 

(4) It could be confirmed theoretical power in real 
operating section is a little bit low. 
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