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Research on Prediction of Cooling Air Flow in Small Air-cooled Utility Engines
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ABSTRACT

This report describes research on the prediction of the
cooling air field for air-cooled engines using
Computational Fluid Dynamics (CFD). The design of the
cooling air field is very important for engine cooling, a
factor which has a significant effect on engine
performance, fuel consumption, noise, reliability, etc.
However, the flow field is very complex because a large
number of components are located in the flow passages
and the cooling air is generated by a centrifugal fan. In
order to understand this flow field, calculations were
performed using CFD and measurements were taken in
an actual engine. Given practical considerations such as
computing time, modeling time, correlation between
calculation and test results, formulation of a database,
etc., the fan P-Q (pressure vs. volume flow rate)
characteristics and the flow field were calculated
separately when employing CFD. In addition to
visualization using Particle Image Velocimetry (PIV)
pressure measurements and measurements of the P-Q
characteristics of the cooling fan were employed to
measure the flow field in the actual engine. The
correlation between the results of CFD calculations and
measurements was studied. Almost suitable prediction
results were achieved by setting the P-Q characteristics
at the boundary surface of the rotational area, as obtained
from the calculation of P-Q characteristics, as a fan
boundary condition for CFD analysis of the cooling air
field. This research has enabled the qualitative and
quantitative prediction of the cooling air flow of air-
cooled engines.
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Fig. 1 Model geometry and mesh for calculation of
fan P-Q characteristics
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Fig. 2 Model geometry for flow field

Volumetric flow rate meter

Static pressure
measurement point

Butterfly valve

Fig. 3 System for measurement of fan P-Q
characteristics

Table 1 Measurement system specifications
Measurement standard JIS B 8330
Motor ORIENTAL MOTOR
VEXTA FBLM 5120
Pipe JIS B2238 80A

Volumetric flow rate meter | Japan Flow Control FOX 10A
(Range: 15 - 300 Nm3/h (Accuracy £2%))

YOKOGAWA JP208

Pressure meter

Table 2 Test engine specifications (GX22)

Engine type 4-stroke single cylinder (OHV)
spark ignition

Bore x Stroke (mm) 33 x26

Displacement (cm3) 222

Dry weight (kg) 3.3

Dimensions L x W x H (mm)| 210 x 251 x 249
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Fig. 4 Test engine (GX22)
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Fig. 5 Test engine bench
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Fig. 6 PIV and pressure measurement sections

Table 3 PIV system specifications
Camera
TSI PIVCAM 10-30 Cross/ autocorrelation CCD Camera
Light sensitive pixels 1008 (H) x 1018 (V)
Frame rate (MAX) (frame/s) | 30

Frame straddling time
(MAX) (us)

0.4

Optional system components
TSI LASERPULSE™ Y12-15
Energy (per pulse) (mJ) 12

Repetition rate (max.) (Hz) | 15
Wavelength (nm) 532

Others

Seeding generator

DLR Seeding
Generator LSG-500
(Particle diameter 1um)

INSIGHT™ TSI

Analysis software

Table 4 Pressure measurement system specifications

Pressure probe

| Diameter (internal/external) (mm) | 0.8/1.2 |

Pressure transducer
YOKOGAWA JP208
Range (Pa)

| 0- 100 (Accuracy +1%)
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Fig. 7 Results of calculation and measurement of
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Fig. 9 Comparison of CFD and PIV results for cooling air flow
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Fig. 10 Pressure distribution at pressure
measurement section A (fan - scroll
outlet)
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Fig. 11

(b) Measurement

Pressure distribution at pressure
measurement section B (Exhaust fins)
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