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Formulation of New Wall Heat Transfer Model in
Consideration of In-cylinder Flow of Internal Combustion Engines
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Summary

Recently, reduction of cooling loss in internal combustion engine has been recognized as one of the key
issues to improve thermal efficiency. For maximizing thermal efficiency by suppressing wall heat
transfer under the wide range of engine operation, comprehensive understanding and modeling of wall
heat transfer in engine combustion chamber are definitely necessary. In general, fully-developed
turbulent flow is assumed in existing wall heat transfer models (wall function) used in CFD. However,
undeveloped flow was dominated in engine combustion chamber. In this study, velocity distribution in
wall boundary layer and wall heat flux were measured at the same time under engine-like condition with
RCEM (Rapid Compression and Expansion Machine). From the experiment, we revealed that wall heat
flux could be predicted with turbulent Reynolds number. Considering this finding, we formulated the
new model. Using this model in CFD, it was found that our new model was able to predict wall heat flux

in internal combustion engine quantitatively with high accuracy.
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Fig. 2 Schematic of RCEM

Table 1 RCEM Specifications and Experimental
Conditions

Bore x Stroke ®89 mm x 95 mm

Compression Ratio 14.2:1

Compression Time 95 msec. (300 rpm Equivalency)

Infill Gas Dry Air

Initial Gas Pressure Atmosphere Pressure

Initial Gas Temperature 298 K

Initial Wall Temperature 298 K

Measurement

High Responsive Thermocouple Area for pPIV

Chamber

Laser Light Sheet
Punching Metal

(b) Type 2
Fig. 3 Schematic of Combustion Chamber

(a) Type 1
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Table 3 Computational Condition of In-Cylinder Flow

Solver KIVA-4
Turbulence Model RNG k-¢

Wall Treatment Wall Function
Engine Speed 2500 rpm
Fuel PRF90

Injection Timing

Intake Stroke

Combustion Model

Detailed Chemical Reaction

Reaction Mechanism

Reduced KUCRS Mech.

Solver STAR-CCM+

Turbulence Model Low-Re-number Standard k-¢

Wall Treatment Without Wall Function

Fluid Air

Time Integration Implicit / Unsteady
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