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Numerical Optimization of the Coolant Flow Rates through Cylinder Head Gasket
Holes by applying CFD Techniques

ABSTRACT

Simple design methods were developed to control the coolant flow rates through cylinder
head gasket holes. Applying the concept of flow through an obstruction the ratio of intake to
exhaust side flow rates could be easily controlled while maintaining the flow rates per cylinder
of the original model. Flow distribution in the coolant passage of the original model was
calculated by CFD and the flow rates at the gasket holes were modified based on the
calculation results. The calculated flow rates of the modified gasket holes were reasonably close
to target values. For more accurate control of the flow rate distribution, a design method with
iterative CFD calculations was also suggested. The final size of gasket holes for the target flow
rates were obtained just after a few optimization iterations. These methods can be very useful
for the optimization of heat transfer characteristics in engine cylinder head and block.

F87)%¢80] : CFD (Computational Fluid Dynamics; Z4}f-# 9 3), Engine Coolant Passage
Optimization (AW F 2 FH A3, Cylinder Head Gasket Hole (AT
= 7} 271 E&), Heat Transfer Coefficient (& 4G4 F)

Nomenclature V : velocity component normal to a gasket

: gasket hole area hole section
a : flow coefficient (=Q/4/y/ (24P/0))

4P : pressure difference between a gasket
hole and the outlet of engine coolant

LS

dA : computational cell area on a gasket
hole section

Q : volume flow rate at a gasket hole
passage

x 39, RSV)EATY Re : Reynolds number

«x 39, f¢AHEA}
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Subscripts

av : average
hole : gasket hole
i : computational cell index on a gasket

hole
n  : optimization iteration level
t O target
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Fig. 1 Iterative control procedure of the flow rates at
gasket holes
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Fig. 2 Schematic diagram of coolant flow direction
(shaded circles: gasket holes)
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Fig. 3 Computational grid for coolant flow passages
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Fig. 4 Detailed view of computational meshes near
the gasket holes of cylinder no. 1 constructed
with an arbitrary coupled method (the numbers
are corresponding to Fig. 5)
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Fig. 5 Numbering of the gasket holes
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Fig. 6 Distribution of the flow rates at the gasket
holes (3:7 case)
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Fig. 7 Distribution of the flow rates at the gasket
holes (4:6 case)
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Fig. 8 Distribution of average velocity at the gasket
holes
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Table 1 Target flow rate in each cylinder(%)

Cylinderno. [ 1 |23 |4]|5]|6
Original 16|15|15(18|17 |19} 100
Case 1 9112|1518 |21 |25 100
Case 2 15114 (14(16 |16 | 25| 100

sum
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Fig. 9 Variation of the object function (Case 1)
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Fig. 11 Distribution of the flow rates at the gasket
holes after third optimization iteration (Case 1)
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Fig. 12 Distribution of the flow rates at the gasket
holes after third optimization iteration (Case 2)
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Fig. 13 Comparison of the heat transfer coefficients
near the exhaust ports and the area-weighted
average values
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coefficient at the hole no. 2 of the original
gasket
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