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NUMERICAL STUDY ON THE COOLANT FLOW AND HEAT TRANSFER
IN THE CYLINDER HEAD ASSEMBLY OF AN INTERNAL COMBUSTION ENGINE

YK. Suh” S.G. Heo’ and B.H. Kim’

In this study we investigated the characteristics of fluid flow and heat transfer within a coolant passage in the
cylinder head assembly of an internal combustion engine by using a commercial CFD code, CFX. The complex
coolant passage of the cylinder head assembly was modelled by suitable choice of a grid system and careful
attention was paid in the conmstruction of meshes near the walls where significant cooling occurs. To treat the
simultaneous heating and cooling of the combustion walls we invented a methodology allowing a heat source within
the solid wall and the convective cooling at the interface between the solid and the fluid. We managed to reproduce

the experimental results by adjusting parameters appropriately.

We have found that high temperature was

concentrated at the surface of the cylinder jacket. It turned out that the effect of oil cooling from the piston head
was unexpectedly significant. On the other hand the effect of cooling from the ambient air is almost negligible. The
CFD method proposed in this study is believed to be useful in the early stage of the design of the engine-cooling

system.
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2AH-AH 9 SHCED), W71 ¥(Internal Combustion Engine), 2 &1 3= ZHA(Cylinder Head Assembly)
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Fig. | Schematic drawing of a cylinder head assembly; (a) solid
and fluid zones; (b} assembled model for CFD
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Inlet condition :
- Mass flow rate
- Temperature

Opening condition :
- Pressure
Outlet condition :
- Mass flow rate

Inlet condition :
- Mass flow rate
- Temperature

Wall boundary condition
- No slip

Fig. 2 Boundary conditions for the fluid zone
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Table 1 Grid generation

4,700,000 -
2,510,000 -
540,000 | Source domain included
810,000 -
8,500,000 -




thin layer

A1494, A<, 2009. 3/ 11

A -9

|

Gt o

WAZ1¢ 249y 9

1.268
0.944

Cylinder liner
 Piston_

— — farn} ) 2
5 & w9 m ok c ¥E £ 0w
2 mow B W R £ =
0 = >,
5 - TR - W G+ 5
= G uon e -
= = SR o o) ol T+ N
e ©° Sy W B o= u =
5 © 2o P M Tl o] o @ ® q_.i £
£ g woHoE TR Do o T2 TlTla
b kel =t ¢ —
5 e B o= o i oy = &2
i oE o P mp T o5 < Ao S <
§ = T g U o} o = 2 =
g »8% - - T M
S sl ™~ o ™
5 Wy g R 25T T8 3
= = Am oo™ N B S %
G O @ o il |l oo
° = 2 Ao X T = A g
2 g n X1 "SR oL )
g2 RS e ™ I
55 o ERgEER.. 3 & X z z
=g = AR ; - =T
- T TEfEzitm T SR el g
.n.l ]ml. ‘|‘| = Jl\_ 1ol = o @
+ - SFETECTE L S Fw oo owr 2|yl
E T o Twasdze 5oswE Zs =x F\E3
o) i - 0
25 s Si8=0wy n EEo Z 52
S TE LW G o I T = . = B e
<t 3 Ke = 3 o S ‘uﬂ_ &
o =~ N Ty xTwg™® ¢ T g .
i T WR T R4 T T A T =
—~
» U = = = o H T o 9
5 TED YX¥THBRE ZEUL ZEEE
= Bo g5 I R N B T <o Bl oo W
= = o =W W OEH‘,LQV B
= X o i T AP o}l Juﬂ g P D
= Tt DExEy mlan ¥ 4o
= NP e _phiy o go oo g W
5 Ty L Ehihe w®gP L0
E EURE L w B g Ww oy .
= o oy = % ) TS = o iy
= M oB o LR e 99n2% ZL¥F5
E PPy EedgT TE 0 T 29E
‘‘‘‘‘‘‘‘ - 1 J|1FA41 _— o — \W r o
. = Hl o wﬂl Nt gl o W Aﬂ_ﬁﬂoﬂ w ol w \oulﬂ iy | 1H Amm =
= @n“.idﬂoﬂbxﬂowokLﬂ = % 5 w YT o
o .S S I I T PR O oy P
,,..nI.M ‘mﬂwmc‘m O-H,._Lljiﬂ oy ﬂLIMﬂM-H‘D!Q_o o.h,mlﬁum O#w
e < VNS o o ARG (R w F - =
S ;8 ST oy P oar WK X v 2L o n = & ~l= =
ig PEEY P eT SE T oo o R . =
- FE VRN DT gT LPpToodmT VXY T
& TG e T "o o T e g o A
E Hoy ) mo op X Po TR = "o ﬂzhe_a 2o o N oF T
z ER g  MTm oo wEEWS a5
= s g o T =l ﬂmouvﬂoL D
2 AR T I O = B e TV e Py —~
E o Aau Tt i%ry e YivaxbEE
— Jl_xt; — — = flad N B < o] o — fuch
£58 E?E%dﬂwgﬂma e A N R
25 Wy G T g By Tapn?rles’
© P 2B W g WY~ Y
.rmu o = = o T oM oo TR BT R NE g wm )T

M



AeA-HAF A0S

12 / ST LFH S B

(d) O]

Fig. 5 CFD results on the central horizontal plane passing the lower pipe and cooling jacket; (a) position of the central plane; (b) distribution
of velocity vector; (c) velocity magnitude; (d) pressure; (¢) temperature (Max. velocity magnitude=6.76[m/s], Min. velocity

magnitude=0.07[m/s])
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Fig. 6 CFD results on the central horizontal plane passing the upper pipe; (a) position of the central plane; (b) distribution of velocity vector;
(c) velocity magnitude; (d) pressure; (e) temperature (Max. velocity magnitude=7.19[m/s], Min. velocity magnitude=0.3[m/s])
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Fig. 7 CFD results on the central circular plane passing the cooling jacket; (a) position of the central plane; (b) distribution of velocity
vector; (¢) velocity magnitude; (d) pressure; (e) temperature (Max. velocity magnitude=4.89[m/s], Min. velocity magnitude=0[m/s])
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(a) (b)

Fig. 8 Temperature distribution on a vertical plane across the cylinder liner; (a) position of the plane; (b) temperature plot
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Fig. 9 Temperature distribution along vertical lines on the inner
surface of the cylinder liner; (a) dependence on 3 different
lines; (b) dependence on the oil temperature; (c)
dependence on the air cooling
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Fig. 10 Temperature distribution on the external surface of the
cylinder head assembly; (a) overall surface-temperature
distribution; (b) zoom-in of the local surface where the
maximum temperature is attained
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