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Numerical and Theoretical Study on the Fluid Flow in the Cooling System
of a Marine Diesel Engine

Yong-Kweon Suh? + Seong-Gyu Heo* -

Sung-Sik Chung#*

Abstract © Diesel engine is one of the most expensive and important components in a
ship. Many researchers are interested in increasing the performance of diesel engines.
Design of an optimum cooling system should also contribute to the enhancement of the
performance as well as the efficiency of engines. In this study, we investigated the flow
pattern within the cooling system of a marine diesel engine by using numerical
simulation prior to the study of the heat-transfer problem. The engine cooling system is
composed of five cooling units each unit containing a water-jacket and a cylinder head.
Based on the calculated data, we also conducted theoretical analysis that can predict
the flow-rate delivery in each of the five units.

Key words : Marine diesel engine(48& ta o). Cooling system(¥z A2#®) Water
Jacket (948 A2), CFD(#4H-5-A143h
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Fig. 1 Sketch of the cooling system; (a) five units
connected, (b) single unit upon CFD study
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Fig. 2 CFD results on the central horizontal plane
passing the lower pipe and water jacket; (a)
position of the central plane, (b) distribution
of velocity vector (max. velocity=4.41[m/s],
min.  velocity=0.0169[m/s]), (c) velocity
magnitude, (d) pressure
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Table 1 Mass-flow-rate and pressure  conditions
imposed for each CFD case.
Lo pive | Loverspioe | Uopet p9e | Gpporpie
Case | massflow | mass-flow | mass-flow
-rate —rate —rate pﬁgiigfe
(kg/s) (kg/s) (kg/s)
1 11.62 9.30 9.30 1
2 9.30 6.97 6.97 1
3 6.97 4.65 4.65 1
4 4.65 2.33 2.33 1
5 2.33 0 0 1
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(d)

Fig. 3 CFD results on the central horizontal plane
passing the upper pipe; (a) position of the
central plane, (b) distribution of velocity
vector (max. velocity=3.89[m/s], min. velocity
=0.21[m/s]), (c¢) velocity magnitude, and (d)
pressure
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Fig. 6 CFD results on the central circular plane
(b) passing the water jacket; (a) position of the
Fig. 5 Distribution of vorticity(a) and velocity vector central plane, (b) distribution of velocity

(b) (max. vel.=3.60[m/s], min. vel=1.12[m/s]) vector (max. Vf:l.=5.67{r.n/s], min. vel.=le-6
on a cross-section in the upper pipe [m/s]), (¢) velocity magnitude, (d) pressure
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Table 2 Data of the discharge coefficients obtained
from the numerical simulation

Engine K, Ky K
No (m%/s, Pa) | (m%/s, Pa) | (m%/s. Pa)
1 0.752E-05 0.192E-03 0.155E-03
2 0.758E-05 0.192E-03 0.144E-03
3 0.760E-05 0.202E-03 0.129E-03
4 0.764E-05 0.317E-03 0.104E-03
5 0.762E-05 0.223E-03 0.631E-04
avg 0.759E-05 0.225E-03 0.119E-03
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