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Absdtract: Camshaft engines designed for constant engine loads have been applied to existing marine diesel
engines. However, due to environmental regulations, electro-hydraulic servo mechanisms, which have a load-
dependent cylinder liner jacket water cooling system (LDCL-JWCS), have been recently developed to
individually control the temperature of the cylinders depending on the engine load. In this system, the 3-way
valve, which prevents low temperature corrosion by reducing the temperature difference between the upper and
lower parts of the cylinder, has been employed, but the outlet mass flow of the existing valve is low. In this
study, the design of the internal shape of the 3-way valve was performed by analyzing the effects of the design
parameters of the valve shape on the performance (i.e., the outlet mass flow rate and temperature). The
proposed model was verified by comparing its performance to that of existing marine diesel engine valves.
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B port
(a) Prototype valve of 3-way valve

A
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(b) Vertical cross-section of 3-way valve
Fig. 2 Prototype and its vertica cross-section of

3-way vave
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Fig. 3 Mechanism of the 3-way valve at 25% engine
load in the LDCL JWCS
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Fig. 4 Fluid flow of cooling water through 3-way
vave
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Table 1 Design parameters of the existing 3-way

valve
Dimension
0 (°) 15
I (mm) 100
Fillet No fillet
The Number of disc holes 5
Diameters of disc hole(mm) 36

Table 2 Design parameters regarding to shapes of the

3-way vave
Dimension
6 (°) 0 75 15
| (mm) 80 100 120
Fillet A port | B port Mai‘?ggg

The Number of disc holes| 0 \ 3 \ 5 | 7
Diameters of disc

hole(mm) 26 36 46
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Fig. 5 Design parameters of 3-way valve
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Table 3 Performance of the 3-way valve according

to 6
Opening )
Performance | “gth | 0 | 75 | 15
Outlet 40% 714 | 615 | 57.2
temperature
(°C) 60% | 745 | 70.0 | 69.0
Outlet mass flow (kg/s) 86.5 | 80.3 | 69.5

Pﬂsm grid
Inflation * l
mesh 1 Tetragonal grid -

Fig. 7 Mesh for fluid anaysis of 3way vave
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Fig. 8 Boundary conditions for fluid analysis
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Table 4 Performance of the 3-way vave according to |,

6(0°)
Performance Opening I (mm)
length 80 100 | 120
Outlet 40% 71.0 | 714 | 685
temperature (°C) 60% 725 | 745 | 725

Outlet mass flow (kg/s) 571 | 865 | 98.9

Table 5 Performance of the 3-way valve according to |,

0(15°)
Performance Opening | (mm)
length 80 | 100 | 120
Outlet 40% 573 | 57.2 | 555
temperature (°C) 60% 69.0 | 69.0 | 68.6

Outlet mass flow (kg/s) 64.7 | 695 | 722
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(b) Mass flow in outlet
Fig. 10 CFD results of 3-way valve according to 6
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Table 6 Mass flow in outlet according to fillets

Outlet temperature
Fillet Q) Outlet mass
Opening length flow (kg/s)
40% 60%
No fillet
(existing) 68.5 725 98.9
A port 67.7 72.5 99.9
B port 70.3 75.7 106.9
A and B port 69.1 75.0 107.6
A port, B port
and mixing 69.0 75.0 106.5
area

Table 7 Performances of the 3-way vave according

to the number of disc holes

Outlet temperature
Number of (°C) Outlet mass
disc holes Opening length flow (kg/s)
40% 60%
0 55.1 67.2 80.1
3 54.8 67.0 79.8
5 55.6 67.2 81.6
7 55.0 66.8 79.8

Table 8 Performance of the 3-way valve according
to the disc hole diameters

Outlet temperature
Diameter of () Outlet mass
disc hole(mm) Opening length flow (kg/s)
40% 60%
26 55.2 67.1 80.9
36 55.6 67.2 81.6
46 56.3 67.0 81.4
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Table 9 Comparison of design parameters between
the existing 3-way valve and the improved

S 23 Hdukg fAdZ(LDCL WCS)] 3-way Vave 34 A7 1083

Table 10 Comparison of performances between the
existing model and the improved one

one
Temperature of the
The existing | The improved water sending to Mass
model model Classficication outlet(°C) flow in
- outlet
0 (°) 15 0 Opening length (kg/s)
[ (mm) 100 120 40% 60%
: ; A port, B The existing
Fillet No fillet port modd 57.2 69.0 69.5
The number of 5 5 The improved 69.1 75.0 107.6
disc holes model (20.8%1) | (8.7%1) | (55% 1)
Disc hole
diameters (mm) 36 36

() Existing model (b) Improved model

Fig. 11 3D modelings of the existing 3-way vave
and the improved one
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Fig. 12 CFD results of the improved 3-way valve
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