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This study focuses on the shape optimization and performance validation of coolant gaskets to resolve leakage issues at the cylinder

head coolant outlets of naval diesel engines, The propulsion systems of the target LOO-II class vessels utilize a structure relying

on simple contact pressure without mechanical fastening devices, which has led to chronic coolant leakage and secondary damages

such as pitting corrosion on the cylinder heads, To address this, material composition analysis was conducted to obtain nonlinear

properties, which were subsequently integrated into a Mooney—Rivlin hyperelastic model using COMSOL Multiphysics, Based on

numerical analysis, an optimized gasket shape was developed to homogenize contact stress distribution and maximize sealing

ntegrity. The optimized design was then prototyped and subjected to airtightness performance tests, The experimental results

revealed that while the conventional gasket exhibited a pressure drop of 0.2 bar over 1,440 minutes, indicating micro—leakage,
the optimized gasket maintained a pressure drop of O bar under the same conditions, demonstrating superior sealing performance,
These findings are expected to significantly enhance the reliability of cooling systems and improve maintenance efficiency for naval

diesel engines,
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Fig. 1 The part of damage occurred
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Fig. 3 Comparison on the cylinder head and block fastening
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Fig. 4 Conventional Design Fig. 5 Conventional Design
+ Inner Dia 1 mm
(“A Model”)

Q

Fig. 6 Conventional Design Fig. 7 Conventional Design +
Inner Dia 1 mm + Outer
Dia 0.5 mm ("C Model")

+ QOuter Dia 0.5 mm
("B Model")
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Pressure, P.)2 2A| 83 EIM(Cauchy stress tensor, o)<l &
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Fig. 8 Contact Pressure of Conventional Design
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29 m=230| AlgMoz MesT] 3Jon, A% 2 = EAMo s
2t m = 1~6.52 M7+ ARS=IC) . E O
D2 7IAZIO| AL, Sang et al. (2012)2 NBR O-2! | Afof|
M |t FHEQl2{0| RAIURECH = R 1 FA0| Lx|= D i R =
S FEM(Finite Element Method)22 &R151%1204, Jing et al. . 1“’3 . | - ’ f Al\/ldlm ’ ‘ ’ ’
_ 1g. ea atio o oqQe
(2026)2 BHm7| H=0|olE] O-2 ShAOIM AlR| 28 SN 9
(Olz, ¥H = 2 Hs}l 5)2 25l HE=o| 259t Line Gropn: Contact pressure (e
2ol 1 24} O|AS FX[sHoF 2H oMol EEES A
Cl &2 7o oAt 3Fd C|EAIRI2 J[AX =2 &% glo] 7}t 22
AZlo| Bt =olT} cke MEQRot o F sl A Hof L
M2 UR|SR, HZ PIVL obe Yo ARG oyl o 22 o & L]
X 0{97} 7=t oofl SR = 2 7|FS ks HE 7xol|M2 |
2EN BEAINTL 28 SIS D3 B4 A 7|Zo2 A i '
oll Hlasizick B : 2 5 e tendtn tmem e .
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sict, “f
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ofsl| 8 of{x| UT(SED)E Bx X|E2 2359Ich SEDI}
=1 Aoepl| EZE4E T2 Mol Zx =2elzio| D27
FAl=o], SED7F SAMOZ AEE = AR T2 fYE WA
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_ =°= o Fig. 15 Seal Ratio of C Model
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para(l08)=2.22 Surface: Isochoric strain energy density (MI/m?)
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10} { & 0504
sl o5
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oL 0.35
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azk w 5107
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Fig. 16 Strain Energy Density of Conventional Design

para(108)=2.22 Surface: Isochoric strain energy density (MJ/m?)
s
Mym3
10 - 4 0.683
ol
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4 0.5
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-2F 0.2
0.2
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Fig. 17 Strain Energy Density of A Model
para(l58)=3.22 Surface: Isochoric strain energy density (MJ/m>)
Myfm®
10 -~ 2.d1m
ol
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A
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ol
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Fig. 18 Strain Energy Density of B Model

mg‘ara(1531=3 22 Surface: Isochoric strain energy density (M)fm?)
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2
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&l

sl o.s

-10f
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Fig. 19 Strain Energy Density of C Model

o MY Al ) HF 2=n fE Y
=2siMoz AESIZcE A 222 SR > 2.02 &S 70|
7k goLt zof HZE 2124(3.3 MPa)o| Hol 28 T 2 ¢
S 3 G| ofst ¥F o= &4 L Al 2E oA olstE
=HoiZ 2/&o] 2AcHMa et al., 2014). C 22 |t} HF U
(5.6 MPa)o| 71& =oL} &2 F&Hol| S3Ho| &SE0] HY
olL{X| LUT(SED) TE0| MetElozi gk =7 2FHolA 7t
2700 Bk Sg2o| XMsteln mZ ok f(Fo| Fisict
(Zhang et al., 2019). B 2Ee S25t HE Q24(4.8 MPa)}

Table 1 AA{(0FEA=0.8) f, HEAH oM 21}

i Longer | Thicker | L & T
Shape Original Wing Wing Wing
Mooney—Rivlin
C10 [MPa] 1.0 1.0 1.0 | 1.0
Mooney—-Rivlin
CO1 [MPa] 0.2 0.2 02 | 02
Density
920 920 920 920
[kg/m™3]
Bulk Modulus 2000 2000 2000 2000
[MPa]
Friction
Coefficient 0.8 0.8 0.8 0.8
Contact Pressure
[MPa] 2.8 3.3 48 | 56

Fig. 21 O-ring Fillet 4 mm
L o _/'/'__

et al., 2021). H=2 s Ank= Table 10M 2k519iCt
ESE ST Mu|Ee| oS vidsio] 7|Ee| JIAZ SA|
ol O-ring 2O E Fig. 20 ~ Fig. 222} 20| 7}ARS| Ak

#Hsi0] 71 oM S FASINCE

mo Hu
mjo
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Fig. 23 Contact Pressure of O-ring Fillet 3 mm

el GEEIad FF ot § P

Q@

Fig. 24 Contact Pressure of O-ring Fillet 4 mm

P EEEI=F 2R e P ey § g

Fig. 25 Contact Pressure of O-ring Fillet 5 mm

Z oA 23} Fig. 23 ~Fig. 252} 20| O-ing &

paEel =i
2ko| JIAZO|M Fileto| 3mm 21 sAk2 Z|CH E‘I—"‘-O.:.‘EJEEF
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Fig. 28 Seal Ratio of O-ring Fillet 5 mm
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Fig. 30 Strain Energy Density of O-ring Fillet 4 mm
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Fig. 31 Strain Energy Density of O-ring Fillet 5 mm
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