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Temperature Distribution and Thermal Stress Analyses of a Large
LPLi Engine Piston

Boo-Youn Leet - Moon-Hyuk Im* - Jae-Youl Shonx*x*

Abstract : The convection heat transfer coefficients on the top surface of a large liquid
petroleum liquid injection(LPLi) engine piston with the oil gallery are analyzed by
solving an inverse thermal conduction problem. The heat transfer coefficients are
numerically found so that the difference between analyzed temperatures from the finite
element method and measured temperatures is minimized. Using the resulting heat
transfer coefficients as the boundary condition, temperature of a large LPLi engine
piston is analyzed. With varying cooling water temperature, temperature, stress, and
thermal expansion of the piston are analyzed and evaluated.

Key words : LPG engine piston(LPG 9z #2E), LPLI(LPG 94AEAH. Temperature
distribution(2=®¥), Oil gallery(&Yd #Aa#2), Convection heat transfer
coefficient (NF H27+)
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Fig. 1 The LPLi engine pistons

Symbol Value(W/m'K)
R — 730
—rer— DRL2 hiower 1190
B dome g T hy o 360
e e hgi— 360
hgri 0
hgio 180
e hprs 220
B groove 0
Bin 150
h domet 1000
h gome2 800
h gomes 500
N gaiery 1750

Fig. 2 Heat transfer coefficients on the side, bottom and oil gallery surfaces
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Fig. 3 Measured temperature of the Base Type piston(Unit: C)

(541)



150 ol F-& -

Find {hy o ... kot

minimizing @(%) = ;( T T, (3)

#g #8719t ANSYS"P¢ Design
Optimization Module® d#AI¥ (First order
method) & AF&-stom, T (Sensitivity)
AstE AR (Forward difference)& A}
L8] Z8F ghs AAHFY 10%2 4A
2 ol EAB(Step size) a,= 0.01%E2 28
Sk, dEA AN S d8 BHd 5%
A9 kg ol &3t 3ad LPG =

B =HH dAMTY 2
T2re) b vl gA =
T+ g

A7k el

do
N

E

e

™ Ho1e e
2
lo fo oy -z

o 4
4H = g
2o |y
o ol
e
w 33&

)
+

B 1o

ht

h2 hd h4

A9 S e

)
u M to
R
1o

= AME(Cavity)d =&

$3Ely) s At
AFEAE 7+eaele] 87 ©

4
2
0
M
5
il
R
of\
X
o
HU
(in)

AAst,
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Table 1 Initial and optimum values of design variables and objective function for the axisymmetric

inverse problem

. Heat transfer coefficients ( W m2K) J
Design
variable Initial Section
value 1 2 3 4 5 6 7 8

hl 100 109.70 | 372.60 | 28459 | 392.07 | 266.51 | 209.67 | 303.23 | 276.09
r—;hZ 100 117.25 | 319.66 | 39520 | 32497 | 270.32 | 181.78 | 340.67 | 277.23
h3 100 120.79 | 327.86 | 404.66 | 326.30 | 332.68 | 361.35 | 305.08 | 326.18
hd 100 118.51 303.33 | 311.49 | 288.32 | 482.58 | 560.55 | 370.09 | 365.72

h5 100 126.53
hé 100 129.37 298.41 | 318.96 | 260.23 | 436.22 | 421.74 | 382.75 | 437.01

h7 100 3650.7
hé 100 2822.0 446.56 | 343.86 | 436.70 | 491.60 | 506.06 | 371.98 | 528.88

h9 100 1004.5
h10 100 116.60 | 315.08 | 374.94 | 316.36 | 285.96 | 327.53 | 263.16 | 3.5277
k hil 100 112.00 | 391.85 | 273.79 | 396.04 | 350.64 | 388.97 | 305.06 | 430.53
h12 100 109.18 | 285.45 | 107.85 | 291.47 | 229.29 | 268.01 | 334.86 | 321.16
h13 100 300.23 | 372.31 | 109.44 | 374.23 | 302.89 | 340.26 | 460.34 | 406.26
h14 100 233.26 | 420.33 | 104.36 | 47552 | 405.28 | 415.04 | 650.32 | 522.72
h15 100 294.49 W35.00 173.39 | 460.56 | 369.45 | 406.65 | 206.21 | 470.48
Initial value of F 66693 33149 63677 32914 33194 36486 53583 40133
Optimum value of FF' | 7.6e4 | 2.4e-03 | 4.5e-02 | 3.1e-04 | 8.5e~03 | 3.5e-04 8.6e-03 | 1.2e-04

(
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Table 2 Comparison of measured temperature
and analyzed temperature obtained with
optimum heat transfer coefficients for

the axisymmetric inverse problem

Measured Analyzed .
Section {Location | temperature | temperature Ratio
() () )

L 294 293.99 99.99

1 @ 306 305.97 99.99
i 225 225.01 100.04

® 276 27598 99.99

2 18 201 201.06 100.02
Cw 295 22496 | 9993

€6 305 304.80 99.93

5 ) 283 283.05 100.02
B 207 206.97 99.98

1 225 224.97 99.98

® 269 269.01 100.00

4 1 204 204.0t 100.00
aw 225 224.938 99.99

® 259 259.01 100.00

5 @ 220 219.91 99.55
@ 225 225.03 100.01

@ 266 266.00 100.00

6 ) 229 228.98 99.99
a 225 225.01 99.99

17 267 267.04 100.01

7 3 279 27894 99.98
) 213 213.01 100.00

) 225 224.94 99.97

@ 286 285.99 99.99

3 19 219 219.01 99.997

@ 225 224.99 99.99




(a) Exhaust side {b)} Intake side

Fig. 6 Area houndary segments and design variables for 3D inverse problem

{a) Base Type {b) Bathtub Type

Fig. 7 Finite element models

A RS WL AR
NP v oz & vai

{a) Exhaust side {b) Intake side

Fig. 8 Temperature distribution of the Base Type piston with initial heat transfer coefficients
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Table 3 Measured and analyzed temperatures of 3D Base Type piston

Initial design variables |Optimum design variables
Measured
Side |Location|temperature Analyzed ) Analyzed Ratio
(C) temperature | Ratio (%) | temperature (%)
(C) (T
@ 225 208.70 92.28 224 .98 99.99
@ 306 269.10 87.94 305.14 99.72
@ 294 265.60 90.34 294.27 100.09
©® 219 211.01 96.35 219.04 100.02
@ 286 276.84 96.80 285.63 99.87
® 213 204.20 95.87 212.12 99.59
Intake
® 279 273.06 97.87 279.68 100.24
@ 267 261.00 97.75 267.86 100.32
©) 229 204.17 89.16 228.91 99.96
@ 266 253 .58 95.33 265.57 99.84
® 220 206.10 93.68 220.16 100.07
I ® 259 249 .35 96.27 |  259.01 100.00
@ 225 204.91 91.07 224 .91 99 .96
@ 306 266.12 86.96 305.01 99.68
@ 294 265.30 90.02 294.17 100.05
® 201 199.85 99 .43 200.95 99.97
276 278.80 101.01 275.30 99.74
® 207 193.95 93.70 206.88 99.94
Exhaust

@ 283 281.73 99.55 282.94 99.98
® 305 302.28 99.11 306.11 100.32
@ 204 191.89 94.06 204.01 100.00
® 269 264.20 98.22 268.68 99.88

oy 220 200.00 90.91 219.96 99.98 |
® 259 251.51 97.11 259.24 100.09
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Fig. 10 Temperature distribution of the Base Type piston with optimum heat transfer coefficients
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(a) T.=T70C (b) T.=80%C

(¢) T.=90°C
Fig. 12 Temperature distribution of exhaust side of the Bathtub Type piston
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Table 494 & = 31%0) W2} 257} 3o} Exhaust side
ALE p2AEe Huere HALE:= io}xl 1 Min, temperature Max temperature Difference
9 HTeTY HALL = phss A Do 108.9 3002 2003
Ul Wz 2x6) W A8 U]i S 1126 T 3112 1986
GaFe Hrlsls) dstel 714 Ao deHe m uss | 3132 196.7
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(a) T.=70C (b) T.,=80TC

(c) T.=90T
Fig. 13 von Mises stress distribution of exhaust side of the Bathtub Type piston
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