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Field synergy analysis of highly-intensified piston oscillating cooling
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Abstract:~The oscillating cooling-process of-eil in the oil cooling gallery of highly-intensified
piston was simtulated numetically\and the effective-speed was defined. Through the post pro-
cessing of data, the distributions of field parameters of oil cooling gallery wall in time and
space were obtained, and the connection between wall surface heat transfer coefficient and the field
synergy performance /was analyzed. The results show that: the field synergy performance is
good enough in the spdce range of 60 degree to 120 degree and 240 degree to 300 degree. Dis-
tribution rules of effective speed match well with the field synergy angle cosine value; uni-
form distributions of surface heat transfer coefficients of oil cooling gallery wall are in accord
with the distributions of synergy angle cosine value and effective speed., illustrating that field

synergy mechanism can explain the convective heat transfer rules of oil oscillating cooling.
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Fig. 1 Model of highly elliptrical oil cooling gallery
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Table 1 Physical parameters of oil and air

2 Blah 15W40 =5
P o/ (kg/m®) 847 0. 946
Bl u/(Pass) 11.9X107° 2.18X10°°

o EE ¢,/ (J/ (kg « K)) 2219 1009

HEFMER «/(W/(m+K))  0.137 0.031

3 HEERSWRITIE

3.1 thRERARZEREMEAMN DT NE
BE T 25 A i I R) £ A 5% B I E =t (1D
cos b, = %J: cosf, . dt” (1)

Aorb i N IEARAL ; o O iVl ES F CHBS A AL ¢ BE
G 7.

PRl 3 Sy il B T 45 A 1) B [ 3% 52 249 41 i
T AR AL B4 43 A B, BT LA Y, 78 AR R 60°~
120° G JEE 38 IX 88 A1 240° ~ 300° (3 i oL 36 X,
300 Y0 BN B AR BT A A28 B0 ) 11 TO0E A
JIHR s ALY E B PE ) VR R I & vy B T B B
5 1) T AL T RE L MR BR 95 1) 5 RE T 3% 1)
J5 AR ] B T R R AR N B ) R AR 5
EL V0 A A, 26 I A b 2 [E) Y FRL N B 5 V o, T




772 i = 3 vk i
1.0 06 ' ' '
——— A EE A A
" | e ARG )
Foei
06}
£
= =
T 02} z
et

0 60 120 180 240 300 360
TR /(%)
&3 IR A A 52 i 220 8 6 T8 AR 62 04 43 A
Fig. 3 Distributions of time-averaged synergy angle

cosine value varying with space
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Fig. 4 Distributions of time-averaged relative speed

and effective speed varying with space

CPPR I B g H s ) ARGT 3 88 Y 35 1 38 31 o KA, 10
M T DL B Ok e 5 RE TR R A 17, 3 P [
REAR 22 , PR o B 09 A7 R0 BEAT 24 (B AR /)N s 4
JZ 5 TR AR AV E-60°~120° (T Ji JR 5 X 350 Fi 2407~
3007 Gl B T DX 3580) 3 PRI AT o AHIXT T80 B 359 (B i
SRS U IR AR 43 5% A EAR TR A R0 B B 2 (A
BRI FE3 RLIL , A7 2 B A 47 {18 B T R A7 1Y
3 AT AR ORE O RS I 8 A 43 A AR A AR A
S5 T 5 W ) £ 4% 5% B 3508 09 43 A B AR ). He otk
AT L AL IR 35 22 LA BE 6% 8 Ak 6 B, 5 6 ) 3k
(R O Z2 AN K T =8 2 e T 80 Y K. A
b L A R0 IS E (B R AR R BF e ML 3 3R 95 5k 4L
e PRI 25 1R A,

PS5 &5 H T AR X S B R A A% R T 4 (e ity
e fl 0 A AR L. 5 5 BT 6 3 JE TRE RN R B
Wi ittt 7 o ) AR AR L A3 AT RN AE 907 270°

0.8

0.7
— 06t
E 05}
04
03}

0.1}

,,,,,,,,,,,, AT i T 0
ARk TR

FE T /()

0 60 120 180 240 300 360
il /(%)
PRl 5 AH X o R 25k T A I ot a7 £ 1) 72 Ak
Fig.5 Space-averaged relative speed and effective

speed varying with crank angle
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Fig. 7 Distributions of time-averaged surface heat

transfer coefficient varying with space
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