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An Investigation of Natural Convection for Heat Transfer

Efficiency on the Piston

Student:Chung-Lin Yang Advisor:Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

Abstract

The aim of this simulation is to investigate the variations of flow and thermal fields
in the cooling channel within the reciprocating piston, and discuss the heat transfer
effect of the cooling flow on the-heat'surface-of the piston.

The STRA-CD is adopted to investigate the variations of the flow and thermal
fields induced by the reciprocation of the piston. The heat transfer effects of different
Reynolds numbers, and reciprocating frequency on heat transfer rate are shown and
discussed. Based on the above procedures, the results show that the reciprocating
piston would draw and push the cooling flow. Therefore, the heat transfer rate is

enhanced remarkably.
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S.m —rate of production or consumption of species m due to chemical
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AR ¢ BT IE T T AR E T
D, ~T, [ ! (4 —4»)+ lgradg-S - 1 gradg-dm | | (3-4)

.
He fj S8@PA3 > dyy 5 PIINZSE T, 50 fHiciidk.

7~



2. % ik 38 (source term)
Ty =8, =S,

3.4F T8

%38 2 Upwind Differencing Scheme &u® - 4335(3-3)5% enda 3 > i

BEd TH LT

F;=(pu: -S),

F,2diBd jfog cnfrid B4c 33407 @ 04 E pfel d RPN IF

FE i (32T AT &

UNV—VNV+ZE=O

S

e
AP¢S =%Am¢r: +S + BP¢§
fe
Ao =X A, +s,+B,
m
H o
LA, i Hiong e
23 B AR 4G AR AR en i e .

3.B, =(pV)° /&
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(3-6)

(3-7)

w3 e

(3-8)

(3-9)
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3-2 PISO #cig 2+ &

A" =H(u" )+ BRuS, +s, + Dy (P, — P ) (3-11)
H ¥
H(U) =Y A, (3-12)

7 D (P, — P )it i35 4 "R Ak VR 4 4R Oplox, > Dy 5 S im ik 4o

3-4 -
()7 15 i A5

BQ—B§+Z(p"u;‘sj)=o (3-13)
J

U, » RBLE o S, Pk i &

03B E (mass flux)us 2 LR A S 250 5 et gh A T

4 (31N AT q

Asu’ :m+8_§ufp +5 +5p(PP“—P£+) (3-14)

H-(3-14) 5% 1% »~ (3-13)58 W AL AR 4 2 st

AP => AP +5, (3-15)
H ¢ s i kiRaE(source term) > A BhiE A ul fru) sk o

2.f247 B A2

(1)3g ip3* & p¥ £ (predictor term) :
Aould = (ot )+ B2t +5,+ D, PI2 - PL) (319

2o POL KB E R & BB e d 2 58 (3-14) 1 5 -
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(2)% - = 12 & 3+ & rF £ (first corrector stage) :

AU = H(u® )+ B%S, +s, + Dy (PY - PY) (3-17)

=> APY +s, (3-18)

VEERA $PU, e S, = ¢ f‘—"—«é&@iu ‘fr'u mEx:@:"f—’t ﬁxir*)iiu
feul) T (3AT) B 5 -

(3) ¢t 4 iz 1 3+ ¥ F# £ (additional corrector stage)

AU = H(u®)+ B2, +s, + Dy (PW — P (3-19)

AP =5 A P9+, (3-20)

m

;g\

0=123..2 B3 B 8% v B S AL R R R qETT A BEfE
1T E DT E o

STAR CD F —7-1> /u i%‘ﬁl—*»{ll’f 51 IE IF P‘ “]{ﬁ,(p,,, ],
1. & — R pF(time step) erdfp 1 = #ic o

2. & — :’zﬁ':x s "'TF 57} oA B ’I?’\@'—%‘ GRB E

=F
_E“l

C) =X (Bl

~[Ba¢5

) < (4 %K)
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3-3 o7 fi& 7 # 4 # (sliding mesh)

Ao A RAEZ R BE A B ST SRR Y A R
BT o 4] 3-5 7T o

d B 3-5 ¥ 4 FiT Moo e gE(vertex number) 4 B 5 1-6 2532 11-16
Bhom AR Y SR L TR G &S TR G %si(boundary
number) - # 2% 5 1-5 2 6-10 © & A EARY o Bl AUPFR R i R
EHBPEFRMSFLTLEABFLLTHHE) B EBIER . 7 A
BT AR R IR AR R RN R 2L BB o R
AHET G R REREIURR R A TSR A B gl F AT TR il R
o de R A()MA 1462 B Atads > 2 (52 (ARl 240 6 4a 42T o R B
Hdopt o BF - HEFHPEERREPN NEM G L E P EE R Gk o

PURTRE A AR P NN E - @R o At TS 0 E R BEE
BE B~ (7 AQE - BRFLIEA) ERE SRR I AFIERZ 24 5
i

R RO R A
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face j

B3-1 ApaRgeted BLZ ATH APM =% 7 AR
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R SR

HSTAR-CDHIiEE
BAPROSTAR

h 4

BB

h

ERHMIER
BBRRG

A

35

H#&MODULE
C USR SUBROUTINE
EBRITEHIE B ' e

A

LR
COMPILE

RS TR
R

A

STAR-CD
AL

REAER

L

HBEERE

BUREHE

B 3-2 ¥ AR
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A
L Pe—si® tji 1_,
N= \ N
— tface 7j

B 3-4 PISO 7+ & B
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. Vertex mumber
Mesh block i 7 3 44l 5 //

11 12 13 14 15 16

] 7 8 9 10 ...,_H‘H
Boundary mumber

Mesh block
- ——
|| (1)
| ‘ 4‘ 5| 5‘
II". 11 V12 113 Y14 V15 \16 Lower mesh block moves,
\ \ \ \ l".l \ distorting the mesh
——

The interface slides to
/ / / / / f a new position

— -
U @
T 3 : : | L h bleck
11 12 13 14 15 16 ower mesh DIoCK moves,
& i 8 9 i reducing the distorhion
—_—

35 4 e feie (32 M A& L
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34



Numeric_al results Experimeital results £ (%)
(Nu) (Nu)

Re | AT (C)|Gr/Re*| F M B F M B F M B

300 10 0.40 | 12.31 | 6.00 | 3.51 |14.24| 6.93 | 3.98 | 13.5% [13.4%]| 11.8%
300 20 0.81 | 12.25 | 6.00 | 3.57 |14.07| 6.34 | 3.47 |12.9% |5.3% | -2.9%
300 30 121 1 1225 | 6.02 | 3.66 |[13.29| 591 | 3.88 | 7.8% |-1.8%| 5.6%
300 40 1.62 | 1222 | 6.03 | 3.72 |14.44| 6.26 | 4.34 | 15.3% | 3.2% | 14.2%
200 10 0.91 | 903 | 460 3.281140.14| 561 | 3.19 | 10.9% [18.0%| 2.8%
200 20 182 | 981 |5.00 |3.20110.63:5.09 | 349 | 7.7% | 1.7% | 8.2%
200 30 2.73 | 927 | 4771 410:411.35| 550 | 4.28 | 18.3% |13.3%| 4.2%
200 40 3.64 | 982 | 511|350 (1310|549 | 4.25 | 25.0% |6.9% | 17.6%
150 10 162 | 919 | 4.82|3.0810.10| 535 | 2.90 | 9.0% |9.9% | 6.1%
150 20 3.24 | 880 |4.64 |3.32 (1094|420 | 2.97 | 19.6% [10.3%]| 11.9%
150 30 485 | 842 | 448|312 |10.17| 467 | 3.62 | 17.2% | 4.1% | 13.9%
150 40 6.47 | 841 | 453 |3.30|11.20| 4.82 | 2.86 |24.8% |6.1% | 15.3%
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% 4-2 # i Re=300 » AT=10°C » Fc=0.2 2. Nuf i 9 sz £ B &

Re =300 > AT=10°C - F M B
Gr/Re? =0.4 (Nu) (Nu) (Nu)
B fi R dic B
14.07 6. 89 4. 90
(F.=0.2)
LA 2 g
15.01 8. 72 6. 03
(F.=0.2)
e (%) 6.2% 20. 9% 18. 6%
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# 4-3 Re=300 > AT=10°C # fi Bk 22 # fi B2 Nu s 4c 7 v

Re =300 » AT=10°C - F M B
Gr/Re? =0.4 (Nu) (Nu) (Nu)
AR

12.31 6. 00 3.51
(F.=0.0)
R R
1407 6. 89 4.90
(F.=0.2)
En (%) 14. 30% 14. 83% 39. 60%
R NU H 4e 5 (%) 22.91%
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% 4-4 # 35 Re=300 F.=0.2 AT=10C ~ 40C 4 # %2 Nu

10 40
Gr/Re’® 0.4 1.62
LR F M B F M | B
Re =300
F.=0.2 #cEse(Nu) | 14.07 | 6.89 | 4.90 | 13.82 | 6.82 | 5.08
# 5% %% (Nu) | 15.01| 8.72 | 6.03 | 16.10 | 8.67 | 6.28
g (%) 6.2%:121.0% | 18.6% | 14.1% [21.3%|19.1%
% 4-5 # §5 Re=200 F.=0.2 AT=10C ~ 40°C 4 # %2 Nu
AT (C) 10 40
Gr / Re? 0.91 3.64
LR F M B F M | B
Re =200
F.=0.2 #Es(Nu) | 1117 | 531 | 3.61 | 10.71 | 543 | 4.11
@5k 2%(Nu) | 13.84 | 6.53 | 4.89 | 14.76 | 7.48 | 5.62
g (%) 19.2% | 18.6% | 26.1% | 27.4% |27.4%|26.9%
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% 4-6 #ji Re=150 > F.=0.2 AT=10C ~ 40C 4 # %2 Nu

AT (C) 10 40
Gr / Re? 1.62 6.47
LR F M B F M | B
Re =150
F.=0.2 #EHs(Nu) | 9.05 | 461 | 3.31 | 9.00 | 4.74 | 2.86
#ok%(Nu) | 11.92| 585 | 3.97 |12.14 | 5.14 | 4.18
g (%) 24.4% 21.1% | 16.6% | 25.8% | 7.7% [15.3%
% 4-7 # 35 Re=300 F.=0.4  AT=10C ~ 40C 4 # %2 Nu
AT (C) 10 40
Gr/Re’® 0.4 1.62
LR F M B F M | B
Re =300
F.=0.4 #cEsE(Nu) | 1455 | 7.18 | 4.60 | 14.10 | 7.03 | 4.72
@5 2%(Nu) | 1564 | 885 | 571 | 16.73 | 8.82 | 6.89
g (%) 6.9% |18.8% | 19.4% | 15.7% [20.3%|31.5%
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% 4-8 # 45 Re=200 F.=0.4 > AT=10C ~ 40C 4 # %2 Nu

AT (C) 10 40
Gr/Re? 0.91 3.64
LB E F M B F M | B
Re =200
F.=0.4 #is(Nu) | 11.32 | 564 | 3.64 | 14.09 | 6.91 | 4.87
#% %% (Nu) |14.02| 6.82 | 501 |14.93 | 7.61 | 5.92
e (%) 19.3%19.3% | 27.3% | 5.6% |9.2% [17.7%
% 4-9 # fi Re=150 * F,=0.4 > AT=10°C ~ 40°C 4 # % 2 Nu
AT (C) 10 40
Gr/Re? 1.62 6.47
e H R F M B F M | B
Re =150
F.=0.4 B fs(Nu) | 925 | 475 | 3.04 | 934 | 4.81 | 3.41
@2 5%(Nu) | 1213 | 598 | 410 | 12.55 | 5.62 | 4.47
e (% 23.7% | 20.6% | 25.8% | 25.6% |14.4%(23.7%
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% 4-10 Re=300 F% 7 o & F]=k 2 84 5 T 2 ACAR NU # 4o

F M B
F, o o o ﬁfrggm i 4e (%)
Re=300 (Nu) [ (Nu) | (Nu) * Hreata
AT=10C > 0 12.31 | 6.00 | 3.51
22. 9%
Gr/Re*=0.4 0.2 | 14.07 | 6.89 | 4.90
0 12.31 J,.6..00 | 3.51
23%
0.4 | 14.55 {718, 1 4. 60
F M B
F, - . . ;t’rggN_u i 4e (%)
Rez300 NS {TONGY [Ny | PR
AT=407C > 0 12.22 776.03 | 3.72
20. 9%
Gr/Re’ =1. 62 0.2 | 13.82 | 6.82 | 5.08
0 12.22 | 6.03 | 3.72
19. 6%
0.4 | 14.10 | 7.03 | 4.72
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% 4-11 Re=200 P57 o & F) =% R84 5 T 2 ACAE NU # 4o

F M B
F, o o o ﬁfrggm i 4e (%)
Re=200 (Nu) [ (Nu) | (Nu) * Hreata
AT=10°C > 0 9.03 | 4.60 | 3.28
16. 4%
Gr/Re® =0.91 0.2 | 11.17 | 5.31 | 3.61
0 9.03 4. 60 3. 28
19. 6%
0.4 | 1132 {775.64, 1°3.64
F M B
Foo | Thohdms [ | A Nus 4 (%)
Rez200 NS {TONGY [Ny | PR
AT=407C > 0 9.82 |"5.11 | 3.50
10. 9%
Gr/Re® =3. 64 0.2 | 10.71 | 5.43 | 4.11
0 9.82 | 5.11 | 3.50
56. 6%
0.4 14.93 | 7.61 02.92

60




% 4-12 Re=150 F¥ % I j& F]=% B 645 5 T 2. A0 NU 3 40

F M B
F. _ - . FORE NU $ 4 & (%)
Rel50 (NW) | (Nu) | (Nuy | FHRRsesd
AT=10C - 0 9.19 4.82 3.08
1. 6%
Gr/Re? =1.62 0.2 9.05 4 .61 3.31
0 9.19 4.82 3.08
-0. 7%
0.4 9.25 4.75 3.04
F M B
F. -y . 558 NU 3 e 5 (%)
Rel50 - ENUY TN [Ny | RO
AT=40C - 0 8.41 453 3.30
-1.7%
Gr/Re? =6.47 0.2 9.00 4.74 2.86
0 8.41 453 3.30
6. 9%
0.4 9.34 4.81 3.41
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