FHREHN YIRS F 2 B ARG

Investigate heat transfer phenomena of a 1m1-shaped channel

under a reciprocating motion experimentally

N S A | S

in Wyrds D Az B4

PR R4 LR E T

}3



FoFA RS § 2 # B %
Investigate heat transfer phenomena of a 1-shaped channel under a

reciprocating motion experimentally

T | SN Student : Yuan-Yo Chen

R e Advisor : Wu-Shung Fu

A Thesis
Submitted to Department-of Mechanical Engineering
Collegeof Engineering
National Chiao Tung University
In Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Mechanical Engineering
July 2007

Hsinchu, Taiwan, Republic of China

PEARA LA ES



B 3 i@ K2
X oRXREBeE LT

A MM T A BABEE 2 1t =

wnwxe) DR AHNTERYE
. &G 7B B
(3 x) Ihvas‘ttqﬁ‘é"— heat. chH[c’Y Jf).r?m-rhama
ch A ﬂquotnea{ chenne| wndor o mc bwmtuj'
me£7on {xw.m%{a”)/ :
AR EEHAE - FREAZRGIFFRT -

k£ R

i 2 DB

veen: A




FAHRFFANARS 2 8B %
FLiimrt iy A

Rz ~ iRy dplsT

&

SR N e Rl V- & % E F‘} ﬁr’/ﬁ»’iﬁ ;ILE i lEP\ ‘H’@%U‘ ;: ?2}%’3

,_
N
&

o TR ARI TRV ER - FHRKA S RIFT UL L =G 1L prE

oo FORBLRIE IR AT S B HORZ G RBIAP T R A H S
AT M E R B R IR ARSI S k%o B

BiEdrdoa i F 0 B0 2 DL oSSR RO 4o B BRI o dR R T B MR T



Investigate heat transfer phenomena of a 1-shaped channel under a

reciprocating motion experimentally

Student: Yuan-Yo Chen Advisor:Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

Abstract

In order to investigate the heat transfer phenomena in a "1-shaped channel with
reciprocating motion, an experimental work is conducted and validated by an auxiliary
computational procedure simultaneously. The experimental apparatus consist of three
parts, a cooling channel, reciprocating mechanism and heating control. The working
fluid is air and the parameters of Reynolds number and oscillating frequency are
varied. In addition, a flow visualization using the: Smoke-wire method is adopted to
indicate the flow field and compared with the streamline of the numerical results. The
comparisons between experimental*and numerical results are consistent well. The
results show that the heat transfer rate-issmainly dominated by Reynolds number, and
less affected by increasing the low oscillating frequency. The enhancement of the heat
transfer is confirmed and within 20% in this study.
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22 A% pHEsF
KB Re, F, L, v, /U, Gr/Re;
Casel 300 0.0 0.0 0.0 0.23
Case2 400 0.0 0.0 0.0 0.12
Case3 500 0.0 0.0 0.0 0.08
Case4 600 0.0 0.0 0.0 0.06
Case5 700 0.0 0.0 0.0 0.04
Case6 800 0.0 0.0 0.0 0.03
Case7 300 0.05 0.5 0.16 0.23
Case8 300 0.1 0.5 0.31 0.23
Case9 300 0.2 0.5 0.63 0.23
Casel0 300 0.4 0.5 1.26 0.23
Casell 500 0.05 0.5 0.16 0.08
Casel2 500 0.1 0.5 0.31 0.08
Casel3 500 0.2 0.5 0.63 0.08
Casel4 700 0.05 0.5 0.16 0.04
Casel5 700 0.1 0.5 0.31 0.04
Casel6 700 0.2 0.5 0.63 0.04
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v.(m/s)
F. =0.05 F.=01 F.=02 F.=04
U,(m/s)

Re, =300 0.024 0.047 0.094 0.189
0.15 0.15 0.15 015

Re, =500 0.039 0.079 0.157 ~ &314 |
0.25 0.25 0.25 025 ~_!

Re, =700 0.055 0.11 0.22 \\0.44 |
0.35 0.35 0.35 0.35 ~_
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% 4 Re, =500,F, =0.1,L, =05 2 &4 |+pl:s

- = PEARE | PERREE | BERERATE
FriaEr (C) 33.8 33.8 33.6
A EeERE (C) 33.8 33.8 33.6
AT iR ER (C) 33.3 33.3 33.0
EronmITEERE (C) 28.7 28.7 28.7
i~ (w) 4.02x1072 2.39x107 1.89x10%
=A% b Eh (w)| 6.82x10° 6.82x107 8.18x107
FERE=ES 3 S 19.8 10.1 6.6
BT 0 i 19.5 9.9 6.4

¥ o= TERAEATE | P EREAEE | RN
g EeER (C) 32.3 32.3 32.3
=AY daER (C) 323 32.3 32.3

= ATARER (C) ST 31.8 31.7
Er T EER (C) 27.2 27.2 27.2
B~ mH (W) 4.37x10% | 2.39x10 1.89x10?
Tkl Ak (w)| 8.18x10% 6.82x103 8.18x103
S EEERS 3 S 232 10.2 6.4
GEEEECEN ¥ S 19.5 9.9 6.4
¥z =% TERAEAE | PERARE | SELEE
LR (C) 33.0 32.9 33.0

= A daER (C) 33.0 32.9 33.0

= ATEAGER (C) 32.3 32.4 32.4
U TR R (C) 27.9 27.9 27.9
i~ g (w) 4.37x10% 2.39x10% 1.97x10?
= o5 k£l EEk (w)| 9.55x10° | 6.82x10° | 8.18x107°
FE RS 3 20.3 10.4 6.8
WL oe i 19.5 9.9 6.4
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%5

B i

NS

BT

E

S

#iE % (NU) 2 % % (NU) iR R

Re, FE | PR | e | RER | PR | e | RE | YR | BE

0, 0, 0,

300 106 | 51 | 14 | o0 | cg | oo |11.2%]12.0%]49.1%

300 12.8 | 6.4 | 3.9 -6.9% |-11.4% |-43.8%

400 123 | 6.1 | 15 20.9% | 17.9% | 69.8%
155 | 75 | 4.8

400 157 | 7.8 | 4.9 -1.2% | -3.6% | -1.7%

500 136 | 7.1 | 1.8 28.7% | 23.7% | 68.2%
19.1 | 94 | 55

500 181 | 89 | 5.4 5.4% | 4.9% | 2.3%

600 211 | 106 | 7.0 | 232 | 119 | 7.1 | 8.8% |11.0% | 0.9%

700 237 | 120 | 80 | 256 | 122 | 7.6 | 7.2% | 1.9% | -4.6%

800 261 | 133 | 89 | 281 | 135 | 93 | 7.1% | 1.9% | 4.3%
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26 Bt T Lol WERBREFTHRES

(a)

0.05 0.1 0.2 0.4

SeE TR F M B F M B F M B F M B

B R
Re. =300| —— |137 |68 |43 |137| 6.8 | 43 |139| 70 | 40 |150| 6.8 | 3.9
" (Nu)
SRR S

135| 6.6 | 42 |13.7| 74 | 47 |140| 73 | 42 |15.7| 6.7 | 3.7

(Nu)

23R |-1.3%|-2.9%|-1.4%|-0.4%| 8.1% | 8.9% | 0.9% | 4.0% | 4.3% | 4.5% |-1.2%|-6.8%

(b)

F 0.05 0.1 0.2

c

N F M B F M B F M B

Re, =500| g #g(Nu)| 19.5 [7200 65 195 | 99 | 64 | 198 | 102 | 59

@5 <%(Nu)| 203 | 107 |"6/9 | 212 | 102 | 6.4 | 214 | 105 | 6.8

ARR 3.9% | 6.8% | 5.2% | 8.0% | 2.9% | -0.2% | 7.1% | 3.0% | 13.2%
(c)
FC 0.05 0.1 0.2
do e F M B F M B F M B

Re, =700 g #g(Nu)| 24.4 | 127 | 83 | 244 | 126 | 83 | 248 | 130 | 7.7

225 (Nu)| 264 | 132 | 95 | 260 | 137 | 89 | 266 | 142 | 9.0

23R 7.7% | 3.7% | 12.7% | 6.2% | 8.0% | 6.7% | 6.7% | 8.1% | 14.9%
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L7 By AdRH T Lo R g F

(a)
F 0.05 0.4
Re, =300| A48T 155 8.13 8.69
H e X 19.0% | 25.8% | 24.4% | 27.3%
(b)
F. 0 0.05 0.1 0.2
Re, =500| A48T 5% 11.34 | 1263 | 12.59 12.87
H 4 0% 11.4% | 11.1% | 13.5%
(c)
F 0 0.05 0.1 0.2
Re, =700| ##8 T 35% 15.15 | 16.37 | 16.20 | 16.58
H Ao 0% 8.0% 6.9% 9.5%
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