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A mixed convection experiment of a vertical cooling channel under

reciprocating motion

Student : Ching-Lun Lin Advisor : Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

Abstract

In order to investigate the heat transfer phenomena in a U-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 , temperature 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 is
mainly dominated by Reynolds number, and less affected by increasing the low
oscillating frequency. The enhancement of the heat transfer is confirmed and within
35% in this study. In general , the aid of mixed convection is to remove more heat

than force convection.
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+
T~

LR /'S Re, Gr/Re;, AT, (C) F, L, v, /U,
Casel 300 0.40 10 0.0 0.0 0.0
Case2 300 0.81 20 0.0 0.0 0.0
Case3 300 1.21 30 0.0 0.0 0.0
Case4 300 1.62 40 0.0 0.0 0.0
Caseb 200 0.91 10 0.0 0.0 0.0
Case6 200 1.82 20 0.0 0.0 0.0
Case7 200 2.73 30 0.0 0.0 0.0
Case8 200 3.64 40 0.0 0.0 0.0
Case9 150 1.62 10 0.0 0.0 0.0

Casel0 150 3.24 20 0.0 0.0 0.0
Casell 150 4.85 30 0.0 0.0 0.0
Casel2 150 6.47 40 0.0 0.0 0.0
Casel3 300 0.40 10 0.2 1.0 1.26
Casel4 300 1.62 40 0.2 1.0 1.26
Casel5 300 0.40 10 0.4 1.0 251
Casel6 300 1.62 40 0.4 1.0 2.51
Casel? 200 0.91 10 0.2 1.0 1.26
Casel8 200 3.64 40 0.2 1.0 1.26
Casel9 200 0.91 10 0.4 1.0 2.51
Case20 200 3.64 40 0.4 1.0 2.51
Case21l 150 1.62 10 0.2 1.0 1.26
Case22 150 6.47 40 0.2 1.0 1.26
Case23 150 1.62 10 0.4 1.0 251
Case24 150 6.47 40 0.4 2.51

1.0
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# 4-2 Re, =300,F, =0.0,L, =1.0,AT,, =30 °C £ 4 12iPl¥ 2 7 o ¥y

TR BT

PR A AR

ER

- Wk 12.25 5.91 3.88
pE-E- g i 11.10% 11.84% 21.65%
LS S 3 S 12.78 6.01 3.93
Hmef%idn 14.79% 13.31% 22.65%
¥z AP ke Rk 12.9 6.12 3.85
Wmef%idi 15.58% 14.87% 21.04%
B RS * 10.89 5.21 3.04
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% 43 HEWREF RS *

Nu Nu £
(numerical results ) (‘experimental results ) (deviation)
Re, |Gr/Re AT, (C) F M B F M B F M B
0.40 10 |12.31| 6.00 | 3.51 | 14.24 | 6.93 | 3.98 |13.5%|13.4%|11.8%
300 0.81 20 112.25| 6.00 | 3.57 | 14.07 | 6.34 | 3.47 |12.9%| 5.3% |-2.9%
1.21 30 ]12.25| 6.02 | 3.66 | 13.29 | 591 | 3.88 | 7.8% |-1.8% | 5.6%
1.62 40 11222| 6.03 | 3.72 | 14.44 | 6.26 | 4.34 |15.3%| 3.2% |14.2%
0.91 10 | 9.03 | 4604328 | 1014 | 5.61 | 3.19 |10.9%|18.0%| 2.8%
200 1.82 20 | 9.81 | 5.00 13.20 |'10.63 |-5.09 | 3.49 | 7.7% | 1.7% | 8.2%
2.73 30 | 927 | 477 4.10 | 11.35| 550 | 4.28 |18.3%|13.3%| 4.2%
3.64 40 | 982 | 511 | 350 | 13.10 | 5.49 | 4.25 |25.0%| 6.9% |17.6%
1.62 10 1919 | 482 | 3.08 | 10.10 | 535 | 2.90 |9.0% | 9.9% | 6.1%
150 3.24 20 1880 | 464 | 3.32 | 1094 | 420 | 2.97 [19.6%]|10.3%|11.9%
4.85 30 8.42 | 448 | 3.12 | 10.17 | 4.67 | 3.62 |17.2%]| 4.1% [13.9%
6.47 40 1841 | 453 | 3.30 | 11.20 | 4.82 | 2.86 |24.8%| 6.1% |15.3%
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A4 RERTER

+
~

v.(m/s)

F.=02 F.=04
U, (m/s)

Re,, 150 0.10 0.2
0.08 0.08

Re,, = 200 0.12 0.2
0.10 0.10

Re,, =300 0.20 0.40
0.16 0.16
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445 ®RFHREEENEL LS
)
Gr/Rel, 0.40 1.62
AT, (C) 10 40
Re, =300 heat region F M B F M B
F=02 [
NU (numerical results) | 14.07 | 6.89 | 4.90 | 13.82 | 6.82 | 5.08
NU (experimental results) | 15.01 | 8.72 | 6.03 | 16.10 | 8.67 | 6.28
& (deviation) 6.2% | 21.0% | 18.6% | 14.1% | 21.3% | 19.1%
(b)
Gr/Re’, 0.91 3.64
AT, (C) 10 40
Re,, =200 heat region # M B F M B
F=02 [
NU (numerical results) 1147 | 531 | 3.61 |10.71 | 5.43 | 4.11
NU (experimental results) ' | 18:84 | 6.53 | 4.89 | 14.76 | 7.48 | 5.62
& (deviation) 19.2% |18.6% |26.1% |27.4% | 27.4% | 26.9%
(c)
Gr/Rel, 1.62 6.47
AT, (C) 10 40
Re,, =150 heat region F M B F M B
F=02 [
Nu (numerical results) 9.05 | 461 | 3.31 | 9.00 | 474 | 2.86
NU (experimental results) | 11.92 | 5.85 | 3.97 |12.14 | 5.14 | 4.18
& (deviation) 24.1% |21.1% | 16.6% |25.8% | 7.7% | 15.3%
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(d)

Gr/Rel, 0.4 1.62
AT, (C) 10 40
Re,, =300 heat region F M B F M B
F=04 [ _
NU (numerical results) | 14.55 | 7.18 | 4.60 | 14.10 | 7.03 | 4.72
NU (experimental results) | 15.64 | 8.85 | 571 | 16.73 | 8.82 | 6.12
& (deviation) 6.9% | 18.8% | 19.4% | 15.7% | 20.3% | 22.8%
(e)
Gr/Re}, 0.91 3.64
AT, (C) 10 40
Re,, =200 heat region F M B F M B
F.=0.4 —
Nu (numerical results). [ TIE32 | 564 | 3.64 | 14.09 | 6.91 | 4.87
NU (experimental results) 1 [114.02 | 6.82 | 501 | 14.93 | 7.61 | 5.92
& (deviation) 19.3% | 19.3% | 27.3% | 5.6% | 9.2% | 17.7%
®
Gr/Re}, 1.62 6.47
AT, (C) 10 40
Re,, =150 heat region F M B F M B
F=04 [
NU (numerical results) 9.25 | 475 | 3.04 | 934 | 581 | 3.41
NU (experimental results) | 12.13 | 5.98 | 4.10 | 12.55 | 5.62 | 4.47
& (deviation) 23.7% | 20.5% | 25.8% | 25.6% | 3.4% |23.7%
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% 4-6 BE iR T Tiob kg F Y

(a)
Re, =300 F 0.2 0.4
Gr/Rej, =0.40| Total nusselt number 9.92 10.06
AT, =10C En (enhancement) 34.4% 36.3%
(b)
Re,, =200 F, 0.2 0.4
Gr/Re =0.91| Total nusselt humber 8.42 8.61
AT, =10C En (enhancement) 33.4% 36.4%
(©)
Re, =150 F, 0.2 0.4
Gr/Re} =1.62| Total nusselt number 6.65 7.4
Aw=10C | o Cennancement) | 8.6% 21.1%
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(d)

Re, =300 F. 0.2 0.4
Gr/Rej, =1.62| Total nusselt number 10.35 10.55
AT, =40°C
W En (enhancement) 24.1% 26.4%
(e)
Re,, =200 F, 0.2 0.4
Gr/Rej, =3.64| Total nusselt number 9.29 9.48
AT, =40°C
En (enhancement) 22.1% 24.6%
(f)
Re,, =150 F 0.2 0.4
Gr/Re} =6.47| Total nusselt number 7.15 7.55
AT, =40°C
En (enhancement) 13.7% 20.0%
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% 4-7 M[25] kT F %2 g icf R %
Nu Nu £
(numerical results ) (experimental results ) (deviation)
Re,, | flow field F M B F M B F M B
I 0 0, 0,
300 | laminar 10.6 51 14 12.0 58 57 11.2%|12.0% | 49.1%
300 [turbulence| 12.8 6.4 3.9 -6.9% |-11.4%-43.8%
400 | laminar | 12.3 6.1 1.5 20.9% | 17.9% | 69.8%
15.5 7.5 4.8
400 |[turbulence| 15.7 7.8 4.9 -1.2% | -3.6% | -1.7%
500 | laminar 13.6 7.1 1.8 28.7% | 23.7% | 68.2%
19.1 9.4 5.5
500 [turbulence| 18.1 8.9 5.4 54% | 4.9% | 2.3%
600 [turbulence| 21.1 | 10.6 7.0 23.2 | 11.9 7.1 | 8.8% |[11.0% | 0.9%
700 (turbulence| 23.7 | 12.0 8.0 256 | 12.2 76 | 7.2% | 1.9% | -4.6%
800 |[turbulence| 26.1 | 13.3 8.9 28.1. 1 13.5 93 | 71% | 1.9% | 4.3%
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% 4-8

T 33 300 2 K T iR P S B

g g

Re,, =300

FC 0.05 0.1 0.2 0.4
heat region F M B F M B F M B F M B
Nu
(numerical |13.7| 6.8 | 43 |13.7| 68 | 43 |139| 70 | 40 |150| 6.8 | 3.9
results )
Nu
(experimental| 13.5| 6.6 | 4.2 |13.7| 7.4 | 47 |140| 7.3 | 4.2 |15.7| 6.7 | 3.7
results )
& (deviation)|-1.3%]-2.9%|-1.4%|-0.4%|8.1% | 8.9% | 0.9% | 4.0% | 4.3% | 4.5% |-1.2%|-6.8%
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I < first run 1
16 > second run —
] O third run i
14 | . d
I ® numerical results 1
. i N\ ]
,
Nu 4oL NS i
L ™, _
8 |- N B
I 3 I
6 | |
4 _
2 | _|
oL | | | 1

Front Middle Back

 4-1 Re, =300,F, =0.0,L, =1.0,AT,, =30 & 4f {2.i8]3# 2 % % o F Hch 1
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Front heat region Middle-heat region Back heat region

B 4-2 Re, =300 AT, =10°C iz 4 @
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Front heat region Middle heat region Back heat region

® 4-3 Re, =300 AT, =10C &g M~ &
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L O experimental results | |

14 O | ® numerical results |
12 ® a
Nu 4oL N
8 -

- D -

6| ® i

4 - - i

2 - |

ol | | | ]
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20 i I
18 L Re=300,Fc=0.0 i
- AT=20°C -
16 - O experimental results | 7]
14 O | ® numerical results |
12 ® i
Nu 4oL N
8 —
6 ™ i
4 L |
I @ 1
2 _
oL | | | ]

Front Middle Back
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i O experimental results| |
14 — o ® numerical results |+
12k ® —
Nu 4oL B
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20 | |
18 Re=300.F¢c=0.0 .
- L T=40°C 1
16 . e
i ) expermmental results|
14 O | @ numerical results |-
12 @ -
Nu 10 L B
8 - ]
6 ® _
4 - Q .
2 L _|
oL | | | |

Front Middle Back

W 4-7 Re, =300 Gr/Rej=1.62 AT, F40C# f& ¥ % & Wkt o F A
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18 [ Re=300,Fc=0.0 i
i Yo AT=40°C,Gr/Re*=1.62| 1
LE N & AT=30°C,Gr/Re>=1.21[]
14 - % 00 AT=20°C,Gr/Re*=0.81|-
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oL | | | |

Front Middle Back
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i Fc=0.2 AT= -H}O(‘ T
B ) Re=300.Gr/Re*=1.62|]
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Caseb 200 0.91 10 0.0 0.0
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