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A 11 type of vertical cooling channel reciprocating motion with heat

transfer analysis

Student : Yong-Liang Hou 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 main experiment for different channel amplitude to discuss the results that
heat transfer efficiency, channel amplitude decreased resulting in heat transfer
efficiency lower. The reason is that after reducing the amplitude of the fluid
disturbance to the reduction in heating zone, the fluid can take away the heat has
become less. The dynamic heat transfer gain is better than the static, and the heat

transfer gain of about 48.6%
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e Re,, Gr/Re?, AT, (°C) F, L, v, /u,
Casel 300 0.40 10 0.0 0.75 0.0
Case?2 300 0.81 20 0.0 0.75 0.0
Case3 300 1.21 30 0.0 0.75 0.0
Cased 300 1.62 40 0.0 0.75 0.0
Caseb5 200 0.91 10 0.0 0.75 0.0
Caseb6 200 1.82 20 0.0 0.75 0.0
Case7 200 2.73 30 0.0 0.75 0.0
Case8 200 3.64 40 0.0 0.75 0.0
Case9 300 0.40 10 0.2 0.75 0.94
CaselO 300 1.62 40 0.2 0.75 0.94
Casell 300 0.40 10 0.4 0.75 1.88
Casel2 300 1.62 40 0.4 0.75 1.88
Casel3 200 091 10 0.2 0.75 0.94
Casel4 200 3.64 40 0.2 0.75 0.94
Casel5 200 0.91 10 0.4 0.75 1.88

Casel6 200 3.64 40 0.4 0.75 1.88
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4 4-2 Re, =300,F =0.0,L, =0.75,AT, =10°C & #F HLipl:&2 § %8 B A

Front Middle Back
35.4°C035.6°C45. 3 35.5°C4B5.4°C.85.5°C} 35,30 354°C0 35,40
3.3qe 354 ATk
35.4°C 35,3« 35,3 3567 i e 3.6+
35,57« 3557+ 35680

354«
kLt e 356
35,5
35.5°C035.5°C 35.61)

Front Middle Back
35,10+ 35.4°C.35.2°| 35.4'C85.4'C85.5°Cp 35,3 35.4°C.035.4° «
35,30« 35,2« 354
354 35,2 35,304 Tas.agh 354 35,4
35.2%0« 35.2°0« 35.3°CH
35,37« 35.2°0 ¢ 35.3°CHk
35,2k 35470 352047 35.50p 354y 353
35,3« 35,30« 35.5°CK

Front Middle Back
35.1°C+35.0°C+85.0°0 ¢ 35.0°CB5.1C85.2°Cl 35.0°C+35.1°C#35.1°0«
34.0°0 352« 35.2°Ck
34.8°Cl 35.2°« 351057 T 3.2k 4.0C) 35.10+
3400 35.1°0+ 35.1°Ck
35.0°0+ 3510+« 35.1°CHk
3s5.0°Cl 3540 35170 3.0 3s5.0c) 35.00+
35.0°0+ 35.0°0« 35.1°Ck
35.0°0+ 3510+« 35.0°Ck
5.1l 3540 34,97 3s.0Ch 3s5.0c) 34.9'0+
35.1°0+ 35.1°0+ 35.1°Ck
35.3'C¢35.2°CB5.0°C 35.0°C @5.0°C+35.1°0 35.1°C+35.0°0+35.2°0«
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%43 FEERET RE%

Nu Nu £
(numerical results ) (experimental results ) (deviation)
Re,, , .
Gr/Re’ |AT, (C)| F M B F M B F M B
0.40 10 112.33| 597 | 3.40 | 13.60 | 6.66 | 3.57 |9.3% |10.3%| 4.8%
300 0.81 20 112.28| 5.96 | 3.40 | 14.42 | 6.49 | 3.83 |14.9%| 8.1% |12.2%
121 30 112.16| 5.86 | 3.24 | 14.37 | 6.60 | 3.68 | 7.8% |-1.8% |11.9%
1.62 40 112.08| 5.80 | 3.16 | 14.44 | 654 | 4.12 |16.3%|11.2%]23.2%
0.91 10 | 972 | 493|295 | 10.37 | 557 | 3.11 |6.2% |11.4%]| 5.1%
200 1.82 20 |1 968 | 479 | 2.84 | 1066 | 545 | 3.08 | 9.2% [12.1%| 7.8%
2.73 30 | 962|473 2751084 /531 | 3.01 |11.3%(10.9%| 8.6%
3.64 40 958 | 469 | 2.67 | 11.16 | 5.26 | 3.11 |14.1%|10.8%|14.1%
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%44 BERTER A

/
v, (mls) F =02 F. =04
u,(mls)
Re, =200 I, =1.0 012 025
0.10 0.10
Re, =300 L =10 020 o0
0.16 0.16
Re, =200 L =0.75 0094 0158
0.10 0.10
Re, =300 I, =0.75 - %
0.16 0.16
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%45 PRFHREDHEEEREL S5
(a)
Gr/Re}, 0.40 1.62
AT, (C) 10 40
Re =
&y =300 heat region F M B F M B
F.=0.2
L, =0.75 Nu (numerical results) | 13.87 | 6.52 | 453 | 13.48 | 5.86 | 3.92
Nu (experimental results) | 14.97 | 7.94 | 528 | 1554 | 6.11 | 4.57
& (deviation) 7.3% | 17.9% | 14.2% | 13.3% | 4.1% |14.2%
(b)
Gr/Re}, 0,91 3.64
AT, (C) 10 40
Re,, =200 .
heat region F M B F M B
F.=0.2
L,=0.75 Nu (numerical results) 13.67 | 571 | 4.06 |13.15| 6.32 | 3.86
Nu (experimental results) | 14.52 | 6.16 | 4.75 |14.97 | 7.24 | 5.31
& (deviation) 59% | 7.3% |14.5% [12.0% |12.7%|27.3%
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(c)

Gr/Re}, 0.4 1.62
AT, (C) 10 40
Re,, =300 heat region F M B F M B
F.=0.4
L, =0.75 Nu (numerical results) | 13.32 | 7.17 | 4.28 | 14.14 | 6.73 | 4.12
M (‘experimental results) 15.07 8.29 5.35 16.13 | 7.94 5.08
& (deviation) 11.6% | 13.5% | 20.0% | 12.3% | 15.2% | 18.9%
(d)
Gr/Re;, 0.91 3.64
AT, ¢C) 10 40
Re,, =200 .
" heat region F M B F M B
F.=0.4
L =0.75 Nu (numerical results) | 13.62 | 5.95 | 4.16 |14.23 | 7.01 | 451
Nu (experimental results) | 14.71 | 6.67 | 4.82 | 15.74 | 7.62 | 567
& (deviation) 7.4% | 10.8% | 13.7% | 9.6% | 8.0% |20.5%
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% 4-6

B A RS T Ti0L R B £ T

(@)
Re,, =300 F, 0.2 0.4
Gr/Re}, =0.40| Total nusselt number 9.4 9.57
AT, =10C En (enhancement) 18.34% 20.52%
n (e : .
L =0.75 ° °
(b)
Re, =200 F, 0.2 0.4
Gr/Re?, =0.91| Total nusselt number 8.48 8.64
ATy =10C | o Cenancement | 33149 36.01%
n«Ce \ :
[ =075 ’ ’
(c)
Re, =300 F, 0.2 0.4
Gr/Re}, =1.62| Total nusselt number 9.17 9.72
AT, =40C En (enhancement) 4.42% 16.09%
n (en : .
[, =075 ’ °
(d)
Re, =200 F, 0.2 0.4
Gr/Re?, =3.64| Total nusselt number 8.74 9.68
AT, =40°C
[ <075 En (enhancement) 40.91% 48.64%
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Speead
rpm

102-127
99-124

Frequency
(1s)
1.7-2.1

1.6-2.1

1.8-2.3
1417
1.5-1.9
1.51.9
1.3-1.6
1317
1.0-1.3
1.1-1.3
1517
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=

Qlose/Qi (FC:0-2 LC:O.75)
Re
"IAT, (°C) F M B
10 | 0.0749/0.2604 | 0.0587/0.1811 | 0.0508/0.1158
300 =28.76% =32.41% =43.87%
40 | 0.0801/0.3549 | 0.0691/0.2401 | 0.0511/0.1167
=22.57% =28.78% =43.86%
10 0.0708/0.306 | 0.0637/0.1842 | 0.0501/0.1155
200 =23.25% =34.58% =43.38%
40 | 0.0832/0.3258 | 0.0704/0.1985 | 0.0502/0.1207
=25.54% =35.47% 41.6%
Qlose /Qz (FC:O-4 LC:O.75)
Re
"IAT, (°C) F M B
10 0.0807/0.306 [ 0.0638/0.1892 | 0.0441/0.1121
300 =26.37% =33.72% =39.34%
40 | 0-0809/0.3306 | 0.0697/0.1894 | 0.0446/0.1208
=24.47% =36.81% =36.92%
10 | 0.0781/0.3102 | 0.0698/0.1837 | 0.0387/0.1128
200 =25.18% =38.00% =34.30%
40 | 0.0787/0.3297 | 0.0752/0.1872 | 0.0467/0.1203
=23.87% =40.17% 38.82%
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