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A mixed convection experiment of a vertical cooling channel under

reciprocating motion with heat region on the top

Student : I-Chou Liu Advisor : Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

Abstract

In order to investigate the_heéat transfer phenomena in a U-shaped channel with
reciprocating motion, an experimental-work s conducted and validated by an
auxiliary computational .procedure simultaneously: The experimental apparatus
consist of three parts, a cooeling channel -reciprocating meehanism 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 nature convection effect, and less affected by increasing the low
oscillating frequency and Reynolds number. The enhancement of the heat transfer is
confirmed and within 51% in this study. In general , the aid of mixed convection is to

remove more heat than force convection.
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(1) fan (5) reciprocating system

(2) flow meter

(6) power supply
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(9) motor driver

(8) personal computer
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Fig 2-2 Experimental apparatus
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Fig 2-4 A reciprocating system
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Fig 2-5 A combination of cooling channel system and reciprocating system
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Fig 2-7 Hater structure
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Power Supply
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AT, (°C) +0.3(°C)
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Re,, +1.78%
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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
Case5 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 100 4.85 30 0.0 0.0 0.0
CaselO 300 0:40 10 0.2 1.0 1.26
Casell 300 1.62 40 0.2 10 1.26
Casel2 300 0.40 10 0.4 10 2.51
Casel3 300 1.62 40 0.4 1.0 2.51
Casel4 200 0.91 10 0.2 1.0 1.26
Casel5 200 3.64 40 0.2 1.0 1.26
Casel6 200 0.91 10 0.4 1.0 2.51

Casel7 200 3.64 40 0.4 1.0 251
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4 4-2 Re, =300,F =0.0,, =1.0,AT, =20°C & if 1Lipl:82 F S8 B A (5

Front Middle Back
3047C. 39.57C.39.4°CL 3053053057 39.27C. 39.37C. 39.27]
394~ | 13947 . _[39.5C ”
3927 39.3°C} 39.47. 3927 3937 39.57]
39.47]. 39.57. 39.6C
30.57- | 3957 | 39.6°C )
39.3] 302 39.67]- 3937 3047 39.57]
39.57. 3967 3967
39.477. «~ | 39.67C- 3967CH .
3027 5 3047, 39.5°CH 3037 3047 39,57
3947 39.5| 39.5CH
30.37C. 39.3°C.39.27C) 39377 .3047C.393°C 304°C. 39.5°C. 39,37
Front Middle Back
40.97C. 40.0°C-40.9°C} 39.97C41.0°T 41.0°C 41.2°C+ 4127~ 411
41.17. 4.2 12T
4097CH 41.07C} 41.0%- 4097 41.07TC 41.2
41.27. 41,27} 412°C
41.2. 41.3°C _|412°C
41.07C| 41.0C 4117 41.0C 41,1TC 41.27
41.27. 4127 4137
4127, o~ | 4127 4137
108°Ch 109} 41.0C, 109°C 41.0C 412
41.2%]. 4127 41.2°C
430.9°C. 41.1°C.40.0°C: 39.9C 400T.39.9C) 41.0C.41.1°Cv 41,15
o T -0 oy S
b il A
Front Middle Back
39.07C- 40.1°C40.0°Cl 40.0°C-40.2°C40.17C) 40.1C- 40.3°C 40.37]
40.2°- T4037- _[4047C :
40.1°CH 40.2°7% 4027 40.37C 4027C 4047
40.2°0- 4037 40.5C}
40.3°Q | 4040 40.5°Ch '
4027 403} 4027 40.37C 4037 40.4%
403~ 4047 404
_| 4037 ao1c) 4040 __|4047C} ’
40.17CH 40.3°Cl 40.1C+ 40.27CH 4037TC 4047
40.2°- 4047} 404°C
40.27C. 404740370 40.0°C 40.17T400CH 40.47C- 4057 4047
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%43 FEERET RS %

Nu Nu £
(numerical results ) (experimental results ) (deviation)
Re,, , .
Gr/Re |AT, (C)| F M B F M B F M B
0.40 10 112.33| 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|/14144. | 654 | 4.12 |16.3%|11.2%]23.2%
0.91 10 9.72 | 493 [(2.95 1/10.37 5.57 | 3.11 | 6.2% |11.4%| 5.1%
200 1.82 20 | 968 |-4.79 | 2.84 | 10:66 | 5.45+| 3.08 | 9.2% [12.1%| 7.8%
2.73 30 | 962 | 473 (275 | 10.84 | 531 | 3.01 |11.3%(10.9%| 8.6%
3.64 40 9.58 | 469 [267 | 11.16'| 526 | 3.11 |14.1%|10.8%|14.1%
100| 4-85 30 | 6.48 | 337|186 | 844 | 3.95 | 2.23 |23.2%|14.6%|16.5%
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%44 EGRTER A

vy g 02 F =04
u,(mls)
Re, =200 0.12 0.2
0.10 0.10
Re,, =300 0.20 0.40
0.16 0.16
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%45 R FEHREEKERELZ%
)
Gr/Re’, 0.40 1.62
AT, (C) 10 40
ReW =300 heat region F M B F M B
F=02 [ —
Nu (numerical results) | 14.08 | 6.71 | 4.56 | 13.64 | 6.27 | 3.96
Nu (experimental results) | 15.52 | 8.06 | 555 | 16.08 | 6.76 | 5.21
& (deviation) 9.2% | 15.6% | 17.8% | 15.1% | 7.3% |23.9%
(b)
Gr/Re?, 0.91 3.64
AT, EC) 10 40
ReW =200 heat'region F M B F M B
F=02 [
Nu (numerical restilts) 13.91| 5.88+ 4.22 |13.48 | 6.40 | 4.00
Nu (experimental results) | 14.7 |[/6.50 | 4.82 |15.68 | 7.58 | 557
& (deviation) 5.4% | 9.6% |12.4% |14.0% |15.4% |26.0%
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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=04 [ —_
Nu (numerical results) | 14.67 | 7.19 | 4.47 | 14.44 | 6.99 | 4.18
Nu (experimental results) | 15.98 | 835 | 548 |16.62 | 8.68 | 5.23
& (deviation) 8.1% | 13.8% | 18.4% | 13.1% | 19.3% | 20.0%
(d)
Gr/Re, 0.91 3.64
AT, (€) 16 40
Re, =200 heat.region = M B = M B
F=04 [ __
Nu (numerical results) 14.13 | 6.17 428 | 14.86 | 7.28 | 4.56
Nu (experimental results) | 14.88 | 6.93 | 4.92 | 1582 | 7.96 | 5.78
& (deviation) 5.3%(10.9% | 13.3% | 6.06% | 8.54% | 21.1%
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% 4-6

B AR T Tiab R B F T

(a)

Re,, =300 F, 0.2 0.4
Gr/Re}, =0.40| Total nusselt number 9.47 10.17

AT, =10°C

En (enhancement) 19.26% 28.0%
(b)

Re, =200 F, 0.2 0.4
Gr/Re}, =0.91| Total nusselt number 8.67 8.91

AT, =10°C

En (enhancement) 36.5% 40.3%
(c)

Re, =300 F. 0.2 0.4
Gr/Re?, =1.62| Total nusselt number 9.18 10.17

AT, =40°C

En (enhancement) 9.8% 21.6%
(d)

Re, =200 F. 0.2 0.4
Gr/Re?, =3.64| Total nusselt number 9.55 9.85
AT, =40°C

En (enhancement) 46.6% 51.3%
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% 4-7 M[25]°k T F B2 it frf % %
(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 15 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 25.6 122 76 | 7.2% | 1.9% | -4.6%
800 ([turbulence| 26.1 | 13.3 8.9 m o g TR 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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% 4-9 HR[29]# fi B 7 % %

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 |43.72/| 14144 | 6.26 | 4.34 |15.3%| 3.2% |14.2%
0.91 10 | 9.03 |4.60:{ 328 || 10.14 | 561 | 3.19 |10.9%|18.0%| 2.8%
200 1.82 20 | 9.81+ 5.00 | 3.20 | 10.63 | 509 | 3.49 | 7.7% | 1.7% | 8.2%
2.73 30 | 9.27 [4:771 4101135 | 550 | 4.28 |18.3%|13.3%| 4.2%
3.64 40 | 982 | 5.11°|'350 [18.10 | 5.49 | 4.25 |25.0%| 6.9% |17.6%
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5 10 15 20 30 40 60 80 rpm (11s)
RTA4ET-B |

102-127 1.7-2.1
AT-flexs0-B 99-124 1.6-2.1
ATASO-B [ RT-flex |
RTASZL 108135 1.8-2.3
AT-llex58T-B B4-105 1417
ATASBT-B
AT-flaxB0G-B 81-114 1.5-1.9
RTAG2U-B 92-115 1.5-1.9
RT-flaxGE-0 TE-05 1.3-1.6
ATABE-D
RTAT2U-B 7o-99 1317
AT-flex&4T-0 E u
BTABIT.D B1-T6 1.0-1.3
RT-flax82T G8-30 1113
RTABZT
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KR 'S Re, Gr/Re’, AT, (C) F, £.(Ls)
Casel 300 0.40 10 0.0 0.0
Case2 300 0.81 20 0.0 0.0
Case3 300 1.21 30 0.0 0.0
Case4 300 1.62 40 0.0 0.0
Caseb 200 0.91 10 0.0 0.0
Caseb 200 1.82 20 0.0 0.0
Case7 200 2.73 30 0.0 0.0
Case8 200 3.64 40 0.0 0.0
Case9 100 4.85 30 0.0 0.0

CaselO 300 0.40 10 0.2 1.04
Casell 300 1.62 40 0.2 1.04
Casel2 300 0.40 10 0.4 2.08
Casel3 300 1.62 40 0.4 2.08
Casel4d 200 0.91 10 0.2 0.69
Casel5 200 3.64 40 0.2 0.69
Casel6 200 0.91 10 0.4 1.38
Casel7 200 3.64 40 0.4 1.38
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