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v NARONG THIPMONGKOLSILP: A STUDY OF EFFECTS OF FIN CONFIGURATION TO HEAT
TRANSFER USINGCFD TECHNIQUE. THSIS ADVISOR: SOMPRASONG SRICHAI
Ph.D,, 157 pp, ISBN: 974-17-2214-1

The objective of this thesis is to study effects of fin configuration to the flow pattern and temperature
distribution of air including heat transfer performance and fluid mechanism occurred using mathematical mode!. The
Simulation were solving a set of conservation equations, consisting of continuity équations, momentum equations,
energy equations and turbulent models. Computational Fluid Dynamics (CFD) Technique, i.e. PHOENICS program,
was used in this study. The reliability and suitability of model and program is validated against detailed experiment

data of R.S. Mullisen, et al. for validating the accuracy of mathematical model before utilize this model in this study.

The thesis was studied on the effects of fin configuration to the heat transfer performance and fluid behavior
by simulating three categories of fin configuration, consisting of Inline Continuous Plate Fin, Inline Plate Fin and
Louver Plate Fin. The result of the simulation shows that the heat transfer performance in case Inline Continuous
Plate Fin is less than in case Inline Plate Fin and Louver Plate Fin, respectively. However, the Inline Continuous Plate
Fin has given the lowest value in term of the pressure drop. In addition to the simulation result, the reason of fin
configuration affecting to the heat transfer performance is due to the 2 - differential characteristic of the air flowing
through these 3 categories of the fin configuration, the thermal boundary layer and the vortex shedding. The air
flowing in the thermal boundary layer area has low velocity and the dominant heat transfer characteristic of this area
is the conduction phenomena. In case of the vortex shedding area, air has higher velocity and has more turbulence
while the vortex shedding characteristic also causes the better heat transfer performance in this area. Furthermore, the

dominant heat transfer phoenomena of this area is the convection phoenomena.
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7. O = Luv aumsi 3.18.2
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6.1.1  DSAUANYIN 1 (STSHIITZHIWMAI = 0 IBUAINAT)
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Tumstdivuaszeziareudunsaued TauNT Loz noUDIAIATY azved TaUNIeiay
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dG :
Re, = — aumsn 6.1
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dy o Y . [ d < d 1 [ o PPN d?
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6.2 msfSeuisunanmsnaaeanunavesmsiasslaalmatin CFD

d‘ v R d‘ I\l v a
6.2.1 Nﬁﬂﬂﬂ‘iﬂﬂﬂ"ﬁ‘ﬂﬂﬁf’)ﬁﬂimﬂﬂ‘kﬂﬂ 1 (3TYLHINIZHINNMDI = 0 IBUANAT)

1INHANINAADIVDI Ronald S. Mullisen 1/5suieudunan ldanuuuirasslunsdidnu
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Lﬂﬁﬂﬂl‘ﬂﬂﬂﬂﬂﬂgﬂﬂ?i‘ﬂﬂﬂ@ﬂm@ﬂ Mullisen °If\11ﬂ3Jﬂ159]5')i]fT@1Jll“Lﬂ'] Taga1nuyudIaed

A Ay ¥y 2 o v o ~ ~
ﬂﬂ!@ﬁ1ﬁﬁiﬂllﬂﬁi’]\islluuuulﬂWaﬂ'ﬁﬂﬂﬁ@\iﬂ\ulﬁﬂ\ﬂu M1319N 6.2 LA A1319N 6.3

ﬂﬁNﬁ 6.2 miNLLf‘f@NNﬁﬂ13%ﬂﬁ@ﬂlﬁﬂﬁ1u3mﬂ1ﬁ1 Fanning Friction f Factor ‘ﬁ]l@s’ljinﬂ
LL‘]J‘]JﬁWﬁ@\iﬂiﬁﬁﬂB"lﬁ 1
Re, G U, K, K, P, P, f cap
225 28.92857 0.00497 0.220 -0.260 0.0124 | 0.0000172 | 0.12556
606 77.91429 0.01338 0.290 -0.204 0.0198 | 0.0000152 | 0.04996
1343 172.67143 0.02964 0.360 -0.148 0.0370 | 0.0000046 | 0.02075
3157 | 405.90000 0.06968 0.430 -0.092 0.0737 | 0.0000297 | 0.00920
6239 | 802.15714 0.13771 0.500 -0.036 0.2160 | 0.0001900 | 0.00626
8083 | 1039.24286 0.17841 0.535 -0.008 0.2750 | 0.0002340 | 0.00538




M13197 6.3

4 o ' . {y ¥ o
@’li’l\ulﬁﬂ\iWaﬂ’liﬂﬂa@ﬂlﬁ@ﬂ’luﬂmﬂ’lﬂ’l Colburn j Factor ﬁﬂﬂiﬂﬂlﬂ]ﬂﬂ’laﬂ\i

a= A
ATUANEIN 1

Re, T, T, h i
225 24.00 24.70 43.30 0.0626
606 24.00 24.90 36.80 0.0197

1343 24.00 25.20 39.60 0.0096
3157 24.00 26.00 24.70 0.0025
6239 24.00 27.70 37.78 0.0020
8083 24.00 29.30 50.11 0.0020
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iioiims/eufienn) Fanning Friction f Factor g A1 Colburn j Factor 52#119U09%A

. @ Ay v 3 a J Y [ d' [ dy
N1INAADIVUDY Mullisen ﬂuwa‘w"lﬂmmmumammmm@mﬁm ilgllﬂﬂaﬂﬂ A1919N 6.4 mm”lﬂu

M3519N 6.4

a3519Touiieua Fanning Friction f Factor 1182 A1 Colburn j Factor 1 1A91n%a

’ @ ) ¥ o a 4
NINAABIVDI Mullisen ﬂﬂwaﬁhl@gﬂ'lﬂlﬂlﬂgﬂ'lﬁ’f]\iﬂ'l\iﬂm@ﬁ'lﬁﬁi

Re, f £ ca i J (e
225 | 0.10616 0.12556 0.04054 0.0626
606 | 0.04174 0.04996 0.01553 0.0197

1343 | 0.02200 0.02075 0.00759 0.0096
31574 0.01278 0.00920 0.00442 0.0025
6239 | 0.00865 0.00626 0.00324 0.0020
8083 | 0.00756 0.00538 0.00321 0.0020
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622  WanlaaInmMInAaoInIANEIN 2 (328raIzHINe = 0.381

)
LB UAINAT)

TumsnlSeuneunan1snaanived Ronald S. Mullisen fuMan lanuuudianaly

AR A 9 a 3 9 [ d' d'
NIUANYIN 2 Iﬂflmlslfmﬂuﬂ CFD U "lﬂwamimammuﬁﬂﬂu M131497 6.5 LA M1919N 6.6

MINN 6.5 AT NUAAINANITNAABLNDAIUIVUNIAT Fanning Friction f Factor 11 14010

o R A
HUVIDINTUANEIN 2

Re, G U, K, K, P, P, f
225 | 2892857 | 0.00497 | 0220 [ -0.260 0.011 | -0.00066 | 0.14025
606 |  77.91429 |~ 0.01338 | 0290 | -0.204 0.025 |  -0.00014 | 0.06503

1343 | 172.67143 | 0.02964 | 0360 | -0.148 0.060 0.00030 | 0.03446
3157 | 405.90000 | 0.06968 | 0.430 | -0.092 0.469 0.00114 | 0.02270
6239 | 802.15714{ 0.13771 | = 0.500 | -0.036 0.681 0.00465 | 0.02405
8083 | 1039.24286 | ~ 0.17841 [ 0535 | -0.008 0.710 0.00749 | 0.02727
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a= A
ATUANEIN 2

4 o ' . {y ¥ o
@’li’l\ulﬁﬂ\iWaﬂ’liﬂﬂa@ﬂlﬁ@ﬂ’luﬂmﬂ’lﬂ’l Colburn j Factor ﬁﬂﬂiﬂﬂlﬂ]ﬂﬂ’laﬂ\i

Re, T, T, h i
225 24.00 25.30 45.61 0.066
606 24.00 26.11 48.50 0.026

1343 24.00 26.90 4291 0.010
3157 24.00 27.70 76.40 0.008
6239 24.00 2871 16.12 0.008
8083 24.00 29.74 24.16 0.010
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Red f f (cal) ] j (cal)
225 | 0.12000 0.14025 0.04500 0.066
606 | 0.04500 0.06503 0.01800 0.026

1343:| 10.02500 0.03446 0.00700 0.010
3157 | 0.01750 0.02270 0.00450 0.008
6239 | 0.01850 0.02405 0.00600 0.008
8083 | 0.01950 0.02727 0.00700 0.010
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6.3 agwamsnfaunaunanisnaaess Huwavesnisdrasslaglimnaiia CFD

910 UM 6.3 - 6.6 FIn1511/ToU1TB VAT Fanning Friction f Factor 1182 A1 Colburn j Factor

A ¥ . Ay Y o a 4 J AN YA
voanafl 1d91nn1INAaBIves Mullisen Laznaf laonLuUT1IaeInAtiamans wunwan 1A
ANUUANA1AY TABAIAINAAIAINABUVBIAN Friction f Factor 1tag A1 Colburn j Factor Yadnai la
! o a 4 [V 1

1AMINAABIVBY Mullisen tazwai lannuuuiaesnendlamans aunsanaadlaas maei

Y
6.8 fiape 1a/i
M519N 6.8 A5 UAANANLANAI1YDIA ] Friction £ Factor tag A1 Colburn j Factor LAz
A 1 A 9 . A Y
AUADIALAABUTEHI19A1N 1ADINN1TNABB IV Mullisen LtazHaN 14910

o a 4
UUVNADINNAUAFTAT

IS 1= d' A\ \ a
NIUANEIN 1 (FITHSHIIIZH IO = 0 LBUANAT)

Re, f f (e % Error (f) i J ean % Error (j)
225 | 0.10616 0.12556 18.274 | 0.04054 0.0626 54.49
606 | 0.04174 0.04996 19.687 | 0.01553 0.0197 27.14

1343 | 0.02200 0.02075 -5.693 | 0.00759 0.0096 26.28
3157 | 0.01278 0.00920 -27.976 | 0.00442 0.0025 -42.46
6239 | 0.00865 0.00626 -27.627 | 0.00324 0.0020 -39.11
8083 | 0.00756 0.00538 -28.828 | 0.00321 0.0020 -37.16
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ASAANEIN 2 (SETHIITTHNWDD = 0.381 (BUAINAT)

Re, f f can % Error (f) i J ean % Error (j)
225 | 0.12000 0.14025 16.873 | 0.04500 0.0659 46.44
606 | 0.04500 0.06503 44.503 | 0.01800 0.0260 44.65

1343 | 0.02500 0.03446 37.830 | 0.00700 0.0104 48.55
3157 | 0.01750 0.02270 29.715 | 0.00450 0.0079 74.84
6239 | 0.01850 0.02405 30.005 | 0.00600 0.0084 39.53
8083 | 0.01950 0.02727 39.835 | 0.00700 0.0097 38.74
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siamin 7.1 gmmuaasanyIZYeIRIAT YA Inline Continuous Plate Fin
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7.1.2.2 ﬂitﬁﬁ Inline Plate Fin
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k=(1*0f oM 7.2
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M3190 7.1 quantianemenInuese1nan lgluniiiiaes

QUUQN (°C) | p (kg/m’) 1 (kg/m's) k (WmK) C, (ki/kg K)

24 1.1678 1.8661E-05 0.0264 1.0048
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7.1.3.3 USnuAINIU
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(°0) (kg/m) k (WmK) C, (ki/kgK)
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7.2.1 ﬂitﬁ Inline Continuous Plate Fin

o 4 A 9 A a 42’ =} . .
mﬂwamimamﬂimgmimmmamﬂaﬂummmumﬂmﬂumm Inline Continuous Plate
. dy 1 [ J @ Ad a d? & 9 Y v d'
Fin 4 ANAUAUAA uazmmiﬂiszmamaaqmwgwmmumaimzuu “B\iulﬂllﬁﬂﬁll?ﬂ\i AN

v 9
7.3 uaz A9199 7.4 aaae 11l

MINN 73 NI UEAINANMTNAABLNOAIUINNIAT Fanning Friction f Factor 11 14910

(1UUS1209nT Inline Continuous Plate Fin

Re, G U, K, K, P, P, f
225 | 2892857 | 0.00497 | 0.220 | -0.260 0.0124 | -0.0000172 | 0.12556
606 | 77.91429 |~ 0.01338 |  0.290 | -0.204 0.0198 | -0.0000152 | 0.04996
1343 | 172.67143 | -~ 0.02964 | 0360 | -0.148 0.0370 | -0.0000046 | 0.02075
3157 | 405.90000 | 0.06968 | 0.430 | -0.092 0.0737 | 0.0000297 | 0.00920
6239 | 802.15714| 0.13771 | 0.500 | -0.036 0.2160 | 0.0001900 | 0.00626
8083 | 1039.24286 | = 0.17841 | 0.535 | -0.008 0.2750 | 0.0002340 | 0.00538
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Y 4 o ' . {y ¥ o
ﬂ]51\3ﬁ 7.4 @’li’l\ulﬁﬂ\iWaﬂ’liﬂﬂa@ﬂlﬁ@ﬂ’luﬂmﬂ’lﬂ’l Colburn j Factor ﬁﬂﬂiﬂﬂlﬂ]ﬂﬂ’laf]ﬂ

A5al Inline Continuous Plate Fin

Re, T, T, h i
225 24.00 24.70 43.33 0.0626
606 24.00 24.90 36.80 0.0197

1343 24.00 25.20 39.60 0.0096
3157 24.00 26.00 24.70 0.0054
6239 24.00 27.77 37.80 0.0020
8083 24.00 29.30 50.10 0.0020

7.2.2 ﬂ‘Jiﬁ Inline Plate Fin

) 4 = Y A a d?’ = .
wamifn1aaqﬂsmgmsmmmamﬂaﬂumwm’e)umﬂmu"luﬂim Inline Plate

v ] Y
HAAINA JAFd 13190 7.5 A A9 7.6 360 Wil

Fin #11130
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ﬂﬁN"ﬁ 7.5 mﬂmﬁmwamimamgﬁaﬁwmmmﬁw Fanning Friction f Factor ﬁvl,g])iﬂﬂ
111191894059 Inline Plate Fin
Re, G U, K, K, P, P, £ cat
225 28.92857 0.00497 0.220 -0.260 1.24E-02 -1.72E-05 | 0.12556
606 77.91429 0.01338 0.290 -0.204 1.98E-02 -1.52E-05 | 0.04996
1343 172.67143 0.02964 0.360 -0.148 3.70E-02 -4.57E-06 | 0.02075
3157 | 405.90000 0.06968 0.430 -0.092 7.37E-02 2.97E-05 | 0.00920
6239 | 802.15714 0.13771 0.500 -0.036 2.16E-01 1.90E-04 | 0.00626
8083 | 1039.24286 0.17841 0.535 -0.008 2.75E-01 2.34E-04 | 0.00538
(mi%‘lﬁ 7.6 mimmmwamsmamgﬁaﬁmammm Colburn j Factor ﬁ“l@’fmmmuﬁmm

A58l Inline Plate Fin

Re, I, T 4 h i
225 24.00 24.70 43.30 0.0626
606 24.00 24.90 36.80 0.0197
1343 24.00 25.20 39.60 0.0096
3157 24.00 26.00 24.70 0.0025
6239 24.00 27.70 37.80 0.0020
8083 24.00 29.30 50.10 0.0020




7.2.3 n3al Louver Plate Fin
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o 4 A 9y A a 42‘ ) . dy
Namimamﬂimgmimmmamﬂaﬂummiaumﬂmuiumm Louver Plate Fin H 741359

v ] Y
HARINa 1Agd 13190 7.7 uag M3190 7.8 aaao il

AFNR 7T MINLAAIHAMINARDURR UMM Fanning Friction f Factor 91 16970
1UUT1909n5% Louver Plate Fin
Re, G U, K, K, P, f
225 28.92857 0.00497 0.220 -0.260 0.0565 0.0000362 | 0.20071
606 |  77.91429 | 0.01338 | 0290 | -0.204 0.0535 | 0.0001640 | 0.10337
1343 | 172.67143 | 0.02964 | 0360 | -0.148 0.0449 |  0.0017200 | 0.05589
3157 | 405.90000 | ~ 0.06968 | 0.430 | -0.092 0.0197 | 0.0011300 | 0.03594
6239 802.15714 0.13771 0.500 -0.036 0.0194 0.0042800 | 0.03912
8083 | 1039.24286 0.17841 0.535 -0.008 0.0408 0.0069400 | 0.04376
MR TS TUAAINAMINAAB T aAILAIA Colburn j Factor 71 189101181004

n5a! Louver Plate Fin

Re, T, T, h i
225 | 2.40E+01 | 2.59E+01 | 5.51E+01 7.97E-02
606 | 2.40E+01 | 2.70E+01 | 6.02E+01 3.23E-02

1343 | 2.40E+01 | 2.79E+01 | 5.50E+01 1.33E-02
3157 | 2.40E+01 | 2.89E+01 | 1.17E+02 1.21E-02
6239 | 2.40E+01 | 2.98E+01 | 2.85E+02 1.49E-02
8083 | 2.40E+01 | 3.08E+01 | 3.86E+02 1.55E-02
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emperature Probe value
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