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Design Optimization of Dimple Shape to Enhance Heat Transfer
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ABSTRACT

This study presents a numerical procedure to optimize the shape of dimple surface to enhance turbulent heat transfer
in rectangular channel. The response surface based optimization method is used as an optimization technique with
Reynolds—averaged Navier—Stokes analysis of fluid flow and heat transfer with shear stress transport (88T
turbulence model. The dimple depth—to—dimple print diameter ratio, channel height—to—dimple print diameter ratio,
and dimple print diameter—to—pitch ratio are chosen as design variables. The objective function is defined as a linear
combination of heat transfer coefficient and friction drag coefficient with a weighting factor. Full factorial method is
used to determine the training points as a mean of design of experiment.

1.ME b ow "E oo g dd7 4vd vwsiglaes, 6D
FERU FETAEE dHoR JdRF B4E FTA 7t FhRRs 43 Afe $7E0R RSt
A GHAZE 272 ola A4S oledte duy, s} Ligrani $9¢ @%74%(003701)7 82 A5 oz
2 W7 A, ARE 3244 2 Bl BYols FolA Fol MAE 4@ B 2d9 A dREE
U gl FUA FETAES FANA 499 AFL wA Govt sEASFE FHAEC W v e
242 FHAAY 22y /A XY REUHES 4 Frkenta wastgoh
]

N

AL A9 Gz o BN iAo Z 7}%_ 7} 38|49 A Q) A2 Patrick % Tafi 7} DNS(Direct
Hevg Axe oxo Hixi= “éﬂﬂ o] AL M Numerical Simulation)Z AH&3re] A MEd G0
§7) FaNE AReAss fRASE BAd neeels  FHE #5YE AW, Iaev o Leontev®

o} RANS (Reynolds-Average Navier—Stokes Equations)& A}
QMY e WA A4 Asse ssagede  SEO BE B A2: SR $2E ssad 2o
Ay, 7, 9 5o 4457 Ao olelw fERyE 3o T OTHT FARAH die 9E ¥aa gawasl
A QES Eeol A& oy Fxe FAAPezy chge  SIE HNIRE L, D34 I a0 999 g %
g 48 FATRUM WL Ave PhIATE gue  FHEH UMAE GRL WA A £2 494
A3 9l Qe A% 74744 Aaerg Wt 9He 4% % @
Lol MY 45 Yol AR Qo] B 23 A7t iAE 4d%e HstEE B 2R AT 3
4 AT, Mabmood % Ligrani)iz 9] qolsp gype) T welstel AP A=A fund TR,
Agel nE/D% B A5} FTH FEAols] A & AT Fig 1 of UEhd sl 2o} 9% W) 9E
(/D) 029} 0842 TAATD, Ade) Zojst WIo) 7 o] Bty Aatel FZolAM, HE e tﬂ U z2e] )
B9 AAUD02 0505 108 wAAAY gde gy D) T8 A 9 9T G A 0 2
& MRART, TEE WD 7 peeE BT Ayl 3 T ST ‘?}’(HQD; T
3 S & v s A9 desadY 2ny
ARAL waHR Bugess o LS W90 0T 0o paet sl e
D/S=0874 2 RAA7L, §DF 01, 02,03 22 WA e e s} HAdAE Sasec 289
* Ustdia dstd ZA T P O P ages Fadsla, 4
Qs JAzey Axe] AASAS v A3 7HEASE E9aET

E-mail : jondow@lycos.cokr

- 285 -



2. aSoiMuy

E APeAe B3 AAY £% 9 didAadigg
3te] ¥R E AR (unstructured grid) S A g HEAZE
o1 CFX—572 ALgTh dEo] d&xoz widd A
oA gF71uhe Ao s o Mg, o A%
&= %}a%‘om- Ludse g3 F/1zdE FE3)
98 Kim 3 Kim® o] AM48 dhie Al gale FH% @33
o F5F WY YA FHAE e go] AHAINA

oU,
a_av,-_o 1)
ol _ o |, 0U | 1|ep :
Al i ®
8 av_ 8 [, 0T s
E(%%T)—a;[kazj] aUg; (3)
A71N BBE 4 p(r,y2) I EBE RE T(ry2)E
#%59 77148 13 g3} 2ol Ao e
plzyz)=playz)+w (e
T(z,y,2)=T(z,y,2) ®
,,

dolez 3HYE AWy slste] FHEAE SST (Shear
Stress Transportation) 227 & A3t SST 2He
Aot el A KEuE Y] o &d 43 ARFelx,
F 49 A4ol= 2 FFHYo| Hojudz Hxnd vl U

HZA = Fig. 2 o Yebd vpe} o], Abax e vgdE A
AAZ FASGeH, ¥ 24 £ET7ele FEe HE A
3 ¥ oA AAe S9AE AT Adxdese £
SEuke] F7ddA F7)ZA(periodic condition)}g AR
3, dEo] G Hel dAG 4
flux condition) £3& A8t}

4 (constant heat

3. HNHAIIY

WL e 4Y B £ARMY ARG olgs 2
4§48 BYYLE A BA5 Yoz wsws
FHE ght s 22 e ez e,

n=ay+ J;ajyj + JZ}Oajjy? +3 ;ja«jyiy,» @

S

"
DO
0&0—1

t

%

Flow

Constant Heat Fiux

Fig. 1 Coordinate system and design variables

Fig. 2 Example grids (H/D=04. §/D=07. D/S=0.42)
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Table 1 Design variables and design spaces

Design variable Lower bound Upper bound
H/D 0.2 1.0
§/D 0.1 0.4
D/S 0.5 0.9
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Fig 3 Comparison of predicted and measured Nusselt number
distributions.
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Table 2 Results of optimization for 3=0.02

Design variable
HD | e/ | DS
| Reference| 0.90 | 0.23 | 0.83 | 3.90 | 5.56 | 0.37
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w
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Fig. 4 Comparison of Nusselt number distributions before and after
the optimization for ;3=0.02
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