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Design Optimization of Three-Dimensional Channel Roughened
by Oblique Ribs Using Response Surface Method

Hong-Min Kim and Kwang-Yong Kim
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Abstract

A numerical optimization has been carried out to determine the shape of the three-dimensional channel
with oblique ribs attached on both walls to enhance turbulent heat transfer. The response surface based
optimization is used as an optimization technique with Reynolds-averaged Navier-Stokes analysis of fluid
flow and heat transfer. Shear stress transport (SST) turbulence model is used as a turbulence closure.
Numerical results for heat transfer rate show good agreements with experimental data. Four dimensionless
variables such as, rib pitch-to-rib height ratio, rib height-to-channel height ratio, streamwise rib distance on
opposite wall to rib pitch ratio, and the attack angle of the rib are chosen as design variables. The objective
function is defined as a linear combination of heat-transfer and friction-loss related coefficients with a
weighting factor. D-optimal method is used to determine the training points as a means of design of
experiment. Sensitivity of the objective parameters to each design variable has been analyzed. And, optimal
values of the design variables have been obtained in a range of the weighting factor.
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Table 1 Comparison of characteristics of optimization techniques

Gradient-based Neural network- Polynomial-based . .
optimization based RSM RSM Genetic algorithm
Computing time
and resources Poor Poor Good Poor
Numerical
noise Poor Poor Good Good
Applicability to
complex problem Poor Good Poor Good
YL GEH ¥ HHIE At ZE o Optimization Problem Setup
o]])«] 1 /’\’]—“—'—O] o %@_&_ B o~ O]U}- I'L]—E}-/\‘] B0 Design variables & Objective function
felreY e 2 e« T MM y 1S
Ao Kim# Kim®o) A18-3 Wizt 543, —— Peatyis by oo or
dardle] A% wed 71HE AMREHCE vy Experiments Experiment J
W g5t ol gddez Tysgen, 2
o] A ArE H A RS Y (least square method)® L Creation of Response Surface
(Approximalion for objective function }

£ o] &3l9 AAFAC
FolA HAATE HolA uwtgHEg FAI}EH
dod ARE A7) 4 A 4AHE g
2 FH4H4g0] sy oop e, v M 44
Bpg AFRSE B dRoME ol a1 FHol @
2 ¢33 D-optimal 7] HPL o] &3 27 A9
AEAL A5t B Ao Algd wed
7IHe] AAAA 8L F
32 AAMs ¥ SHEs
FAHAALAE 3P HddAME AFJE
stmzl e AAdso EAHRE Sol WA
Felsolof g}, Fig. 13 ol ¥F Ho) 44
gBrt 1£3d HEhFdAY FdEFs BEF
72 A ol (D), Ad F B), B F°] (H),
g2l Z (w), HB7 A" i), BY ALY
A (A) B B9 AAZ (ool WA, H/D,
B/D, W/H, PiH, APi & o 5 6 7§e} Fx4
AN 74 4 ok o] 2 WH 9 BD =
1.0 22 nAsF e, ol AL 4 ol
Yol WH ¢ A4 ot & AAS nl§) ddg
2 Gy} vjAe H3kol A F3, BD T
Eul EBdolze Y3z Jdugr|e 33 5
dAagde HigHd @de nHHE FOoEA
AANFER ARl RAYEE WHol U]
wZolc}h, wEka] B AFolA= APi, H/D, PiH
L g% vl A EAYSFE AT
ARG 449 ago 4HAGASE T
18387 98 Kim 3 Kim®o] g ute} o]
IFAGFE ol & @AY Afst Ay =
oz &3 go| Aoz}

F=F,, +pF, : @

of EHYE HHst BN HaHss] A
By AAge gy 2ol

Implementation of Optimization
using Response Surface
'

Optimum Values

Fig. 4 Response surface method

1
ool ®
Nu Nua
71 A,
[ A]‘[’“ ds
Nuj=—"% ©)
A
Nu, = 0.023Re"® Pr®* (10)
Nu, = W28 93 yola duges 9Res
o o3t Dittus-Boelter 212 HEI T, A &= A E
B 8RS e,
% A e opReds pEd oz ge
3} 2ol Aejurt,
4
g:(i} an
fo
o 714,
D
f:-——-—Ap — ., f,=2(2.23InRe~4.639)" (12)
20U, Pi

oW, f,& MEH A ALY 450l o
@ paASol T



L

— - = - GAd1:6.2x 10
....... Grid 2: 6.4x 10*
J— - Grid 3:9.2x10*
Grid 4:1.0x 10*

———— GrAd5:1.1x10°

Nu/Nu,

Fig. 5 Grid dependency test

[ ] Experiment
Calculation

Nu/Nu,
[ ]
(]
®

xH

HAFAS, P& AAY
2 2A%7) A8 4
Azde) B4 met e

drdsiMe] Axeede A7 A Fxg 5
of vbebd wlet o] glB ] FHAlzbo] 60°¢) HF
g diydem A st ARz g 44
oz HxEg Fq33o. agdA B 5
=ol 1.0x10° 7§9] ZAzlFold Az Ex 7} Abe)
e ¢ 4 Ao

HAAAN &M FF dAge e eI dRFE
2 A8, Fig. 6 3 #ol & 4%7417 o B3k A4
BE Rau 5V 2PA B nlwsATH A 7)A,
zt AAWMS ge APi=0.0, H/D=0.1, PiH=9.0 %
a=90° ojx, Ao FHAAHL J|Foz & Yol
FZFE 30,0000t FHEAHQ Nu F& Aol v
s Hdgg FA AFstm o, FAAHA 4
s}:o 11- ol 1‘3}_11_ ol "E Ooi 2(6)0‘ ‘?l’é—z? (&

o dusl Had ALHEA he AN w

SR 71 ol d A duyt Rad A3 dALGREe] HH4A 883

Table 2 Design variables and design space

Design variable | Lower bound | Upper bound
A/Pi 0 0.5
H/D 0.05 0.25
Pi/H 5.0 20.0
a 30° 90°

Table 3 Results of ANOVA and regression analysis
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Table 4 Results of optimization for $=0.02

Design variable Avereage Friction Objective

H/D Pi'H A/Pi Nu factor function

30°rib 0.25 12.5 0.50 30.0° 2.3444 2.2978 0.4725

90° rib 0.21 12.7 0.14 90.0° 1.9533 2.3265 0.5585

Optimal rib 0.21 12.7 0.14 55.4° 2.8013 2.7381 0.4117

0.06
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av (%)

Fig. 7 Sensitivity analysis of objective function for
optimal shape (§=0.05)
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Fig. 10 Velocity vectors of optimal shape at y-z planes for $=0.02
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Fig. 11 Local nusselt number distributions
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