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Reducing drag of vehicles are the main concern for the body shape designers in order to lower
fuel consumption rate and to aid the driving stability. The drag of bluff bodies like transportation
vehicles is mostly pressure drag due to the flow separation, which can minimized by controlling
the location and size of the separation bubble. In the present study, the TURBO-3D code is
incorporated with optimal algorithm based on analytical approximation method to obtain optimal
afterbody shape of the MIRA Model corresponding to the lowest drag coefficient. For this
purpose three mutually independent afterbody angles are chosen as design variables, while the drag
coefficient is chosen as an objective function. It is demonstrated in the present study that an
optimal body shape having lowest drag coefficient which is about 6% lower than that of the
original shape has been successfully obtained within number of iterations of the optimal design
loop.

1. &

AAgAGete] gz 7 AFEELT g8 EollM FEMNE FPst] A HEs
B A7 532 9led, B3 HIde dAFAYE M 22 aPd HAg dngFe Lo
o EHE7He 5§88 F/HAR 2SS Foly £F 47|79 A&E Folze A7 &
3] A&ET Yok A o2 ShukaS[1]€ 3-D Navier-Stokes code$t A3} @12 &L o]&3}o

hypersonic aircraft«] scramjet inletel Al 7} & total pressure &S 7] 4 A+ E FY3t
¥ 3, Hans[?]€ 3249 bluff body7t x| Hell 7H7b& 9ol disfA bluff bodye] FFE boat
tailing3to] aerodynamic dragg A F3l7] 948 A3 E FyPct. £33 AP EF3]

£ WzAe] 25 $%78 HAg sl 4TS FY5 4288 #2AH F A}t AT} F
FA[4]2 Ahmed Bodyel FutRel A4& HIAA $H& Hisger] A d+E FHHA

AA 3
o]F %9 FFEDLIE et '6‘7-31-"‘}"“ BAAaAN7IE AFHEA FAE dFUT. A3
ut 9] 71[6] Steepest Descent Method®} Conjugate Gradient Method& ol &3t ¥ o] HHA
AE #3354

AEAE &5 AYE Fole A 2 wHY Stylings FA A QoM olF TG
22{Atgoln, B wo| FAFEo gt AFAF Bluff Bodyel AL Wi 4 AR
e fEdtale] 79dsE H A3 (Pressure Drag)eld, olgigt EAlol &L 1 f52g e
Azt 2718 HGEE2A HAANY £ Y.

B AdTdMe 2 @i A7t Agsa de ARG EE At 2AFA § Bluff
Bodyel ¥7188& @d] Addste 7oA & ZS © udolsh, Optimization Algorithm&
CFD Z2add g3t d&shad 334 AFA 34U MIRA modeld] Fr|RES HH e ste
ATE TP}

2. A3 dadF

t4e HA HEE e EXEgSE HAyEsteE AL A FeAdZ UE £ dg WA
AzZtAol A HAHE gl WS dAsu, AAG wegoF Line Search €8 EFE £3t9
HH PG e Aot}

B A7 A= 3x9 Navier-Stokes Equation Solvergl! TURBO-3D[7]1E ol &38lg e, &

>

)

MZogta st
AMzdista 71 A F A &Al w27 A5 A 1H A, e-mail : nhur@ccs.sogang.ac .kr)
— 67—



284 pressure drag¥ surface drag®l @< total drage 2 4R &tk TURBO-3D+ 324
SEHML S5 A o2 o) WatE Wad A geometryE WIHAA FE AP £
2a8g NLdte ALEs.

2.1 Search Direction9 2 A
4ol AANMSE ZE HHIE F3387] Qs B AFAME gradient, conjugate
gradient, one-at-a-time, one-at-a-time based on residual gradient, modified gradient %'H-& A}
g3t HH3 ¢ Z JgaAnh AAE HHE Fg A WPES E 14 Ak
R AR Z9$9 gradientS o] &3 WIHHYL gradient?] FF o whof W) HHZS F
AARF gto] Yte RE o] &d Aoz Aoz Jehld ofet 2
uy= — gk )]
Conjugate gradient& o838 HZ3} W3 YA A Ads B Asstod ALgste A
o2 gg Zo] deoz el £ Q.
u= — g (2)

I} gk”2
i gk—l”z

Z % WA iteration| A R ¥ conjugate gradient &= HE£E £ Yok

One-at-a-time W& A3 duglZo & iterationoll ¥ Wozwt HHgS e
Hoju] MAMSF uike) £aA o2 APt One-at-a-time based on residual gradient % -&
one at time WA HA AAF gradientE TE GAE A A iteratione] HAYSF Pgo
2 HA g3 Aotk EAF47) unimodal convex A FFHoT T ol FL& F£E Uk

modified gradient methode &< A AN BERIF7 g27ALd o F RE 8
FgoA a E=E Fste 499 W 283 & vk one-at-a-time MHA @ AAH
T e AA HEd dste] ANsAA FAld ohE d9gke] Q¥ 2F slul ATl AHelrh
gradient& AZAAEY S o] &ste] Food g 2 Aoz FHEE 7 Utk

€

rir

u= — gt Ui-—y (3)

g,= E(Dl va2:—mEs)—'E(D1:D2) )
E(D,+¢,, D;+¢,)— E(D,, D)
gy =D ‘ aE) b=t ()

A7NM, g, D e, §L1 2 Fu}

2.2 Line search method

fERe g3 EXNFgFE FxHeZ 23 njo] ol ALUl BonzE 24 9ES
2R3 e madtool gk B dFdA AFEE Analytical Approximation Method[8]E
HA2gE Tl HslA 23 vl & Hessiand £XH22 FAst A4S vt Wdolrt.

Table 1 Methods considered for Finding Search Direction Method

Case 1 Gradient Method

Case 2 Conjugate Gradient Method

Case 3 One-at-a-time Method

Case 4 One-at-a-time based on residual gradient Method
Case 5 Modified Gradient Method
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Table 2 Side constraints and total drag coefficients for various afterbodies

Side constraints Optimized values
Case
a B 4 a 8 7 Co

min 30° 03 m Q°

1 30.0° 051 m 35" 0.521
max 90° 051 m 20°
min 20° 0° 0°

2 26.1° 16.1° 115° 0511
max 55° a-10° 20°
min 30° 0° Q°

3 30.0° 15.0° 10.7° 0515
max 70° 15° 20° B
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Fig. 1 Flow chart of optimization algorithm
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Fig. 8 Total pressure coeff. contour plots behid the MIRA model
at section normal to flow direction (Case 3 : Initial shape)
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(Case 3 : linitial shape)
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