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Shape Identification Analyses of Potential Flow Field
(Prescribed Problems of Pressure Distribution and Solution
by the Traction Method)

Eiji KATAMINE, Hideyuki AZEGAMI and Syohtaroh YAMAGUCHI

This paper describes numerical analyses method for shape identification problems of domains in
which incompressible potential flow fields problems are defined. Reshaping was accomplished by the
traction method that was proposed by one of the authors as a solution to domain optimization
problems in which elliptic boundary value problems were defined. In previous paper, we applied the
numemical analysis method based on the traction method to velocity prescribed problems in potential
flow fields in which we chose the velocity square error norm between specified distribution and actual
distribution for the objective functional. In this paper, we formulated a square error norm mini-
mization problem of pressure distribution in stead of the velocity distribution based on Bernoulli’s
theorem and theoretically derived the shape gradient function. The validity of this numerical method

was confirmed by the numerical results.

Key Words: Optimum Design, Numerical Analysis, Computational Fluid Dynamics, Finite-Ele-
ment Method, Domain Optimization, Shape Identification, Speed Method, Potential
Flow, Inverse Problem, Traction Method.

1 @ELsic

WIFOTRE BREIARIC LA TREREIL, &
BENL COBEYERETABRCEDN I EELHE
BThHbo TOFTH, WELLERD 5 iR
BWT, HEDHVEEN 2 EOREBEERELE
ATEFD L) ST EEIET AR (EREEM
) 11, BIKEREO—DTh h BREHCERE L MEE
b, ZOMEIL. BEERD L VIS TOERE
B E REREEESH L oEER R/AMLE RS
BEE LTiRA T, —o 0B kEiE: LTl
WA ERTED, BRLTIE, BERLRF YTy
VENBBEICN L CENSHR EHET 2T EEM
B2k,

HNFOTR R EMEORMERTIE 1970 £/,
Vanderplaats 5@ DT M —F 2k o THB LR TW
%o 1E5IE, BRI, BNEROBBREEEY

* 199743 B 21 B MEXNE 2 PUERELBES ISV
CEEEE, FREEAT 1997 ££6 H 23 8.
R, HETHEEEEMEN (S 501-0495 BRRARHIEE

IEHT EFEE).
* ER, BIEMEEAE (B 41-8122 BETRENEEY

BE1-1).
M 7Yz NV ARE) (@ 431-0431 HTEMTREL 2418).

HEL, BRRTSEXIC Lo TEHLT, 20%E
BEAREERIC L BB b MES S B S h 2 B
REBEZEELTVS, TORERHAVNE, B
EEEEFAL-ERELT 0TS ML o CHHERE
MTHILNTEL, 20k, BIKBREZATIFA
HHCEET 2 FEW R, B 2 EHOBKEFERS
DY TEORERBERAEHIC LR ARSI}
WE R | BEEREEND R LR bRED
BEINTEL, SLIIRETIE. HIRERER TS
A VEECREEL T, BB bHEOBEICILEENT
WY ZLFFBATBHEFARLCNC X » THES
nTwib,

Z i3 LT, Pironneau 5™®-(6)% Jameson
5 N IFERFEFEOREEIC, BEERE AV THH
FREXFE L TwhA, Pironneau B(AG) i3, HERPHE
NG FREOTEREIERMEICH LT, fiRgghicrt§
BOMAROREE (BIARHEE) 28R LTnS, L2
Lads, EROBERITICBW TR, TORERE
PORMErEZERVTIC, FREZEFVOERE
HEZEIC LR B RS, b Bl S 15 BBCRERE
N7 MVEBEERLT, 2OBECREELHVCHE
BREBILT OS5 5L o TRIERBWT WS, o




1064 Ky y NS ORKEEREN

jni=0

£

Il
P

r ¢ini=0

Fig. 1 Domain variation for pressure prescribed
problem on sub-regions f2p
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Fig. 2 Domain variation for pressure prescribed
problem on sub-boundaries I'p
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Fig. 3 Algorithm
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Fig. 4 Simple wing : Problem (upper) , initial
shape (lower)
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Fig. 5 Results for simple wing : Comparison between finite-element meshs (upper), flow velocity maps
(middle) and distributions of shape gradient density function (lower) at initial state (left) and at converged

state (right)
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Fig. 6 Results for simple wing : Comparison of pressure distributions on upper-sub region {2p (left) and

lower-sub region 2p (right)
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Fig. 10 Results for NACA0012 wing : Comparison between finite-element meshs (upper), flow velocity maps
(middle) and distributions of shape gradient density function (lower) at initial state (left) and at converged

state (right)
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Fig. 11 Results for NACA0012 wing : Comparison
of pressure distributions on upper-sub region 2p
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