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ABSTRACT

An efficient boundary—based technique is developed for addressing shape design sensitivity analysis in
various problems. An analytical sensitivity formula in the form of a boundary integral is derived based on the
continuum formulation for a general functional defined in problems. The formula, which is expressed in
terms of the boundary solutions and shape variation vectors, can be conveniently used for gradient
computation in a variety of shape design problems. While the sensitivity can be calculated independent of the
analysis means, such as the finite element method (FEM) or the boundary element method (BEM), the FEM
is used for the analysis in this study because of its popularity and easy—to—use features. The advantage of
using a boundary—based method is that the shape variation vectors are needed only on the boundary, not
over the whole domain. The boundary shape variation vectors are conveniently computed by using finite
perturbations of the shape geometry instead of complex analytical differentiation of the geometry functions.
The supercavitating flow problem and fillet problem are chosen to illustrate the efficiency of the proposed
methodology. Implementation issues for the sensitivity analysis and optimization procedure are also

addressed in these problems.
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Fig.1 Supercavitating Flow Analysis
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Eht Qo HARIEE el s ol Wizt gro] AEEA] FRlsp] flsled fratakinel s At U3
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RS R HPPAT o S AT o UFE2 IHE ol AFA 4FE € 5 ATk ol KR
TE glo] AAHA ] MECR, AR #e FEFS 2710 wet A RS Rolx Yt 4E EY, &
ARl 2 ¢ o YHEE 1%, 05% 1832 0.1%] TEl wet 22 —0.362, -0.176, 0.324 & Webd
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u, % u, ol iF e a7t $H ) wiolch §H, Table 13} 2 8] DSA 7] % NPT e 1]
w3 B Al e felol tig RAE gEol w2 YA AE & Aok Wizt vle FAEA
Al R Pk, olF WEE o] WAFL FY WE AR AEE 9RE 21 9SS W
AA HAst e E Boh DESFEAE T VLSS 98 F Y= A0S ARshe 2ol o uvlgasi.

Fig. 3 Initial free mesh model Fig.4 Initial mapped-mesh model
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Table 1 Sensitivity comparison of the two functions  Table 2 Sensitivity comparison of the two functions
with the free-mesh model with the mapped-mesh model

. design FDM FOM FOM . . design FDM FOM FDM .

function parameter] (1%) (0.5%) _ (0.1%) DSA | ratio (%) function parameter] (1%) (0.5%) _ (0.1%) DSA_ | ratio (%)
pdiff. ct -0.362 -0.176 0.324 -0.681 -210.0 pdiff cl -0.642 -0.642 -0.642 -0.672 104.6
intgrl = c2 0.629 0.665 -3.353 0.534 -15.9 intng.= c2 0.536 0.533 0.532 0.544 102.2
0.2804 lc -0.074 -0.080 -0.394 -0.010 2.6 0.2715 lc ~0.063 -0.063 -0.064 -0.020 31.7
sigma -0.209 -0.211 -0.212 -0.212 100.1 ! sigma -0.209  -0.211 -0.212  -0.212 100.1
cl -0.371 -1.398 -1.029 0.529 -51.4 ct 0.616 0.617 0.618 0.564 913
drag coef. c2 1.564 -0.963 -9.183 -0.126 1.4 drag coef. c2 -0.156 -0.156 -0.156 -0.137 87.9
= 0.5976 Ic -0.251 -0.884 -3.555 -0.030 0.8 =0.5671 lc -0.034 —0.034 -0.035 -0.043 122.7
sigma 1.000 1.000 1.000 1.000 100.0 sigma 1.000 1.000 1.000 1.000 100.0

4.2. By =X

o

URE g AR A4S vehi7] fgle] SF0E g A7 2 7189 x, y Aol disf Fe3ich Fig. 5
sk Fig. 6 o Wellsisl Agolsol oist Z2e] fdtes 2dg Jepgich U2E 2k Woilsisl Auls 2z
tha FDM 3 DSA ¥-& o]83t0] Adetgin 1 A#E Table 3 o] F531%(h ol R WA g4olMe UHE
@ol $3EE e & F Utk AL AoA AFE EAY TRVHAR Iele M E diF fas st
4% 3] otk WeldedAe FUE Avhd UZE gEo] AAFCE YEHE Ag 8 & & YA A
frealdoMe UHE gE0] DA 58 & 5 Utk ol dA BE AAHY UHE Flo] FEZ wet A
2eRA7] mgoltt. 12l Y€ AdstnE Weildg A ZF DSA HoR AN Tztee 2 dAEE
E 7 Uk w2 49 B4 vREPIRE AR A E DSA W oR UE g AXELL Al E o] &8t
o FIHH3E Tk Ao WY F o wadn)

|

Fig. 5 Mapped-mesh FE model Fig. 6 Free mesh FE model

Table 3 Sensitivity comparison with mapped-mesh and free mesh model

functional|| value with FDM DSA ratio(%) value with FDM DSA ratio(%)
name | map mesh free mesh
off. stress 7.77€+00 -1.56E+00 -20.03 —3.14E+02 -3.19E+01 10.16
at 1st 172.2) 1.14E+01 -2.11E+00 -18.49 153.9 5.73E+02 -4.58E+01 —-8.00
element 4.27E+00 9.92E+00 232.20 -1.13E+01 2.12E+01 -187.33
6.14E+00  1.43E+01 232.40 9.68E+00 3.04E+01 314.54
eff. stress -5.56E+01 -4.75E+01 85.47 -3.63E+02 -3.29E+01 9.06
at 3rd 95.2) -7.98E+01 -6.82E+01 85.46 95.8 -1.07E+02 -4.73E+01 44.18
element 2.55E+01  2.30E+01 90.30 1.36E+01 1.69E+01 124.07
3.67E+01  3.32E+01 _ 90.34 4.24E+01  2.43E+01 57.45
eff. stress -5.04£+01 -4.93E+01 §7.81 -1.26E+02 —-4.48E+01 35.61
at 5th 74.6 -7.26E+01 -7.10E+01 97.78 74.3 -2.69E+01 -6.45E+01 239.59
clement 1.86E+01  1.84E+01 98.69 1.55E+01 1.72E+01  110.97
2.68E+01 2.64E+01 _ 98.70 2.45E+01 2.47E+01 _ 100.99
off. stress -3.61E+01 -3.61E+01 100.13 ~-5.25E+01 -3.67E+01 69.88
at 7th 62.1 ~5.24E+01 -5.24E+01 100.15 62.1 -4.81E+01 -5.32E+01 110.62
element 6.75E+00 6.92E+00 102.51 3.33E+00 6.79E+00 203.83
9.69€+00 9.93E+00 102.44 1.34E+01  9.74E+00  72.66
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Fig.8 Obijective function history in
supercavitating flow

Fig.7  Initial and optimum cavity
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Fig. 11 Optimization history
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