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Design of Automobile Body Shape by Using Panel Method

Abstract
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Dong-Ho Lee, Shin-Hyoung Kang

Numerical calculation of the flow field past a passenger car was carried out by using a

panel method with a small computer of 5Mbyte memory size.

The shape of car body was simplified and reconstructed by 2180 panels on which a con-

stant strength sink (or source) was distributed. The separation of flow from the surface

and the wake flow were not considered in the calculation because of the computer memory

limitation.

puter graphics.

All of the results of calculation were presented by using a 3-dimensional com-

In spite of small memory size of computer, generally good agreements were obtained, ex-

cept the separated region, from the comparison of pressure distribution between numerical

analysis and wind tunnel experiment with 1/5 scaled model.
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Fig. & Locations of Pressure Measuring Holes

4 T Z Alcglfo| 2L platform sting balance§
Ap-gghe] 2pFALS] 470 upsel A A Babi)go
o 2w AnE A"zl st P2 sizky
£ A-&skgich A2 gaksl 2 A zlEe o
Shol] w4 3h 7 Al% (boundary-layer) &) wel5
7 (displacement thickness) 8 ¥ dlo] 2 33
At

2yEade tHEXE A $13ed 4040
2l 39 95§ 7L Fig. 67 ze] 44
ek o] FEIES AA 0.8mme] =Y R HA
of == A FE& B2 F A7 0,8me] Al
L FBE Y2 FEshx ¥EF 4ty
DY F dFER o Hdille Fe W
o &) 48749 dAct=}E # J-48% Secani-
valveoll | Asl9ct, Scanivalve ol 2} 1Psi
8 QY E = ol WElr) (pressure tran-
sducer) & 4AA3lgoe s SHE o) =5 Aot
%2 3 33k9 ek

4. SXAM HDlel AE Z&|o|

HID W N

dlulA Al A Aol AY-L EHE BT
ate] gl AR g 2w FYY F ol F
o] 13 (xy,2)E 3AH 913 FAR F
Aste] FFelol EAACt '

A 2-Fake] F4-2 F 2180709 std = T
d=lgden o] B8 3A e ow vehy,
Rel Fig. 7¢]v}.

o] sl A =hgAke] oL L ek
st shigstel ez dAsAEdl o g
wHEEHE 71 EA Q) A Aol 4 235 4RgH =
uh o] e

& A4l 4= F7) oG SMbyte & 23 2l

BE)ETBRETE/Vol. 6, No. 4, 1984/59

£ NOVA MV-8000 FFHE &34 Ed A
4ol A dejrie 1o Guf LF2 ]R3}
$l3ted A4l FTAAFAAE BEFGAA ) QAR
71 A1 g ebrt AHgske A4S sk alel o]
o epauly A% 2F 50k block (512byte/blo-
ck)e) Wastgel A4AAZE CP.U A zEe) 2k
142 R olgler sbd 71 W2 Fohgdel =
b C.P.U. 4|7k oF 4, B Z )] g ]z ®
ok el o)4k 8= Qe

Fig. 7 Panelized Model of the Passenger Car

Fig. 82 33¢ 2elmo 2 Helsl 2 ajde)
Ae Ful4w deles 3} Adbro] HalAd
(stagnation line)$) =], H-Fubek 4 £x9] 37
e 2 rdFEn ek 2 Addl e o)
el EAE A gkabwrl, ol A7e] A4
3k SAAAF Baz syl fEo)vh vk F
A A Akl e o] Aoz 2E Ao &
= debrl e nR gl sxbab =L Ay

Fig. 8 3-dimensional Velocity Vector Visualiza-.
tion



60/ 3R

4 e AHe] sk

AP 2|2l A4S w@E F53 Fworwiy
- E3ke o] FolFcl. Fig. 9-a = 253+ Ao}
whke] ol Acokm Euiokel o) Al4bAnE el
T ogles, Fig.9-bt o Aztd 4AYFH =9}
vt BT gl of

A A 4L ol An AP Re] vAY 5
olgell AP enR Trlolqg) FE2 ute
Hah 58 3w 5 glos ol = R
(wake) 7} Alshs 2l o] Fdfeld o)F A
Ftodl Al AgEA el A3 ohE g BAR
& el o e}

Fig. 6o vepd @ E47oiy 52 3bds)o]
) T (R (nATbA L (Al A

o

&LLLLLLL/ /
Nl 4%44—'—-‘

rﬂlllmll—ﬂ'nu T T TTTITY Il]lW
SAISINERARESRRRRRRNNANARY

i

Fig. 9(a) Surface Pressure Coefficient along
Center Line

- A S A felE - R A - %
5[—54\_’%'% Eoll A% by A
pa "i"‘]#’r"" FEAdy Aa

=, dupako 2 # e abele] A-galAl ¥
o] =}zl o] Fo]x]d)lw L. :-‘J_—O]LL]] =85 B

ol A4 Adp-2) BAler obERE 9% 2

gl ella]l4g aby 8l A %El%-}ﬁl ANAE

4 AANE AT A4 AR T 5 Ued
=

FEAPAN A A AL wbFol wlshed,
4 TRYA4L 9 < Qe L TR R

ok 547,

5. &4 =

L ATl e AHFA FolEA AL o)
AAlel o £HFHEAE ol g AE whdy

Cp
1.0
0.8

| 3 o

0.6
0.4
0.2

0.0
—0.2

—0.4
-0.6
—0.8
—-1.0

—1.2
—1.4
—1.6
—1.8
—2.0

® Experiment Re—1.026 %10°
© Numerical data point
A Experiment Re=1,365%10"

Surface Pressure Coeffficient Along Center Line

Fig. 9(b) Comparison of Surface Pressure Coefficient along Center Line



9 AE AHE4L dorus) Hstel, YL
e 7b g FFo e 7HAske 53 (sink-so-
I A g2 A4 Aake), 1/554

£87k53 2ol AT FEAY AsE
2, ¥4k

F 7l g8 5MbyteE Ztx v £FFHFH
F A8 W 2ol 218009 st e TAE 4
lgle, o]t alwl Aol 2)at AArAzm= v
A7 dojube A T $2E sz A
o2 k3 YA E BAFH o] FEFAE
o A S AR FL ANE AL 4
2l AHelch & CADS 3 #| % g] shuldyL
AL o) 232 3A W=t e A
2 FAFeRH vl HaAAn Fahaq)
Az e Bo|stA ARE Fa dtel 3
5 HA4AA whAlrl A58 Y H - U #
el & Aok

To2 dabzael B odTo AlLete Apa K
dhie] geubplaial 9 R (wake) 2 T A
57 #1172k (vortex) shdl =14le] oidt A7
7F AEEelok & Aolcl,

urce) °H-5-

£ 7l

2 Afe dFTEAE A 19833 % Uk
g ek AT R AL WEl e wb
olm, & AFuE H4ls F4l Auk gl @A Al
Hell Al 2 ZA4E =R Fo.2 A4

B8 IT B/ Vol. 6, No. 4, 1984/61

o] e e E olEaT o e g

d o g #®

1. Kent B.Kelly and Harry J.Holcombe, “Aero-
dynamics for Body Engineers] SAE/PT-78
/16, pp. 1-10.

2. Jay C.Lowndes, “Auto Industry Uses Aero-
space Formulas, Aviation Week & Space
Technology, Sept. 5, 1983, pp. 53-55.

3. Werner Kraus, “Panel Methods in Aerody -
namics.’ in Numerical Methods .in Fluid Dy-
namics, edited by H.J. Wirz and I, J. Smo-
Mderen, Mc Graw-Hill, 1978, pp:-237-297.

4, J.L.Hess and A.M. Q. Smith, “Calculation of
Non-lifting Potential Flow about Arbitrary
Threc-Dimensional Bodies!” Douglas Aircraft
Co., E. 5, 40622, 1962.

5. I E. Sutherland, R. F. Sproull and R. A. Sch-
umacker, “A Characterization of Ten Hidden-
Surface Algorithms, Computing Surveys, Vol.
8, No. 1, March 1974.

6. Alan Pope and John J. Harper, Low-Speed
Wind Tunnel Testing, John Wiley & Sons,
Inc., 1966, pp. 326.

7. J.P.Howell, “Force and Wake Characteris-
tics of Simple Bluff Bodies in Ground Pro-
ximity” Ph.D Thesis, The City University,
1977.



