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An Experimental Study on Aerodynamic Critical
Phenomenon of Notch-Back Car
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ABSTRACT

The aerodynamic critical phenomenon of notch-back type automobile-like bodies was

investigated experimentally. The aerodynamic forces were measured for the various bodies of
different back-light rake angle at R¢=0.8x105 1.0x10® and 1.4x10°. Also, surface flow visuali-
zation was effected by the oil mixture. It was found that the critical phenomenon for the
notch-back type bodies was milder than for the hatch-back type bodies; the drag vs, slant
angle curve for the notch-back type bodies exihibiting local maximum was much smoother.

Surface oil flow visualization revealed that the flow pattern associated with the critical pheno-
menon was characterized by the reattachment of the separated flow on the boot. The effect
of the forebody on the critical phenomenon was seen to be negligible.
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Fig. 1 Critical Phenomenon of Hatch-Back Car
(Near Ground : h/Deq=0,12, Free Str-
eam: h/Deq=0.82) [1].
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Fig. 5 Aerodynamic Coefficients of the Present Model (h/Deq=0,82, Forebody 1).



o= ol EREALK #P FRER(Fig.5
B2ELR)E Hishd g gk

A, A — HEhE FLole= mHF
B7t mAHE @A @ERA) XA Cp,
Cpel 47 ZAl AERv, =3 - gE)
Y AelE Cp, G #rt vlmE g4u
sttt ]S BRBSE Avishs AFHE H
T2 RBHE Zo HEgel td=r] o
Folgta Alztenl, &, A — HEEe] 3
T+ollE BARKE Avss gI@ERe] =%
TC IR R 2 RE BRA XA U w
HE FIEE R 9 Av(Fig. 6), =x]—
W HEEe] Aoe AR A Ligels &
BY s8] KTEGBD BHAE= f5
mACA FREHA &t fgXo= v
7] qEelgtn HAPTE® #HEE= & HFHzedl
A e XK@ 559 TEt HRELE ol
A BAET & AU

B4, S| -9 HFhEo] Ao BAMmS
r=30°0lu}, =X gEiEe ERAL B
=60° Aot #EE r= HHHA r=
30° 2H7F gk A7A 8, r& Fig. 3o &

(b) Quasi-axisymmetric Separation Pattern

Fig. 6 Two Types of Separated Flow Potterns
on Hatch-Back Car[1]. '

BEETEHEE/ Vol. 9 N b, 1987/45

#Y U= HEE Fited Ta% HUBER
AEolt. r& IddH+= ERmel M2 —%
3 ZAe BEEY HAHSY HEEs r7t
8T EEE X LS ougid.

A=, Wzl 29k BHE(Boat-Tail Effect)
2 Q13 Cpole B#Emd &7k ek
=6 o8l BRI} =X H@hseie f=
20° A A Wehtz, &) A — EEi el A
= r=900A Y2 =20 HEhE A
B=20% r=10°° FEsm= AR v
AR Mae 2Y HEI Jeds &
T slch

%4, Fig. 5ol G, 8 ®LE 29 C, =
Cp, €10l XIS ZE @AY BEr
 BANY FESIE AL Jehdd, olAe
H@hHEA o8 TEM ME) KERESY
B WHEY A2 n g agdH G,
CLe] R MREA C,& ERmBS
wmAlgel wet @sithr) ERa B 2
BAME Hmshks A& Kok olAL &
FAd oo} oA gHE NP @
@S DI KFFEG2) Aleledl FHES 5= 9
= #|B A1 (Separation Bubble) 9] 4 ® 9
AHE 282 fie] =279 Mol Aok A
48t F EH@tF (Aol o= Fx FAd ot
ot fiERTE £RED, oAy V= BR
E#RA7AA wmster, olu HREe $w
(SL 82)3 ol Alolo) EHX7L #sH
o Cnol WAsA Hoh

-2 ARE BHR

A - HEpEolA] orRE-e] moko] R
Bg 71X s SR f3le gx
o] e dFE I42(Fig 3&=FI=4l
o] h/Deq=082¢1 ol RAfal o] @&
#MAMBE MWL BBRS sI9th Fig. 7
o RBHEE AT 3419 A$9 k&
ste] vebd=dl, mAOABEC GFE A2
d FSolx AFE P10 H-ok mud
Hms Yetdth @A diEe Tge] 2R
2 13 mhHE#Ee] geol AAH ez of



46/% X =

M el FE Woldd, F, dHF AL
7t SRR B 1 Bu mYe] wlogs] &
o] Cp, CLAlXAE 01AE, Chdldz= 0:2
AZ 2L e ZAdd =3 R &
AFE 2T BRAE 49F Y413 A
—&%g & ¢ o ol4e hEERE g
B ERASC IREL My HESL 7
AA gethes AL 45 dUh

3-3 KR AWE ZO|0Me|

HafREAA Q& agEy] RBRERS
=Foee] S5 Hige nisKktos AHTY
g o, olAF AW A AR K
Bpxpt lo] EEHS AWRE AR Fasich
F BBz A9 h/Deq=012% R
HE AHE/ EROZTEH ol e B
Est Aol gomE®? o] EH(YTFE WY
"1, h/Deq=0.12)1A R-Fel3e E#A B

< ASAZIUA EHHREES BEshe 49
-% Bk Q4894748 Fig. 5 o Hsrste
Fig.8 o Yetdllch _ _

Fig. 8- B, /g Sol AFo= H
mmﬁb&ﬁéﬂl/ﬂ Yehe fEEs vsg 39S
Holw, e Bk L Cn@ 23

cy
| /_@

of & g

Re = 8.0x10°

? <& Re = .1..(.'03:.),0B
-3 r a8
A Re = 1.4x10
-2 I 1 N a1 i L L i
[ 10 20 30 40 S0 60 70 _BO 90

Fig. 7

0.1, 0.15 A= FA23Z 7IAH, e ME
B &=sle}, oA Cpe HiEd BE L
WA oFA R Cpt Cp2 4323 #ukstl
He| HES Pevs AL Bkl ooz
< HRe X — agpEdx 42 A
BLEich, ime] BEEE A TISH
ERAEKY @A FAHE AoR niFol xR
o} =%l FFF Mol I Hre KR
BeE THAY RPELKLS #EsI=d #&3
2leba At

3-4 %=E =59 ARIL

LX) gEpEe] o3 3 =eEEe] J
EREEA Yl BRESC AFEe] R
oA A7lE wEhe] #EEERT B 3l
i geA glena®r® ol XM BTE
o ARALE FAFoEN AT TFES
HAL BBS R, =80x10°9) ffkold =
A HEhE AF e ERA@S Bt
AFIHA 718-S AMEste] AA s o

EABRST Fud F f®me JEHY &
el A& AR KRS Fig. 99 Fig. 10
o YeEldth Fig. 9= B=50°91 Af= 9
o) mEpikes oSt 2ok ERES bR

—

0 Re = 8,0x10°
O Re = 1.0x10%

Re = 1.4x30®

Forebody 1

2 F
Cm

Jﬂ-. a Forebody 2

3
g /
I 2 : g
f Bg & o
0 L L 1 1 L y - 1 )
20

0 10 20 30 40 50 B0 70 A0
g

Effect of Forebody on the Aerodynamic Coefficients(h/Deq=0.82)



°?si\3_7{3‘5’533\\‘3\9“

h/Deq = 0.12

gg8
ge o

0 & O Ra = 8.0x10° 7
. °. e & Re s 1.0m0?

’ & Ra = L.4x10®
-2 Lt 1

0 10 20 30 40 50 60 70 80 80
ﬁu

BEETBEE/ Vol. 9 N 5, 1987/ 47

[n} Ra = B.Ox_l.os
- © Rae = 1.0x10%

A Re = 1.4x10®

Fig. 8 Aerodynamic Coefficlents of the Present Model near the Ground ( Forebody 1),

X g ZEol KFES2) HAM H
B FE" e, BRES KFE@D Ateld &
wE gmKHnst ARl met o) e (Base
Pressure)©| W4 3le] Cp7} #EinsiAl #ch

@8, Fig 10& =70°01 A2 EHES
LiolA s8] #Ert A, Him

ulE A KEES dol7t &7 WEe fiEgd
BEo] AFEHE BHEHA &=rh. olde

gmERt £REA g 24T FH K
& e a2 s gEe] dig ez AR

A Cp7t BAeA BT,

Yeolze wWE BER&ESFH g8HEH
EABSC] REEe MEHEAY Bugds
Ae HEY & A%

4, fEE L B

mHEE = A8E Y £9 shuel »X—
W HHES GeHA TE RRELS A
&3t P4 melEd WES K@ S5
iREE STz g3 28 HERES

Surface O1l Flow Visvalization

(B= 50°)

Fig. 9

Fig. 10 Surface Oil Flow Visvalization

(B=70°)



48/% X ==

golyrh,

AR, =2 -9 AEHEE 353 EHils
of W&ol wet fio] REMNLRE BAYS
BABRSS Jehdth oz A —9  H§
Ho BRERESY HBERE #ER&7IL A4
BES] KRk 2 pEe 7Ae st
T AR, 22n AASR Ut &
Rfgol BB ARitd $AHo R ERK
sojof 3 Folm= AP rel EEMS T}
B RS B ERY 297 du

=, A®Bo] wEK MEY) duge 9
ARSAE: ERAAKLL Jehideod, H&
22 EPAB S B wE C,o W}
¥t Cp, €19 EAFE MRHA vhehdcl,

AR, =2 —w HEEe RARSH 99
B 2 Ao HES 7NA gt

WA, BfmikEY Jeus BERERe
RS RS o) wmx] —w gEyEe] A 2}
Fab mololA o] e s X -9 HEyEe] 7
b gt

AR, ®E a8 WHt SRINE =
X— AgEe MRAARKS Ak YIS
e dA— HFpEe] Ao darks 2
& g5 AAT S, w9 HEHE] ER
B AAE e Lol #Es 3 8o
AFEE Aoy BEHEH A BE By
o Atk

Bog x|~ AHEe] ERAESI BA
H AFRY fEERe TIE § e He
7l 8 gasits oA,

& &
= WA WEARETE] HEN IRo=

THHASE HHFH, ol EEY RHE
FIo

g ¥ X M

T. Morel, “Aerodynamic Drag of Bluff
Body Shapes Characteristic of Hatch-
Back Cars”, SAE Paper 780267, 1978.

 G. Sovran, T. Morel and W.T. Mason,

Jr, “Aerodynamic Drag Mechanisms of
Bluff Bodies and Road Vehicles”, pp.
191-226, Plenum Press, New York, 1978.
T. Morel and C. Dalton, “Aerodynamics
of Transportation”, pp. 53-59, ASME,
New York, 1979,

T. Morel and C. Dalton, “Aerodynamics
of Transportation”, pp. 93-103, ASME,
New York, 1979.

" 8.R. Ahmed, “Wake Structure of Typical

Automobile Shapes”, ASME J. of Fluid
Engineering, Vol. 103, pp. 162-169,
1981,

S.R. Ahmed, “Influence of Base Slant
on the Wake Structure and Drag of
Road Vehicles”, ASME J. of Fluid
Engineering, Vol. 105, pp. 429434,
1983.

JT.E. Hackett, J.E. Williams and J. Patrick,
Jr, “Wake Traverses behind Production
Cars and Their Interpretation”, SAE
Paper 850280, 1985.

LAY, CxA o AERe] Fr9 Y

FH BAR7, d=aered AR,
1987.

GW. Carr, “Influence of Rear Body
Shape ‘on the Aerodynamic Characterics
of Saloon Cars”, M.LR.A. Report 1974/
2,1974.



