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Abstract

The purpose of this research is to clarify causes of the change of characteristics of aerodynamic drag and lift
due to engine cooling flow in an FR car with the length placement engine as loading system by wind-tunnel
experiments, and to propose methods to reduce the drag and lift. A simplified 1/5 scale car model was produced, in
which the engine room was covered with transparent acrylic to allow smoke to be visualized, and the front plate
could be changed to vary the opening area and position in the inlet system for engine cooling airflow. In the wind-
tunnel experiments, a moving-belt ground board was adopted to capture ground effects. As a result, as the opening
area was enlarged, the drag increased, the front lift increased, and the rear lift decreased. With flow visualization and
measurements of underfloor velocity, its RMS and surface pressure on the car body and engine unit, it was concluded
that as the air-inlet area is enlarged, the increase of the exhaust air from the engine room to the underfloor makes the
underfloor flow disturbed and decelerating under the engine room; consequently, the pressure under the engine unit
increases and the pressure within the engine room and on the front window remains high. These phenomena cause
aerodynamic characteristics due to engine cooling flow. In addition, it was pointed out that the effect of the radiator
is dominant in the FR car. Therefore, to reduce the drag and lift, it is important to reduce the underfloor disturbance
due to the cooling flow. We tested upward evacuation, which reduced the drag.
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Fig. 1 Whole view of 1/5 scale model.
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Fig. 3 Size of engine-transmission unit
in length placement for FR car.
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Fig. 4 Detail of air inlet.
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Fig. 5 Bonnet with scavenging port.

Table 1 Specification of 1/5 scale model.

full length 980 mm
full width 350 mm
full height 315 mm
wheel base 670 mm

Table 2 Size of air inlet opening.

width of air inlet height of inlet
180 mm 0 mm
180 mm 20 mm
180 mm 40 mm
180 mm 60 mm
180 mm 80 mm
180 mm 100 mm

Table 3 Size of opening for bonnet scavenging.

width of port length of port
150 mm 0 mm
150 mm 112.5 mm
150 mm 150 mm
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Fig. 6 Relation of height of air inlet and drag.
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Fig. 9 Visualization of engine room with radiator by smoke
method (side view).
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Fig. 10 Measurement position of flow velocity and RMS
under floor.
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Fig. 11 Flow velocity and RMS under floor.
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Fig. 12 Measurement points of pressure on car-body surface.
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Fig. 14 Comparison of pressure on cabin.
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Fig. 15 Comparison of pressure on rear back end.
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Fig. 19 Comparison of pressure on engine-unit bottom.

4, E

Fig. 6 Y B O ERHEIE o Bz FLARE I L
TWAB I EDHRATED. ttb7/I ZEEL|ZON
TIPSR, TP —FEFITOVWTITRE T
AEFEIRON o7, ZOZ LR TFHREL LW
RMS 4345 (Fig. 11(a)(b)), = > ¥ EEIE H 554 (Fig. 17,
18,19) X v, B0 EBHENR 80 [mmiIZ >W\WTX T V= —#

fz

DHBELHANICKES REEZRFL TV EEZLND.

Fig. 17, 18 X W BA R EAtIEOHEMZ L = P —
ANETOZY Yy FH, =Y UHiE CO—ERTED

—g—

go

5 725 A

B ORI

EARPHERECTE S, F, BIOEHHIE 80 [mm]TIET ¥
T—HMELDOENNEFICHERLS LoTELY, FFlx=r v
VATEIEREWEE 2o TS, ZhIZT Vo —XELD

EEOEWIRNR = Y URITEICHEZE L CRIENRAET,
TV UEBRD N T ATy v a y EERITE Y
LRV F Yy FTIEREERINTWDLZ ENS, =YL
—LANTEENHERFEINI D EEZLND.

Fig. 19 Kk W = P b — A RTEINE, B B E#HERE I
F2ERIVY, FVE—FOAMIIIDIEEOTNK
TN LR TED.

TV U — AR T AL OWTIE, Fig. 11(a)(b) TiZ
KT & RMS TlIX T Yo — % OHETHEA 250
TWb., ZVv=—4\LOEGE, HBOMEENENT S
L, RTFMEETL, £O RMS (I EH L TADICH
L, 7V —Ff& T OEHEEIC L D K& 28k
WeRBENR\. Fig. 9 O P —ANFEN Y —
X7V OFECHIDLTEE S, B OEHE
20 [mm], 80 [mm]& b ITHN N T L ¥ v — AZF A,
fLivo-ox= vy R mmyy, Bl OEHEIE 80 [mm] T
F—HOmNAN = P FRINLIR TR LTS,
FYVT—HFELTE, AV IV UYL AITHA
TEHWNANRELS, TV U PHI TR VI — ALK
TIZHHT 2N EEEMEN DL VU — LK T %
WM TELERABET L TEAL, KTmh»EIz< <
RAHBZETHEMNMETL, =0 P —AKRFTDEN
NEFLTWEEEZLND MGFT7V—2F0 T
ML XY EH RMS I LR FmdZsEms 5 & pEx
n, TOMET P UVIRTENEFEAT S (Fig. 19) &
EZHNDHHLOO, Fig. 11 OFE T & RMS IZiXE D
BT I EDR 2 VDL, KEHFHOHRO—I5Hh
WEFHThH BT b s.

Fig. 14 OF ¥ EVENIZOVWTIE, FVZ—F D%

- AN ﬂ?'\?lﬁ/@ﬁ L (HIE & 61) TIEMRR & 22
STWB =l irﬁﬁ\hﬂ?éﬂ AR I

VL— Aﬁm;%ﬁbtﬁﬁf/z/hfﬁétmﬁw
B AN DIE<EEL, “ar by v Rom (HIES
54~61) TEMEL TS, TDOEHF ¥ B UM TE
TARFETFTLTCHD OO, N—T7 4N (HIE A 53)
TEFEZ22ERENRETIIHA O TWS. Fig. 14
VB OWHE oML 7n > by 4 RUBETO
JEN ERAPRHRBCTE, MUAOEMO—FERERDZ END
5. V7o Rum (JER 32~39) TIXBH m &t
BICEBENETIILKENTHED, Hih, Bhicix
FHEHL TR,

G OREE LY B O EHEEEINIC & 2 H o R
Hix, =0y PRy U AHRANEL T D
N—DLRNETEAN LR L, = P UBARORK TR
WNBER ZTENICEZ VR TmABEY IS KRB
LTV VUL ANEIEPHRIND Z LI D LB
TE5. ZREHEI 7 by v RUEMOIET ER S
RAYMO K ER->TND.

B O EHENE o8z X 2 i 1250 E5 (Fig. 7) I
SONWTHE, 2RIk, IV —FEL TIX 0.5 BE,
FUT—HFETH 02 BREOHEMNBHERTE 5.



HAREH - EAHA - @AET

TV — ML TIE, BOMEENCcEs =
N—LDORNEEKR T TCOES EH (Fig. 17, 18, 19) 28
BRTETHBY, MBI EADORERRTHLLEZLND.

TV —H A E T, =V VR T OE IR (Fig. 19)

28, BAEES 20 [mmiZ b5 & 80 [mm] Tix= > ¥ L—
LNESTOIENIT EF LTWAS (Fig. 17, 18) T & %A
B EADRRTHDL EBE2xBND. £/, Fig. 14 £V
TV —FOF M0 bR ORI X L
— 7RI CTENMETFTRAEEL TVWDZ LR TE, 2
NHEIH MO —RE LR >Tn5.

BT, FVT—ZOFEID D BT O EHEE O
Bz E = YRRl L VR IS T2 nm4e
LTHY (Fig. 9), AN TR EOES)&EZ 57 KIER
LT, ERPEMEOEHBIE/ VWL LEEZLND.

B O HER N X 0 %GR BA 35 (Fig. 8)
JRK & LT, Fig. 13 THEFR SN HRIK THE DK TN
EFbn5. Zhidz oY r—afwai (Fig 9(b)) 23
Sl Z TR P oElin (Fig 11(b) 1LY =R /¥
—HBENRERZDZODEEZLEND.

UEoBZI V), BhExRICkET S HEE L
T, TV UI—LRNETE A L—RITRA L TR TFO
ANEEBT LN, =m0 —LKTFTTOEN L
HBzMz, =00 V—ANENB LI OHEE LRHEHD
ERAEBSZ Lo RY, EELEZOLND. KTIC
RERTI2HAE, = P UBHR LR THRAN TS LR
WE D HEEBEFICHT TRRTAZENAITHEL EE
bbb, TEO—ODOREPNZ DT =T N—
O} T OTH A 5. EFmEUNTIE, =Y
— AN ALTNLEZR Ry R LO EHfHER7 =
V=L OMEREETOZENBExLNS.

5. EXNFMBHZEERE S ORERER

R FOEN AT 579101, FR BTl FF # 1D
LR C= v Vra=my MEBREEE DD, =
CUmHRER Xy b b EFICRET DI ENEH
EFEZ, FORDR Ry M Fig. S IZATRA DM E
(NP = el

Fig. 20, 21, 22 (%, ##EhicA % v MMEK D OHEE%
LY, EhENTUIGRE, iR, REBOREOE
fEERLIELDOTHD.

Fig .20 l281F 2P R4k <ix, BA O ESHENE 20 [mm],
80 [mm]D EHL HIZHEBNTHHSIDOWA PR TE/. 2
Nz P FRTERAEL CWEGELNMHI cE o &
THohREBEZOND.

Fig. 21 ORIH T\ TiE, B A EE#HENE 20 [mm] Tl
BRI B IIEDN R > 726 DD, 80 [mm] TILHEA LR
UF oy FBOEE 11.25 [em] THRbBWAH L., =Y r bk
FOEHZIEBSELZ LIy, BHOETRREE S
BAEbbodZ EnREINT-.

Fig. 22 D#% BT EE L LTOR LT 2 dh -
oo Ry FRDEERTAIZ LICLD =Y b—
LIBIRTICHRR SN D HENE &R TR0 T8 £
S TIENBRNBA U, HREK T CTOE AP EIE G

FFOZ L CHRGBABWEMLIZEEZLND.
AREFLEERICBITAR 2y b0 EFERIE, E
W HERICB W TES TH -2, ihEHIORGO
R A2 AT 7-0I21E, CFD 2 W TRk FiEx
ToTW ZENEHELRS ).

0.8 .
Inlet height
000,75 —4—20 [mm]
s . O
E —&—2( [mm]
«; 0.7 with radiator
§ &80 [mm]
8 0.65
© =80 [mm]
with radiator
0.6 T T T 1
0 15

5 10
Scavenging port length [cm]

Fig. 20 Relation of scavenging port length and drag.

0.5
- Inlet height
= 04 .
§ - ——20 [mm]
<S03
° —4&—2(0 [mm]
g 02 with
5 radiator
% £+ 80 [mm]
g 0.1

0 T T T 1

0 Scavenglsng port lelr(l)gth [cm]1 >

Fig. 21 Relation of scavenging port length and front lift.

0.14
& 0.12 Inlet height
s 0.1 ——20 [mm]
()
-
% 0.08
b= —&—20 [mm]
=)
= radiator
“QO“, 0.04 080 [mm]
© 0.02
0 T T T 1
0 5 10 15

Scavenging port length[cm]

Fig. 22 Relation of scavenging port length and rear lift.



FR O > ¥ U HHIEIC X D225

6. #him

EHEIAB DMHEE N R E SR = P UICHET
HEE L JEENEMT D E, Do EFREAN EHT
bty vra=y MEBEINRERT S &5
2, =Y UmEAIROKR TREEDSIK TiiL & T LT
ALNBREAET D, Zofliuafait & Bl oK Tk
~NDOREEIEDFEEESZD, oYV ra=y MIED
BENHERISND L &b, TP UVRTOENN EH
L7uery by RUROEDS ERHT2. ZhXivHE
WHIDOENZN A RN ENT2E:E20N05. &

7, SV —EOFENT Y amy MEEEICK
EEBLTVWDS., DEXY, BAROZER I FHEE

U T Icxewbnd.

1. = YVrmHARIZ I8N0, = —ANE
7oy by 4 RUTOENDTKEIFEL, =P
— ARRIMIC L DR TN OELINDIK T OET %=
BTV N—ANEEN IR EICEEEY 52T
WahrEtEZLND.

TV URARIZ L DRIHB AT, m Y — AN
MEAEERTFEABI Oy B EOJENITKSF
T3, F7m, TV UIA— AN D DORRDIES)
BICLEELEZ T EEZLND.

3. DUV UVBHRBRIZEIABBNIX, vV v— Atk

TR FENHFET 5.

4, TFVZ—HOEFIZIY, ZUUOBHIRIZ L B ZE
RNDFERBIEMIND.

INGLDOELELY, ihEHBHhEmETI21E, =
VU= ANORRTI E R T OO T E BT D
ERDDH. TOED, Ry ML BRI =
VE—=NEO[GFRER R ETCTHERTAENE L
EZDLD.

FFHE L OBEERMEIFRETIID Y ra=y bl
BETEELRDIETHom®, EiFERIZEL > TR
VA Y EMBO EFRKEITY, UARBICAESTH D
T EMER L. B EH 0B ORI & £
T®HIZlE, CFD Z W CinKBREZ Y, FEB TR
LTWL ZERLETHA ).

o &

AR ZE AL 225 1 2 B o0 RBRUE s JEGR & L THT b
NeboThHY, EFRERFEREZEX TEONLMEE

BB X OWHHEZ#AO TR L, Z 2
DEERLET.

5 & Xk
D) NAREORE, BIRES, BB EEINSESE: A8

HOTWA v 22 hHA, ¥R EE (1998) .
O fs, BigR, HEIE T2 REZEESH : 08
HTA, WREEBKFEHME (2011).

2)

)

—30—

7)

10)

11)

12)

13)

14)

15)

16)

TSR B O AR

Wolf-Heinrich Hucho, ed., Aerodynamics of Road
Vehicles, Society of Automotive Engineers, Inc. (1998).
PRAEZ, ATHFZ, —Zid—  BEE &)
SoHRME D N & ZE AR, B ARTRIE SRR
A3AU, Vol. 23, pp.445-454 (2004).

M s, O, JIAEER, KRFEFERE, 2
WE, [ s, WA, ML T I AL
CX—3 OZEPEREBHJE, ~ ¥ Xk, No.32(2115).
http://www.mazda.com/contentassets/3864e61b84fc4c3
19762092657057631/files/2015_no015.pdf

KEmEth, Bermll, “ZBER, RIFEK: 227
FRPE I MIT T AP FIE O P8, BB BN S0
C4E, Vol. 29, No. 3 (1998).

MRS, A&k Z, HAK 2R kiET
YUV mAROEE, BB EHM S ICE, No. 40
(1989).

BOWA, BAEF  BEHEOZ VU L—A0EH
JEIZ £ B 28K )RR, 2017 4 A AR S 4R
WK%, G0500602 (2017).

Takuto Sawaguchi, Yoko Takakura: Aerodynamic effects
by cooling flows within engine room of car model,
FULCOME2017,
Science
Publishing (2017).

BOWA, BAEET  HBIEOT P aHIRIC X
% 22K F W) R B DR, 2018 4R B H AR =
FWR 2, 10550204 (2018).

BOHA, GRS AiWmEEEEBHEO =Y n
AR & 2 28R T1 5 R B O AR, AR S Al
WA R BB ZEAT 2017-2018, Vol. 38, pp.40-51
(2019).

N. Watanabe, T. Furuta, Y. Takakura,: Unsteady Flow

around

Materials
10P

IOP Conference Series:

and Engineering, Vol.249, 012012,

with  Simultaneous
Multipoint of 2),
FLUCOME2013, 0514-03-3 (2013).

N. Watanabe, T. Furuta and Y. Takakura: Characteristics
of Unsteady Flows around a Circular Cylinder with

a Circular Cylinder

Measurements pressure

Simultaneous Multipoint Measurements of Pressure,
Proceedings of the School of Engineering of Tokai
University, Series E, Vol.39, pp.81-88 (2014).
BIEFAT, BAEE, RERFEE: BAROKERIRE, "]
AL B W% 258, Vol.14, suppl. No.3, pp.102-103
(1994).

KR : VT ARA T —IZLD ) v F RNy JHEHD
PRI BE 3 2 AFJE, 2011 48 B 30 R 52 K ERE T
FIFRRHE LFRSC (2012 422 A).

WO, @REEY aAEE: =7 X 22 A
B 0 22 SR LRI B 37 2 SEBRAOATTIE (55 1 ),
HE BT BRI es i 2, 20125817 (2012).



