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A simulation of aerodynamic effect to the bicycle

caused the by a passing vehicle

tn B¢ & F© g B XK
Yoshikazu KATO Tetsuo IwWASA

moH| gAY B H B B
Mitsuo MATSUDA Yoshihiro MIYAI

There are many reasons for wobble of the bicycle by a passing
vehicle, for example, human engineering, riding technique, enviroment of
road, aerodynamic effect and etc.

This paper describes a simulation of aerodynamic effect to the bicycle
by a passing vehicle experimentaly and theoretically.

Experiment is carried out using 1/6 scale model of vehicle and bicy-
cle. Propulsion ‘of the vehicle model is by catapult arrengment., Aerody-
namic forces acting to the bicycle are measured with balance mounted
under the bicycle, and flow pattern caused to a passing vehicle is examin-
ed by means of tufts.

To compare with experimental results, numerical calculation is carried
out for passing motion of two cylinders.
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Fig.9 Flow pattern caused to a passing vehicle for V=39.6Km/h (photograph)
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Fig.10 Flow pattern caused to a passing vehicle for V=39.6Km/h
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3 of two cylinders in an ideal fluid

XEOIERAETAAZ r LT 5,




FEEONE (x, ¥) TOHEERI Vg, ROLDITIEB,
d=@1+ P2t ds+datgsteceeeeieens .

z1iZ L,
Va2(x — x4)

[E C LR = ’
x1=-Vt, ¥y1=k, é1=0, ni=—k.
LUFARA,
do=— Va2?b? o (X —€9)c0o82r + (¥ —79)sin2y
(x1—€0)2+(¥1—71)2 (x —62)2+ (¥ —n2)?

x9e=—Vt+Vts’, ¥o=k —2kdo’,

82:_Vt5/: 772:_k+2k5,9

0’=b2/(V2t2+4k 2), 0"’=a?/(V2t2+4k?2),

y=tan"1(—-2k /Vt).

o= Va4h2 % (x—x3)
(=624 (F 1) x1—82)2+ (¥ 1—792))2" (x—x3)2+ (¥ —¥3)% "’

x3:—Vt+——5” Vt, y3=k—M

1—9¢’ 1-6 "’
_ ¢ _ 2kd’
£3= 1_5,Vt, 73 k+1_5, .
Va4b4

¢4=_E(x 1= €02+ (#1—91) 2 (x1—E2)2+ (¥ 1—1)2)2JXE(EI_ )2+ (1= ¥9)*)

% (x —€4)cos2r + (¥ —n4)sin2y
(x —64)24+ (% —n4)2 ’

X4= —Vt-}-ilﬂvt’

1—-267
vamk{1- 2050,
54=—%$Vt’
S
= T T T s (G E v
1 (x—£s5)

X X .
(x1—64)2+(Y1—94)% (x—E5)2+(¥ —75)2
1—267)0"
x5=-—\w+(f:§91%ﬁﬁvu

¥o=k{1-252522 00,

L a—20")d
55 (1_35/+5/2)Vt’

o1 A=2
,”“'k{ 1+2(1—3y+5wk

xfhE YA OEE U, VIRROLSILEALLbh S,

— 6 —



U=Uuj;+Ug+uUg+uUg+uUg+-eeeeeee y

V=V1+Ve+vg+vye+vs+

iziZ L,
U3=0¢1/0%, Ug=0¢2/0%, Ug=0pg/d % -+ ,

.........

V1=0¢1/0%, Ve=0¢2/0Y%, V3=0¢3/0%,
EEE A,
q 2=u2+V2

TR 3,
FEAREZ, ~vx—4DEELD, KADL ST %,

_P—-Poy__ 03 2 4%
Cr $oV?2 ot AViTyE
12U, P PEBROEN, Po:ERETTOEN, p: ZREE, V:HNEADOHEE, T LT,
09 _ 0¢1  0%s . 0%s . ...
P R S
Th b,
MEBIEAT % xiie y#IOT @O, Fx, Friz, HEBOEXRET, ENRNZ#ETTULEL
N5,
Fx=— §sPbcosads,
Fy=— §sPbsinsds.
LT,
Fx=CxpV2S/2,
Fy=CypV25/2
r¥ne,

Cx= ——g§ sCpcosfds,
Cy= _%§ BCpsinﬁdG.

ZLT, S=2bXx1¢93%¢,
Cx=—%§BCP0030d9,

CY = %§BCpsin6d9

Eizh,
BUEEIEICH T - T,
I )

L UT, ABRROE|IuL21T25, £z, MEBOXKEOEEL, ROX>5ILH6b3IN%B,

X y .
2 =cosl, L= —m.
b COs! b sind —m



Fig.12 3EBXTCETED UIBERTH 5, 2170, AFEALHEBOMMEL ERTR) 3, &
DEiLHbobihb,
2m—n—1=h

e

Fig.12 Notation diagram for passing motion
of two cylinders (non-dimension)

3. 2 Hustmpl

BRI, KIREZRFEOBRBTHEMKOH I TAC MI50 2 ANWTITR > 1

2HEO¥EEDHEnE LT, n=1, 2, 3, 4, 5, 6, 7, 8, 9, 10& Ut EILRTE
b Uiz xilih 5 OFE#mE LT, m=2.75, 3.0, 3.5, 4.5, 5.0 & ¥ 5%, IXLh=00& %, 2
HOBRBEBETAEETHD, TOE 30N, mIRL. KHEMENLELTS=-5, —4, -3, —
2, —1, 0, 1, 2, 3, 4, 52O\ THEIHAE 21T > 1

BILUIZAEBOE LY OFENFHE, xllie y#OZHFADEIEHCx, Cr BHEAOBE L &
iz, EDOX BT A REL LI,

BUEABEOREREZ S Lt T, manbheEna R x—2icUT, C, CxOEILEZL 51z, D
¥h, 2200MEEDO¥EZEK N & BEAMUhicX 3Cx, CrOBELE L 6Nz,

Fig.13 oFENDfE, n=4.0, m=3.5 (h=2.0) & xOKENEILE2EDT. HEAGHE
BIREFICONT, 0°~180°DMOENFETIEAEL 722, S=0D¢ &, T72bb, AENE-&
bESE UL &, 180°~360°DENDOMETIZ/NEL, UL b I3IF—ETH%, LdL, 0°~180°DE
IETIRAEL, z0znic, yEHAOAF,E, -3 RKExW0, Zhbid, HOFITERELTH
%,



eo

360" 315 270° 225 180°

° o

0’ 45 90° 135

— 0° ~180°
=== 180°~360°

Cp

Fig.13 Pressure distribution on cylinder B for n=4.0, m=3.5

— 9 —



-1 -5 0 5 10

Fig.14 Force coefficients variation for
n=4.0, m=3.5

Fig.14 1z, Fig.13 OFENBHEO L O HOE
tedbbd,

Cxid, MEAEHBEBOAOSE - & b EEET
AZHEANC, EORFMICELDOE—~21H%E 3, M
HEAMBAEB2BEELT, AOHAIE2 DY —
JiERE B,

Cr, XA EBORIDI S - &  BRET ATH
ACADHAREL Y — 2% L 3, FEAME
WHEAT, HEBOHIDE § o & bR LIZE X,
EORARE2OC— it 3, Tisbb, M

FBALBOHID b - L bR LI E SR, BRNWCTFhAINE -2 b RS VERTACE 2R,
g, MEABETUT, MEBOERE%2ERKIC, AOHMCE3IC— 0% 4 D,

Fig.15 Cx variation for n=4.0

Fig.16 13, n=0.4 ® & 5D Cy OKEHEAL
REDYT, ik b2-T, ADKFMA, Tib
b, HEEB 24 xicHIAEicEAL, A0
MELOY—27ELBD B, BICERTSE, K
#e, EOFHICERL, boLdHERLIE &
iz, B20¥—7EBEDAMA, Tabb, HE
Hicl~z gh 2 HEICVERT 3, 20—
i, B (h) BN B ERELRDB, &
B onT, CvOERBAL, B30 —2
s, ADHMTDH 5,

Fig.1713, Ak h%/¢5 x—42¢: LT, n®

3.3 #2 Ly

Fig.15 13, n=0.4 ® & x D Cx OREEMZEAL
PEDT. Cxid, TTETHM & HF AN TIDHE
AL, HEBIZEAREAD Y - & $HILT 3BT,
EAMICELOC -2 EMBd %, £ LT, BENC
20T, BALU, BREAMHEEBO@EERKIC, &
OHA, FE20E—{HMSH 5. FHEA LA
BOMBSAE L3 1tonT (WP K& L3
ohT), ©—JfHIE, /N&is3,

Cy

Fig.16 Cy variation for n=4.0

ZlictTACrDE2 - VOB R2ED T, n OB LT, Cr DX, #iNd %5, »5n
DL EIT, FAER2EY, Thl btz e, BBBALLIIUD 5, C BEAfE% & 5 n DOffid,

h OIEMSNINEE, PNEW,

Fig.1813, axsn %85 x =422 LT, hOF{itH T2 Ci0FE2 -7 HOEL2EDT. h

BhENE E, Cr Oz, RBuctEmy 3,



3t
>
(&)
2t
/h=1.0
4/”=1. 5
1 ‘/h=2.
.h=3.0
l/’f ~<h=4.0
o __“h=50 ™7
1 2 3 4 5 6 7 N 8 9
Fig.17 Relationship between second peak values to n for several h
4, % ®

2HEDOTHh LSOO BIEMBTE, KisR
BE2HERLT, BRNORBICXAHEE 47
MEIC X AARILORER» S, BEHIIBLIZY
BRNOBH 2R A 120

BUEEEIC X 5 &, 2REO¥E, MEBER
X->T, Bl1e—sBOMUBTNOERT 3
B ELAY, B2 — ORI T O
i, 2HEBE L 3L LI E ZiT—HLTW
5, Udd, B2—srD Cr DI, [EFES
NIV E, KELBY, BRNZADITIZAEV,
REEROFER T3, BUEHEILA S hBNE
2, BlEe—s0MUBLLE2Y— 20N
AHEBHLNITN, Thid, TDL D REKINE
LB OD, KBEORKE ERERAIELSRE,
Wiz d Dh, thed, BEEOMNEREDS, B
B OMERIC L 6 TN oD, HETE

Fig. 18 Relationship between second peak
values to h for sevsral n

T oize U U, EFHRICENTRHSAILEDCH 5 b3 UHT I, BhodHiitict 3
&, BHEEAEEMAE CHESICHRABREL TV A DIIERALTWA EEZLLN D, DTSN T
BB HIE, BOOIMINA NI 2B ICE 38 D0, BEEOMNEICHAET 5, & B
ITE B DLHETE L >, WIHILUA, ERFEROMUB U & T A1%, HEtkoks#, 11k
SHERRIC X ARED B SN 55, BEFHETIZ, BERATHE IO A TWB12DIT, BERELREE bk
B ORI DN TREUESELNBVDIZYERTH 5,

— 11 —



5. & & M &

SREOHE I, KR 2K e, 2HEDOTIh DY S FIBEOBEEDORER & OHERH »
FHRIZE Tz,

Zh b OFERY 6 EBEOBIEICIND 2 ZR N2 ERNCHEBL, 45 2050@HA%, TkT5C&
i, FITHFEEVALN,

U Lshsh, BIREOLENZ, HEESEA»LBELTL 5L %, $T0LEMNICEENMTS,
ER~NRINE A TRING, T8bDL, BOBINNY FVIBESESECBETAC LIC
Aho COKRE LT, BEHLEFET A0, BOBLIENY FBELEHANC b & TEIVELT
hh3sDLEALOND, COETIEE BEEOTh LS VHOENINLSERN L AB—KT 5 &,
HIEEOREY R, BEUFORNCHARRITEMUSCE b FHEINS,

s DBRRR 3 5 ICHAT B 12DIT, 48, ¥BREUERTORBOYRR &, HhOAE/ILOW
Btk 2EBNMAL, BIEH:HFEROTHALSOMEIC X b ELIU iz BRI 21773 5 B
VD 5o

e £ X #&

1) Mitutosi Kawaguti : The Flow of a Perfect Fluid around Two Moving Bodies, Journal of
the Physical Society of Japan, Vol. 19, No. 8, August, 1964.

2) F.N,Beauvais : Aerodynamic Inputs to a Parked Vehicle Caused by a Passing Bus, SAE
Automotive Engineering Congress, Detroit, Mich, January 12-16, 1970.

3)  nHE, RAH : HTEOEEREET 5 HBESSHTEICRTTERIFNRE B1H ARERRN
NRBOBIE &L FHINER, RREERFRESRBIEM, 375, WA4BE2H1H,

4) i, MM BITEOEE2BIET 3 BEIESSHTECRITITERNFEOEE, BABBEFERT
Fee, 5155, IPF494E8 A,

5) L. H. Carpenter : On the Motion of Two Cylinders in an Ideal Fluid, J. Res. Nat. Bur.
Stand, 61, 1958.



	所報第０３号.pdf
	3.pdf
	3号-1
	3号-2
	3-3

	3-3



