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Hydrodynamical Forces on a Moving Body in Ground Effect
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Summary

An experimental technique is developed for a vehicle moving steadily in the vicinity of the ground.
The towing tank with a steadily advancing carriage is used and the unfavorable effects of the boundary
layer on the wall of wind tunnel is fully removed. Experiments with a box-shaped model and a car
model revealed some interesting features of lift, drag and side force at various clearance from the
ground. Lift force is more sensitive to the boundary layer and it should not be measured in a wind
tunnel. The flow with vortices near the bottom surface of the body gives one of the most important

effects on the forces.
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Fig.1 Experimental set-up.
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Fig.2 Configuration of a car model.

hTEXRTELIEDDTHS, WTFhOBREIBWTH
dlh=15 (i H & BB E LIERERLTWS, %72,
P Coiclb~Bh C. 0HH, BHREEOFEELKE !
FUTWBZ e3bdhd, B, BHEEE TR, dh=1.0
I DROEI TR, BEECZTORERRITWSE, I
o, BHRERELZET LD, dh>20 CTEERE2TD
ZEBEFLWwWEEZoND, ¥, T—TFHROBEC
D2WTiE, BIFRS? 3, HEEEAE 2 Ao TREL &R
HY, TN XD EEAR-RAD 7NV~ R Fa=035 LT
TREFOEENEHTE 3, SHOBRIBVTH G
DSHEIILEED 22 dih=15fHE» S TH Y, ZDEFDOBL
KR=ZAD7 N— FEIX, Fa=037Th2,

oMo, d R—ADTN— FEH 0.37 U TFTOLRHET
EEBRETOLEND S Z Loz,

AR TIX, BEORESRM, HAEEOMELR LY
2ERL, SEOERBRE R RHEE 0.7m/s, dh=25 %

0.9 — T T T =T T T
Cp
0.%0 \A\/\__‘\——’—*\, ]
0. 1 i L i ; ) 1
8 0 0.5 Lo L§ 20 2.5 3.0
box model
0.20 — T T T — T T T
0.15F -
0.10 ~
CL
0.05 -
0 — e :
0051 1 1 L i 1 L
o 0.5 10 LS 2.0 .5 3.0
dfh

Fig.3 Effect of free-surface on C. and Cp, the case of
box model.
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Fig.4 same as Fig. 3, the case of a car model.
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Fig.5 Effect of Reynolds number on Cb.
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Fig.6 Variation of Cp and C. at various clearance
from the bottom wall.
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Fig.7 Variation of Cp, C. and Cy at various clearane angle of atiack

from the bottom wall when yaw angle is set at
10 deg.
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Fig.8 Variation of Cp and C. at various angle of
attack, Lc/h=0.208.

Fig.9 Variation of Cp, C, and Cy at various angle of
attack when yaw angle is set at 10 deg, Lc/h=
0.104, 0.208 and 0.67.
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Fig. 10 Visualized flow on the lower surface of the
model, (a) L¢/h=0.04, (b) Le/h=0.208.
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TZhsDHELRRT Y, ETHE2ECEEWE COR
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Co, C. DEHHIER % Fig. 15 10K T o Co &, Lc/h 3K E L

Fig.11 Visualized flow field at the cross section 330 mm
behind the fore-end of the moel, (a) Lc/h=
0.02, (b) L¢/h=0.208 and (c) Lc/h=067.

12 BIZHE, 2L, BESEWIBED Cr=0221
TR B, Cu i3, clearance DRI & b 7% 5T Le/k
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238
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Fig. 12 Visualized flow field at the cross section 150
mm behind the after-end, (2) L¢/h=0.02, (b)
Lc/h=0.208 and (c) Lc/h=0.6T7.

H& % Fig 1T R T, RBOV A /W XHE Re=14X
10° TH 2 AERERIZ BT B Coflid, V1 /N XEDS Re
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ERD LU % Fig. 18 1R, clearance DZbic k2 C,. ®
ZALDEMIHE OB L b —H L T\ 243, EERET
i, BEEHE, moving belt HEDIEI, KIEREER I

Fig 13 Visualized flow field on the centerline, Lc/h=

0.02.

Fig. 14 Visualized flow field on the side surface of the
model.
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Fig.15 Variation of Cp and C. at various clearance sl
from the bottom wall.
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Fig.17 Comparison of Cp between towing tank experi-
ment and wind tunnel experiment.
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Fig.18 Comparison of C. between towing tank experi-
ment and wind tunnel exeeriment.
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5)
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RBEBIZY, CLRUCy BRELETZ, Ly
L, Co DWTIE, HENICEENNE L,
BETEIT < OHEHR & BERLTH L& > B mh s,
5)DEREEZ NS,

i L TR,

Fig. 19 Visualized flow field on the centerline, Lc/h=

0.24.
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