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by
Ryoji WaKA, Fumio YosHINO and Tsutomu HAYASHI
Department of Mechanical Engineering

(Received August 27, 1993)

This paper deals with the lift and the pressure coefficients of a high-lifting circular
cylinder immersed in a uniform flow. The high lift was experimentally generated on
the circular cylinder by tangential blowing. This technique is very useful to generate
a high lift on the cylinder through the flow control or the circulation control around
it. On the other hand, both coefficients were also theoretically calculated using a
potential theory under the “critical” condition. In this condition, it was assumed that
the flow between the lower surface of the cylinder and the floor of the test section was
blocked by the deflected main flow, which was impinging on the floor of the test
section after separating from the cylinder surface.

The result of theoretical calculation suggests that the flow around the high-lifting
circular cylinder, especially under the “critical” condition, may be theoretically
represented by considering only the “circulation” around the cylinder and neglecting
the “source” on the trailing edge of the cylinder. Moreover, it can be confirmed from
the comparison of the experimental results with calculated ones that the “critical”
condition is adequate to apply to the high-lifting cylinder setting near the solid wall.

Circular Cylinder, Wind Tunnel Test

27

Key words : Fluid Mechanics, Potential Theory, Circulation Control, Lift Coefficient, Pressure Coefficient,



https://core.ac.uk/display/227466088?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

28 H RO-EEER M B AFAERC BT 28850 CE R 5 —

B

1 el

BB HIH TS B FCh of#Nz B3 28751k
TER I W EE sk ), SEE, SRR UYE
B & HLWEESSORZELIThRL LS
h . KA AN AR RS A TWA 1], [2]. oh
5% L OEHEEEIROPN, FHL. B S 3EMIE
R N/ARRO2HE LT, 1B X 2 it
BEFTDZENTEDN, FOREBGLIHTENLE L
A (BB 2HVTiThbhTtnd,. 2hb
—EOFEEII AT B IIFE L AuE, IEOV R
oy b S EAEREICH - TSR IRE Y, whw
BT AR L T b ofh i K& R
MEEDZEATETHY, FEHEELITNE, I
AR THIMEEOBmWFHETH 5 L Ebh T 5 (3],

—77, EEIRAEROMI BT, FHIPIH
IiRo TRERML, MHiEE b OFBITAE {2
5. Zo7, MHEERE LTRSS 50k
& VAL AARED S T E To A
TFTHEWEEITIE, R L 2R AR R e s
BE RN B % &, i & AR & OF A EER
TOMEERD. LA L%AS, ZoRREE T
Thhoyh L BT E QT T AHEHE, %
HELOMBRY TIX, HE LI TRV ES2E
bhs.

T, RFFEBWTIE, ERAIRBLIZE S
VEERI 20 U 7B FUE OB MBS & T
2o, Rl L7 & JRIRERT & 0 FioBLs
DET R (T o7z, TOW, ERITIE, —RE o
BOTERH LA b ) OEDS R AR L, B%
Baskodse, 7z, BEERACIE, MOHETE S RRENE
R L oM %8BT B, KECEZeT 5 1k
ZEDRHIEE D (BEFREM) LIREL, 2ok iso
BMRERUEI MR A B YEE L TR v Vv L
WEH, RS OfFEERAL. BB, ZI TR
TR BT B0 AT ZEB LGS II2nT,
FHIWRBR OGS B s L, ERERED
o - MR T o7z

2 BB R UERAE

2—1 HBE
IR 1 RSB IV P O WA R 1

FEEE D = 100mm OFEETHY, ERTh:
DR h = 0.58mm OB LAAT Y bAFRITSRTY
L. MEREICEE s O—A X v X 3L, FOX
g, B 0.5m OEHEFLEES NS 56 8
BLiE L Twa,

B2 R R R 3. BRI, £ ol
FA%E 700m, # 1000mm OHTHY . TrAIHE
S, 1500m THD. IR E R T
MEEL BB LT RIS TEB Y, HEERPIcakE
LRI X Db : 8 L LTwa . Mz s s
PR OBAZERIZ #0.17 Th Y, THROFENIHS I
BLE019% THAH. L, R LEEHOEEZE
S, P & D PAEPER IR S hs
22 FEBHE

ERILT T, MAEE D & EiE U ol
LAIWVZER = L0X 100 #—EELTiTo7:.
Zay MyE 6, % 500 ~ 1200 ofFH T LEE
%0, 2onT, LIRS (R LI OB SR
%) Cux 0~0.95 ofifCcHER L 3L/, 7,
FNENOEBEMIIBNT, IREE it %
B A—FIZ XYL,

Fig.1 Cross section of model cylinder

1000 — 1500
r Ceiling l 300£-550 —
100 U Y !
700 o=y = —
T ¥ t i
Bl NN ! |
X

/ Partition plate
Floor Aspect ratio = 8
CL. Cylinder

Fig.2 Test section of wind tunnel



BER X% T

3 BFEORRBORE

3—1 WLEEZELZVES

4, R3IRT LS, FE (x #) Lbh d 2EuEE
NAATBICERT 2489 P1F a OMHEARIICH TR
— R EINMTWAIGEEEX S, E6IT, x #
T AR T, b Y olhofE
RFE eV, (1) TRENS,

2

“+—ﬂ( d)Ji——ﬂm+w
dlzrnzl (112" +i

W1=Uz+
(H

LZzato T, Mz, X (2) t5anh

=U,~-iV, V)

T, y i (x=0) LodEED x Hais U,

%'k&b%?‘_&), #; (2) BT z =iy &THid,
U, & 5% (3) okoylckshs,
d’+y* rd |1
- 2
Upl U+2Ua (dz_yz)z - dz__yz (3)
y Z=X+y
U r
e /\A
/ (source)
(sink)I\
_—_._) d
N Upl(Upl)
¢
0 X
_— /
—
(sink) (source)
\/
U -r

Fig.3 Flow model

i

3

Zo

B A

# 24 & 29

8T, BHSEME LT, R4CRT L) CIHTE
& PlrELBEREN o hARER L7 ERIC X YRk Eh
DrfEdhiud, FAETE (y=d-a) EHEARR
W (y=0) Me@daTsEa Q ont, K (4)
AL SLD.

0= J; U,d 4
# (3) &3 (4) AL, FHThu, 58 (5)

o hD.

Q=Ud-a 2dra) T In

)ﬂ_ 2d-a
2d-a
L7=23oT,

2n a 0 )

FEREMEAE Y Io%HE, T b
ofEsEI i, 2 (5) £hh (6) DX HicKkES.
2d+a)

Zr(d—a{
—_\4d-a)

2d
2d-a
In

r
-" ©)

Thib, ERTIRMEORE a LEEKE»S
AREALLE TORERE d OAOBEEE LTRESL Z LA
bid, T, JEEREES S PO E oMM
FEREECERTLL, H=da tLTK (6) %
wEHEEIE, X (7) 2MEShS.

-2

a (gi_ 2H +1
r_ 201_20(1112!11) o
U 1n{2(51-}1} In(2H ~1)
a
z=x+iy
U Y r
—_— f\
6 (_source)
(sink)
> >
d-a —>
® 5
0 Upi=0 X
(Up2=0)

Fig.4 Critical condition



30 B RI-EFEA R B ERERCB U S ESHOREOBIRER CE AR T 5 —

g

IIT, Bt L, BROFERLL, v iD
SfF L= pUT) ®FHTIUE, BFEIHE C.,
i (8) vkxhsn,

2H+1

o d{L) o I .
“\aU ), I2H-1) ®)
REETE, BI2h5bhbX312  H=da="7
THEDT, Zhxs (8) IMALT, BHRIEHE
B C.oy %EETHE R (9) TRERD L2,

Clcl = 1696&&6

2x7+1

2n (7-1 5‘;7—_1

Co ™ty 1696 ©

32 EEEEEL-EAS
3—1Tid, MMM LD 2B L L VEA
DWT, PR &RGAE ER owthasiE Shob b
WISt (BEFRAM) OTF ¢, MEIEET 2 E 0%
B (BASRE0) DFFli 247 o 7=,
TR, AHEEEBITA R EEET LD
FHEDE (2= a+ id ) 2042 Cal/2r o - &
&L (source) = , #LT, FEFLs (Z = id) iz
e Cal/dr @~ WAk (sink) " ¥BEWIEE
oW T#EZ %,
ZOBEOWNERTHEIERTF v Mk, x iz
M a8BoarEL T, & (1) 10" EEHL
RO RRd ZEBHEHERT UL W, B0
HTHHOT, X (10) TREhs.
2 2
W, = Uz+ zlf‘:,d+i—§1~1n(z—id)+zliaid

r
—i;ﬁ—ln(z+id)+w3
(10
el
C.aU
A ; ln{(z-a)—id)—cizuln(z—id)

C.al
T f(z—a)+id}—§£gln(z+id)
2 47

L7dis T, BT, & (10) iebids - @x
&L'&U'WwﬁA"uiéﬁiﬁfvawm
DHRZDNTEHE 2 HD S

Y, XA MREESEE, R (11) ok
ks,

AW, _CaU (z-a)  CaU 1
dz . (z-a)’+d®> 21 2:+d”
=U,-iy, (11)

ZIT, y WbodEo X FEES U, kD5
o, 3-—TEERuC, X (11) itbnwT, z =1y
Ethid, K (12) E5hB0T, FOEHOA
¥E 2T U, i, £ (13) irh525h05.
aw, Cau (iy-a) CaU iy
dz b (iy—a)2+d2 2n (dz‘)’z)

ﬂ’;]
Re[ dz ‘
_ CaU 1 . I }
C 2 yM2dyHa+d?) y-2dy+(a’+d)
=Up2 (13)

L7232 T, ZOBE, MHTFEE BEsEE %
HBET AR Q, 13, X (14) THEsh5.

d ~a
0-['0 v

[ C,a’U [ I

v e2dyr(ated?)

(12)

i
T S—
y2—2d>’+(a2+d2)} Y

Sl

ChED, FRETHEE MEERERIOMN % Bl 54
MRQ I X (5) TkoshizQ &% (14) ¢
#5h2 Q OMELTHESNDIDT, ZhIHR &
fHEEHTHIE, X (15) A0 7o,
=0+0

=U(d—a){

2d+a} '  2d-a

— -
2d-a’ 2rn n a

_ CsaUI “Ttan {2(-4)— 1}]= 0 15
2n 4 a

L= T K (15) &0, BEREIR% C..
i, 3 (1 6) Tkshs,

r 2n(H—1)(§I’ji})~q{—"Zﬂan"‘(zH—D}
Ca E(El B In2H-1)
(16)

FEBRIBNTE H=d/a=7 THBDT, Zh
X (16) ITRALT, & (1.7) %485,
C,.,=16.96-0.276C, (17)

IHREY, R ER LA, SEHEROR
FEIWRE Coy i, C CHBIL TR T 2 2 & 2tb




ERMRZFTLTFHRIRERE B UL 31

»5.

Dunham{4] = Xid, PHEEBARE L vstkh
ThoBs, C = 3.6 i, S RemsEE b
WENDAOESERE BKTEL TR, B
FE oA Lz, €, 12Ed T 5. Dunham[4] 2Lk h
BONIBIMREE - B RO BR Lo
BRI S 2R, 5, EIEHAT =25
EREVESIE. O < 0.4 LS Ehn FE
HLU OB~ OFSITEA &R, BN
BEELT " R KIhREEhD I Ehh5.
T, BIMRESSHICKkEL B E, B LEDIZ
MBI b . FAUTHHE L TP OETIES L
PN R B DT, TOMFEMIE L WEEEII RS .

FIT, " BEBL OBIMHAOFS EFHTT
A72%, BEBIROAEFELLTC, = 0.4 RO 0.2
2%, chexek (17) THvhid, #hsFho
WA OWFESIHREL, G, = 16.85 KU16.91& 7%
3. IhRHOfEE, EEZRL2VWEEOlRE
IHFEE G,y = 16.96 oa L, #heh 99.4% RO
99.7% 1AM LTWAZ EAS, C =5 Tk, BB
IHEEE A~ BEHL OF54E, B4 0.5% HEL
Tt En e dbrs,

L7230, BEREMMETH L) %, IEHIK
ERBEIMREE NS BEAMMEE b ) Ofth 2B
IR SE, FEME, - 5 osrZETE
+oThBEELLND.

XD

G

Fig.5 Variation of source and sink with lift coefficient
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