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ON THE CHARACTERISTICS OF UNSTEADY PRESSURE AROUND
BLUFF BODIES AND THEIR AERODYNAMIC
BEHAVIORS IN UNSTEADY FLOW

By Naruhito SHIRAISHI, Masaru MATSUMOTO,
Hiromichi SHIRATO, Akinobu KISHI and Shigeo KOBAYASHI

Synopsis

The effects of pulsating flow on the flow-separation characteristics around rectangular cyl-
inders were investigated both in a wind tunnel and in a water tunnel.

The fluid-mechanical effects caused by pulsating flow were classified into three different
types concerning the enhancement-properties of shear layer instability. The first is “com-
pletely separation flow type” for rather bluff bodies, the second is “unsteady separation or re-
attachment flow type” for comparatively bluff bodies, and the third is “steady reattachment
flow type” for rather slender bodies. Furthermore, some fundamental considerations on the
effect of pulsating flow to aerodynamic phenomena, such as vortex-induced oscillation, gallop-
ing and torsional flutter, were also briefly shown.
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Fig. 1 Generation mechanism of aerodynamic phenomena.
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Fig. 4 Pulsating generater for water tunnel.
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Table 1 Experimental conditions.

|

B/D U(m/sec) Re | fp(Hz)

0.5 3.0 1.031% 104 0 — 45.0
0.62 4.0 1. 375% 104 0 — 44.8
1.0 3.5 1.203X 104 0 — 44.0
2.0 4.0 1. 375X 10* 0 — 35.2
2.8 3.0 1. 031 X 104 0 — 46.4
3.0 3.0 1. 031X 104 0 — 42,0
4.0 2.8 7. 698X 10° 0 — 48.0
5.0 4.0 1.100% 104 i 0 — 44.0
6.0 3.0 6. 186X 10° 0 — 45.0
7.6 1.5 2. 577X 10° 0 — 357
8.0 1.5 2. 577X 103 y 0 — 43.5
10.0 1.6 2.199X 108 ] 0 —> 48.0
20.0 1.26 8. 660 102 ] 0 — 47.25

Table 2 Properties of model for flow visualisation.

! 1
thickness of body - pulsating frequency ! velocity
B/D Gm) (Hz) (om/se0) Reynolds Number
0 16.6 8.3 x 10°
3
0.5 0.05 0.86 (2St) 16.6 8.3 X 10
1.26 (3St) 16.2 8.1 %X 108
1.67 (4St) 16.0 8.0 X 10°
0 15.3 7.7 X 10®
0.62 0.05 0.81 (2St) 14.5 7.3 X 10%
H
1.63 (4St) i 14.5 7.3 X 10°
0 ‘ 4.5 7.3 X 10°
1 0.05 I 0.63 (251 12.6 ‘ 6.3 X 10°
1.29 (48 13.2 6.6 X 10°
|
0 16.5 ! 8.3 x 10°
2 0. 05 0.52 (28t) 15.7 i 7.9 x 108
1.03 (4St) 16.4 8.2 X 10%
E 0 15.0 6.0 X 10°
5 : 0.04 0.75 (2St) 13.1 5.2 X 108
‘ 1.50 (4St) 13.1 5.2 X 10%
LTK®I
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Fig. 5 Sectra of surface pressure (B/D=0.5, U=3.0m/sec).
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Fig. 6 Spectra of surface pressure (B/D=0.62, U=4.0m/sec).
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2¢ 2 2}

0 0,2040.6 00,20
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Fig. 7 Spectra of surface pressure (B/D=1, U=3.5m/sec).
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0 0.20.40.60.80 0.20.4 0.60.80 0,2 0.40.60.80 0.20.40.60.3“ 0.20.40.60.8 £D/U
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scale 2¢ 2 2% 28 28

Fig. 9 Spectra of surface pressure(B/D=2.8, U=3.0m/sec).
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© 0.20.4 0,6 00.20406 0020405 00.20.40.600.20.40.6 £0/V
windward face leading edge mid-chord trailing edge leeward face

Scale 2¢ 24 2% 2 20

Fig. 10 Spectra of surface pressure (B/D=4, U=2.8m/sec).

¢ 0.2 0.4 0 0.2 04 o0 0.2 0.4 fp/U

windward face leading edge mid-chord trailing edge leeward face
scale 24 FAl 24 2° 2!
Fig. 11 Spectra of surface pressure (B/D=5, U=4.0m/sec).
0,
o 0.2 0.4 0 0.2 0.4 © 0.2 0.4 0 0.2 0.4 O 0,2 0.4 f0/u
windward face leading edge mid-chord trailing edge leeward face
Scale 2% 25 25 28 2%

Fig. 12 Spectra of surface pressure (B/D=6, U=3.0m/sec).
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Photo. 1

Flow pattern around cylinder
(B/D= 0.5, Re
ko0).

8. 3109,

§17454

Flow pattern around cylinder
(B/D—0.5, Re = 8.0x10%
E—45,).

Photo. 3

1R

Photo. 5 Flow pattern around cylinder
(B/D=0.5, Re—8.0x10%
kA4S

Photo. 7 Flow pattern aroond cylinder

(B/D 0.62, Re
k- 2S).

7. 3104,

Photo. 2 Flow pattern around cylinder
(B/D -0.5, Re~8.3X10°,
28,

Flow pattern around cylinder
(B/D—0.5, Re=8.3x10°%
£=28,).

Photo. 4

Photo. 6 Flow pattern around cylinder
(B/D=0.62, Re 7.7X107,

k0.

Photo. 8 Flow pattern around cylinder
(B/D~0.62, Rew 7.3>10%,
£=18,).
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Photo. 9 Flow pattern around ‘cylinder
(B/D 0.62, Re 7.3X10%
k28,

Photo. 11 Flow pattern around cylinder
(B/D—1, Re=7.3%1(",

k=0).

Photo. 13 Flow pattern around cylinder
(B/D=1, Re= 6.3%10%,
k28,

Photo. 15 Flow patiern around cylinder
(B/D 2, Re 8.3%10°,
k=0).
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Photo. 10 Flow pattern around cylinder
(B/D~0.62, Re 7.3%X10%
48

}

Photo. 12 Flow pattern around cylinder
(B/D -1, Re—6.310%,
k=28).

Photo. 14 Flow pattern around cylinder
(B/D=1, Re—6.6X10%,
ko 4S8,

Photo. 16 Flow pattern around cylinder
(B/D-2, Re 7.9%10%,
£=250.
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Photo. 17 Flow pattern around cylinder Photo. 18 Flow pattern around cylinder
(B,D 2, Re 8. 2x104 (B D 5, Re- 6.0%10%,
LS. ko0).

Photo. 19 Flow pattern around cylinder Photo. 20 Flow pattern around cylinder

(B/D 5, Re " 5.2> 10%, (B/D 5, Re 5.2 103,
£-28). EoAS).
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Fig. 13 Unsteady pressure charactaristics on Fig. 14 Unsteady pressure charactaristics on
the side surface of bodies in pulsat- the side surface of bodies in pulsat-
ing flow (leading edge). ing flow (mid-chord).
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BR#KICB/D=6 T, CHoOWEHIERHNEOUEL S b, HBEEAMEORLEHAIESh 3 Bk
BEEBUI A b e oV BOK 2 fHHRICE 5T EMEEIN B,

TN DI, ZNTNOREICE O TELEMBRIRNE, G HSIBE, BAEHRE RE
THLEICKETE2HDTHBLEEZ SN D,

3. RIS HIT MRS ER/Y
0.8\(tpo/m) EREE S
° a KERICBLTIE, BIEMETES N ERL
o D ZWIE T OB AWE O R LR ORGSR
BN B BB T OB ITIRE O WA DIGEL
{BICDWLTERAITS . BEIC, BENEICHNT
RIRTEIC & B HIREH A WTE DR LM O B0
BHABEHONTEY, prv BO%EiAsb
L, FRFXIPRIEACH, fIEESANECMROR
K, FIBENTAVEORNIENBF SNE, Lk
L, ChoDBREHEDHED, Zhhbdas
a=0° OMETORETH O, REIPOWKETY
FIRENC L DR S N BT ABTB O L22EH:
PURFIC L DRI N 2RI FRITZEINB 4D
DEEIIEBTETE ST, SHOFEE1-
T,

LT, AHEBRTR, SEEIERHEHEL TN
HFEBT HRRMTHEICK D, EHRSH
DY D FIBEE A BB IO 2 R EE v SiEs) R
® A, RENEEREICH LTS 388D TE
Fig. 15 Unsteady pressure charactaristics on IEISODTH L. WELT BHEHBIS &

the side surface of bodies in pulsat- WmIRDOEBOTH B,
ing flow (trailing edge).
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SEAHIRETIRENR B/D=0. 5 EHMTE
Bl AR R EHR B/D=2 JEMIE
BB RIREE R U ORENR B/D=2 fEMHE
Fyuytrs B/D=1$EfMiiE, B/D=2 FHEHE
hehr77 % B/D=2 SEMTE, B/D=>5 EME

CCT, BESOREBEBICOLT, BEAS T AEREL FICHINCELTE .

(1) BEE PHEERICTEZIrv< L BOBH R & MBS R R 5 BRE Tk
BESAKC T AV CRENE S, WEREICHE > THE U 2R AR LigigmrmEh— kb T B LR

D T AABHEEBEIRICT SN 5. RENER LEMIERETEL, B, FEMRENIREER
S THEMO BT ERAMS A WDIIEHEOED > HEE & 723 AJREHEDD B o

@ F*+a.Evy HPF1IEHETS B2 TIES TR HE bluff 72¥TH CRAET 5. chid
IR A% B B & RAE UL EEOBEIMTHE o TIREA AT BRIERTH 5. COBRRIFEEDY
OIEEERNY, BRHRLERELBVBRIEC 3L 3NTHD, HEIGER Utctasfmmnk Uick
*FEICBIR SN 5 NEERR, LT COENRENRREREEZ BB, BERTROBEOATIRET
B0, BEEERE LTR, BHRRGE dCf/da<0 LRSEHBREEINTOS. v 2y vrrEav
CEETIE, b BOERME, H ADEEOBE LD ONRHBELTHRE SO LENT
W3,

@ RLh73.48 RUh7Ty 2 HRBPUEERNY, FERD BLTERICEAET AHAITET
ARl EAED 7S v 2BHRTHO, HIEE N T VDT E RN OENOHRIFEBERE LTHToh
T3, #IC B/D=2 FREEOR LN T T v £ [ZWHHEIICE 2GR A TR DR EHSENIR T DR
LEZ LN, BAOIER EAESRERSICE L TEERS DL ->TH S, B/D=5 EME T3,
BRI & R LD & D SR O—ICBL Tk & D EQHEMBITE Ty, FEMEE LTHR
FiOgIEE TV DOEF R URRLED BHIESNCRET R T ROEBHEIENORREZELoN 5.

3.2 EHRBE

FERICELT, 9, SEEEICHT 2 ENRIFHENS DI BE—ERERRE R . B
F3Z OTSEERICI O H & N SIRICRBIRERA 7 — 22O 8 KD 4 VAT ) LT LEKY L%
Bz ohTED, BRRICKE Qfe=0) CHEINT. KEOERUBRBOR & 2 FABRED 51>
IR B A ICIRE T B 720 il 1 BHEEX RS 5L i3ln1 BB ATIE- TV 5, IRBNHRE
m,:4»279>7%Kﬂ0ﬁﬁént3®¥@1vxybK%@HUBﬂtE&f—Dmﬁﬁﬁ®ﬁw
ELTESIICHRIEL, &4 bR b7y CERRGESEENE) L8 UTHEARESR (FHBREFER

Table 3 Test conditions for two-dimensional model.

B/D f(Hz) m(kg-secz/m2)| 8(20 mm) 8(15 mm) 4(10 mm) (5 mm)
0.5 3.69159 | 0.16949 0. 03193 0. 03141 0. 02933 0. 02885
1.0 2.36735 | 0.27121 0. 02928 0. 02882 0. 02782 0. 02537
2.0 3.44156 | 0.24716 0. 008587 0. 006519 0. 004340 0. 004036

B/D f+(Hz) ‘ I(kgesec?) i 5(0.1rad) | 6(0.075rad) | 6(0.05rad) | 6(0.025 rad)

2.0 7.83289 | 9.8387x10™ { 0. 006983 0. 006332 ‘ 0. 004964 0. 003466
2.0 5.88889 | 2.0269Xx107° t 0. 008486 0.006417 |  0.003444 0. 003272
5.0 ] 3.03030 | 2.1498x107° i 0.023990 | 0.019270 0. 009301 | 0. 003809

§: logarithmic damping decrement
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%1, DSA-602B) AN L 1w —27 (0% (FiHD) ABUIcH, V=73 - (BH) Gk Lic. ARAY
#E#, NPL BIE b —S2ERAMNICEE LISE EHEDEFLF o2 vv s x —% (B ICKOREL
foo ¥, IRFEFRICEY ZIVERIBATERE, SEEHOREICERERMNE DNERREREL, B
A —st & URFE A S L I €T A T, AR, —BNHATY b —ECL DS EEEIC
BUREER BIHD O ¢ ) TL—v 2 L EADE, IRFH TORRRERMEBIETL 1o 128, ]
FEBR TR ORI DY BT A Table 3 ICRT o

3.3 ERKEERUEER

(1) B/D=0.5(R£HSEBMIE) Fig. 16 K FLUMERMRIEESHO, IRIEEEH—IGERIEHR
ATT. HENSERECREBIIRBEI TS 5. DT TIIDH 50 k=28, 45, fHE TIGERIEDIHE M
LT3, 2, BIEMEOEBEEEICENT, 2 P a A VBBEAOE — 205 k=25, 45, TK&{
BT E, DEDHNT L BORLABNEML LS C EICHEL TS BV~ L EMYAIRE) & IRFRIE
OWH L DML, FEREISEINLIEEIOND, LALHEVEETRLOR, MEREICKS
WV L REORELOFENKRE DI EBDNS.

@ B/D=1(£,05E¥%) Fig. 173, ¥ vy L 7 EEROIRMMBI—SEREHE TS 5.
IRERAEREREIC L BRRNEEL, 52VEEKROENDOEEL ST, REHOIEI—RTH TIE
AN RERBICHERTIE 13> TWS, L, £=5,, 28,48, &1 72 M OIRFICH LTI HER
KRIEL, BEDkE {105, CHBIRHBICK D, RENEE DD OHEEE ARBORLERIHEES
., HEEEANEOHESRAL, HELERNSEVEIGE DY, CAKNELBERROTED S N
BEWHSHL -1 LB EBDONSO

@) B/D=2@iREBEARE Fig. 18 (CHGHERLHTBIRGEHD, IRIEEE—ISER
IEEEA TR, SERRICEEBELRA SN, CHRMIAIRE)IC & 2 HEES A WiE O LR MR
ShEsAE L, RGBS ERRICHEBEEA 513 EHREL &b cbDEBbN S, Fig. 19
RS EEERTR CNRBIRIC OV TORREETRT . CC TR k=0~5, TIRIEO ANRD LN B,
IR REDER OB &, ERAAOENBIMAE (EHEANS YD, TOHEIHIdD Il
SNB. EHS, BME B E—E—REIER UL OVICRIEOED Uitk k=2 S, fHE TIRIELIK & {185,
AU LW 18 O N RS BT LTRSS &, ARSI LT 2 Ll
Nndo

2n/D

0 T T
[} 0.1 0,2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 K
. . (£pD/U)
] 5 10 15 20 fp (Hz)

Fig. 16 Heaving response amplitude v.s. pulsating flow frequency diagram
(B/D=0.5, D=0.05m, f;=3.69159 Hz, U=1.332 m/sec).
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S | H%[ II [

[}
0 0,1 0,2 0,3 0,4 0.5 0,6 0,7 k
. {£pD/U)
[ 10 20 30 £p{Hz)

Fig. 17 Heaving response amplitude v.s. pulsating flow frequency diagram
(B/D=1, D=0.05m, f,=2.36735 Hz, U=2.39 m/sec).
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0 1 2 3 4 5 6 fp(Hz)

Fig. 18 Heaving response amplitude v.s. pulsating flow frequency diagram
(B/D=2, D=0.05m, f,=3.44156 Hz, U=0. 697 m/sec).
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1
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Fig. 19 Torsional response amplitude v.s. pulsating flow frequency diagram
(B/D=2, D=0.05m, f;=7.83289 Hz, U=2.309 m/sec).
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2n/D
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st 4st
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Fig. 20 Heaving response amplitude v.s. pulsating flow frequency diagram
(B/D=2, D=0.05m, f,=3.44156 Hz, U=2.607 m/sec).
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Fig. 21 Torsional response amplitude v.s. pulsating flow frequency diagram
(B/D=2, D=0.05m, f;=>5.8889 Hz, U=3.430 m/sec). ’
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Fig. 22 Torsional response amplitude v.s. pulsating flow frequency diagram
(B/D=5, D=0.04m, f3=3.03030 Hz, U=3.124 m/sec).
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() B/D=2(¥+0yEvY) Fig. 20 C¥ +» 0y ELFINERDOBRETT, BEMSE - MRTHE
BREETH B0, FEBEE LTI B/D=1 BEHEELARETH S EEITEL, bTHTidd 500RHIC
LB HMEE AWBOTRLEHEESELEZI TS EEBDLRS.

() B/D=2(0aCh73v%) Fig. 21ICRALNT T v 2IEEFOIRFEEN—ISCEEEHRAETT IR
WA T RIOEERIBENAE { B-TVABM, HIC k=48, REOE -2 BEFIN D, COABERDIR
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NE=F EHIBAEE-TED, TORMBEMEL TS, THOBHUMEABBORZELESEEIO
TZDMEMSAL, QB STVORNIEED, BETOZAVY —BEMERTOITNEC &ick
5EEZONB,

6 B/D=5(falh73,4%) Fig. 22({CALNT T » 2 IGEROFERETRT. T T T A=2S, T
— 2 ZWA, TOBBAIRBIZIRDO LTS, k=28, T, EBEKEEH D OB AMEIIREICE 5
RIBET, HEERICHE S $I N T VNOENET, RO CH 5 EUBRE LR FEEREEICE
0, BHRIMNKELE-TRBLEDEEZLNS,

4. & ]

APFTIRIRIEAN TS 5 ERMTEOETI L 4, BN ERIEAHAND C LICK D UTFOL S 1R
BESNI.

1 BubEtE O OFBEJEEIC KD, EHEERRD 3204 4 KIS N S,

() SRR B/D<2 OWE T2 AMBIBEIRSKET S, C D% 1 7 OWEOHEEEANE
3, k=28, 48, DRBEERSORMICK O RBEHSEIE XN, DE Uz r v~ Ui, FRSEEih
135

@) HilEEIMEL 2<B/D<(6 DN T, AREIERERBEIRNEET 5, COX 1 FONE OB AN
B3, NS KIBERE REHE O FBRIEICTRE O TESR I N B BIOTTRME D 2 f5HE TREE s EiE
1, REEHBEHETS -

(@) TifdEE B/D=6 OWE CHEHBMNEROBE CH 5, COX 4 7OMEOHEEANEZ, X b
B VRO 2 (EAHE TREEMEDSEE X 2, RSN ET 5.

2. IREERIBIC K B (B ARTE O RLEREZIR E LTI, p~ o Rmowklt, $IsEANEOME
DEER, &IEE S T VEORD, SEORERILENBTONG,

3. SERHBETIOMEIRIT, B RO%EASOBIICKIGL, REIEICK DISERIBICE L
L3o
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