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Response Characteristics and Suppression of Flow-Induced
Vibrations of Rectangular Prisms with Rotary Oscillation
(2nd Report, Suppression of Flow-Induced Vibration)

Kazunori TAKATI**, Hiroshi SAKAMOTO and Yoshihiro OBATA

* Department of Mechanical Engineering, Kitami Institute of Technology,
165 Koen-cho, Kitami-shi, Hokkaido, 090-8507 Japan

The present study was experimentally investigated on suppression and characteristics of flow-
induced vibrations of rectangular prisms with various width-to-height ratios. In the previous report,
the response characteristics and generation mechanism of flow-induced vibrations of rotary oscillat-
ing rectangular prisms were examined. The present report was made on the suppression of flow—
induced vibrations of the rectangular prisms with rotary oscillation. As a result of previous paper,
it can be seemed that the prevention of rolling up the shear layer separating from the leading edge
of the rectangular prism is the most effective for suppressing flow-induced vibrations of it. In this
study, we therefore attempted to prevent the rolling up of the shear layer by the following three
method : placement of a small normal plate at upstream of the prism, attachment of four perforated
normal plates on upper and lower side surface, and attachment of triangle fairings on front and rear
surface. Important results from the present study were that (i) the generation of low-speed and
high-speed torsion flutter were completely suppressed by a normal plate placed at upstream of the
prisms, (ii) the generation of vortex excitation was completely suppressed by four perforated plates
attached to upper and lower side surface, (iii) the generation of low-speed and high-speed torsion
flutter were completely suppressed by triangle fairing attached to front and rear surface, and (iv)
vortex excitation newly generated at the different reduced velocity U, when a normal plate or
fairings was set up was completely suppressed by increasing from the threshold value of the reduced
mass-damping factor Cn.

Key Words: Suppression, Rectangular Prism, Flow-Induced Vibrations, Rotary Oscillation, Nor-

mal Plate, Perforated Plate, Triangle Fairing
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Fig.1 View of free-vibration equipment.
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Fig.3 Response characteristics of rectangular prism when a
normal plate (N.P.) is placed at upstream of the prism.
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Fig.4 Power spectrum of fluctuating velocity in wake behind
rectangular prism with normal plate (V.E.: vortex
excitation).
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Fig.5 Values of Cn required to suppress vortex excitation
when a normal plate is placed.
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Fig.6 Visualized flow patterns of rectangular prism with a normal
plate.

OOWMAHWBOREBIIHIESND. L LRICRT &
AN~ I FRIBHREND DI, 5 THIRA
B CRBT DI L0725, BEBICO THIE L &Rk
RS FBLS B35 — 2 6 ICRT DR BH=6.0D
BAETIE, UL AR OO BEEANBOE X
L2330 B EN 50, 2 00H AR OFKEIT
Bilkshaz &icizs.

3. 2 HEMEAIEICHRELL-HARICKSHH
3. 2. 1 RHAEDOHE  AFH THENEBEE
BRI K BHEFHEE, EFVTREZHBETSZ Lic
£ oT, HERAERTRRD O IX < BT 58 AME 2 B
CHIE L, HAHRBORRLMHTEbOTHS. &
TR~ % FE AL O W (A LR & iR BT 5 T
Bid, ERAERTRRD O X< BT 2B AMB OB E LA
D E EHHIEIL, £ORELLEL THRAOKRSORE
EMHILE S LT D60 THB. HIKIC X 5 HEZ
Rix, AR o, REME/H (b BB L O
Bk 6 OEME), BLOES WH (h: BHAROES)

5
a=50%
Cn=0.017

Plain prism
4l cn=0.020 -

Ur
(a) Change of porosity a (W/H=0.5, b/H=0.2).

2 bH=06
Cn=0.017

0 2 46 8 10 12 14 16
Ur

(b) Change of b/H (a=50%, W/H=0.5).

Fig.7 Response characteristics of rectangular prisms when four
perforated plates are placed at side surfaces of the prism
with B/H=3.0.

— 41—



1160 [EEHRED 3 % AL O Wi/ IREIIGE R & I (55 2 )

ko TXEEND. ARETIE, Zhb320/37
A—Z EfABLSE, BARBOMEIELHED
BOLOEFRH L. R 71X, BELBH=3.0DER
HEBELT, AHLRaB L URBMEVHEELEET
BEORBTIMABRBERERLEZLDOTHS. K
@MPHHALADEDIC, HALEa=50%DHEITB
T, EHIERICRBT 2 EEEBDR, L0 TR
RIS TnS. E-REME v/HICBLT
1%, BB IIEFRT LI, H=0212BW\WT, RILLIE
FoERMR B £ O TPRMRITEEICHflShTns. &
HIZHHARDE S hITHOVTIE, BRIZTERT S,
H=050BWTHLL 2 20#HESIIE bimF & h
T2 &b, BRAICKREHEL LTa=50%, b/H=0.2
BEXOWH=05725EE2HT 5HIKE AR TIEER
2 e ol 0l O

H8ix, MEWH=05 REMEHH=02, BLIV
FHLEa=50%5FARENED L, BIOTFHE
DENEN 2 EHROMFOMBICRE L=HEOEK 1
WRY, Y- ERRS T 6 MEDLEL B/H
WCBLT, BB HHMOBRBISEFMELRLIZBOT
H5. WTROBLERIZBWVWTY, > THE LV
ERERIRIIEZICHH SN TS Z EBbrs. L
ML, RERETHImAEBRIE, WThonErL
CBWTHHEEL, AILRICLSHETIE, 20%E

ERHITHZENTEARVI EBbMS. &< ITEH
HEFCRIT 2OREBHN1.0 (3F—1) TiE, %
BORR® b VR BEGERIR S A AR Z R E S5 - b
ICkoT, BMIZRBELTWS. LER-T, AHLKIC
L AT, RRERRE X O TRR D R H 2
T2LETEEDRFETH LN, BREBHEOREEIL
il TE Wb O LMW SRS,

3. 2. 2 H@MEBOIO—R4—>  ®oL A
AR % B E L 7= B D BT AER D O fiih o AT 8IS
RERLEDLOTHS. HbdTHEEBERMERRED
Ta—N_E—r bR LTHD. RBALRITHKARS
BHEOFEOHE L RIS, HILE a=50%, @S W
H=05, %BAMEIH=02L LTH5. WTho, ¥ —
SIBWTS, RGO 01 < BT AN
AR X o TH# S WA =0ic, 5 TEOESHHE
E3h, EREZF TORE EXVIIPELEhTVWS
F88 = 3~51TBWT, B&IE<HES TORR
bAEARIC L > THIESATWS. 20X ) IChHikIE
<HEST, HAVIEHL~ ) THIOFERBIIE S
BT LIZE-T, ENHITE B 5 TR, WONTER
HEIROBHEBELICHH SNDZ L &b, Ll
mEGERIR BB I, RUCRT & O (CHERAENT&E)
DI MET 2 EAMEIZ, REICKEBREENRBE
OIT, TURRBTHZ L ERD. ZOX ) ICERAE
OWEICRE LA, 5 TRRE X OMERER

3
k- B/H Stationary Vibration (H.T.F.)
51
00 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 10
ur i (Pattern 1)
(a) B/H=1.0 (Pattern 1) (b) B/H=1.5 (Pattern 2)
5r o Cn=0.032 3r o Cn=0.020
* Cn=0.226 * Cn=0.118 15
5 3 T { (Pattern 2)
02 it
32 1
; ¢ 20
0 246, 8 10 12 14 0246 ar 10 12 14 16 (Pattern 3)
(c) B/H=2.0 (Pattern 3) (d) B/H=3.0 (Pattern 4)
21 o Cn=0.016 1r o Cn=0.011
* Cn=0.120 * Cn=0.019 30
5 [ h j (Pattern 4)
i 1 0 T . 0 ‘T
-/ § ; : f / 4.0
00 5 10 15 20 00 10 20 30 (Pﬂﬂeﬂ'l o)
ur ur
(e) B/H=4.0 (Pattern 5) (f) B/H=6.0 (Pattern 6) 6.0
(Pattern 6)

Fig.8 Response characteristics of rectangular prisms when four
perforated plates (P.P.) are placed at side surfaces of the
prism (O Plain prism, @ With P.P.).

Fig.9 Visualized flow patterns of rectangular prism with
perforated plate (H.T.F.: High-speed torsion flutter).
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Fig.10 Response characteristics of rectangular prisms with
triangle fairings.
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Fig.11 Values of Cn required to suppress vortex excitation
when triangle fairings are placed.
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B/H Stationary Vibration (V.E.)
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Fig.12 Visualized flow patterns of rectangular prism with triangle
fairings.
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