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TABLE 1——Dara for Plotrting Figure 2
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o No Ve s d |R(10%)] S Lining a port | erence
1 k<) 15 6.83| 2.1 21 2 28 SSF | F.W.C
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3 17 57 8 1.3 .18 None 12 SSF | F.W.C
+ b 58 | 106 | 1.9 22 Nome 9 %SF F.W.C,
o~ D~
5 17 55 86 | 1.5 .19 known 67 k:bown #3
n- n-
6 £ 1.0 16.5 | 9.9 175 | None | known | known #3
7 49 12 11.33| 5.1 .19 None 16 Piled £23

SSF = Supported on Spread Footing FWC = Foster Wheeler Corporation

-3
T

NN TOANETER {L/D)
T

" 1 ] L l
] " 0 $ 4] 0 L)
CAIMCAL winD VELOGITY, W2, { V)

i"l‘. 3—Ratid of stack height to outside diameter as a func-
tion ol eritical wind velociry (V.C.R.).

< fiRBLU= > by N.M

(0)  BARMITIE, RO XD REEIFIRICZR S,

v
ALy 7 DEAIREE fo DFEE PRA R GEF OB ST 1R 7 4+ — A : p=CLp V22
» PRI RO F O I EEA: + as= pdLY/8EI
LA IV ZEL Re DAE PRI EGRIEF O FHIS ) o s=pdL2/(27)
A 4 A 4
Re—S BAfRERAR LV 2 b m— L8 S LY INERER - (ala) =(n I DGR /R T A — %)
, BB . a=as(n/ DGR T A —24)

A
PR FEGE : Ve=fd/S l




WIS ¢ o a=(alag) o s

]

LA/ )V AR E D1 ) I v

y 598 HE M 55 R AT

(k1) ZDE 4% Blevins ®7 % Z  [flow-induced vibration] T#Hii5e L TH <, Blevins (2 LT

P4 & B (votex shedding) DB OAMIZ T D X 5 TH 5,

Re < 6 REGIME OF UNSEPARATED FLOW

5T015 < Re < 40 A FIXED PAIR OF FOPPL
S VORTICES IN WAKE & E i3

/:OJEE‘E‘?JJE

@o 0 5 REGHES W WHIEH VORTER

STREET IS LAMINAR
150 < Re < 300

BE&E TRANSITION RANGE TO TURBU-
LENCE IN VORTEX &3z 1

Q O 300 < Re < 3X10°
VORTEX STREET IS FULLY

22 TURBULENT 22

3% 10° < Re < 35X 10°

— g LAMINAR BOUNDARY LAYER HAS UNDERGONE
TURBULENT TRANSITION AND WAKE IS

N = NARROWER AND DISORGANIZED

MAAH 2%

35 x 108 < Re

i O RE-ESTABLISHMENT OF TURBU-
0, LENT VORTEX STREET op00.0 oz

Fig. 3-2 Regimes of fluid flow across circular cylinders. (Ref. 3-6)
[Robert D.Blevin [Flow-induced Vibration 1E¥$E3%]

AICERTIE, @ LA IV AEIRIZ DWW TR D2 NDOTLLUF, fifid LTk,
+ 300<Re<3x105 | TELIKERBNEHN TVRNVDT, WhEH 77 U T ¢ HATH D IBHI
RE LEAHERER)EZH > T\ 5D,
« BB LA VAR 3x105 LU EITFA O FIBE S AR T B8 LIRSIXEE TS, & L CGRIRENK

R UEVN il UGV E =t (R RN (A VRIS T/ATIN
7% L BUORSIBEND.

(%2) LA AR —Z P a— " AEOBRICOWTIETROL 5 R b00dh 5, FEOMIE Blevins @

TX A RO Fig.3-3 [ZiF OB ZBR LIZbOTHD, LEOETHEEDOXIIT, mLA VA
106~1073KIZ & B A kv — VB D SPR 72BN ED LTV WA, FEARIZ X Blevin @ Fig.lZ



AL THD,

08— ————— _
.. T H e e e e e i e e e
o O 1 :;:-_ 1 t - H + i o ——
ﬁ! e J—'| %
= Y = == R
é:u| —1H 1 e ]
1 1= : — e =
ﬁu|| -/r— 1 i | S e e ik L i —“]
i 102 10? 104 105 105 107
L)l R
EETE] HfEmSt ERe BonBE{% [ELFEIMET]
[T} oy
wl R /7 \
g /o
{ /Lfﬁfﬁﬁ‘l U !:.
[ 0 /!
—tt T

o

Strothal nomber
oy
\
\
5\
\
.:ﬁi_

: - EL?ﬁiﬁﬁ??ﬂ?&
| R CEL e
AN T T A
AL AR (B T
plaal o "I A N WO U O W N W T O N N N N 0 [ T |
w " et i it Ty

Reynolds romber o
Fig 3-3 The Strouhal-Reynolds number relationship for circular cylinders. (Ref. 3-5)
[Fobert D.Blevin [ Flow—induced Vibration 1X#353%]

(%3) HREOEHESAZ, FROGEREIHR®ICL S U7 RATEBRILEZE D,

1y

EES
. u,-fu1={3r,-’5}”?

(k4) FrERETIE R HDRFER TERT 2BREHR, vy 7 VBRL V- TEZ, ZiHUX
FEINBEREL7-HDTH D, ASME Appendix N (TR SN 5 MEEXK Z R BIZRT, ZOHE
RS 7 A VT H D, T OFEIHIIW D L HHIRE S O X 69702 & 2 HHRERIC
< Eb) . FOMFOEAREECRENT 5,

7%, PR O ORI O WX A b r— ORI o TV D,



Rl
q1—
Eeduced Velocity (¥ D)
8 e (REIE)
§ L R Synchronization ran Damping Parameter (m+5 sy
: N\ T o #5 3 CHF§3A--20)
8 6 \ "4\‘5 £ -
aj8 Q) V = PHERERE

& | .\.\\\\\~Wm5\““‘ ' b = BV RENECn 350
8 O D = Pt
2 mi = EEES LI EE
g 5 = FEUEEE( =0 s )
g 2 P =HiEERTE

L £ = B

o | | | | ] |

Q 5 1 15 20 25 0 35

&

Damping Parameter, , Dimensionless

p

FIG. N-1323-1 SYNCHRONIZATION OF THE VORTEX SHEDDIMG FREQUENCY AND THE
TUBE NATURAL FREQUENCY FOR A SINGLE, FLEXIBLY-MOUNTED CIRCULAR

CYLINDER. SYNCHRONIZATION OCCURS WITHIN THE SHADED REGION. (REF. 10&)

| A5ME Appendix N Dynamic Analysis Methods Jitﬂ?ﬁﬂ‘rﬂ

(5) BIHRH CLIZ oWV TIE,
JSME [fc/& W FERAE S O it 1 IREh RN fR £ : Cr=0.6
H AR E 2 8% JPI-TR-35-87 : CL=0.66
JSME ORYL & 7e > 7o 7 — 2 2w,

A " A Lok 8 I. 5 4 't 5 'l 4k 4 A 'l 2 n L ' R .
iy 10% 106 il
Re

(a) Total lift coefficients C,, (b) Narrow band lift coefficients C..
Ideal crosaflow curves: 1(Keefe,1961), 2(Fung,1260), 3(Schmidt, 1968),
4(Jones, 1968), 5{Loiseau, 1972), 6(Szechenyl, 1976)
MERE AS-1 W HRECE L DE

[ISME RERFRAEENOREReFIaIsst 1988) L0IFf]

10



11

(%6) filx1X. JPI-TR-35-87 &% 1 T,

—WREAEEE f=1UT, T=27r/g%5{ % Wnyn2/(E Wnyn)}0-5
2T, T=—WEARAY. Wa=0E1t 7 A FoER, HER 7 AL ML ToE,

(%7 1~A—NR"F—=F v aRy NETIVICEYIRIZRNIR ) Fe iot MERT 28582 %25 &

REN AR . mx"+cex’+kx=Fe it
B A2+ (/M2 +wa2=0 (wn2=k/m)
RetEi L A =—1c/(2m)} +[{c/(2m)}2— w n2]05
{c/2m)i2— 0 n2=0 O & ZZRHIEERBEIC /D, ZDEED ek et THIE ee=2mon F7-
Rl % C =clec ETHUT, c=2Cmownt7td, THNEREGERUHNT
mx’+2{mwnx’ +kx=Fe it
l Vw2 X"+ 28/ wwx+H{k/(mwu2)}x ={F/(mwn2)} e it
k=mwni2 THDINHG,
1w "+ 2C/w)x+ x ={F/k} e ivt=xse7it
ZOROIEFRIREZ R, ZOEHE LD L
x =xssinflot— O)/[{1—(w/ww22+ 27 »/wn?]os
sin DRI 1 %2 &0
(/%)= 1/ 11— (0/0)22+ 2 o/ wn)?]05
X XEIEEA, X ITFRVEEATH D, x/xs=u. o/wn=f/fa EBNT
u=1/[{1—(f/ )22+ (A )2 (f /] £a)2]05
ZI TR u AR E o TV, HRIREE (f=f.)TiZ
u=n=n//1 =2¢
ZAVTEY I BELR RS DIE 272 2 A " T b O T, HIEREL IR R H 5 VIR B E
RELBLEI T CT 1T ERRETNVOMEET, PEE(C ZCTIARLRIOZNLITRR D,
ZREEIZ OV TCIL, JPI-TR-35-87 &% 5 T,
u=(z//)(H/D—6)/10 H=¥®E&, D=A¥ v 7#)
ERREEIICE 2 65, IHERAZ v 7 OMRBRE K 725 LIBEHERIIRESBRVENLTL
725, L LFEBIL, IRIENPKE R EBHEEANKE L R VNI E—T B0 5,
JPI-TR-35-87 IZ >\ CIXiffT 2 & = &,

(k8) REMTIL 16~19 ke f/mm?2 DIEFFIRISINEL E THEDAR, %4y SUS316 LA E DI EE DU

ME L Bbhbd,

(%9) ZZ TV ARA ZILIMIREREFN D72 O OAEERM & b b, KA IR EE S & L i

— —

DX I 72 DOBRH 5,



. 15 =
g T RER
&I\
%
\ A
~=EEEE§E§Z§§

IRLAFEY T
FLANIAT

.

| iBIEREhEFINTEE |
Blevins[Flow—induced Vibration]) ¥ #8513

&

-
Perforated . derodynamic
Flag Shrood fixial Slats Fairing
Helical Plates Ribbon or Hair Pivating
Strake

Fairing
15
“Sources and Bemedies of High-frequency pipinz wibration and noize™

by &.M.Price and D.E.Smith
Progeedings of the 28th Turbomachinary Swmposiom

(x10) A% v 7HHOMNEPERICOWTIL, Blevins DT F A MU TFTDO LI RTF—2H 1,



13

TABLE 8-4. Damping and Fundamental Frequency of Circular Towers and Stacks®

< . Tip STECETEE Fundamental Tip Single
Height Diameter ramping Frequency Amplitude

Structure Material Location (1) {fE) (2=) (Hz) (fr)
Sobid circalar tower Reinforcsd concrete Ferrybridge “B™ 415 24.0 0.06 0.61 0.047
Solid circular tower Lightweight reinforced Mewman Spinney - - 0.08 147 Small

[ concrele
Solid circular tower Ligheweight reinforced MNewman Spinney - - 0.12 141 0,025
concrate
Sold circular tower Welded steel, unlined Aldermaston 150 4.0 .01 0.92 -
Solid circular tower Welded steel, unlined Muoss Landing 125 11.3 0.0z 1.12 -
Solid circular tower  Welded steel, unlined Moss Landing 125 11.3 0.07 L1z 0.25
Solid circular tower Welded steel, unlined Contra Costa 200 110 .04 0.97 Small
Solid eireular tower Welded steel, unlined Grimshy 150 T 0.05 1.30 —
SolM circular tower Welded steel, unlined Mizushima 296 175 0.03 0.75 -
Solid circular tower Welded steel, unlined Watayama 274 13.5 0038 1.15 -
Solid circular tower Welded steel, unlined Sakai 253 12.7 0032 0.69 -
Bolid circular tower Welded steel, lined Moszs Landing 225 11.3 004 0.&2 -
Solid circular tower Welded sizel, lined Muoss Landing 115 11.3 0.07 ¥ ¥ 0.33
Solid circular tower Welded steel, lined Coritra Costa 200 1.0 006 0.7 Smal
Solid circular tower Welded steel, Hned St Clair 150 16.5 0.06 - 0.25
Solid circular tower Welded steel, limed Chiba 300 145 .03 0.67 0.17
Solid circular tower Welded steel, lined Japan - - o.09 - -
Solid elreular tower Welded steel, lined Japan - - 0.0%5 - -
Solid circular tower Riveted steel, lined Conners Cresk 240 16.6 0.04 - 012
Lattice tower with Bolted stee] Crystal Palace 440 - 002 B2
circular mast
Lattice tower with Bolted stee] Crystal Palace 10 - 018 .30 D57
circular mast

Tubular tower Bolted aluminum Bienne 124 12 010 0.7% =
Tubular mast Welded stex] Rimouski 120 7.3 0.05 2.1 -
Tubular mast Welded steel Halifax 500 1.3 0.05 0.31 -
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