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WIND TUNNEL TESTS ON THE VIBRATIONS
OF STACKS INDUCED BY WIND

by Dr. Eng. Hatsuo ISHIZAKI and Swmio KAWAMURA
Synopsis

Steel stacks are always vibrating under moderate wind, but the reason why these
vibrations are induced by the wind has not yet been clarified. To study this problem,
the vibrations of moving cylinders and the wind pressure variations against them in a

wind tunnel are considered by the model experiments.
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Table 1 Dimensions of the models

. Outer diameter Length Thickness Weight
Specimen ¢ (cm) L (cm) ¢ (mm) w (kg)
No. 1 10 50 } 2 1.030
No. 2 20 50 T 2 2.090

FoRIEZ, ARREBMATOEE L, M—& L 50cm 28D, FHE 2.87 02543 vk +
%o IREES No. 1 ©2oWTit 10m/s, No. 2 ©2WTik 20m/s & L, EHROBEEESNLRE
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Table 2 Vibrational properties of
o the system
Speci Wind velocity| Natural Spring
¢ n'?en “lat resonance,| frequency, constant
(m/s) (c/s) k (kg/cm)
. y /
# f .
maw * No. 1 10 20 4.13
& Ak L50 x50%« No. 2 20 20 8.40
| % A RBUIR - T T T Tt T e

Fig. 1 Test section of wind tunnel with
fixed model in place
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Table 3 Springs used for supporting the models

Specimen

Spring constant

Average diameter
of coils

Diameter of spring

Number of coils

wire
k (kg/cm) D (cm) d (cm) n
Spring S 1 4,13 2 0.27 16
Spring S 2 8.40 2 0.30 13
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Fig. 2 Test section of wind tunnel with Photo 1 The model No. 2 supported by springs

moving model in place
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Table 4 Measured periods of wind pressure variations of the models fixed in the

stream (sec)

\‘\\\\V}Nind velocity (m/sec) ‘
: Direction . ‘
\[0 wind S ‘ 4 8 | 12 16 | 20 24 28
. . stream AN | ‘ |
Spec1men_ - ~~ \\‘ ] ‘ i | - -
No. 1 | Parallel 0.08 0.08 0.08 ‘ 0.08 0.08 0.10 0.12
No. 1 \ Normal 0.09 0.06 0.05 0.06 0.02 0.03 | 0.06
S B _ |
|
No. 2 Parallel 0.06 0.07 0.10 0.09 0.06 0.06 0.07
No. 2 Normal 0.14 0.08 0.06 0.06 ‘ 0.05 0.05 0.03

2

= DBAD Reynolds Hix ('/T'e&i@w.ﬁ'&;%ﬁ»:o.os =

L17)



108

THbo
4.2.

TRB KB ERTAERE 4 5 (FE.36. 3)

2.66X105~1.86 % 105 (ifl No. 1)
5.32x104~3.72 %105 (A No. 2)

EEMRA : REEE) O A & B OIRE E ORBRIES e oo LLTF#DAES Table
5,Table 6 2R

Table 5-1 Measured periods of wind pressure variations of the models supported

by springs in the stream (sec)

\\‘ Wind velocity

\ S @S a6 s | 10| 12| 16| 20 |22 | 24 | 28
*\ Direction
Specimen ’\Spring ‘\ to stream
N S1 Parallel 0.019 —| 0.019 * 0.05 1 0.05 | 0.064 — 0.04 —
0.1
S1 | Normal |0.11| —0.26| -—lo0.44|0.26]0.26| —|o0.28] —
|
‘ !
2 Parallel 0.022] 0.01' 0.02 | 0.03 0.04 | 0.05| 0.05 | 0.06 — —
No. 1 ‘
2 Normal 0.44 0.26 0.24 | 0.38 0.18 | 0.28 | 0.20 | 0.08 — —
i | |
1 Parallel 0.05 — 0.04 —| 0.05 | 0.05 | 0.10 —| 0.06 —
No. 2
1 Normal 0.06 ~—| 0.11 — 0.19 { 0.10 | 0.10 — 0.09 —
__ ‘ _
2 Parallel 0.015 i 0.01 —| 0.019; 0.04 | 0.06 | 0,05 0.06 | 0.06
No. 2 i
2 Normal 0.06 —' 0.12 — 0.05 | 0.17 | 0.07 | 0.05 0.06 | 0.06
Table 5-2 Measured periods of vibrations of cylinders of the models supported
by springs in the stream (sec)
N
-~ Wind velocity
\ . @l s | 8 10| 12| 16| 20 | 22 | 24 | 28
\. \-\ ‘
\Direction\\ |
Specimen |Spring \ to stream \\“
No. 1 S1 Parallel 0.09 — 0.07 —| 0.09 | 0.07 | 0.05 —| 0.08 —
No. 1 S1 Normal 0.20 —| 0.10 —| 0.06 | 0.11 | 0.09 —| 0.07 —
No. 1 S 2 Parallel 0.04 0.09/ 0.05 | 0.05 0.02 | 0.02 | 0.02 0.02‘ — —
No. 1 S 2 Normal 0.08 0.06/ 0.06 | 0.04 0.14 | 0.18 | 0.20 | 0.02, — —
|
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No.2 | $1 | Paraer | 016| —|o14| —lo22|o0.22|022! — 0.2 L=

No.2 | S1 | Normal |0.10| —|0.11| — 0.05|0.10 0.09  — 009, —
\

No.2 | S 2 | Paralledl [0.12| —|0.23| — 0.28]0.23|0.20] 0.19/0.20| 0.26

No.2 | S2 | Normal |0.08] —|0.08] —| 0.090.10|0.13| 0.14/0.17 | 0.11

Table 6 Measured amplitudes of cylinders of the models supported by springs
in the stream (10~'mm)

Wind velocity :
(m/s) | 4 | g | 12 |16 |2 | 22| 24 | 26| 28
Direction ™.
Specimen\Spring\ to stream \\
S1 Parallel 7 5 9 20 20 — 36 — -
No. 1
S1 Normal 15 30 47 50 74 — 65 — —
S 2 Parallel 4 6 10 19 32 — 29 — —
No. 1
S 2 Normal "9 20 32 30 41 — 36 — —
S1 Parallel 6 11 19 19 48 — — — —
No. 2
S1 Normal 7 20 19 35 57 — — — —
N S 2 Parallel 6 5 7 10 19 17 37 43 36
0.2
S 2 Normal 6 7 15 20 43 47 80 66 55
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R : Reynolds ¥

IoTHEREIRTD Reynolds A EEL T, B No. 1 OH4 S=0.19, HH No. 2 DEH S=0.20
ELT To %RDBE Table 7T DX 512 5Do

Table 7 Calculated periods of pressure variations due to Kdarman vortices
" behind the models (sec)

Specimen |VVind ¥elocityl 4 | g | 12 | 16 | 20 | 24 ﬁ 28 | R Number| S Number
No. 1 T, (S) | 0.131] 0.065( 0.044| 0.033 0.026/ 0.022[ 0.019% 75! F 0.19
No. 2 T, (S) | 0.250 0.125 0.083| 0.063! 0.050 0.042 0.036-421% | . 0.20

HIEEMOB{T O OWTRAACEALHRADENEHORM L LEOfEL % Fig. 3 XU Fig. 4 ©&F

To ThHEDEAL B L5 ¢=10cm, ¢=20 cm DLW FhOBE L AFNZEMCEEIh TV S E
¥ Reynolds 2 3x104~4 X105 BEOHEHIC K\ TiL, AfEH Y ORERF AOEHNEHDOAMLE
B LVwWh¥s Karmén \BOBERPCHE N E V2T IWTHA Ho

Ty
(sec)
020
T
(sec.
o5k aist
——o— Calculated value
1 s Measured 7
o10r . o1
X —o——o— C(Calculated period
N -aee--x-- Measured R
005+ 005¢
RN
0 ¢ 6 iz 16 20 24 28 Whe) 0 v § Iz U6
Fig. 3 Calculated and measured periods of

20 20 28 ‘w('%ec,)
wind pressure variations behind the
fixed model No. 1

Fig. 4 Calculated and measured periods of

wind presure variations behind the
fixed model No. 2
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Fig. 5 The relation between the wind velocities
and the amplitudes of the model No. 1
supported by springs in the stream
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Fig. 6 The relation between the wind velocities
and the amplitudes of the model No. 2
supported by springs in the stream

_7_..



112 AR SRFERTERE 4 5 (F8.36. 3)
7&‘
f
(G (¢/s
(B) model No.l.
10F spring $2 20f
5 10
(B) model No2.
Spring-S2
0 i L L L . e 0 " L . L s s L
o Yy ] 72 16 20 2 v (Ms) 2 4 8 12 16 20 24 28 v(7%)
f (Cf
(ch () model No... spring Si r
sk 10r
(A) model No.2. spring 51
0 . 1 s . | L L : L L 1 L N
o ¥ 8 72 16 20 24 vim) 0 4 & 12 16 20 24 28 v("s)

Fig. 7 The relation between the wind velocities
and the frequencies of the model No. 1
supported by springs in the stream

Fig. 8 The relation between the wind velocities
and the frequencies of the model No. 2
supported by springs in the stream
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Fig. 9 The relation between the wind velocities
and the frequencies of wind pressure
variations of the model No. 1
supported by springs in the stream

Fig. 10 The relation between the wind velocities
and the frequencies of wind pressure
variations of the model No. 2
supported by springs in the stream
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