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. The object of the present project was to determine the \ >
¢ . - .

-~

i effects of end gap on the vortex #hedding frequency of symmetric
Ay
equiangular, priE'ms. The study also includes the reinterpretation
of some results of eccentrically mounted bluff bodies conducted

/' by earlier investigators. _ i .
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- Chapter - 1, - .
.+ ++ INTRODUCTION . ‘
. r‘

‘General Remarks: Vortex shedding is an important

-factor in the design of structural elements subjects Vto‘ﬂow induced
vibrations Several reviews on the topic of flow induced vibratit';n
causcd by vortcx sheddlng have appeared reCentIy (1 2, 3 4 5

- » and 6), Although consxderable Lnformatm.on exxsts about vort:e>r

-

shedding by bluff body models mounted centrally in a test s.ectmp,
the effects of end gap (Fig. 1) on the vortex shedding of bluff bodies

have not, been studied in detail, Information existing in this regard

hmxted to the data of Shaw (7), whose te,sts were. canducted ina
towmg tank, Shaw's tests included the effects of end gap on "the

vortex sheddmg frequency on bluff cylinders and p].ates . ;‘.
‘ o

A

- The eccentrxt;ally located body ca be vxewed as though it
formed pa.rt ofa multiple body confxguratxon s‘hown in Fig, l(d)
The, latter is, often termed as a partxal row conﬁguratmn. This .

mterprqtlation_ is possxblp since a stream -hne Can be repla.ced by
. , ) v '
a-solid boupdary, ‘ * : \

| \
b

© i *

Scope of the)rese»nt pro;ec_j: The ob;ectofthe pres=-

-

' ‘ent project was to determine the effects of end gap on the vortex

.sheddmg frequency of symmetric eq\nangula.r prisms (Fig. 2). The
stndy also includes the remterpretatmn of the results of eccen~
trically moun;ed bluff bodxes conducted by earlier investigators,

@, 8). T S
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EXPERIMENTAL SET UP_ AND PROCEDURE o

The tests were carriéed out in a 14" % 10" test section of a wind

!
—

tunncl'(Figs. 3, 4 and 5), .The‘symmetric equiangthlar prisms were
L N . " . u

chosen as the basic shape fqr thé tests, These models were-made out

“of brass, They were 10 inches high and 0, 85 inch wide, The outside °

L3

‘surfacus were machined to a smooth finish, - ' w3
v ) ’ . v ’ v
.l ) . ~ ’ _ ] .
Coor e “The test body was held rigid-in the tunnel test section to avoid-,

‘model vibration, The body could be moved from ‘the tunnel's center-

. line towards the side wall to provide varxous offsets from the center- A

hne. 'I‘he’Se body loca.tmns determine the effect of eccen/t};\c mounte-
e u;g on the vortex shedding fre‘quency, The vortex shedding .frequency . ¢
" ‘was dctected in the early wake of the body with the help of the DISA hot
. 4 Ct [ A
' . filmm probe (Fig, 5). , - . .
- . v " The frequency of vortex shedding was obtained by recording the

v hot film sigxialswon a.strip chart, The éignals were 'stored oﬁ akﬁne

recorder and lva;ter analyzed with tHe help éf the B & K wave analyzpr-‘
o level recorder unit (Fig, 6). The instrumentation signal condi}:ionii;rg
- circuitry is shown in Figure 71 | B y R | \

s

The sampling time for data recording on the tape was 15 minutea;
for each run, This txme was found to be sufficient for analyzing the ’

recorded vortex sheddmg frequency data on the wave dnalyzer.

' . ¢
.
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" :Other experimental procedurcs consisted of recoxding the
%relocity at the entrance to.the tcst section with the help of a pitot
. L - 1 - .
tube- = inclined manometer combination which in turn yiclded the

undisturbed (mean) velocity u at-the plane of the' test body (Fig, 5)

N . - ,
~ . \ - .
#

.

. A simple,coml')\uterlprogram has been ;;repared for cafcglat-

ing the mean velocity u of the éir at the test section for diffe.rent

.
i

nocm pressures and temperatures, Care was taken to center and

/

'ahgn the model axis with the test section center-line, Check.mg of

a .

\
the zero readmg of the inclined manometer was made before ea.ch

K3
3

When thee body was next to the wall it was sealed with a tape

o

. to avoid leakage, }Low velocity flow in t)je test section was obtained. -

¥

*{ by adjusting the bypas's ‘opening’of the supply duct,
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) . .,
" mounted prisms: The basic vortex shedding frequency f was

, Chapter - 3 _""

/ .' ANALYSIS OF, RESULTS .

¥ ‘. .
. Velocity Scale: Figures 8 and 9 indicatc the results of -

present tests rclated to the'vforte:}/shedding frequency of prisms,
Tables 1 to 6 provide-additional information about the raw data and

reduced data for flow past the prisnis subject-to wall interference,-

i

The various definitions related to data reduction are mentioned ._

briefly in Appendix 1, Figures 13 and 14 show the strip chart records
. ‘ -

related to the hot film signals for a few selected body locations,

Figures 15 and 16 denote the spectral density plots of r corded data. ,

» [
°

i\Ig (9) used the gap ‘velocity u, and the confracted jet velocity

. . . ) -
ficlents and the Strouhdl numbers for.the triang
]

gcéntrically located bluff b‘odydmédels, Lee (8)

¢ . ‘ ,
‘approaching flow gets deflected towards the wider gap side when the

uj (Fig. 1a) as the scaling factors for the rtodiﬁedisteady force coef-
. / . LD

r prisms, For *

8 shown that the

dimensionless gap distance G/b is small, Congequently, the use of u,

o

a.ndaxj to denote the velocity scales for normalising the ﬁuid forces
and t/lg.e vsjrtex shedding frec'iuencies may not Fe very appropriate here,
Note that the value of CD for eccenq-ica.lly mounted bodies is reduced

©

when the end gap is reduced (8), ' ' b

Y
L3

Vortéx shedding frequency =- eccentrically °

<

~ . ) » :
normalized using the lateral dimension b of the triangular body for the.

, I N
length scale and the undisturbed velocity u for the velocity scale, The

reéulting Strouhal numbexs S for different end g'hps of triangular prisms

are \tabulated. as functions of Reynolds number R (Tables 5 and 6),




i

. 8 7 ] .
Although there was a-change in the Strouhal number wzwmnatmns

a

in the end gap, no significant Reynolds number effects were observed.,-

. This beha\nour is to be expected as the separatmn points for the

prisms are fixed, and no boundary layer transition effecte wére )
“a.pparent as in the case of circular cylinders (Fig. 10\)\. As such, '
Strouhai number variation with eng gaps for both the prisms have
. been replotted as functions of end gap for only ene Reynolds number,
- In Figures 8and9 the res’uits ‘of» Shaw related to the effect of end gap
on the \fprtex shedding frequer;eies of nor;ria.l plates ‘a;‘nd bluff cylin--
. . a &

ders are also included for comparisoa, The end gap appears to -’

increase the Strouhal number gradua.lly' as the former is reduced.

&

This is truée for both or1en,ta.t1ons of the prisms tested (6 0 and

0= 60 ). The maximum value of the Strouhal number is atta.med

-

when the gap G/B is of the order of 1,

Note that the value of the Strouhal number for-zero gap (wall
mounted bddy) is higher than that of the central:l.x rr;ouqted bluff body
(e /b ='0), although the Falue of the S(:i-ouhal yxmberr at the former
location is still lower than the peak value which was seen to occur'a¥
G/b 22 1, This trend seems to”be quite dmtmcﬁfo% all the bluff sha.pes

shown in FxguresBand 9 where in Shaw 's data for other shapes are

0
S

included for compans on, «

VN ) N . : : ¢ '
L Drag coefficients for e,e)ceh'tric locations'Ta.blel

. indicates the remterpreted results related to drag coeffxcxenta of a fe’\

bluff bodxes located eccentrically in the test sectxon reported by Ng (9)

and !.ﬁe (8). Alt)\‘qugh.ior these fesults, the blockage factor (See.

q- * - . W :‘
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Appendix 1) is not the same as ir the present case, qualitative <

( ) .
statements can be made about the general functmnal relationship
‘between Cp and G/b. -« . 7
‘ l ! T 4 ) ! © » ! ‘ : -

Figure i1 indicate g that the wall mounted prisms have the low-

o

est gzqf coe(ﬁcients. How' er, the value of CD increases as the gap

s 0a 1 -~
w1dth mcreased and reaches a ma.xxrnun\kvalue of CD when G/b
,0f the order of 1, In general the interférence effects ‘the suie wa]l

LY .
seem to be lithited to g3ap widths of 1, However, for the ca.sc of the

.circular cyhnder for @he gseparation pomt is not fixed,. t}n\s kind

of functional relationship between C and G /b could not be traced as .

D L]

Reynolds number e~£fiécts (Fig. 12) are prédom or flow past a - ‘
circular Gylinder, . . - ' . "

[

. . . -
<

.

‘Itisa little puzzling to see an increase in both CD and S as
the bodies are movedgway from the wall (mcreasmg gap width) in the
range of 0 G/b<"l. This comtrasts with the variations of Strou}xal Co.
number and drag coe c:;nt with Reynolds number for a cirkular
cylinder mentioned- ear_lier (Fig. 10), Based on'tests related to visual

observations (10), an explanation is advanced as follows, Corsider the

-
< P

céntrally xpounted prism set at e° to the approaching flow, As the
body is moved tc;war'ds tﬂe w /the reductiori _in‘he end gapP causes |
the flow to get deflected., C ‘sequently the effective orientation of the . ‘
prigm is no‘ionger e° and ag suc;x, t}ie length scale to be chosen fof 4\1 ‘
no‘%malising the fluid forces or the vqrtex' shedding freq:;ency ought to’
be fnuch less than b, Consef;uently, ‘one gets‘a lower '\{alue of CD i.f'/

the conventional definition of C'I; is maintaineéd for the deflected -flows.

\ K3

3




( - P oo K . . .
For similar reaséns, onc should expect an increase in the value of the

-

Strou}:a.l numbeerS if the conventional definition of S is used for gaps
which are significantly s;nall (G/p721), Howéw{er; when the gap is
very much less than umty (Gﬁ << 1), the flow characteristics of such
a cohfi_gui'ation can be viewed as béiﬁg similar to partial 1:ow conﬁgu--_
‘rations (Fig’. L!l d), Here the flow through the narrow siit between the
wall and the mod’e.l edge constitutes a type of bleed flow. Conse‘q?entfy',
one should expect a drastic change in the dynamig chaxjactc;ristics of
the flow, In fact, v)heg the body is rr;ounted on the wavll, the w;all a
behaves as a splitter éléte'. The split‘ter plate can 'mducezlarg'\'e chémges

in the vortex shedding freqtlxency of bluff bodies (7).,

.
-

-
~




o ' SN
R r . . Chapter -‘\\4 " : &'

- B . %

o, N - \
CONELUSION AND SCOPE FOR FURTHER WORK
i CONCLUSION

- T ’ i . .
The following conclusions are advanced, based on the test

L

results and the reinterpretation of earlier data, . /

' | When the centrdlly mounted tfiangula.r prisms

(© = 0° and © = 600) are moved towards the wall, _the value of dr‘ﬁl '.

decreases continuously and reaches a minimum value \at the zero
, ' 5 i
- gap location, The drag coefficient does not seem to get affected for

v

values’'of G/b greater than 1, e

2. The value of the Strouhal number i.ncreasgg as the
\ 'body is moved towards the wall and reaches a maximum when the

gap width G/b is of the order of 1, Its value drops slightly when
l’ . A}
the gap is further reduced. ‘ ) ’ . I,

’ L]

[ o R N

¢ ~

3. . The deflection of the approa?chi.ng fl§w is in part res-

ponsible for the variations of the drag coefficient a‘.nd.the Strouhal -
. . ' PN
number for eccentrically mounted prisms,

. T
. ~ . . N
Iy A - LY

! , 4, " End gap effects may appear in diﬁe':rent formsin ..

field structures , for instance, the interference effects may lead to

~ -

L _° ~major modifications of the load pattern on an existing building due

‘to the erection of an adjacent building,

~

\
S

.
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. SCOPE FOR FURTHER WORK * .

L

conducted to determine qualitatively the values of flow deflection

— :
for various model configurations,

-

2.

3

¢

S

\

Detailed examination of q?nok;: tunnel test should: be

.

’ a
Closely spaced partial row model coﬁfigurgttion'tests\\

\

should be conducted to establish the hypothesis that single models :

‘with very narrow gaps do in\fa.ct behave like the former

ti *
rations,
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APPENDIX 1

i
I;i:.st of symbols:
| s v - " o . Y .
Symbol Description ’ T - 5
R keyﬁolds rumber ) o
S Strouhal number nofmélised by u
u :I’l;e mean undisturbed velocity at the center -line
) of mod\el location | ° : . | . - : “1
(] Orientat?ion of the body (‘pr.ism) . .- .
f, | '.Density of fluid (air) - : . - :
}’ < Kinematic viscosity of fluid (ai;.') ' ’
b ‘Side of the equilateral triangular. prism for - .
(all © = o‘f; o= 60°, fig. 2) -
G Gap width (fig. 1) ' '
B Test a¢cﬁ'bx; width . Coe i i
b/B ( Biockage (wall cox;stra.ir}t) T~ » i
CD. . Drag 'c'oefﬁcient ) ! hd
d Diafxxeter of circular cylinder .
f = '\ Frequency of w{ortéx shedding 2
Some definitions: ] . ) :
: l}loc}(age: 'Z'I:he ratio of latez:al‘mo‘d,el diu}et}gion

T

»od for circles and b for the prisms) to

the tunnel width B, .
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Reynolds number: - For circles, -°R

* ' g s - v " ’
"f ’ . R - . LI
Ja . For triangles, R = ub/y ‘"
’ o ~ T . X - . . ’
L . n . s 2 M >
Drag coefficient: : Cp = steady drag _force/-L-S’ u“A -~
. B - : . . 2,
- ’ ' where, (,
. . © '
‘ § . = the density of air, . , -
N - s \ ~ . .
. . . . .
. . A = area of any one of the bluff bodies - ;
e o )
) . . . . . , . /
Stroula} numbenr: .S = fb/u , S = fdju
© N v 4 .
. where, ‘ s R
*
) . f - frequency T .
. » 5 . v , " o '
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.

Table 1 - DRAG COEFFICIENTS FOR_ECCENTRIC LOCATIONS
OF BLUFF BODIES (Refx?' and 9) Y
b/B G/ ef R Shape ant
pe and
Blockage Gap Eccen~ Rey. ,No, C " iouration:
(b,d,inch) Width*  tricity x 10° D+ Configuration
. 324 0,00 1,03 6.8 3.59
: , . 0,27 0.7  7.0,16 4,01 ,
(4,53), 1,05 0,00 7.0,7,3 4,87 .|
31-»- j
}3 e
. 290 0,00 1,35 5.8 2.7 =
‘ 0.30 0,95 5.6,18 3, 60 '
(4. 00) 0.61 0,64 5,7,18 4,00 T
1.05 0,20 5,4,18 4,18 ‘
1,30 0,00 7.3 431 7 rISMe - o°
.324 000 1,03 4,7,6,8 1,72 .
- 0.27 0,77 7.1 1.93 \ |
T4, 53) 1,05 0,00 7.2 \, 2. 68

.. . a ;
—-— < j—}r 1
. <y . e T
. 280 0. 00 1,35 1,35 ’

4,4,15
0. 30 0.95 5.8,17 1. 84 G
(4,00) .. 0,61 0.64 5,2,13 2.13 T
.30 0, 00 7.4 2. 29.
130 ? PRISM © = 60°
. 376 0.00  0.82 5.6 1. 90
7.1 1, 69
(4. 28) 9,6 1. 39
...306 0. 32 0. 82 8.9 1.92 o | .
© 11,0 1, 88 =——e= f
(4. 28) 15,0 1. 63 —ﬁ——@ d
- "G
. 306 1,14  0.00 6.8 2,28
: 7.0 2.26 I
(4.28) 8.8 2,24
—~ 11,0 2,23 ., GYLINDER
15,0 2.11 :

AN

i
. *In attaching a model to the sidewall, the latter was repla.ced with qn
- adjustable plate which altered the test section width,

1)
. / '




Table 2 --

15

FFECT OF GAP WIDTH ON STROUHAL NUMBER -

EFEC

FOR ECCENTRIC LOCATIONS OF BLUFF BODIES

A

‘t

Shape and

‘ b/B G/b
4Run No, Blockage Gap Width Configuration
K 0.167 0. 30 . 162
‘\ , 0. 63 L] 186 .
Shaw x 1. 00 . 189 - B
. , _ 1,50 .152 —> - LT
ref. (7 ) 2,50 . 148 -
0. 00 . 155 C{
0. 167 0. 30 .215
. 0. 63 .230 {
Shaw 1,00 .232 u _ N B
1,50 .213 - ‘6 L&
ref, ( 7\) 2.50 . 210 ’ ~
0, 00 ©.210 —({
01150260 0, 061 7,735 .237 N
06160260 4,206 . 237
12160260 1. 850 . 240 1
- 20160260 1,264 .248 u 7 |B
42170260 H.825 ¢ .250 U
25170260 : 0, 676 . 237 &
36170260 0. 000 .225
(Present) f
0. 056 8,429 . 156
' Shaw 2. 529 .158 -—— IB
1.433 L16y T~ ‘I—j'b"'"‘
ref, (7 ) 0. 843 163 )- -
0, 000 . 161 }
\
04150200 0. 061 7.735 . 151
it E
1, 850 .158 u . 1B
21160200 1,264 'L 167 [>
27170200 0.°676 L 171 »
, 40170200 0, 000 . 165 }
i # (Present) l )
L 3 ’ ﬁ
td
. _\; ) ~ l“:. . @ ' ‘ )
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1 6 o . * ':
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Table 3 = DATA OF DIREGT MEASUREMENTS

\
B = 14" T = 72°F
b = 85" ‘o = 0° ) . - fb S~ —
= an ) . b -
. Patm _ 29.-71" mercur)'r. , ’ !
'—( T - Ta.pe; Ch - Channel) ) ’ ' 1
v - /,/ , . é‘
Fnd Gap AP Vel Filter Sctting :
Run No, . G inch psi-- ft/sec HP - ¢ps - LP Remarks
04150200 6.58 ©36/,072 '18,94 34 50 On Chart
05150200 . 6.58 .57/.114 23,75 40 © 58. On Chart
06150200 6.58.  .90/.180 29,85 40 = -. 58 On Chart
09160200 3,58 .36/.072 18,94 - Wide band 20/200 T.2 Ch,3
10160200 3.58 ~,55/,110 23,34  Wide band 20/200 ¥T,2 Ch, 4
11160200 ° 3,58 ' ,90/,180 29,85 40 85 On Chart
1516020 1,58 .33/.066 17.94  Wide band 20/200 T,3 Ch. 4
1616020 1.58 .53/,106 22,80  Wide band 20/200 T,4 Ch,1
1716020 1.58 .90/,180 29.85 Wide band 20/200 T.4 Ch,2
21160200 - 1.07 .31/,062 17,59 Wide band 20/200 T,5 Ch,2
22160200 1,07 .51/,102 22,52  Wide band 20/200 T,5 Ch,3
23160200 1,07 .90/.180 _ 29,85 Wide band 20/200 T,5 Ch.4
44170200  0.-82 .90/,180 29,85 'Wide band 20/200 T,13Ch, 3
45170200 0.82 .,31/,062 17,59 Wide band 20/200 T,13Ch,4
27170200 ' 0.57 .90/,180 29,85 Wide band 20/200 T,8 Ch, 1
28170200 - 0,57 .51/,102 22,52 Wide band 20/200 T,8 Ch,2
29170200 0,57 .31/.062 17,59  Wide band 20/200 T,8 Ch,3
39170200 0. 00 .90/,180 29,85 Wide band 20/200 T,12Ch, 1
40170200 0. 00 .56/,112 23,59  Wide band 20/200 T.12Ch,2
41170200 0, 00 .36/,072 18,94  Wide band 20/200 T,12Ch,3

ca\

-

AN




.90/, 180

s

¢

I

N
u AN
—— - /‘

Filter Setting
‘HP - cps - LP

-

94 112
65 100
54 18
95 . 120

Wide band 20/200
Wide band 20/200

Wide band 20/200
'Wide band 20/200
Wide band 20/200

¥

o

Wide band 20/200

" Wide band 20/200

Wide band 20/200

Wide band 20/200
Wide band 207200

Wide band 20/200
Wide band 20/200
Wide band 20/200

Wide band 20/200
Wide band 20/200
Wide band 20/200

. \,
/ ‘ ' 17
- . Table 4 - DATA OF DIRECT MEASUREMENTS
/ . -~
'l ok . :;-54“
) B = 14v T = 72%F
b = .85" e ( 605
Pitm = 297" mercury’ ' "a
(T « Tape; Ch - Channel) ‘
'1 1 .
-~ A R
End Gap P Vel,.
Run No. " inen psi ft/sc
- . 0 °
‘ 01150260 6. 58 .90/,180 29.85
02150260 6, 58 .57/.114 23,75
03150260 6.58  ,36/:072 18,94
06160260 - 3,58 .90/,180 29,85
* 07160260 3,58 .55/.110 23,34
08160260 -+ 3,58 K 36/.072 18,94
12160260 1,58 .90/,.180 29.85
13160260 1,58 .55/,110 23,34
14160260 1,58 ,36/.072 18,94
18160260 1,07 .90/,180 29,85 .
19160260 1.07. .53/,106 22.80
20160260 1,07 .33/.066 17,94
{ .
. 42170260 0.82 .31/,062 17,59
43170260 0,82 .89/.178 29,85
, .
p 24170260 0,57 .32/.064 17.75
25170260 0,57 .51/,102 22,52
\ . 26170260 0,57 .90/, 180 29,85
36170260 0,00  ,36/.072 18,94
37170260 0.00 .56/,112 23,59
38170260 0. 00 29, 85

<3l

'

~

"Remarks

On Chart
On Chart
On Chart



-y

™
it

(

Table 5

Ve

72°F

14" T =

b = ,.85" e = 0°

: 'Patm 29, 7" mercury’

Run No, End Gap, Velocity

G inch ft/sec
04150200 6.58 18,94
05150200 6. 58 23,75
06150200 6. 58 129,85
. 09160200 3.58 18,94
10160200 3.58 23, 34
11160200 3.58 29, 85
15160200 1,58 17,94
16160200 1.58 22.80
17160200 1.58 - 29.85
rd
27170200 0,57 29. 85
- 28170200 0, 57 22,52
! ¥
A
39170200 0. 00 29.85
40170200 0. 00 23,59
/ A

A
,-—‘-1——.
b

Frequency

‘R x 10°

2,46
3,09
3, 88

o

=

0, 151
0. 149
0. 149

0. 15
0.1
0. 152

0, 167
0. 167

. 0, 166

0,171

0, 170

0. 166
0. 165




B

Hi

-~
@

. b =

14ﬂ

. 85"

T

o

Table 6

72°F

’

o]

60

Patm‘ "= .29, ! mercury

Rﬁnl«x

.01150260
02150260
03150260

06160260
07160260
08160260

12160260
13160260
14160260

18160260
19160260
20160260

42170260
43170260 .

36170260
37170260
38170260

-

.End Gap
G inch

0.00
0,00 .
0. 00

Veloéity ,
ft/sec-

‘29, 85
23,75 ‘
1‘8*. 94 -

29, 85
23, 34"
18, 94

&

29,85 -

23, 34
18,94

29,85
22,80

17,94

17.59
29, 85

18,94
23,59
29,85

\

Frequency
f

100, O
80,0 -
63:0

100, 0 -
79.0
63, 0
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Fig. 4(a)
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C, L5

STRNO

0.

- 0 10 20 30 40 50 00
o - Orientation(degrees)

Mean , Drag Coefficient
and Inverse of Strouhal
-» Number vs, Reynolds

Number,

. (S = Strouhal Number)

-

VAR.IATION OF DRAG COEFFICIENT AND STROUHAL NUMBER

0.
Y
Jo,
" Jo.
0.

E_.FEK 0.

J

24
22
20
18
16
14

Coefficients of Mean Drag‘:

CD' and the Strouhal Number,

STRNO, for an Equilateral

Triangular Cylinder as

Function of Attitude Angleck.

(Ref, 11)

10

1/s

0 -

10 102103 10%10°10 107
R

‘

FOR BLUFF BODIES,
Fig, 10

4. .5..6,.7
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Fig.13 - STRIP CHART RECORDS (See Table 3 )
EFFECT OF GAP'ON VORTEX" SHEDDING

0,061
0° ‘ -
29, 85 ft/sec ' '

_~ Chart speed: 125 mm/sec

Run No, 06150200
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N 4
0,82

“ts 2. Amrtis §

~— —cs .
P s
- . ——r0t T
e =
— ‘l'“ \\
T ——
—
ﬂ’ lll.lu«l.“o..rl".'
Jp———— el
- - : e
,l||l‘ —
S p—r———

G,

l
Run No, 43170260.

Rurt No, 26170260

RwffNo, 38170260

e




Q C
e
W

A%

e e v
¥

’
(ST
-

1

4

o

34
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~ Fig, 14 - STRIP CHART RECORDS (;ge Table 4 )

VR | S|

-~ u ’ B .
- 29,85 ft/sec‘ ) ﬁ-‘—ﬁ%--—
Chart spced: 125 mm/sec ! - - .
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- POWER DENSITY SPECTRA - VORTEX SHEDDING

Fig. 15

(See Table 5

Record speed:,

1,875 ips
1,875 ips

Playback speed:

[*—1 Disregard

Run No,
09160200

|

0
o
v

(3]

we

341t /sec

3, 58"
23,

G=
V=

I
-
|

10160200

Run No.
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(See Table 6 )
{
|

1,875 ips

- POWER DENSITY SPECTRA - VORTEX SHEDDING

1,875 ips
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Fig. 16
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