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Summsry

The flow in the wake of a two-dimensional blunt-trailing-edge model
wes investigated in the Reynolds number ranze 4.3 x 0% to 4.1 x 10°. The
effects of splitter plates and base bleed on the vortex street were exemined.
Measurements were mede of the longitudinal spacing between vortices and
the velocity of the vortices, and compared with values predicted by
von Kermen's potentiel vortex street model. The lateral spacing was
estimated by using both the von Kerman and Kronauer stability criteria.
A new universsl wake Strouhel number is devised, using the vzlue of lateral
spacing predicted by the Kronauer stability condition as the length dimension.
& correletion of bluff body date was found when pressure drag coefficient

times Strouhal number was plotted against base pressure.
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longitudinal vortex spacing
lateral vortex spacing
velocity of sound

pressure drag coefficient -----

minimum vortex street dreg coefficient
tase pressure coefficient

va
bleed coefficient -3-

Uh

)
bleed slot width
pressure drag
vortex street drag
vortex shedding frequency
base height
distance between shear layers when they become parallel
distance between shear layers at the commencement of vortex formation
“ 2

base pressure paremeter, (Cp)b = 41-K

splitter plate length

Shaw acoustic frequency

1
Reynolds number based on h, = b%Q
Strouhal number = =-
Jo
new wake Strouhal number = éé
Lo}
f’hl
roshko wake Strouhal number = T
b

the edge of lhe boundary layer at separation
vortex velocity relative to model

Tree stream velocity
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suf

fix k

iv)
vortex velocity relative tc the free stream
bieed velocity
distance from base, downstream positive

density

denotes Kronau=r stebility criterion used

suffix v denotes von Karman stzbility criterion used
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. Introduction

;:ﬂ

e aim of this paper is to ccmpare measured vortex street parameters
with those predicted by exisiing theories and to investigate the validity
of the vertex street stability criteriz of von Kerman and Kronzuer. It

1s also intended to Irveitigzte how viciex sireets zre affected by the

"~
v

zed,

f=0
Q

€eb

&
ow
™m

introduction of either splitter nlatcs ~

Vor Karmar, (s~ l3lne-:he=son (133%)) reprasented the vortex street
wake, wnicl forms tchind z vluff body, by zn idzalised potential flow
model consisting of 2 dcuble row of staggered voint vortices. The

essociated vortex strecet dreg coefficient C can be shown to egual,

DS
A N [ 7 U, b 5b |
CDS = - <—§\ coth? -- + (—— ~ 2\. -- coth “"2 Yoees (1)
yis Ik/ [ a \US / e aJ
D
S
where C| = -==-=3
DS %Pan

D, 1is the vortex street drag, U, f{ree stream velocity, US is the
velocity of vortices relative o the frce stream, a the longitudiral spacing
. . . b .
between vortices and b the lateral spacing between vortices. /a is
often referred to 2s the spacing ratic.
It has also bean shown by von Karman that vortex streets are stable

. . . ... b . . .
to first order disturbences i /a = 0.2%1. Substituting this value of

the spzcang ratio into cquation (1) gives

U, Ua
Cpgy = 1+583 -2 - 0.63 <--, : ... (2)
Uo Uo//
C_. can be determined [rom measurements of the longitudinal vortex

DSV

spacing and the vortex shedding frequency f. Since f.a =U_., where

UN is the valocity of the vortices relative to the model, and



Uy, = UN + US,
F
?§ _ f.a . S.a .
- - T = - | o0 Y]
Uo Uy h
AN 3 L _
where = ﬁ_/ is the Strouhal number. Conversely, knowing f{ end vortex
\ Yo
street drag, both a and U, can be predicted.

N

In his review peper, Wille (19€0) pointed out thet any array of vortices
is unstable to any order of disturbance higher than the first. The arrange-
nent is particularly unstable to any three-dimensional disturbence. It
would seem very unlikely, therefore, that vortex streets could possibly
exist at high Reynolds numbers where the flow is fully or pertly turbulent.
The fact that vortex streets do exist casts suspicion on the ven Karman

stability condition. Various authors, including Timme and Wille {1957) end

Kronsuer (19€4) has shown that spacing ratio i1s not an important

parameter in determining € Figure 1, after Kronauer, shows CDS’

DS*

obtained from equatiorn (1), against b/é for various values of LIS/Uo. It

. . Ug /. . . s
can be seen that for each value of S/bo, C is very insensitive to

DS
changes in b/é, the street drag coefficient passing through a broad
minimum. Xronauer has proposed a new criterion for stability which stetes
that for a given vortex velocity US the vortex street edjusts itself into

the configuration giving minimum CDS' The stability criterion can be

written as
oC
(Ze. - 0. )

-~ = constant

This stability criterion is based on no direct experimental evidence
and one of the purposes of this investigation is to determine whether it

predicts realistic values of the verious vortex street pesrameters,



In the study of uncteady bese flouwc the post important and least
understood parameter is Strouhzl numdber. liony a2uthors hzave attempted to
formulate 2 universzl Strouhzl number fco compere the vekes of various
tluff bodies. The most widely used universal wzke Strouhel number is
thet due to Roshko {~25,b)}. Ioshlo found, however, thst when a splitter
plete =2s intreoduced into inc wzke of = circwWlar cylinder the valuc of
his universal Strouhzl number depernded on splitter plate position. The
effect caused by the introduction of wake interference elements on the

value of Roshko's wcke Sirouhel number is investigated further.

2. Heasurcment of thc longitudinel spacing between vortices

2.1 Experimentzl arrangement

The blunt-trailing-edge models used (fully described in Bearmen
(49¢5) 2rd (19€5),) hed & base height h of i in. (2.5 cm) and chord
of € in. (15.25 cm). The Reynolds number Rb’ based on h, was in
the range 7.3 X 10° to k.3 x 10°. The nose sections were ellipticel
and transition wires i.ere attzched zt 20° chord. Oue model had
provision for fitting splitter plates and the other had & porous base
through which a2ir could be bled into the weke. In each cese the shear
iayers leaving the body were perallel and by applying free-streamline
theory it c2n be showm that the pressure drag coefficient, with base
height as reference lcngth, is equzl to —(Cp)b, the bese pressure
coefficient,

In Bearman (196€5) measurements were presented of S and base
pressure coefficient, (Cp)b, against splitter plate length ¢.

Similar quantities were given in Bearman {1956€), this time as & function
V.d a
of bleed rate Cq. Cq ﬁﬂﬁ where Vj is bleed velocity and /h is
(o]

the proportion of the base that iwias porous. Further experiments ere
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described here to obtain _/h as & function of ¢/nh eand Cy

2.2 Experimental procedure and results

The longitudinal specing 'a' detween successive vortices of the
same row was mezsured by using two hot wires. 0Cne viire, the reference
wire, wres fixed at some position in the wake vhile the second wire, the
moveble wire, could be traversed -long the x axis of the weke. The
two resulting signals, after suitable filtering, were displayed on an
oscillescope, one through the X plates and the other through the Y
plates, and exhibited the fomilier Lissagjou figures. To cbtein the
steadiest figures it was found that both wires had to be in the scme

bove the

-

spanwise plane. The upstream wire was positioned a little
dovmnstreanm one in order that there should be no interference frem its
wake,

Typicel plots of phase relaticnships along the wzke are shown in

figure & for the basic model

ct

(*/h =0 or € =0), for the model with

T
a splitter plate of length 1.125 h and for the model with & bleed
quantity Cq = 0.0525. » is the distance of the moveble wire from the
model treiling edge. The slope of the curve at zny position will give
the reciprocal of the longitudinal spacing of the vortices ot thet
position, This plot shous that a becanme constant within 3 or 4 base
troiling vdge. As slope decreases, spacing iicreeses;
thus near the model the vortices were much more closely spaced. Very
close to the base the signals were so wezk that it was impossible to
form steady Lissajou figures. As splitter plates irerc cdded, or bleed
quantity increased, the distence downstream 2t vhich steady figures first
appeared moved further from the base.

The region in w“ch a was found to be constent will be referred +to

as the stable region. Figurc 3 shows n plot of the staeble region vortex



T

spacing a/h versus splitter plate length for Rb = 2,3 x 10° and

L.1 x 10°. From the measurements thore appeared to be no consistent
relationship beti.cen the o Reynolds number cases but this mey have
been due to ipeccuracies in neasuring a/h. The novable probe could be
pusitioned to within #0.01 n but there was a2 smell range of x  over
which the Lissajou figure wes observed. This wes probably caused by

an unstezdiness in the basic vortex shedding mechanisa. The accuracy

in mezsuring a/h vas limited to zbout 27 but could have been worse for
the 2.0 h spiitter piatz ~here the velocity fluctuctions associated with
shedding were comparztively :eak.

"lith ¥mowledge of the shedding

Sl it i baeT Ssetmsses O =S ELETey N - hababbd =1
now possible to evzluete UN’ the velocity with vhich vortices passed
the hot-wire prcbe.

oC

8 h
UN
s evzluated in the stable region is sho.n plotted in figure 3 ageinst
C

¢/h  for the tuo orevious Reynolds nunmber ctses. The accuracy is expected
to be no better thon 3% since it depends on the accurzcy of the measured
values of S 2nd &/h. For the basic wodel the vortices vere trevelling
between 88 and 85 . of free stream velocity. Since the shedding frequency
vas constant down the wake it is evident from figure 2 that in the initizl
part of the wake the vortices .ere cccelerating.

Plots of a/h in the steble region versus bleed reate, for the two
slot widths (d/h) investigeted, arc shoun in figures 4 and 5. The shape
of these curves is very similar to the shape of the splitter plate curves
in figure 3 with the ninimun value of a/h occurring at the Cq appropriate

to the meximun value of S.
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As described in Bearmon (196€), over 2 range of C,» the hot-uire
signels showed very regular fluctuztions et frequencies associzated vwith
vortex shedding. The resulting Lissejou figures vere very steady ond
the values of a obteained are likely to be more accurate than those found
in the splitter plate invest getion. In the region of CQ approaching
the value vhere regul-r sheddinz ceased the Lisszjou figures tecaue very
unsteady and hence the accurcey of o deteriorcted.

3 3 3 7 4 < U}\’ T o i - T ~

Shovin in figures 6 a2nd 7 2re plots of N/, ageinst Cq. It czn

: . , U
be seen that there was 2 general trend towerds higher velucs of N/Uo
. . . , - . . Uy
with increasing bleed rate. TFor the larger slot width velues of /U,
greater then unity were recorded ot high values of € . This would.
M
eppeer to have no meaning 2nd is probably due to the inaccuracy in
neasuring a, et high values of Cq, nentioned above.

3. Prediction of Vortex Strcet Parcnmeters

3.1 Vortex velocity 2nd longitudingl spacin

In the introduction the well known potential flow modcl of the
wake was described 2nd the expression (equztion (1)) governirg the drag
A e . - b ]

associated with such & model was presented, Differentiating this

equation and 2pplying the Kronaucr stability criteriorn (squztion 4) gives

b U, N b / =b T b,
2 cosh -- = /-- - 2% sirh -- [ cosh -- sinh -- - ==, .o (5)
a \u / a \ a 2 a/
. ) b / Ug .
The relationship between /2 and /U, is shown piotted in figure 8
U
for values of S/Uo up to 0.24. The von Karman stability condition,

that b/a = 0.281,

[

s also plotted in figurc & 2nd corresponds to a

}.JQ

U . . .
velue of S/Uo = 0.14, which is = fairly representative velue for many

bluff body shepes.

Uq 4 b
As "SAJ, tends to zero, /a2 clso tends to zero vthich suggests a



flow aconfigureticn consisting of & Tine of eguzl, contra-rotating vortices

advencing with zaro velocity relative to the free stream. The circulation

-

associated with an Individuzl vortex and the dra such en esrray cen te

(8,3
(@]
=4y

shown, from equation 1), to go to zer:. The other extreme condition of

s . t . .o s ) b . ., 7b
ejuation (5) is wher /a tends to infinity ard ther cosh /2 x sirh a
Fd e ~7
< i . il . b
and cosh " /a . sirh = /2 becomes very much greater thar *“/a. Thus
equation (S) becomes
Uy 2
-— -2 = mee——- Tm——————- == = C .o (6)
" 7.0 . s
U cosh == . sinh =-
S Y

and therefore U, = =+<. This descrites the flow in two shear layers where

S

each shear layer is represenied by a line of very closely spaced point

r\\l -

vortices, such thet the distance between the shear layers is very much
greater than tre longitudinel spacing retween successive vortices. Between
; . . . I , b . .
these two extremes lies the range of vazlues of /a for which vortex
streets are formed.

T

- [ . . - b .
For each value of S/U., there is a corresponding vaiue of ~/a which

mekes Cpo 2 minimum, The pinimum vortex street drag coefficient, C.. .,
pEN SO

is shown plotted in figure * agzinst a limited range of values of b/a.
“Ther. zqueting the vortex sireet drag to the vody drag the problem
arises as to whether the vortex street drag should be ejuated to the body
pressure drag or »rofile drag. '/ith most bluff body shapes skin friction
represents 2 small contribution to total drag. .Jith the basic blunt-
trailing-edge section described here skin friction accounted for about 15%
of the total drag. This percentage contribution rose to zbout 30% when
a 2h splitter plate was added. The assumption made here is that vortex

street drag, derived from the idealised potential flow mcdel of the wake,

should be equated to body pressure drag.
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In Bearmen (196%) and {1948) the effects of ~-ind turnel blockage on

the model drag and bese pressure were estimated using thc Maskell (41245)
correction. This method is only velid, however, up te the position in the

}—

wake at which the shear leyers becore Harzilel crd ro detziled information

e

is kno.T about the effects of tlockege on the voriter sireet itself. The

dreg of the model is to be eruzt-d %2 the dra

us
(s}
=4,
(\
3
W
-3
(@]
"
ct
[
~
&)
ot
’-‘
(39
(]
t
(4]
=
o

thus to be consistent cnly measured values will te compered.

The body pressure ¢~ coefficient, C.,, can t: relzted to the drag

coefficient cf the vortex strest by

e 18 U..
~ X VARG
S.C = S.-.0C, = -=.C, = F-=1, ... (8)
DF s . BS .
h Co Up/
If either the von Karman or Xrorauer starility criterier is used to
evaluste CDs the product 3.0. . is orly » furction of rhe velocity
N "'I UN
. . . S .
of the vortices. Figure 9 sicic a piot of 5= . C .. against ==,

D
where CD"W vas obtained using the Kronzuer ciebility criterion. Thus
0.

U
L8
- S . . , . . N
from measured values of S and CD“ it is possivle to nredict 5o
[a)
~ 0
In the following, unless othesrwise stated, the Krenauver scedbility criterion
U,
will be used to deternire -
Uo .
. % v
It has been choun thatl, ac = tends Ty 0,5, /a tends to infinity
<40 U
and therefore 21l possivle v-lues ol 63 pust be greater than 0.5. There
g 0
J
. . S | N )
sre two possible solutions of ;= Zer values of =, C greater than
9 4

0.16. It is assumed th~t the grecter of the two solutions always ecxists,

which means that vortex velocities must be greater than about 0.70 U, .
U

Fage and Johansen (1927) measured ﬁN for a large variety of bluff body
0
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shapes and the smallest value recorded was 0.77 U,. The author knows

U
c¢f nc meesurements in 2 fully develsped vortex street where go was
c
less than 0.70.
UN
Pradicted values of 5o are sho m compared with those measured in
C

the tase bleed experiments in figures € and 7 for a h = 0,59 and 0.95
respectively. The theory appears to show the general trend of the results

cuite well and the agreement is particularly good up to vslues of Cq
U
of about 0.05. If the theoretical value of ﬁg is divided by the
(o]
experimental value of S, correspending to thet rarticular Cq, a value

for a/h is found. These values zare shown in figures 4 and 5 and the

The splitter plate results ere shown in figure 3 for the two Reynolds

number cases. The agreement betiween the theoretical and experimental
U
values was not so gcod; the curve of ﬁg nas an opposite slope to the
0

experinental results for long splitter plates. The reasons for this mey
lie in the inaccuracy of the experimental results for values of e/h
greater than 1.75. The shedding frequency for these long splitter plates
w&s not sharply dcfined and it mey well have been more appropriate to
represent S by a band of possible values, corresponding to a band of

U
vaiues for ﬁg. The values of ~/h obtained with the splitter plates
0
are again fairly well predicted by the potential flow model.

The drag of the potential vortex strcet model, es shown by figure 9,

U
. < s . N .
is extremely sensitive to chenges in 5=. The drag formula, equation (1,
U U °
. . S . N . . A
is a function of T and since 5o 3s often near unity it is very
o) i34 [o]
U
difficult to measure e very accurately. Taking the basic model as an
[¢]
UN .
example; if G- changes by 1%, Strouhal -umber remaining constant, CDF
[o]

changes by 8%, It is not possible, therefore, within the limits of

experimental accuracy, to measure a/h and S and hope to predict
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accurate values of C It con he seen that the vortex street narameters

DF*
need only change vary sliightly to sccommodate large changes in drag. This
U,
means that if drag end Strouhzl number are known, accurate velues of ﬁé
(o]

erd °/h can be predicted.

3.2 Lateral spacing znd spacing retic

As shown by Xronauer {1964) the spacing ratio is not an importent
parameter in the determination of drag znd hence the von Kermen drag
. . . @ N
formula would have predicted the velues of ~/h and =- equelly well.
The foregoing work shows, howvever, that the vortex street model predicts
realistic values in vortex streets with wake interference. Use of the
Kronauer stability criterion sllows prodictions to be mede of spacing
. b . . -
ratio, and also /h, which mey be umore representative of the actual
flow than the von Karmcn values.
. . . b - - .

Figure 10 shows estimations of /h and /a for the splitter
plete results at R - 2.3 x 10%; suffix v denctes the von Karmen
stability criterion has been used and suffix k the Kronauer criterion.
Figure 11 shows the corresponding quantities derived from the base bleed

d . N

results with ~/h = ©.93. It is interesting to rote that, for the bleed

. b st .
cese, the Kronauer values of /a were a2lmost constant up to Cq = 0,07.
This corresponds to the Cq ot which S was 2 mpeximum ané where there
was & kink in the tase pressure versus C_ curve described in Bearmen

2

(196€). 1In 211 cases the von Karman stability criterion predicted higher

b -
values of /h but the shopes of the curves werc very similar.

. P b .

It is very difficult to meisure /h ecxverimentally. Berger (1964)

states that no characteristic hot-wire signal can be expected from the
. cs o . ~ D, :
centres of vortices and criticizes measurements of /h that heve been

obtained by the 'hot-iire technique'. 1In an attempt to estimzte b/h

the flow in the wake of the base bleed model was visuvalised vith smcke.



At high Reynolds numters it vroved very difficult to locate the centres
. . . . b - .
of vortices and the only conclusiorn was that /2 sappeared to be less than

0.2841 %but that it -:as Zmpossible to zssign an accurate vzlue to it. This

e

in itself, therefore, cffcrs very little proof thzt (b/h)k is more

. b .y . . . .
representative than  { /h)v. It is proposed, by the introduction of e

[WN

. o 4 b,
new universel Strouhal numbor, to sutstantizte that /n)y 3 mre
b
representztive than ( /h)_.
f

3.3 Strouhal number

The orly direct =ttempt to predict Strouh2l number hcs been that by
Shair {1949), (4951) and (4195€) ir a series of unpublished pepers. Shaw

preposes zn acoustic theory which states that the interaction of disturbance
centres, by pulses travelling between them, can exercise a2 regulating
influence on air flow. He takes as his basic example <ne flow around &
cireulsr cylinder at subcriticzl Reynolds numbers. The theory is in goed
agreement with experimeont but is open tocriticism on the grounds thet e
suiteble mode of vitration hazs to be chosen. Shaw {1956) extends his
method to verious bluff body shapes but is unable to predict 2 priori
the mecde of vibraticn.

On the basic model described here likely “"centres of disturbance" are
the leading edge stagnation point and the two separation points. If it is
assumed thzt the basic Shaw acoustic frequency N 1is the one associated

#with the passage of 2 pulse bzck and forth between the separation points

(¢

N = c/2h, vhere is the vélocity »f sound. Shaw {1945) shows that

U h
S = N R
c Uo
and thus
J
- N



.
For ths basic model ﬁ& ~ ¢,£{9 and ths nredictzd velue of S 1is §.222
o]

ageinst z measured vzlue o 0.2LL. Agreemert is not as good &3 Shaw found

[WH
ct
[
(o7
’.l-
o}
[
b=t

in the circuler cylinder case. The mezasured velue of the long
spacing betwsen vortices w2z 5 én end ty the Shaw aralysis z value of Lh

is predicted.

A pressure trensducer was Inserted in the centre of the base, flush

&

with the surface, to try znd detect zny high freaguency zcoustic waves.

Frequency traverses were carried out betweer 3C c.p.s. and 30 kc.p.s.
but the only predominent frequencies were those directly resuiting from
vortex shedding. Gerrard (iS61) was a2lso unable to de+ect any Shew
frequencies with & pressure transducer flush with the surface of a
circular cylinder.

The Shew enalysis assumes that the vortices quickly settle down to
a statle configuraticn. Zxperimentel reisurements of UN/U3 and a/h
show this to be true. '/ith the bleed amodel, if the two rear centres of
disturbance are teken as zhe sepzration points, thz acoustic paths will

2 .
£ blesd and /L should rsmein constant.

¢t
-
o
IS\
£
(ol
IS
ct
Vi
o}
oo
(&

not change with
However +his is seen not to be the e=se «nd " /h docrecses by as much
a8 20% with the addition <f bl-ed. Thus, apart from Shaw's own experi-
ments, there uppears to be 1littie cvidence to support this theory.

3.4 lzke Strouhazl number

It was demorstrated by Roshko (1354b) that, by ~pplying simple
physical erguments to the.mechanism of vortex shedding, a parameter
cculd be derived to compare the wakes of different bluff bedizs. He

considered two shear layers a distance ' apart with the velocity

outside the layers cqual to 1, the velocity at the edge of the boundary
layer at the separation point. The freguency with which vortices were

formed was considered proportional to =



numper SR could te formed where

By epplying Pernoulli's ecuztion tc the flow at the separation point,

just outside the boundery layer,

1
it is convenient to replace {4 - (Cu)b)2 by X and then

SR P

h! wes obtained by the notched hodograph method (Roshko 1954a) for three
simple geometric shepes: circulzr cylinder, flet plate and 90° wedge.
This gave 2 f2irly constent SR of 0.163 * 0.01 over most of the
Reynolds number range exzmined.

The notched hodougreph method gives tne spacing of the shear layers

when they become parzllel and it is assumed that the vortices begin to

PAarm Prvam chonor Veawrane a4 dhidie onrcrnAdno TS 4+ +her maAdal ehana nead +a
& VA bie A A Vi [ X R R A i W st d Vaa AL T Ub} -h\a&llb. Loede WER A X S kNN N Ulluy‘t AW A LA d
s sl oa s avs . S
obtain the results deseribed in this paper h' = h and thus SR =%
For the basic medel this grve a value of Sp = 0.”9. ith the introduction

of wake interference it has teen shovm (sec Bearmnn (1966» that the vortex
forpation position is moved further from the tody. Thus although h!
still equnrls h, it is no longer representative of the distence between
shear layers at the commencement of shedding. For example at Cq = 0.08

= 0,278 and thus S_ 1is not suitable to compare

R R

the wakes of bluff bodies with wake interfercnce.

and d/h = 0.93, S

The typical length required will be called h" end is the distance

between shear layers at the commencement of vortex shedding. If the
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assumption is now mede thei the laterzi dis>lacement between the vortex
rows is equal to h", & new Strouhel number is obtzined. The new

Strouhal number S_ becomes

B
b S
S, = -—- = --.
B
U

S and K are measured values and b/h can be found by using either the
von Kermen or Kronzuer stability criterion. SB’ found by using the
Krorauer stebility condition, is plotted egeinst X in figure 12 for the
splitter plete and base bleed results, and over the majority of the

range & constant values of SB of about 0.181 was obtained. At low
values of K, corresponding to high Cq’s and long splitter plates,

there was a slight reduction in S This was not surprising beczuse it

B
can be shown that when K = 1, SB will be zero. Taking as an example
the basic model shape, it is seen that when K » 1 (i.e. (Cp)b > 0)

Chnn * 0. Therefore the vortex strset drag .-ill tend to zero oar G
v v

which meens that the spacing ratio will approach zero. Now since

b v U, = U 1
S = = = -, = - = -I-\-I - -

it is clear that SB will tend towards zero. In the experiments it weas

found that the wake stabilised and shedding ceased long before S_ = 0.

loe]

If the von Karman stability cr
b/h a constant value of SB would not have been obtained. This is
demonstrated in figure 12 where (SB)v decreases with increasing .
Since SB involves parameters characteristic of the wake the existence
of a constant value of SB would appear to place some justification cn

the validity of the Kronesuer stability criterion. As a more rigorous

test the analysis hes been extended to a variety of bluff body shapes.

ct
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The information required to compute SB

S. Circuler cylinders heve been very well documented by Kronauer (19€4)

is the value of Cpn, (CP)b and

over the Reynolds number range Rb = 402 +to 10°. Roshko (1961) hes
carried out experiments 2t higher Reynolds numbers (R.D = 2 x10% +to ’_107)
where the boundary layers on the cylinder were turbulent. Flat plate and
cen obbained frok Rosiko (15954b). Further base bised
date was taken from Wood (1964) and Bellhouse and ‘jood (*965). Fage and
Johensen (1927) have published results for an ogival ard extended ogivel
shepe 2nd Nesh et al. (1963) have prescnted results for a bluff section
fitted yith splitter pleates. The last two authors oniy sresent (Cp)b

eand S but in each cose the shear layers left the model parallel znd

free streemline theory ha. been applied to obtein CDF' The velues of SB
for these various bodies are plotted in figure 13 and again show & coilarse
of the data on to & value of SB = 0,131,

A given value of C,..5, 2ssuming e universal Strouhal number SB’
_implies a given value of K. CDF’S is shown plotted against K in
figure 14 for 211 the aveilzble date and shows & reasonable collapse of
the results. The curve showm in figure 14 was obtained by assuming the
Kronauer stability criterion to hold and putting SB = 0,181, The scatter
shoun in figures 14 vould heve been greater if profile drag coefficient
instead of CDF had been used, By using this correlation of results the
vortex shedding frequency of o bluff body cen be determined from its
pressure distribution.

Although figure 14 shows & general collapse of the deta it does not

take account of the detailed variations of S, C and (Cp)b at low

DF
values of K. As in figure 12 the bleed and splitter plate results show
a trend away from the curve SB = 0.181 for values of K 1less than about

1.16. This value of basc nressure corresponds to the value of Cq and ¢/h
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at which S was 2 maximum. “ood's results also show a trend avwey from

the line SB = 0.181 for velues of K less than 1.09. The vaiue c¢f K

also corresponds to the CQ at which S was & paxioun. Further research
is required to determine il there is & change in the vortex formetion
process at these lov values of K.

L. Conclusions

Y

The von Karman idezalised

hJ

otential flow model »redicted accurete

velues of the longitudinal spacing between vortices in the vehe behind a
twwo-dimensional blunt-trailing-edge section with 2nd without wake inter-
ference. No experimentel c¢vidence could be Tound to support Shaw's
acoustic theory of vortex shedding. The value of Roshko's universal weke
Strouhel number was affected by the introduction of vake interference

elements. Both the von Karman and Kronauer stability criteria were used

t

he latarel s

O
D
)]
-t
)
-+
D
ot

stability condition to determinc b, & new universal wake Strouhal number

T _ )
vwes formed; SB = =-. then plotted against the base pressurc parameter K;
U
L 93
SB = 0.181 over =z wide range of X fcr a variety of bluff body shapes.

It is thought that this justifies, in part, the use of the Kronauner

stability criterion. From the definition of S, o universel curve is

n Q . _ - ) ~ . . -~
v L.Q 48 pLOTTEeC against .
DF pLOTT gainst K
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