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SUMMARY,

There is a very rapid increase both in the rem.s. amplitude of the
pressure fluctuetions and in the area of the body affected, 1f the Lrake
angle is increased beyond 50°. At the lower frequencies there is a large
increase in amplitude between 40° and 50° vwhich is associated with the
appearance of a regular shedding of turbulent eddies. On the model used,
with an average gap of about 27/ of the length of the side of the brake,
the shedding frequencies are in close agreement with those measured on an
isolated plate at the smaller brake angles and slightly higher than on an
isolated plate at the higher brake angles. The fluctuating pressures due
to the brake are little affected by the distance of the brake from the
taill of the body.
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1 ' Introduction

Measurements have been made of the mean values of the static pressure
and the fluctuations in static preszsure at the surface of a body fitted
with an airbrake. Laft, drag and pitching moment measurements on the same
model have been reported in Ref. 1.

2 Description of tests

The body was LeH in. in diameter with a parallel section about 6
diameters long, a faired nose and a bluff tail. The brake was a 3 in.
square flat plate hinged on a line tangential to the body surface with a
minimum gap of 0«26 (where & is the length of the side of the plate)s A
sketch of the model is given in Figs 1. The equipment used to measure the
pressure fluctuations is described in an Appendix.

The pressure pickup was buried in the body with the end of one pipe
flush with the surface. The other pipe was connected to a length of 3/32
in. 0.D. copper tubing leading to the outside of the tumnel.

It had been inferred from the measurements of Ref. 1 that the body
static pressure distribution associated with the brake was practically
waffected by the distance of the brake from the tail of the body provided
that this disterce was grcater than 3&. The pressure pickup was thercfore
buried in the hody 42 ahead of the tail for most of the tests and the
brake hinge position was varied from 30 to 94.

At the highcr brake angles it was found that the pressure fluctua-
tiong were still appreciable 5 Ttchind the brake hinge; at brake emgles
of 70° and 90° the field of measurement was therefore extended to 6.5¢ by
using the pickup 2,54 ahead of the tail of the body.

In addition a few measurements were made with the pressure pickup at
0456 and 1.06 ahead of the tail to discover whether the pressure fluctua-
tions are affectced by the proximity of the brake to the tail of the body.

The static pressure distributions behind the brake-hinge were
measurcd using the pressure plckup but it wag found more convenient to
mako the measurements shead of the brake-hinge with a 'creeper! static
tube commected to a mancmeber. Tor ihe letter tests the brake-hinge was
fixed at Hele shead of the tail of the body.

The tests were made in the R.A.E. /. £t x 3 £t wind tumel in January
and April 1955 at a wind speed of 140 ft/sec. The model was suspended
from the roof of the tunrel by a single braced strut, with the rear of the
model located by three wires attached to an axial spindle just aft of the
bluff tail of the body (Fig. 1)« The brake was always attached below the
body,; i.e. on the shorter axis of the tunnel. The off-axis pressure
measurenents were made by rotating the rear part of the body containing
the pressure pickup about the longitudinal body axis.

The body axis was at zero incidence throughout.

3 Discussion of Results

The mean gtabtic and fluctuating pressure distributions on the body
due to the brake are shown in Fige 5 The mean static pressure (P) is
given in terms of %onz relative to the static pressure on the vody
without brake. The r.mes. value of the static pressure fluctuation (p)
as also gaven in %erms of %pU,2; on the body without brake the value of
p/ %onz was about 0.003. A blockage correction for the body only has been
applaed to all the results, smounting to 1.65% on FpUgy2.
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3+1 TFlow characteristics

An examination of the flow with a wool tuft showed that, at a brake
angle of 30°, the flow was still attached to the rear surface of the brake
on the centre line and that there were two large trailing vortices from
the tips. By 40° the flow had completely seperated from the rear surface
of the brake and there was a closed bubble containing a circulating flow
behind the brake. Further increases in the brake angle did not alter the
type of flow pattern but the bubble, which at 40° was amall and well clear
of the body, grew with increasing brake angle until at 90° it was of greater
cross section than the brake and appeared to touch the body surface about
2¢ behind the brake hinge.

3e¢2 Mean static pressure distribution

At a brake angle of 30° there is a large suction under the brake,
assocrated with the high velocity through the gap. This suction is markedly
reduced at 40° and as the angle is further increased the patbtern remains
similar but there is a gradual reduction in the suction behind the brake
and an increase in the positive pressure ahead of the brake.

343 Pressure fluctuations

At a brake angle of 30° there is a high level of pressure fluctuation
on the body immediately above the brake, associated with the rapid ex-
pansion of the passage between the brake and the body. The level of the
fluctuations is much reduced at 40° brake angle when the flow has separated
fron the rear surface of the brake. Turther increase in the brake angle
gives a rapid increase both in the level of the pressure fluctuations and
in the area of the body affected. As an illustration of this, the integral
of the pressure fluctuation amplitude (above 0.01) and the area affected
is plotted in Pig. 7 as a coefficient based on thrake area. The curve
rises very rapidly beyond a brake angle of 50°, although it must be
emphasized that the quantity plotted does not represent the true buffeting
excitation since no allowance has been made for the phasing of the fluctua-
tions (which wes not measured) or the curvature of the body surface.

3sl. Spectra of pressure fluctuations

Analyses were made of the pressure fluctuations at a number of points
(shown in Fige 5). The resulting spectra are shown in Fig. 6*. Tor
convenience in discussing the results two frequency ranges are arbitrarily
defined:

low frequency range n < 0.1%¥
high fregquency range n > O

At 30° brake angle, most of the energy is in the high frequency
renge. Between 40° and 50° there 1s an increase in low frequency ampli-
tudes of nearly three times. Further increase of the brake angle adds
energy mainly in the high frequency range, but there is also a stcady
increase in the energy at low frequency.

» The ordinate used is »/nF(nj which has the advantage that the rem.s.
value of the pressure fluctuation in a small band of frequency is approxi-
mately ecqual to the appropriate value of \/nF(n) multiplied by the square
root of the bandwidth ratio.

*%  For example, for a brake 3 £t square at 1000 ft/sec, n = Os1
corresponds to a frequency of 33 Cepese
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The large increase in low frequency excitation between 40° and 500
is associated with the appearance of a regular shedding of turbulent eddies
(indicated by the sharp peaks* in the spectra) in the wake. The value of
n at which shedding occurs is known as the Strouhal number. Thas is
plotted in Fig. 8 together with the values for isolated plates repor.ed
in Ref. 1. It is apparent that with the gap used on the present model,
the presence of the body has little effect on the Strouhal number, except
at brake angles above about 60° when the presence of the body increases
the shedding frequency slightly.

It is of interest to note that at 90° brake angle the spectrum
measurcd off centre (Fig. 6(e) spectrum D) shows the shedding frequency
peak very strongly, while the centre line spectra (B and C) show little
sign of it and the amall peak in centre line spectrum A 1s at twice the
shedding frequency. This suggests that at a brake angle of 90° the
fluctuations in flow associzted with the shedding are predominantly lateral.

3¢5 Effect of the proximity of the brake to the tail of the body

All of the results discussed so far have referred to tests in which
the brake hinge line was at least ,4£ ahead of the tail of the body, and
the results should be independent of increased body length behind the brake. .
A few tests were made to check the effect on the pressure fluctuations of
reducing the length of body behand the brakes The rearmost position of
the pickup in these experiments was 0.5¢ ahead of the tail of the body and
the rearmost position of the brake was 1.5 ahead of the taile Details
of the positions tested and the results obtained are given in Table I,

It will bo seen that the effect of reducing the length of body behind the
brake hinge is generally small,.

N Conclusions

There is a rapid increase both in the r.mes. amplitudes of the
pressure fluctuations and in the area of the body affected, if the brake
angle is increased above 50°. In the low frequency range (values of n
below 0e1) thers is a large increase in amplitude between 14.00 and 50° breke
angle, which is asscciated with the appearance of a reguler shedding of
turbulent eddies. 'The value of n at which shedding ocowrs (Strouhal
number) varies from 0.25 at 50° to 0.13 at 90°. These mumbers are in fair
agreament with those for an isolated plate, although the frequency of
shedding is increased slightly due to the presence of the body at the
higher brake angles. The pressure fluctuations due to the brake are not
much affected by the distance of the brake from the tail of the body.

The mean static pressure distributions on the body show a positive
peak ahead of the brake and a negative peak behind. These peak values
vary from 0.1 g, and =1.0 go at 30° brake angle to +0.6 4, and ~0.6 q,
at 90°. There is no obvious connection between the mean and fluctuating
static pressure dlstributions in that the pressure fluchiation maxima
do not in general correspond either to static pressure maxima or minima
or to maximum static pressure gradient, although at the higher brake angles
there is same local increase in the pressure fluctuations in the area of
maximum pressure recovery gradient.

Purther tests to investigate the effect of gap are to be made. The
brake will be fitted on a flat-plate wing so that the gap cen be defined
more easily than on the cylindrical body.

* The shapes (including the heights)of the peaks in the spectra are
determined hy the characteristics of the analyser. Strictly, the results
should be presented in the form of the continuous spectrum and the remase
value of the fluctuation at the single frequency. For the present purpose
it is sufficiert to recognise the existenco of peaks.
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LIST OF SYMBOLS

angle of brake relative to body axis

length of side of brake

diameter of body

distance of brake hinge iine from tail of body
distance of pressure pickup behind brake hinge

distance of pressure pickup from brake centre line measured
along body surface

tunnel speed (corrected for body blockage of O,8%)

frequency (cycles/second)

£4 . non damensiomal frequency parameter

analyser bandwidth expressed non dimensionally

2
1
U,

mean statlc pressure at o point on the bedy surface

instantaneous static pressure

p'2 = mean square valuc (wrth respect to time) of static
pressure fluctuations

mean square value of static pressure fluctuation passed by

analyser

An . enalyser bandwmdth (cycles/sec) - 0,1
n tuned frequency (cycles/sec)

analyser bandwidth ratio

Speatrum function (see Appendix)
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APPENDIX

Method of measuring fluctuating pressures

The pressure pickup (Fig. 3) was of capacity type, developed from
an original design by Wolfe?, A block diagram of the associated equipment
is gaven in Fig. 2, The analyser was of constant-percentage-bandwidth
type (bandwidth = 0,1 x tuned frequency) with a range from 2,5 to 750
¢.p.8. The final amplifier is descraibed in Ref. 3%

With this equipment measurepents were made of the mean square of
the total output of the pickup, p-. Msasurements were also made of the
mean square of the analyser output, Ap“, over a range of frequency, f,
or, in non-dimensionsl form, n = £¢/U,. The spectrum function F(nj is
defined so that F(n) dn is the contribution to p%/qy2 of frequencies
betweecn n and n + dn, Thus, if the analyser bandwidth is small,

F(n) = Apz/'qo2 An
2, 2 .
and n P(n) = Ap /ho g, approximately
For the analyser used, g, = AN wag roughly constont and equal to 0,1,
n

The mean square value of the pressure fluctuation (p1,2)2 contained

in the band of frequency between n, and n_ 1is given by

i 2

) o

2
(oys5) /1, ‘f F(n) an
T
1y
- ]' n F(n) d(log n)
i
and pz/'qo2 = ]' n P(n) d(log n)

n:= 0

An example of the accuracy obtained with this equipment is shown
in Pig. 4. These measurements were made, during the development of the
pickup, on the rear wall of a rectangular cavity in a cylindrical body.



Purther development of the equipment is proccedang so that measgure-
ments can be made at higher frequencies, This will enable tests to be made
at higher speeds and on smaller models. A Muirhead PAMETRADA wave analyser
has been obtained with a frequency range from 2 c.p.s. to 21 ke.p.s. The
design of high frequency pickups is being considered; these will probably
have flush diagrams about 0,5 in. in diameter,



TABLE T

Values of P/g, on brake oentre line

X

80 X £

¢ 545 5.0 a5 2.0 145

0.5 - - 0.097 - 0.107
30 1,0 - 0.069 - 0.077 0,068

1.5 0.035 - - 0.0L0 -

|

0.5 - - 0.042 - 0.046
L0 1,0 - 0.037 - 0.036 0.039

0.5 - - 0.046 - 0.045
50 140 - 0.052 - 0.051 0.051

15 0,074 - - 0.052 -

0.5 - - 0.037 - 0.038
70 1 .0 - 0:051 - 00052 00051

145 2.068 - - 0.061 -

045 - - 0.046 - 0.031,
90 140 - 0.061 f 0.067 0.051

1-5 0e112 - - 0'095 -

8 = BPrake angle

£ = Length of side of brake

x = Distence of pickup behind brake hinge

X =

Distance of brake hinge from tail of body
I
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Kt.2078.0.P.288 - K3 - Printed in Great Britain







A2-98"

s

ELLIPTIC NOSE ©d PARALLEL

|
Ly

T GAP=0- B
=Q24

¢ OF HINGE
ds4-5"

HINGE PLATES F
SOLDERED TO 0-03]
20 SwWG. METAL

BAND

WIND

60°
) \CHAMFER

REAR PRESSURE

CONVEETION ™ decrmon.  SATASITY TURE .
CONNECTION

FIGI. DETAILS OF MODEL.



FOR CALIBRATION
A,

CAPACITY TYPE
PRESSURE PICK-UP }
[
‘ |
|
|G

-
|
]

| ANALYSER. TYPE 762-B.
I(FREQUENCY RANGE 2:5-750¢p.s)

DAWE INSTRUMENTS

MICROVOLTER 0SCILLATOR

TYPE |

CRO

ENERAL RARIO VIBRATION

SOUTHERN SOUTHERN

OSCILLATOR PRE-AMPLIFIER

—
-
I .

IAMPUFIER  OUTPUT

| c
_________ __'JUN TION

I
|
|
INSTRUMENTS INSTRUMENTS l |& THERMO- GALVANOMETER
L

ANALY SER OUT OF CIRCUIT
FOR TOTAL MEASUREMENTS

FIG.2. GENERAL ARRANGEMENT OF APPARATUS
FOR MEASUREMENT OF PRESSURE

CENTRE CONDUCTOR
Eﬁoﬁ_ PRESSURE SOLDERED TO REAR
T PLATE CONNECTION
fT CO-AXIAL
T ITITS \\ PP CABLE
pe 4
N
c
D (Bsilshg m A\ CLIP CONNECTING OUTER
P - CONDUCTOR TO CELL CASING
w o
g2J INSULATION
P o (TuFNoOL)
o —SHIM (PHOSPHOR BRONZE)
ol
3+ | REAR CONDENSER
3 D
53 | pLATE (BRASS) _FRONT CONDENSER PLATE

(PHOSPHOR BRONZE DIAPHRAGM 0-005" THICK)

FRONT CASING

N _(BRASS)
E\\\\\\\ N
A

FRONT PRESSURE
HOLE

FIG.3. EXPLODED

0 0-5 140

!—I I e
SCALE INCHES

SECTION OF CAPACITY

TYPE PRESSURE PICK-~-UP.

(SENSITIVITY ADJUSTED BY VARYING THICKNESS OF SHIM)



0-08

a
OAOQ
A x|a x[%% %o
0-06 f 5%
] & X AXA
mFry % = g
0-04 L & x
Bk o
a® © Up =108 FT|SEC.
0-03 At X Uo =150 FT[SEC. A%
A Uy =218 FT/SEC. X
0-02 A> = B
Ea
0-01 Koxe—o
o .
0-01 0-05 0 05 | ms+fL 5 10 20
Uo

U, * FREE STREAM VELOCITY

{ =" FREQUENCY (CYCLES|SEC.)

Ap?= MEAN SQUARE OUTPUT OF ANALYSER

€, ANALYSER BANDWIDTH (CYLES|SEC)
TUNED FREQUENCY (ECYCLES[SEC)

L= LENGTH OF CAVITY

=0:100

nw= fL
o
mFn) = op°
q;oz EA

R.M.S. VALUE OF THE PRESSURE FLUCTUATION IN A SMALL BAND
OF FREQUENCY 15 EQUAL TO ¥n F(n) MULTIPLIED BY THE
SQUARE ROOT OF THE BANDWIDTH RATIO ’

FIG.4. EXAMPLE OF PRESSURE FLUCTUATION

MEASUREMENTS ON REAR WALL OF RECTANGULAR
CAVITY IN A CYLINDRICAL BODY.

(SEE APPENDIX).



_—_— H H—— H

RMS. PRESSURE FLUCTUATION (p)
by P U;

==z
| (e _°

< A °
R o
/.%%%ﬁ>
-0 5
03
co MEAN STATIC PRESSURE (P)
L )
2 on
_ — H

RMS PRESSURE FLUCTUATION (b)

”zyug

1 irq‘/-—;‘_:&:;ooz/—\ (o]
“0% :\9-‘5:} o]
+.,./ &/))

MEAN STATIC PRESSURE (P)

- ! H
(b). ©=40°
I H
RMS PRESSURE FLUCTUATION @
by,
004\
o ; o
A ©
MEAN STATIC PRESSURE jE[
2 pUq
_ SE— H

(©). & =50°,

FIG.5(@-¢. FLUCTUATING AND STATIC PRESSURE

DISTRIBUTIONS ON BODY SURFACE.

CONTOURS AND PROJECTED BRAKE AREA SHOWN ON DEVELOPED BODY SURFACE.
& INDICATES POINTS AT WHICH SPECTRA HAYE BEEN MEASURED



0-08

AON ¢ 4 BEHIND BRAKE HINGE
0-07 B ON ¢ 1'67¢ BEHIND BRAKE HINGE A\
WS CON ¢ AT MAXIMUM P/go / \

0-06 ' /1

. 6oz

0'03 Pt
/
0.02 /
/ - __5__———--—._______
001 4 el I
e — T [
0 e ——1 o e d—
0005 0-0) 0-05 o-|on_ [ 2 05 -0
Q
@). © =30°
0-04
\]'n F(n)
0-03
B __
. '/—— -_"\ /
0-02 = ~~
/
0-0) et e W (1AL 12 N B
.;5, ....A-——"—,,‘ \"""-—_
o} T
0005 0-0} 0-05 010 ne 52 0-5 )
Uo
(b). © =40°.
006
0:05 //\
0-04 —
/ P \{xu-so.e) .
0-03 // ,/ \ <~z
/ \,\ B — /
| L 1]
002 > ,n‘\
7N RS
o-of S S e \"*-T::“‘:::—""-‘-‘-_:
. N D
0005 0-01 006 010 e FL 05 1 Q
o Uo
(C). © = 50°.

FIG.6(@~c). PRESSURE FLUCTUATION SPECTRA

MEASURED AT POINTS INDICATED IN FIG.5(- ~C).

X=DISTANCE OF PRESSURE PICK~UP BEHIND BRAKE HINGE - LINE.



T T
H H
o) 0

T
RMS PRESSURE FLUCTUATION ()
LpVo

l

T T
d). & =70°.
T T
RMS PRESSURE FLUCTUATION (p)
%gué
H — = — — H
/: o

O

BLC

o \ Tod 0
k MEAN STATIC_PRESSURE (7]
2on
H

e). ©=90°

FIG.5(d&e). FLUCTUATING AND STATIC PRESSURE
DISTRIBUTIONS ON BODY SURFACE.

CONTOURS AND PROJECTED BRAKE AREA SHOWN ON DEVELOPED BODY SURFACE,
& INDICATES POINTS AT WHICH SPECTRA HAVE BEEN MEASURED.



Hp

AON¢ 42 BEHIND BRAKE HINGE | |
00 oN % k_rﬁuABEH\ND %SAKE HINGE A
C ON MAXIMUM P/q, Y !
5 OFF CENTRE LINE AT MaimaM Plg| | [ \D(x'?s”ﬂl 0-27.4)
0-08 i k
!
0-07 i \\
006 c(x=1-8048) I ‘
7
JnFm // \/’ N\ f‘\ \
Q-05 = e : ’l -
/S ST AN
Q04 VAR oo ¥
0-03 / /:/’ N s ) P \
7 i ~\
/ // ~
002 — ~
P \'-‘w
o ol — .
o]
0-00% Q'0t 0-06 040 n:=§¢ o5 10O
(d). o = 70° og4 Ho
015
014
013
o2 I' \
D(x-=2502, 1 =0:432
ol / ¢ N )
I
010 / 1
T avil
nFr)
n 7\
/[ A1\
0-08

/ f’ ’F\ P - \
A 7 N el \
0-03 / ’/ //, ) x
. / // \\
0-02 /] — N =
4= N
- ’/
0 olf—F
o |
0005 00! 005 Q10 05 O
‘ Tl-*;.ﬂ
Vo

(C).;e = 900. i
FIG.6(d#§PRESSURE FLUCTUATION SPECTRA

MEASUBED: AT POINTS INDICATED IN FIG.5(dse¢).

ey

X« DISTANCE  OF PRESSURE PICK-UP BEHIND |BRAKE HINGE -~ LINE
|

Y = DISTANCE OF PRESSURE PICK-UP FROM ¢ MEASURED ROUND BODY SURFACE



0-25

o-20

S PdA ! |NTEGRATED R.MS5. PRESSURE
9, L% | FLUCTUATION (ABOVE O-O1) ON BODY SURFAC
°°_|5 EXPRESSED AS COEFFICIENT ON BRAKE AREA

(A= SURFACE AREA OF BODY)/

010 /

0-05 }:{

o

0 to° 4Q° &0° go° I00*
BRAKE ANGLE @

FIG.7. EFFECT OF BRAKE ANGLE ON
PRESSURE EXCITATION ON BODY,

0-25 )9
STROUHAL
Ne
0-20
\
\\+
O'ls \\
N
NS
~
o
~x
0-10
—0— PRESENT TESTS OF BRAKE ON BODY
—X—— ISOLATED SQUARE PLATE OF REF |
005 +  SQUARE PLATE ON BODY (REF.I)
o
o° 20° 40° 60° 8o° {oo?®

BRAKE ANGLE ©

FIG.8. VARIATION OF STROUHAL NUMBER
WITH BRAKE ANGLE.






Crown copyright reserved

Pubhshed by
Her MaJEsTY’S STATIONERY OFFICE

To be purchased from
York House, Kingsway, London w ¢ 2
423 Oxford Street, London w.1
P.O Box 569, London s.E.1
13A Castle Street, Edinburgh 2
109 St. Mary Street, Cardiff
39 King Street, Manchester 2
Tower Lane, Bristol 1
2 Edmund Street, Bimungham 3
80 Chuchester Street, Belfast
or through any bookseller

PRINTED IN GREAT BRITAIN

C.P. No. 288

(18.260)
A.R.C, Technical Report

5.0. Code No 23-9009-88

C.P. No. 288



