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SUWARY

Flom asurcnents have been made behind sharp edged fiat plates
(a) at 90° ?or va wous shapes, and {(b) for a square plate over an incidence
range, The resulbts of {a) show a closed bubble about 3 plate sides long,
with a constant pressurc boundary up to the maxomm Azsmetor, followed by
mixing, deosurcnents of vslocity fluctuantions were meds for (b), showing
that o regular cbeddlng of turbulent cddies occurs for @ = )O and over,
vut stops by 40°, large rardom low frequency longitudinal fluctustions
are agscciated wzuh the chedding.

Ima't, drag and pisching moment increments were ueasured on a sguare
plate m nted on {z) 2 long cylinder and (b) near the end of several
shapes <f rcar fuselage, to sce how the noments on opening the brakc could
be modified, Veloc.ty flustuation meosurements, at 70° only, show a much
reduced longrtudinal unsteadiness when the plate is in proximity to ths
fuselege, Cowparative teshs were made on a cascade braks? and show %
no shedding coccurs,
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1 Introduction

Tests are being m.de 1n low speed wind tuwmnels waith the main object
of providing data for the design of aar brakes, The reaults are also of
interest as 2 contribution to the knowledge of the {low behind bluffl
bodies,

Some prelivunary measwenente have been made of the dreg and the
nature of the flow behind isolated flat plates of various shapes over a
rapge of incidence, DBoth the mean flow pattern and the longntoadinal
velocaty fluctuations have been studied,

Lift, drag and pitching moment have been measured on a body fatfed
with a square flat plate brake to explore the possibality of gettaing no
change 1n pitching moment over a range of breke angle, One of these
brakes wos used for an ainvestigation of vibration and showed a much
steadier flow due to putting the brake on the body. TFurther work on thas
1z to be done,

Types of air brokes other than simple flot plates will be tested,
csuch as slotted and perforated plates, From Australian tests, it appears
that a cascade’ may have advantages and some tests have already been made
on such & brake, The resuliés are 1ncluded in the present note,

2 nxperdiments with isolated flat plates

2,1  Description of tests

The experiments cen ke divided rcoughly into three groups:

(1) Heasurements wers made of the drag, and of the mean velocities
behind plates perpendicular to the wind, The shapes tested were a square,
a circle, a 60° delta and a reclangle of aspect ratio 2,15, All of the
plates had an area of 25 8q.in# and the edges were chamfered at 309 as
shovm an lag.i,

(2) Yurther drag measurercnts were made on plates perpendicular
to the wind wath aspect ratios of 5, 10 and 20, maintoining an area of
25 so.an,

(3) Tests were made on the square plate over an incidence ronge
frea 27° to 90°. leasurements were made of the drag and of the velocity
fluctuations 1n & plone 15.3 in, behind the plate,

L1L of these experiments weye made in the 4 ff x 3 ft tumnel at a
gosed of 140 f%/sec. The plates were mounted on the upstream end of =2
rod sbhout 3 £t long and 0.5 in, diameter on the axis of the tunnel, The
dovmstream end of the rod wons suprorted by struts attached to the tumel
wallssy the rod was also supported just behind the plate by means of
three waires, A sketch of the rig is given in Fig,i.

Tor drag measuremeats, a small capacity-type balance was constructed
and fatted between the rod ond plate as shovm in Fig.l. In orxder to
reduce the suprort interference wath the plate at small angles, a short
lenpth of strecmline rod was interposed between the rod and plate (as
shomr 1n ¥ig,1) when velocity treverses were being made behand the plate,

*Lxcept for the rcctangle which was antended to be of aspect ratio
2,0 but was made in error to have an aspect ratio of 2,15 and an area of
27 sq.ins,
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Traverses behind the plates were mode with pitot-atatic tubes and
with a hot wire using the apparaius shown in Pig.1, An elliptic section
tube spamned the tunnel and carried a sliding block which could be
traversed from outside the tunnel, Vertical movements were cbtained by
means of cramnked holders, and fore and aft movements were made by moving
the whole traversing gear bodily, The pitot and static tubes weve kept
parallel to the tumel axis, Measurements of the reverse velocities
behind the centre of the plate were made with patot-static tubes attached
to the central rod but pointing downstream,

The hot wire was arranged to be normal to the free stream dirsction.
The associated equipment which included a vibration analyser was basically
that described an Refs,i and 2,

2,2 Velocity measurements

The velocity contours shown in Fig.) were drawn from measurements
made with pitot and static tubes set parallel to the tunel axdis in planes
3 in, 6 in, 12 in. and 24 in. dovnstream of the plates and also 18 in,
downstream in the case of the square and rectangular plates, The contours
of velocity and velocity fluctuations shown in Pig.5 were drawn from
measurements made with a hot wire set normal to the ftunnel axis in a
plane 15,3 in, dovmstream of the plate,

The measurements are therefore in error where the local stream
dirsction is not parallel to the tunnel axas, For the perticular pitet
and static tubes used in these experiments, a check showed that the
measured velocities exceeded the true velocities by 2% for 10° misalign~
ment and 6% for 20° misaligrment, It should be noted that misalignments
are mall near the axis of the "bubble" (see para 2,3) and near the mid-
length of the bubble, The length and maximun dismeter of the bubble are
therefore fairly accurately determined, The hot wire measures velocity
normal to its length; it is therefore substantially non directional in
the plane normal to its length with a cosine effect in the plane con-
tadining its length. In the latter case the readings are therefore low by
1% for 10° misaligrment and 6% for 20° misalignment,

The measurements are alsoc subject to errors due to the fluctuating
nature of the flow®, 1In orxder to investigate this effect, comparative
traverses have been made with hot wires and with the patot and static
tubes in & plane 18 in, behind the plate. The results which are showmn
in Pig.bg give some indacation of the accuracy of the present measurements,
Corrections have been applied to the hot waire measurements for the effect
of velocity fluctuations; the discrepancy between the velocities given
by normel and inclined wires suggests that these corrections are insde-
quate, The pitot-static measurements are uncorrected and lie above the
hot wire measurements, The maxarum dafference between hot wire measure-
ments and piioi-static measurements amounts to about 206 of the local
velocity or 10 of the free stream velocity.

leasurements of the longitudinal velocity fluctuations were ma&e\as
follows, MNeasurements of the mean square of the analyser output, _{}A" ’
were made over a range of frequency, £, With the analyser out of Céimuit,
measurements were made of the mean square of the total output, .E . The
spectrum function, F(f), 1= defined so that PF(f)df is the contribution

2
to (l%) of frequencies between f and £ + Qf, i.e.
U
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are presented in terms of the f{rec stream speed, Contours are drawn of

2
. and spectia are gaven of (1), (:./’fé) gA> plotted against
Us \1,

100fA7,, The latter is the frequensy corresponding to a free stream
speed of 100 Pt/sec.

The traversing gear already described was found to be unsatisfactory
for holding a hot wire, The slaxding block was not a good fit at all points
along the elliptic tube so that a low frequency vibration of the wire may
have occcurred on some cccasions, giving high readings of the velocity
fluctuations*, A new traversing gear has been made and found satisfactory
for further experiments,

Outsade the velocity wake of the plate, lateral osc:llations of the
flow have a negligible effect on a normal wire., Obviously lateral
velocity fluctuations may be important; an inclined hot wire is reguired
t0 measure these components,

The preszent tests are therefore limited an scope and crude in
character, UWevertheless sone important conclusions can be dravn from
them, Further experiments are being made with normal and inclined hot
wires meunted on the improved traversing gear, An attempt will alsoc be
made to correlate hot wire messurements with measurements of the fluctua-
ting pressures on an serodynamic surface,

2.3 DResults

The drag measurements®* on plates at 90° gave values of the drag
coefficzent of 1,15 for the square plate, 1,16 for the 60° delta plate

*While measuring the spectra shovm in Pig.6, the sliding block was
temporarily faxed rigidly to the tube,

**The drags of 25 sq,inch plates in the L7 x 3! tunnel have been
miltiplied by a factor (1 - 0,03 Cp) for blockage, using some tests on
plates of dafferent sazes., The correction thus found is larger than was
expected, and further work is being done, The correction is neglagible
in the 114 £t tunrel,

--7.-



and 1,13 for the circular plate, (A pressure plot of the circular plate
gave a drag coefficaent of 1.14).

The variation of drag with incidence for the square and delta plates
is shown in Figs.2e and 2b, The square plate stalls at about 6 = 369, the
drag coefficient falling abruptly from 0,80 to 0,60, There is a consider-
able hysteresis loop at the stalll which could not be investigated during
the present tests since it was rot possaible to vary the incidencs with
wind on., The drag is reduced as the plate stalls since the rcduction in
induced drag is greater than the ancrease in profile drag, The delfa
plate shows a similar but less marked break in the drag curve,

The variation of drag with aspect ratio for rectengular plates at
90° is shown in Fig.3. The two-dimensional value for Cp is about 1.84
(Ref,5), The present results show that between A = 1 and A = 10, the
drag coefficient increases only from 1.15 to 1.27. A% values of A above
10, the drag increases more rapadly; at A = 20 (the highest tested) the
drag coefficient was 1,47,

Velocity distributions behind the low aspect ratio plates at 90°
are shown in Fag.4, I% 1s possible to define a closed "bubble boundary"”
by saying that, within thas boundary, the total axial flow across any
section perpendicular to the axis of the plate 1s zero, These boundaries
are shown chain dotted in Figs,4a-d, The "wake boundary", defined by
saying that ocutside this boundary there a1s no loss of total head, lies
outside the bubble boundary, Along the wake boundary the static pressure
coefficient is consgtant and equal to -0,42 from the edge of the plate fo
about the midlength of the bubble, The corresponding velocity is 1.2 U,.
The mean velocity is negative near the centrec of the bubble and positive
near the cutside; +the flow is very unsteady, The pressure coefficient
on the downstream face of the circular plate was found to be constant and
equal to -0,42, The static pressure coefficient fallg to =0,5 three
inches behind the plate and to ~0.6 six inches behind (Fig.Lf). A%
twelve inches pressure recovery has begun and the coefficient is -0.35.
By eighteen inches, pressure rccovery 1s complete, At any one distence
behind the plate the static pressure appears {0 be constant within the
bubble (Fig.he) although it varies as stated with distance from the plate,
and there is a static pressure gredient between the bubble boundary and
the weke boundary,

Velocity distributions in a single plane behand the sgquare plate
over & range of incidence were obteined from hot wire readings and are
given on the raght hend side of Fig,5. These measurements werc made
15,3 in, dowmstream of the plate, 1.e, Just behind the bubble at 6 = 90°,
At @ = 90° the wake is nearly circular in section with manimm velocities
of about 0,3 U, in the centre. At 6 = 60° the weke is similar in
character although distorted and displaced downwards due to the downwash
behind the plate, Detailed traverses were not made at 6 = 50° but analysis
of the velocity fluctuations at a single point (see below) suggests a flow
similar to that at 6 = 90° and 60°, At ¢ = 40°, gust above the stall, the
weke 1s fundamentally changed., There are two separate regions of low
velocity, At 6 = 369, just below the stall, the wake is again of this

type,

Contours of velocity fluctuation are shown on the left hand side
of Fig.5, There is a change from a ring of high velocity fluctuations
st 909, to a crescent shaped region at 60° (and probebly 50°) and finally
to two regions at 4L0° and 36°,



Analyses of the velocity fluctuations over the incidence range at
a single point* (indicated in Fig,5) sre shown in Fig.6, This point was
chosen to have large velocity fluctuations over the incidence range and
the hot wire was fixed rigadly to avoid vibration. The spectra are of
two types., A% the hagher angles (6 = 900, 60° and 50°) each spectrum
includes a hugh peak value** of fF(f) at & particular frequency (which
varies with incidence) supcrimposed on a conbimous spectrum, This is
due to the shedding or turbulent eddies ain a regular manner, At @ = %0°
and 36° the spectra are continuous wath no peaks, and with large rendom
fiuctuations mainly at relatively high frequency. It appears that large
randon fluctuations at low frequency are associated with a regular
shedding,

3 Bxperiments wath a plate on a fuselage

3,4 Lift, dreg and pitching moments due to plate

It has been found that a single air brake mounted behind the wing
under a fuselage cen, in general, only be in tram at one angle; below
this angle there 1z a nose down moment, and above 1%, a nose up moment,
Ixperiments were made to find what varaables affect this behaviour,

A cylindricel body 4,5 1n, dismeter with faired nose was tested
in the L £ x 3 £t tummel:

(a) cut off with a2 bIuff end of full diremeter,

(b)Y with a faived tail cut off wath a bluff end of 0,59 times
the full diameter,

(a) with a fully faired tail,

These are called "bluff", "poat ta1l" and "faired tail" (F:Lg.?).

The pressure distributions on the bodies without brakes (Fig,13)
agree until near the modified rear ends,

The brakes used were sguare flat plates simalar to those tested
alone, and could therefore only be used at faarly larpe angles when on
the body, For nost of the tests the lenpgth of the zide of the brake, ¢,
was 2/3 of the body diameter., The hange line was tangentaial to the body,
and the gap, measured from the hinge was normally 0.24, Two further
tests were made on the body with boat tail:d

(a) with a larger gap (0.48)

(b) wath a smaller broke (& = & body dimmeter) and the normal gap.

It was found that adding the pointed tail to the boat tail does not
alter the fore and aft position where the major change in piftching moment

of 2 brale cccurs (Figs.9 and 10), so 2t is considered more convenient to
keep the same reference point for these two bodies, Brake positions are

*Except that the spectrum for 8 = 90° is an early measurement made
11,8 1n, dovmstream and 5.0 in, froa the centre line,

**The shapes {including the heaghts) of the pesks shown in Fag,6 are
determined by the characteristics of the analyser, Strictly the results
should be presented in the form of the contimiocus spectrum and the mean
squore value of the velocity fluctuation at the single frequency. For
the present purpose it 1s sufficient to recognise the existence of peaks,

-0 e



specified by giving the distance of the brake hinge from the end of the
bIluff or boat tail bodies and, in the case of the body with faired tail,
the distance of the breke hinge from the posation on the faired tail
corresponding to the end of the boat tail (Fig,7).

Lift, drag and pitching moment increments due to the larger plate
with gap = &/5 are given in Tables I-IV and Figs.8~10 in the form of co-
efficients based on the brake dimensions, the moments being about the
brake hinge. These results show that if the brake is more than about 3¢
forward of the end of the body (or the datum described above in the case
of the body with faired tz1l) the 1ift and drag increments are unchanged
by further forward movement, The moments at large angles are also
unchanged but at small angles the moments change in a nose down direction
with forward movement, As the brake as moved back, beyond the position
3& forward of the end of the body, the 1ift increases, the drag increases
to a smaller extent and the moments at larpe angles decrease rapidly, The
details of these changes depend on the shape of the rear body,

In Figs.14~16 the moments are shovm recalculated about various
assumed positions of the centre of gravity, the mid position on the body
with boat tall corresponding roughly to the layout of a Hunber, The
second scale {of Acm) which has been added to Figs,14 and 16 expresses
the moment changes in terms of Hunter damensions, taking the body dismeter
a8 the connecting variable, i.e. the model is assumed to be 1/11,67 scale,
Figell4 shows the small effects of moving the centre of gravity amd varying
the shape of the rear body, An analysas of the pitching moment about the
centre of gravity is gaiven in Fig,15 showing 1ts dependence on lift. In
all cases the brakes give zero trim change at an angle near 70°,

The effect of a2 change in gap from &/5 to 24/5 is shown by comparing
Figs,9 and 11 apd in Fig.16, The drag isa Irttle less with the bagger %ap
and the moments are an trim at a slightly bagger brake angle {about 73°).

The effect of a smaller brake is shown by comparing Figs,9 and 12,
The change in pitching moment slope as the brake approaches the end of
the body agrees if the distance from the end of the body is measured in
terms of the brale dimensions, and the moment coefficients of the brake
about its hinge are more positive, In Fig,16 the moments are compared
in terms of an agsumed wing area and C.G. position and the brake angle to
trim is about 66°,

The result 18 that a single brake under a fuselage is in balance at
about 70° and gives varaations in pitching moment as it is opened agreeing
with those found in practice. It is not at 211 apparent how to vary this
except by vutting the brake just ahead of the cenire of gravity (which
means under the wing, when these results are not applicable) or by putting
it neaxr the end of the bedy vhere it can be i1n trim at a larger angle but
has an increased varistion as it is opened and closed,

3.2 Vibration

A 5 1n, square plate was tested at 70° on a 7 1n, diameter body in
the 4 £t % 3 £t tunnel (Fig.18). The resulting spectrum is compared with
that measured behind an isclated plate at 70° in Faig,17. (The latter
spectrum was produced by interpolation from Fig,6)., Although both spectra
include peaks due to a regular shedding of turbulent eddies, the amplitude
of the fluctuations 1s reduced by the presence of the body and the shedding
frequency 1s increased, This suggests that the angle below which shedding
does not occur may be higher when the plate 1s mounted on a body and
further experiments will be made to investigate this,



L Experiments with cascade brakes

| Introduction

The use of a cascade as an air brake has been suggested by the
Aeronautical Research Loboratory, ielbourne’ es giving higher drag, and
probably less vibration, than a flat plate, It was thought worth while
to follow up this suggestion and to investigate the velocity fluctuations
in the wake of a cascade,

The first cascade brake was made from an cxisting wind tunnel
cornmer cascade in whach the vanes were of an aerci'onl section designed
to leave passages of constant area between thom, It was tested (with a
flat plate for compariscn) under the body of a Javelin model just forward
of the trailing edge of the wing, Haxisum drag coefficients of 1,67 for
the flat plate (at 90°) and 1,82 for the cascade (at 60°) were measured,
It was clear that the high drag of the flat plate was due to interference
with the wing, and 1t seemed likely that the interference due to the
cascade brake was much smaller, The cascade brake might therefore have
a greater advantage in drag on a body, clear of the wing field, The tests
described below were made to check this conclusion.

Le2 Deseription of tests

The model used in section 3 was of too small a scale for making
cascade orakes conveniently, particulsrly as twe brakes of half the flat
plate arca were requived, A body of maximm diameter 7 in, was therefore
made (Fig,18), It represents a faghter fuselage with a shortened nose,
A fin was fatted but no wing or tailpiane, If the model is regarded as
of 1/7.5 scale s, the 5 un., square flat plate represents roughly the Iunter
under fuselage brake and it was fatted in a corresponding position
relative to the C.G, and fan,

The brekes are also shown in Pig,18, The 5 in. square plate was
used as a basis for comparison and the following cascade brakes were
tested,

{a) The brake already msnticned, made from a wind tunnel corner
cascade, This will be referred to as the "aerofoal cascade™, The dimen-
sions (5,54 in., x 5,75 1n.) were chosen to give a reasonable mmber (7)
of vanes and span,

The other cascade brakes, described below, were all of the sheet
metal construction shown in Fig,18 and had vanes of smaller chord than
the aerofoll cascade,

(b} A brake of aporoximately the szme dimensions as the aerofoil
cascade, to afford a direct compariscn between the two types of
construstion,

(¢} A breke approximately 5 in. square for dairect comparison with
the flat plate,

(d) A pair of brakes (on opposite sides of the body)with a total
area approximately the same as the 5 1n. square breke,

leasurements of the 12f%, drag and pitching moment increments due

to these brakes over a range of angles Were made 1n the No,1 115 f%
tunnel at 120 ft/sec with the body at zero incadence,
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The body with the pair of sheet metal cascade brakes was then
meunted in the L £t x 3 £t tunnel and measurements of the velocity and
velocity fluctuations in a plane 15 in. downstream of the brake hinges
were made with a normal hot wire, This plane corresponds roughly to the
fore and aft position of the Hunter tail plane,

4,3 Resulks

Values of the 1ift, drag and pitching moment increments due to the
brekes are given in 1b and 1b. £t at 100 ft/sec in Table ¥V, It is con-
si1dered that the varaous brakes are best compared by forming coefficients
of lift and drag based on the gross ares of each brake, 5y, i.e, the area
of cut-out required to stow the brake, The results are given in this fomm
in Fig,19, The pitching moment increments given in Fig,20 are expressed
in terms of Hunfer dimensions, assuming the model to be 1/7.5 scale,

o Fig.19b shows that the cascade brakes produce moximum drag at about
50 compared with 90° for the flat plate, The maximum values of are
given in the following table whach also gives the values of Sp on which
the coefficuents ars based,

Nominal
Type of Brake Wadth | No. of | “yopoen |, 5B o 1a
TP (in) | vanes (iﬁ) {sq.ft) “pg
Flat plate 5 - 5 0.174 90° | 1.28
Aeroforl Cascade 5.75 7 6.5 0.30% | 50° | 1,76
Sheet Metal Cascade | 5,75 20 6.73 0.280 50° | 1,44
Sheet lietal Cascade | 5 15 4,95 0,180 1 50° | 4.4
Sheet Metal Cascade | 3,5k 11 3,55 0,188 {500 [1,47

In the absence of a wing the flat plate compares less favourably
with the aerofoil cascade since the interference drag of the flat plate
is much reduced, The sheet metal cascades are consideravly less effective
than the aerofoil cascade but still have some advantage over the flat
plate.

Lift ancrements due to the brakes are plotted in Fig,19a, It will
be seen that around 8= 50° the ocascades produce about as much 1lift as
drag, while the flat plate produces moeximm 1ift at sbout 6 = 30° and zero
1ift at 8 = 75°, This is in good agreement with the results obtained on
the 4.5 in. diameter body (Fag.10) the value of X/8 for the tests on the
7 in, diameter body being 3.87.

Prtching moment increments are shown in Fig,20, The flat plate
gives a maximum trim change at € = 30° and zero trim change at 9 = 730.
These results are also in good agreement with the measurements made on
the 4.5 in, body and given in Fig.14., The cascade brakes give very large
trim changes so that it would always be necessary to use them in paars,

The resulis of the measurements with 2 normel hot wire in a plane
15 in, downstream of the brake hinges are shown in Figs,2! and 22, Tig,21
shows that the wake of the cascade breke (at 50°) is split anto two
regions of low velocity; Fig,22 shows that the longatudinal velocity
fluctuations are entirely random, One analysis of the longitudinal
velocity fluctuations behind the square flat plate at 70° was made in a
position (shown in Fig,22) where the fluctuations are a maximum, The
resulting spectrum is shown in Fig,22. This clearly shows the regular
shedding of turbulent eddies with associated random low frequency
fluctuations larger than those behind the cascade,

- 12 =



The longitudinal fluctuations will not darectly affect the aeroplane
except via fluctuating forces on the brake 1tself; the lateral luctua-
tions have not yet been measured, though work on this is now in hand, On
the assuuptions thoat the lateral fluctuations vary directly with the
losgitudanal fluctuations and that low frequency vibrations are the most
important, the cascade brakes look very promising,

If two flat plates, of the same total area, had been used on either
gide of the body, the spectrum would have been moved to the right by
log V2 apd the fluctuation maxima would have been beyond the traxling
edge of each brake, extending over the width of the brake, in much the
same wey 28 for the cascade brakes, A% 100f/U0 = 10 the relative values
of fF(f) would have been 0,002 for the flat plates against C,0008 for
the cascades,

If the fluctuations affect the tailplane, the single flat plate
may have an advantage in having 1ts maximm fluctuations below the
alrcraft and further away from the tail,

5 Discussion

The present results suggest that considerable improvements in low
frequency vabration due to flat plate air brakes would result from using
the brakes at smeller angles than 18 usual, A single under fuselage
broke has been considered because 1t interferes least with a taalplane af
this is @bove the fusclage, Such a brake used at small angles suffers
from two disadvantages: in order to maintain the same drag a greater
area 18 required, and 1t 1s impossible to avoid large tram changes. A
possible solution is to use a pair of brakes (on opposite sides of the
body, for example) but this will generally bring the wnkes of the brakes
nearer to the tailplane and increase the blockage effect on trim and
elevator hinge moment, and also increasc vibration, TFrom stability
considerations, tail planss behind swept wings should be low and an
obvious solution would be extending the jet pipe and carrying a sym—
metrical arrangement of brakes behind the tail, When symmetrical
arvangements of brakes are considered, cascades offer the advanitages of
high drag coefficients with relatively small low frequency velocity
fiuctuations,

6 Conclusions

The nature of the wake behind an isolated square flat plate changes
in charncter between @ = 40° and 50°, At larger angles there is a
regular shedding of turbulent eddies which gives large velocity fluctua-
tions in the wake at a single frequency, Large random low frequency
fluctustions are associated wvath this sheddang., At smaller angles there
is no regular shedding and the largest random fluctuations occur at
relatively high fregquency.

Resultsz obtained vath a gquare plate on a body suggest that under
these conditions the angle at which the flow changes is greater than thet
for the isolafed plate,

A single brake under & body can give zero trim change only at an
angle of about 70°, At angles much different from 70° 1t is necessary to
u3e a pair of broken,

A cascade broke has a higher maximm drag coefficient than a flat
plate and there is no regular shedding. The 1ift on a cascade brake
produces large changes of trim unless a pair of brakes is used,

- 13
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TABLE T

Increments of 1ift, drag and pitching moment

Square plate on 4,50 in, dia. body (Bluff tail) é‘i - .3%, gep
X/, n/, 6° Mor, | SOpp Al
30 0.639 | 0.611 | ~0.436
50 0,370 0, 86k 0,043
7183 1 0767 | 50 | olans | 1.461 | 0.970
90 -0,158 1.303 14325
30 0.58L | 0,610 | =0.297
50 0.360 | 0,872 0.073
4.950 | 0.767 | 35 | 0.037 | 1.183 | 0.909
90 "'OOMI-G 1 » 3"-!-2 1 0302
L4167 | 0,767 90 | =0,507 | 1,353 1.289
30 (.558 0.625 =0, 254
50 0.292 | 0,895 0.227
50 0.298 | 0.892 Q.277
3.58% | 0,767 70 | -0.416 | 1.213 1,061
90 | -0.509 | 1.338 1,26%
110 | -0,788 | 1.213 1.080
130 | ~0.856 | 0.969 | 0,491
3,450 | 0,767 90 | -0.522 | 1,339 1,311
30 0,58, | 0,642 | -0.207
50 0,224 0,931 0.3389
2,667 | 0767 | 20 | _oay5 | 1.187 | 1.057
90 -0,503 1, 308 1.149
30 0,510 0,679 =0,16,
50 0,233 0,853 0.4
2,083 | 0,767 70 | -0.017 | 1.207 0.903
90 -0,368 1,20 1.008
30 0,542 0,697 -0,107
50 0467 0.979 0,326
1.500 0,767 70 0.271 1,300 0,590
90 -0,128 1,359 0,691
90 -0,120 14355 0,716
30 ° 0.829 0,818 0,251
50 0,962 1,327 0,651
0.910 | 0.767 70 0.80L | 1.613 0.902
90 0.346 1,573 0.793
30 0.960 | 0.800 0.545
0.32 0. 50 1,187 | 1,401 0,73k
323 767 70 1,062 | 1.714 0.965 |
90 0.750 | 1,798 1.165
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TABLE TT

Increments of laft, drag and pitching moment

Square plate on 4,50 in, dis. body (Boat tail) g- .2.,, E_a_g =1 ana 2
a 3 £ 5 5
= 2
.9 Zfg | &° S = /s e = s
,E‘ B
s [ oy | g | Y1p |80, Mg
30 0,689| 0,611 =0.757 { 0,872} 0,673 -1,231
50 00455 00811')'[- "0-317 0‘ 1 0.868 ....0.66&.
80707 0.767 50 00241"? 00851 '-'0.299 5 9
70} <0161 4,164) 0,870 | 0,074 | 1.105 . 0,258
90| «0, 445 1,285 1,391 {-0.373|1.242, 0,930
90 | =0, 204 | 1,270 1.286 - - -
8,123 0,767 | 110 | 0,674 | 1.153| 1,000 - - -
1301 -0,859 | 0.929| 0,615 - e -
30| 0,667 0,624 | 0,470 | 0,894} 0,683 | =1,008
6. 36 50} 0.433| 0,878 0.030 | 0,500 0,872} «0,405
#3631 0767 | J01 0,010 1,165 0.935 | 0,046 | 1.113] 0,546
90 '-‘O.-)PBS 1 0298 1 l573 "0-381 1 0256 00959
350 - - - 0,895 { 0,722} -0,793
301 0,633]0.632} -0,278 | 0,892 0,720 | 0,771
50 | 0,161 0,919 0,440 | 0,467 {0,891 | ~0,062
70 - - - 0.066 | 1,166 | 0,868
L 040 [ 0,733 70| 0,031 11,2361 1.109 | 0,064 | 1,165 0,857
90 { -0.370 | 1,356 | 1,432 {=0,31611,306| 1,009
110 § =0,657 | 1,196 | 1,128 - - -
50 - - - 0.491 | 0,916 | 0,037
501 0,451 0,954 O.MOi 0.486 | 0,923 0,013
70 - - - 0.272 11,201 | 0,451
2.357 | 0.663 70| 0.226 11,231 0,793+ 0,266 {1,208 | 0,442
90 | =0,138 ! 41,328, 0,884 {-0,098 {1,320} 0,694
90 t-0,421 [ 1,333 0,906 . - -
110 {~0,519 | 1,175 0,809 - - -
130 |-0,761 | 0,929 0,206 - - -
90 | 0,371 | 1.510| 0.309 - - -
90 | 0,387 ! 1.510| 0,289
110 |-0,040 1 1,290 | 0,382 . _ .
1.007 1 0.567 110 | =0.033 - 1,290, 0.359
130 |-0,487 ' 0,834 | 0,217
| 30 | 0873, 0,753 | 0,010 | 1.056 | 0,824 | -0.451
i 50 1 1,018 14,257 1 0,008 | 1,001 |[1,220 |=0.420
0.867 | 0547 | 7 i o.812 11,1921 0.132 | 0.807 |1.536 | «0.2L5
| 90 ' 0.449 1 1.526 1 0,167 | 0,432 11,597 | ~0,133 |
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TABIE TIT
Increments of 1ift, drag, and pitching moment,

Square plate on 4,50 in, dza, body (Faired tail) f. = 2 , &R =
3 IA

4
a 5

X, Z, e® | A0, | A0p, Ay

50 0.419 | 0.860 | =0,154
8707 1 0.767 | 0 | -o.ou5 | 1.13% 1,032
90 ~0, 126 1,263 1,342

30 0,652 0,600 -0,530
50 | 0400 | 0.869 | 0.067
6.363 | 0767 | 30 | _ol036 | 1.440 | 1.059
90 | -0.425 | 1.267 | 1.33%

20 0,676 | 0.622 | -0.2%67
50 0,437 0,891 0,224
L.OkD | 0,733 70 0,039 | 1,200 1,113

30 0,720 0,630 -0,345
50 | 0,488 | 0,931 | 0.246
2,357 0.663 70 0,182 1,205 0,788
70 0,168 1,210 0,802
90 "'01223 1 0333 10009

30 0,748 0,630 ~0,237
! 50 0,611 0,925 0.275
0.867 C.547 70 0,322 | 1,189 0,405
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TABLE IV

Inorements of 1ift, drag and pitching moment
£
Square plate on 4,50 in, dia, body (Boat tail) 3" 13 R Q%E = é—-

xkh Z/, e© AGLB AODB AOMB

30 0.528 0.577 ~0.757
50 0,382 0,866 0,165

11.609 1,022 70 0,087 1,183 1.565
. 70 ~0,079 1,169 1.516
g0 ~0,4.36 1,295 1.976

30 0,497 0.565 -0, 348
50 0,370 0,882 0,103
8,484 1,022 70 -0,0L3 1,196 1ul79
70 ""0' OLIJ-!- 1 11 95 1 0426
90 ~0.424 1,301 2,057

30 0.#62 0.563 0,083
50 0,32 0,925 0,747
5.387 | 0.978 | 75 | .0.008 | 1.267 | 1,766
90 | -0.407 | 1.372 2.420

30 0,531 | 0,602 0,161
50 0.370 | 0.946 0,839
3,452 | 0,88, 50 0,365 0,958 0,841
70 0,099 | 1.271 1.486
50 | -0,282 | 1,361 1,724

30 0.850 | 0,766 0.289
50 1,036 | 1,538 0.605
1,155 1 0.729 | 30 | o0.872 | 1.608 | 0.767
| 90 | 0,500 | 1,612 | 0,927
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TABLE V

Increments of laft, drag and pitching moment,
Cascade brakes on 7 in, dia, body

a1y {040,

1 AM"iOO

B in, Square Plate
16-7 1a1? 0024-8 ""2035
2| 1,721 1,00 | -3,07
29.7| 1.84 | 1.35 | -3,40
33.7| 1.60 1,44 | -3,07
3607 1.14-0 101%-2 "2a59
}4*1 -7 1v33 1-5&- "2-3'11-
51 n? 0-97 1090 "1 079
7.7 0171 2,L3 | -0,09
91,71 =0,581 2,65 1,19
109-7 ! "1-0"4- 2.38 1-84

Sheet Metal Cascade

(W =15,75")

30.5 2.20 i 3.66 "".5.7?
40,31 3.59 | b6 | ~6.19
45.5 "-f-lo"-l- 14--511' "6082
50,31 4.22 4,69 | =742
60;3 "‘Po1l|" 4.32 "7-39
70.31 3.50¢ 3,96 | =6,50
9093 2‘.39 3.66 ""1-]-097
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(s} ! .

berofoil Cascade

gW = r.ZEIr)

30,3 2.01i bali3

LO3 | 2,86, 5,38 | -6,43

l}*543 2—!—191 5 86 ""9 h02

5O-3 5.95 6035 "1 0-61
6.0k
5e2k
2.68

‘3-58

60,3 | 6,42 -11,43
70.3 | 6,62 -11.89

900.5 14-:07 -7-53

Sheet Metal Cascede

(W = 5,00")
40,3 | 2,29 | 2,79 | -3.88
5003 2081 3-08 “4.89
60-3 2056 2c86 "‘!1'-097
2 Sheet Metal Cascades
K'W - z .5.}"'"!
LO '0Q,06 13,07 + 0,03
50 '0.02 3.26 | 0.0k
60 I0.06 3,08 | 0,03
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