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TLhis paper records the experamental results obtained with two tro-
aimensional aerofoils, each having a 12.5 per cenl thick elliptical cross
scotion with a narrow full span gol slol at the trailing edge, the get
doflections being respectively 90° and 31.5°. It is shown that the valuss
of the Fforce and moment coefficients and deravelives cbtained experinentally
sgree satisfuctorily wnath those suggested by the theory of Refsrence 2.
Supvort is civen to the thrust kypothos.s in thatl the meagured thrust was
gresier, wnder appropriate conl:itiong, than ile reacticn comroneat from the

deflected Jot. The losses in the syeta. nsvs been considered and some of
them anvestigatlca, those due to Reynolds mumber and jet entrainmont ocffects
helng tacluled. #lgo, the influence of ground proxyaity on the laft and

gentre of lafi of the 31.&0 nodel was nessureld at zero incidence and found

no. to be prohabitive. & tentolaive empirical exprsssion dis supgesteu Tor

ithe pitching moment coefficient.
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4.0 Introduction

Tt hae been known for some time that if a moving aercofoil 1s pro-
vided with a high veloeity jet sheet in its trarling edge region, having
a momentum more than sufficient for bhoundary layer control, 1ts lift
w1ll be greater then could be predicted using orly classical theoryl.
Late in 1952 it was suggested at the N.G.T.E. that a worthwhile increase
1n Lift might resuli 1f, instead of an auxaliary jet, most or all of
the propulsive jet of an alrecraft were discharged downwards through a
narrow full span nozzle forming the trailing edge of the wing.,  After
som2 purely qualatative, unreported, prelimmunary experiments, work was
begun on a theoretical and an cxperimental investigation of a system
comprising an uncarbered sercfoill of faxed geometry with a full span
"propuleave" Jet 1gsuing from 1ts trezxling edge - see Figure 2.

The aims of the experimental work were the provasion of such basic
information as would assist in an understanding of the jet flap mechanism,
and of a cheelk on the thacory which was being developed in parallel with
the experiments - see Referencc 2. Thus a comparison with that theory
1s made wherever appropriate,

2.0 The equinment

2.4 "he model

For practzcal reasons and since any theoretical werk involving
transformations would thus be simplified, an uncambered aerofoil of
elliptical section was chosen for the experiments, 1t being thought,
morecver, that an orthedox asrofoil section might be no more suitable for
use in conjuncizon with the jet flap than would the ellipse, For ease
of manufacture the model was made in brass and as large as the wind tunnel
facilities would permit, but even so the size w.s 1nsufficient for the
avoidance of considerable Reynolds number effects. The basic model
comprised an acroforl body with an accurately machined register to which
could be attached alternative trailing edge assemblies.

The structural and geometric detaills are broadly i1llustrated by
Figures 1 and 2, two trarling edge wmits “eins used, each conforming to
the elliptical section and having a full span Jet slot of which the centre
lane passed through the centre of the trailing edge radius. The Jet
efflux anglies were 90.0° and 31.4° {nominally 90° ani 30°) and the average
slot wadths were both 0.018 in., the variation being less than + 0.001
in., for tne 90° model and as illustrated in Fipure 5 for the 30° model.
Care was toiken to onsures a unifors spanwise Jet total pressure distribu-
tion (see Figare 1(b)) and fo rad the model of leaks which might well upset
its boundary layaors. ihe Jet total pressure was measured within the
body cf tiwe acrufoil where the flow area was more than forty times that
of the jet slot, whilst the external static pressure holes (1 - 26 in
Figure 2}, which of necessity wore shaggered near the leading and trail-
ing edges, wore all wathin § in. of the mid-span station.

2.2 Fhe wind tunnel cte,

n view of tae large vertical d.usplacement te be expected of the
meinstream, the tunnel working section was made 12 in, wide by 565 in.
deep and 6 £t long, and 1t was connected by a twe dimensional contrac-—
tion to the 56% in. square setiling chamber of an existing low speed
cascade tunnel as shown in Fagure 3. The sides of the working section
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could be adjusted by screw Jacks to glamp the model when pressure plotting
and to provide a small clearance, about 0,05 1n, on each side, to permat
the thrust balance to be used. Air speeds up to 115 Ft/s could be
attained in the working section where the velocity profile was fair,
althiough the boundary layer was sbout .75 in. thick on the side walls

in the region of the asrofoil leading edge due to a bulge near the exit

of the contraction,

The maxamum Jet flow was about C.17 1b/s of air and this was
rrovided by a mobile compressor feeding the model via the ncrmal laboratory
rine mein and reserveir, a stop valve, a high efficiency filter, two
reducing valves in series, a cceririfugal woter separator and a throttling
velve,  Wath this arrongement the long veried fluctuations of the Jjet
totsl pressure, duc to the compressor governing mechanism, were reduced
to about 0,02 in. nercury within the normal working range of the regula-
tor vaives. Vilh large airflows, however, varistion could be consider-
anly larger ant, when necessary, the mamual control of a blow-off valve
ensured thab the pereentage fluctuvation of the jel total pressure was
reduced to a negligible value at all times, It wag found essentzal to
remove the condensed water from the air since i1f any paszed through the
Jjet slot 1t gave rise to a large, erratic reduction in thrust and could
evenn affect the static pressure distribution,  All drain valves were,
therefore, left "eracked" during test runs to give a continuous blow
down of condensate and oil which on cccasions amounted to more thaon two
gallons per hour,

The wvertical lengths of rubber tubing commecting the model inlets
to the surply points (see Fagure L) were kept straight and taut, what-
ever the attainude of the asrofoil, to avoild any Bourdon tube effect when
under pressure during the thrust measursments.

The thrust balance consisted of a parallelogram linkage on either
sade of the working secticon, the lower links being clamped to the air
supply tubc so as to prevent rotation of the model (see Figure ). The
twn forward wrme were [ixec to a torsion tubce which carried the balance
arms centrally, while tae rear pair were freely pivotted. The need
for haste 1n the construction of the balance led to the use of ball
races for the oivots and these, when lubricated with light mochine oil
af'ter being thoroughly washed 1n a grease solvent, proved remarkably
reliable 1n spite of the very small angular movements made. The use of
& sensitive pneumatic relay valve and pressure gauge as a mull point indi-~
cotor made 1t possible to measure thrust and drag foreces reliesbly to
0.002 1b, while 0.0005 1b could be detected., A full scale deflection of
the pressure gauge (O - 20 P.S.1.) corresponded to an angular movement of
the balance arms of about 1.5 minutes of are when the coupling link was
positioned to give the maximum practicable sensitavaity.  Thus, with a
heavy mcdel and suspension system and large inverted 1ift forces, the
pendulum effect was neglavible providing that the initial precaution was
taken cf setting the balance point to correspond with a vertical alignment
of the four parallel arms,

Zero gecmetric ancidence was obtained by setting the chord line
scribed on the nodel parallel to the wind tunnel centre line marked on
one of the trangvarent walls. A pointer clamped to the axzr supply tube
was then zerced on & protrsctor fixed to one of the side links (see
Fagure 4) and a preliminary test without "blow" confairmed that no lift
force resulted when the model was set at zero incidence in this way.
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The jet ealibration

3.1 HEfflux angle

The measurement of the jet angle for the 90° model - the farst to
be tested « proved fairly siwple, Tor the parallel porticn of the slot was
twice its width ond accurate machining had lef't the external corners sharp.
Long fine strands of wool attached to the trailing edge close to and on
either side of the slot indicated a mesn Jet direction perpendicular to
the chord when sighted against a reference line seribed on the tunnel wall.
Also, with the model set ot zero incadence, the balance registersd zero
thruet until the strength of the jet was sufficient to produce unstable
seccndery effects. Theze were caused by the jet ampinging on the top
tunnel wall and turning towards either the inlet or the outlet of the
working section, the choice apperently being determined by draughts in
the building sinee an initiaticn or a reversal of the effect could be
obtodned by blocking the tunnel exit. The ejector action of the jet
stream induced a flow of air through the wind tunnel vhich gave rise to an
apparent drag or thrust on the ccrofoil. Hovever, the direct measure-
nent of angle using wool tufts, supported by the mull point thrust measure-
ment with small jet flows, was considered sufificiently conclusive for the
Jes deflection angle to be taken as 90,0°,

Vitn the 30% model a different technique was attempted in order to
obtain the high degres of accuracy necessary. .\fter a preliminary trial
with wcol tuf'ts had indicated thet the jet deflection was nearly 312, the
model was set at =31,0° so thet the jet issued very nearly horizoatally.
A thrust colibration was then performed, as described in Section 3.2, &
giwall errcr in Jet angle making little dafference to the results. The
aerofoil was then turned to +59.0° incidence, to give a nearly vertacal
jet, and the thrust balance plus pressure plotting used to determine the
small thrust or drag which would permit a correction to be made to the
nominal jet angle.  However, becwuse of the large orec of the model =
at 59° incidence - presented to the induced turnel flow, the effects
described above relating to the 90° model were proncunced cven at the low
values of get total pressure and the method had to be sbandoned. As Tor
the 9G° medel, direct observation of the angle was then resorted to, but
this iime three pairs of wvery fine cotton threads were speced along the
span, the tests covering a range of tuft lengths and jet total pressures,
The get angle was determined as 31.4°9 and a number of discreet measure-
ments using the same method gave this value consistently over several
days. fAs nn addational check the model was set to zero incidence and
the thrust neasured for a number of jet total pressure settings. To
this thrust was odded the pressure foree acting parailel to the chord line
and, when the total was divided by the cosine of the estimated angle of
3149, the quotient agreed well with the measured values of corrected
thrust as shown on the curve in Figure 7.

3.7 The thrust

With the ©0° model set at -90° incidence, the thrust was measured
over the complete range of get total pressure that could safely be used,
The halance waz not fully operative untzl after the tests on this medel,
but the thrust was "weighed" using the completed suspension arms and links
together with cord,pulleys, a yoke and 2 scale pan, The manometer
comnected to the static holes in the model showed that a considerdble
pressure force was "induced" by the Jet strewm and 1t amounted to a "dragh
of sbout nance per cent of the measured thrust. With this correction added



the total th:ust, J, was found tc agree rensonzshly wath the satimated
value, Firurc 6 illustrates the result witn the direcet measurement,
the induced ei'fect and tiue corrected curve shown separately.

The sams procedure was adopted for the 30° medel, the ancidence
for calabratlzon being «31,4° and the pressure forces beoth normal and
parailel to the cherdline being resolved parallel to the thrust line and
added. Tigure 7 shows the result.

4.0 Behaviour at zero incidence

et  The get shape

Az an aie o nn understonding of the get flap mechanism and to test
the volidaity of some of the assumpt:on52 concerning the jet sheet,
experiments werc made using the 30° and C° nodels {(sce Section 5.2 for
0° model) to cdiscover the path of ths jet, the extent of 1ts penetration
nto the mainstream and 1te rate of diffusion. Two pitot combs were
used to measure the distrabution of fotal pressure in the vicanity of the
Jjet streom, onc consasting of 31 tubes exch 1 mm, cutside diameter ard
evenly spoced 1 2,590 inches Tor use at stations B and C (see Figure &)
and the other havang 20 tubes of 0.5 ma, dismeter ritched closcly together
for use at station A where the "wake" was narrow and the gradients of
total pressure were steep., At thesce stations the pitot combs, which
projected through the tunnel wall, were fixed in such a manner that the
poak of each"wake" was recorded for all values of the jet coefficient, C7,
between 0 and 1.0 (sce Section 4,2 for the definition of Cy) the centre
line of the wake for Gy = O providinz a datum from which the jet penetra-
tion could be waasured. At station A the narrow comb was aiigned approx-
imately with the jet centre line but it was not wade enough to record
the peak of the "no blow" wake., 4t station D, the remotest plane possible
within the 1imat of the transperent panels, the width of the larger pitot
comb slgo was insufficisnt to ineclude the centres of both the jet stream
and the wake with €y = 0, Thus, since there was no means of moving the
instrument stem o measured vertical distance, a simple total head tube
1.5 mm., outside dismeter was traveracd manually to obtain the necessary
informaticn, the eatry beang positioned viswally between scales marked on
both tronsparent side walls »f the working secticn.  Examples of the
"walke" shapes at CJ = 0,30 are shown for the four ctations in Figure 8,
together with the Jet path derived from these sxplorations, whilst the
penetration of the jet into the marnstream at staticons B, C and D 13 shown
in Figure 9.

For the purvose of plotting the jet cath, the measurcment of the
penetratzon at only three plancs proved inadecuate, and cbsiructions pre-
vented the mounting of the pitot combs in intermediate positions. The
simple prtot tube waz, therefcre, used 1o explore ard £ind the position
of maximum total presgure in any one plane and a distant, carefully
aligned, spotlight then indicated the position of the pitot entry on
tracine paper affixed to the tunnel wall., TFigure 10 1s a fair copy of
the result with the check points obtaaned from pitot comb measurements
adaed as corroborative evidence.

These brief, somevhat unrefined experameats formed the background
for a part of the argument for the wvalidity of the thecretical jet flap
nodel in Reference 2,
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B2 ILift

The integrated pressure force in the y darection, (see Figure 46)
vhich 13 the pressure 1ift, Lp, since o = 0, was added to the vertical
componsnt of the Jget thrust to give the total 1ift Lo, Or, in coefficient
form,

GLO = CLP + Cysin 6 .e .. ‘e - .s av (1)

where Cy, the jet coefficient, 15 given by

. . i \
oy = Gross thrust per uvnit svan (J) A €

%onac

(For nomenclature see Avpendax I and Figure 46).

Faigures 141 and 12 show both the total and the pressure laft
ceefficients, CID and CLP’ plotted against ithe jet coefficient, Cy, for
the 90° and 30° models.

In Reference 2 it is shown that:~-
c

— L
o, = Zesw® JErof {1+ & - e oet)] )

and thc magnification factor - a useful practical concept - by:-

o - Zotel 1ift Ly
¢ i) =
Jet laft J sin 96
{ 2% t o 7 Cy (1)
= 2k (=) 11 + = . = 4+ o0(c;* T
\cJ) | 1 k® (% )]

The experimental wvalues of.#ﬁf; are plotted against Gy in Figures
13 and 1k,

The above equations for Of, and.dﬁzo are derived from the para-

metric relationships:-

/ :
Q,fzozw_t1+&n_*k
¥ v
and T R S— I )
s 1 4+ cos ¥

where § defines the size of the cimple analogous flap.

The factor %k , ror the purposes of this Heport, may be consadered as a
practical Jet snape factor that 1= given by
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k? =

sin 6

9

where 1 13 the angle of deflection of an analogous hinged flap cn the
equivalent thin serofoxrl. Vith a thin asrofoil the value of k would be
such as 40 account for the difference between the pressure distribution
cn the curved Jet fiap surface and that on the simple straight flap with
the samc total lift. In practice, however, it 1s aifected also by the
shape of the asrofoil section in the trazling edge region, by the Reymolds
number, and Ly the jget coefficicnt and efflux angle. So far no theo-
retical value has becn suggested for k altnougn a2t 1s expected to be in
the region of 1.0, 1.¢. for small get angles nn = 0O,

The erperamental values of k obtained through equations (5) include
all the effects of houndary layer separation from the model., Curves of
k piotted against Cy are shovm in Figures 15 and 16.

A comprerensive selection of pressure distribution curves is glven
for gencral i1nformation in Figures 17 to 20 for the 90° model, and in
Tigures 23 to 26 for the 309 model , vhilst in Section L.3 the evidence
provided by & number of these distrilbutions is used to interpret certain
of the observed phenomena.

4ol  Some Reynolds number effects

For all the tests on botbh models with a jet coefficient of 0,5 or
less the chordal Reynolds number was 4.25 x 107 (mainsiream speed =
400 £t/s) wut, with the pressure insade the model aeroforl limaited to
about 15 p.s.1. gauge, values of Cy above 0.5 ~ 3C° model only - could
enly be obtained by reducainz the air speed in the uunnel with a con-

sequent reduction in Reynolds number. The wvalue of C has been inclu-
v
ded in the relevant illustrations,

The {ollowing roints were noted from the results of the 90° model
tests:~

(1) A dascontinuity in the Oy, - Cy curve at 2 value of

Cy = 0.0 {(Figure 41)., This is more obvious in the
Co ~ Oy curve (Figure 13) and st1ll more so in the
k- Oy curve (Figure 15).

(21) The lack of a suction peak near the trailing edge
until a Cy of 0,039 1s reached {pressure distribution
curves ( g (b) and (c) zn Figure 17).

(131) The sudden reduction of pressure af'ter a partial
recovery on the upper surface at the treiling edge
at all values of Cy {pressure distrilbubilon curves
(a) to {&) in Prgures 17 %o 20),

These observations prompted some experiments with transition wires
fitted to the asrcfoil which, by then, had been rebuillt wiath 1ts 309
trailing edge. Faigures 21 and 22 ShDW‘OLO and uffo, respectively,

plotted against Cy for the aerofoil with and without trip wires, the
results for varicus arrangements of the wires being added from a separate
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test, whilst the pressure diastributions obtained from that test are shown

in curves {a) to (e) of Fagure 23 in order of increasing lift. It should
be noted that the remainder of the testing on the 30° model was done with

both transition wires in tne position showm at (e) in FPigure 23.

A study of the pressure distributions, reinforced by the evidence
from 1ift measurements and by explorations with wool tufts and a smoke
probs, surgests the following interpretation.

In general the momentum defaciency in the boundary layer at the
trailing edge of the aerofoil, which would be sned as a wake in the
absence of a jget, couses a diminution an the effective Jet strength issuing
from the slot, Refersnce 3 considers how this interaction affects thrust
and drag, but sinece it is 2 net lozs Lo the jet system the 1ift alsd can
be modified, and the rapid ancrease of k ~ the [lap shape factor and the
most sensitive indicator to the functioning of the jet flap system - with
Cy at small valuss of the latter 1s to be expected as the ratio of the acro-
foll drsg coefficient to the jet coefficient beccmes small. (See Figures
15 and 16 and Section 5.1).

Consider the conditions where the peak leading edge static pressure
coefficient, » ig less tnan ebout -1.2, the value corresponding to a CJ
of 0.03Y for the 90° model - Figure 17 (d) - and between 0,15 and 0.20
for the 30° model - Fzgure 23 (g) and (h) - and where discontimuzities in
the curves of Cl,,, U/Zo, and k occcur ~ Figures 11 to 16, fn arbitrary but

.
Jma 8 where U
y 2 HETE Pmex

relevant local Ruynolds number is is the local peak

velocity and s the surfacce d.stence from the front stagnation point to
the pount of inflection of the pregsure curve, which was considerably less
than that at which laminar separation or transition cccurred in clsssieal
work on flows around cireculer cylinders - as for example in References b
ard 5 - and so 1t appeared that the Jaminar boundary layer must have per-
sisted to nesr the trailing edge when no trip wires were fitted. (Nete
here observations {11) ard (1i1) above concerning the 90° model, also the
ghape of the pressure distribution for the 30° medel without a trip wire
on the upper surface, Tigure 23 (a) and (b)), This leminar separation
near the trailing edge might be cxpescted to cause a greator loss to the
Jet lifting system than would the delayed separation of a turbulent
boundary layer.

It follows that the increase in 1ift ot low values of G, found
when trip wires were placcd af't on the 30° model, were due probably to the
benefits bestowed by a laminar boundary layer over the majority of the
acrofoll surface and = dilayed, or even non-existent, s=paration at the
trailing edge brought about by transition to turbulent {low at tne wires.
(Note zlso the lover measured drag on the model with trip wires sdded -
Sectaon 5.1),

Apove the critical value of Gy required to give a Cp of about -1.2 the
suction peak and adverse pressure gradient near the leading edge were
sufficiently large, apparently, to cause transition there, possibly
following a small bubble of laminar separation although this could not be
detected. For the 90° model this transition might have delayed the
separation et the trailing edge to some extent, but the resulting thick
boundary lsyer offset this and thus accounted for the abrupt check in the
rate of increase of k with Cy (Fisure 15), Separation at the trailing
edge of the 90° model was present at all times during the tests in spite
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of several attempts to improve the flow an that region by the addition of
"plasticaine” fairings and, behind the model above the jet sheet, reversed
flow with considerable turbtulence was chbserved using woel tufis.

The convergence, at the critical value of C.15 < Gy < 0,20, of the
curves of Ci,, bﬁgo and k for the 30° model with and wvwitnout trip wires

{(Pigures 21, 22 and 15 ard 16} suppos ts the above interpretation since 1t
shows thet, above this velue of Cy, the trip wires had no further clfect.
In both inctances the onget of transition near ihe leading edge must

have resulled in & thicker bocundary layer vhich would diminish the estrength
of the jet and so explain the reduced increase of O ana k with OF

(Figures 12 and 46).

Additional evidence from the pressure digtributions is the notice-
able kink 1n some af the curves where the pressure rises af'ter che {orward
suction peax and this nommally inaicates o tramsition from laminar to
turbulent flov in the boundary 1ayer4. The lacis of sufficiently closely
spaced sta®lc holes in the region, however, prevents the consistency needed
for a definite conclusion., It 25 signiiicant also that the shape of the
curve of it pletted against Cy (Figure 16) {With I eajeulated from pressare

measurements, 1s similar to the curve of aggvagainst Cy (Figure 30) although

CTo was obtained from bhalance reasurcnents in a separste test.  Other
Cry,
points of discontirmity in both curves of k aud 63—-occur at a Gy of
2
about 0.5, 0.75 and 1.0 and no explanation of these s offcred, but it
should be remembered thot the Reynolds number does not cemoan constant
above a value for CF of C.f except for the three points: CJ = 1.0, 1.5
and 2,0,

Leading edge separation ocourred with both modcls after a pressurs
coeffilcient of about -6.7 hed been reached, this value corresponding to
CJ = 0.38 for the 909 model and Cy = 1.50 for the 3(° model - Faigures 18
(h) omd 25 (m). The pressure dlstributions afoor the onset of leading
edge separation are shown in I'.zures 19 aad 20 for the 90° model ard an
Figures 25 (n) and 26 for the 33° model, and 1t v11ll be seen from
Figures 11 to 16 that toe 1if't contimues to increase smoothly in spite
of this separation, as does the sucticn peak near the trailirg edge of
the 30° model where, 1t was trought, ne gevaration ccourred.

Ly The centre of 1aft

The farst monent of area of the pressurc distribution curves asbout
the mid-chord point was obtained by graphical integration, and the
addition of the moment due to the Jet rcaction gave the totel pirtchang
moment on the acrofoil and hence the position of the centre of 1ift.
Vaith the 90° mocel the moment due to pressures acting paralliel to the
chordline was included, altncugh arounting only to about twe per cent
of the other induced roment and less thean one per cznt of that due to
the jget reaction. Therefore, vhen computing the results for the 300
medel only 2 fow sample pressure distributions were plotted ngaanst y
and, when found to contribute Lless thai 0.5 per cent to the total
prtching moment, this correction wes agnored {o save tame,
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The position of the centre of lift 13 shown pleited against Gy in
Tagures 27 and 28, together wath the theoretical curve given by

B SO .91____] (6)

dg T Cr r1 1
- Jen k 120 X2

e 48 %2

o

where d, is measured af"t the mid-chord point of tae aerofoil at zero
incidence. The value taken for k was that obtuaned experimentally as
described in Section 4.2.

5.0 Tvidence on the thrust hypothesis

5.1  Pxperiments using the 3C° and 90° models

The "thrust" hypothesis statesZ that "an an 1dealigzed jet flap
system, the gross thrust experienced by the structure will equal the
total jet reaction whatever the angle of deflection of the jet" since,
with potential flow in the mainstream, a thir non-mixing jet sheet must
experience a pressure drag toree of J(1 - wos 8) as well as the livting
force of J sin 6 in order that the pressure dafference acrcss it becomes
zero ot Infimity. Tls, with no net drag exerted on the combined system
of the aerofoil plus 1ts jet, the aerofoil must receive a thrust equal to
J(1 - cos 8) 1a aidition to the direct component of the jet reaction,
J cos 6., In vractice the amount by which the horizontal force acting on
the aerofoll exceeds J cos €, and which 1s termed the pressure thrust, may
be more or less than J(1 = cos 8).  The Taugmented' induced thrust i1s
considered in Reference 3, as 2s the first of the two main factors tending
to reduce the pressure thrust, namely, the process of mixing betwesen the
Jjet and the mainstream air. The second factor 1s the onset of & separa-
ticn bubble at the leading edge.

Tt was with these problems in mind that the first build of the model
aerofoi1l was fitted with a trailing edge having 2tz jJet slot at 90° to ine
cherdline so that, with the aerofoil at zerc incidence, any thrus. measured
could only be pressure thrust end its determamnation would not depend upon
the accucacy of measurement of the differsnce of two large forces.  Wath
the thrust balancs not completed, the forces of itnrust and drag were
initaally computed from the pressure distribution. Tater the temporary
balance describsd in Section 3.2 was used as a check and the results

Cr,
ocbtained from both methods arc plotted in Figure 29 in the foxulzsg-against

measured thrust)
el e
thrust reached a maxamum of only 37 per cent of the jet reaction. An
exploration of the airflow vith wool tufts and a smoke probe revealed that
the mainstream air below the aerofo.l was entcring the jet stream perpen-
dicularly over a dastance of the order cf an anch from the slot and, close
to toe Jet exat, was even being turned to mcet the jet before entrainment.
If, for example, & proportion of the vltimate loss to the system ie assumed
to bear some relationship to the momentum flux of the entroined air, whach
enters the et at right angles, then, takang a local vclocaty of O t/s
and a flew area 1 in. x 12 1n., this quaniity 13 of the order of 1,4 1b
or nearly half the loss actually experiencod. 0 additzon there was a
large region abowve the jet shect whlrze reversced ©low and considerable
turbulence were present rnd thre m-ht Linew heon an even greater source of

Cr (where CTO = where 1t will be ssen that the pressure
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leas than the rasid entrainueat of mainstream air, The exact mechanism
o' the +thrust loss is not yot resolved but the qualitative assessment of
the large volume of 'spoilt' flow indicates that, with the model used, the
measurement of any piessure thrust i1s encouraging. As oxpected, the onset
of leading edge separation at €y * 0.4 caused a sulden reduction in
measured thrust.

At this voint in the programme a simple model with an undeflected
Jjet was mads and used to investigate the effect termed "jet drag", but
for convenience the results are collected togetber in Secticn 5.1, q.v.

The thrust balance was completed i1n time for the 309 model tests
s0 that only a few sample pressure dastraibut.ons were plotted agazinst y,
these being necessary maanly 4o check toat their contrabution tc the
putching moment was, es assumed, insignificant {sec Section ki), The
CTO
thrust, measured by both methods, 1s plotted as ;7—-aga1nst Cy 1in
J
Fijure 30, where 1t will bz seen that only 2 small vroportion (a meximum
of about 15 per cent) of the possible pressure thrust was realised,
However the measured thrust included all the drag oo the model witich wes
composed cf the following 1tems:-

{1} Pressure or form drag (other than jet drag) - coefficient QDP -
included 1n both mcthods of thrust measurement.

(2) Skin friction - coefficient Cp, - included only n ihe
halance measurements.

(3) Induced drag (three-dimensional drag) due to the thick boundary
layer cn the side walls of the working section = ancluded to
sore extent in pressure distribution and

[

(L) greater tnree-dimensional drag when there wag clearance between
the aerofoll and the tunnel walls -~ thrust balance only.

{5) Jet drag ~ affects pressure digtributinn and therefore ancluded
in both metheds of measuremcnt.

The following table summarises the result of some measurements
and estimates concermang items (1) and (2) with "no-bliow" conditions,



Table of measured and estimated drag

coaffaicienta for CJ =0

QDP

% o
from . Lf' Op,, frem mea Detarls of
pressure Esti-  Op. + QDf gured values model
distri- mated p = Cp, + Cpe + 7 7
bution o B

0.0103 0.0039  0.0140 0.023% (? = sepa~ 90° model -

{a) ration near T,E, no trip wires
0.041 0.021 + t1ip clearance
(b) effect)
not _ 0,0214 {? = sepa~ 30° model -
meagured N ration rear T.¥, no trip wires
+ tip clearance
effoct) ‘
!
| 0,0084  0.,0049 0,013 0,0173 (? = tip  30° model
i (e) clearance effect with trip
! only) wires !

(2)  Assuming laminar boundary layer to T.E,

(b)  Assuming fUlly turbulent boundary layer
from 1,E,

(c) Assuming transition it tne wires.

No measurement of the three—dimensionil arag ~ i1tems (3) and (4)
above - could be made, but 1t was established that. by increasing the gap
between the aesrofolils and the tunnel walls with the thrust halance an use,
the measured thrust decreased and, with "no blow", the drae increased.

The ",et" drag, again, could not be measured for a model with o deflected
Jet but, for an aerofoil with a more orthodox trailing edze and an undeflec-
ted jet of cold air, it is shown in Section 5.2, th-t thig amounts to some
six per cent of the Jjet reaction at small values of Cj. It 125 to be
expected that, for an elliptical section tranling edge, the Jet drag would
be increased”,

For the 30° model there appeared to be an increase an the thrust
measured by balance and a slight decrease in that computed from the
pressure distributions when leading edge separation ccourred, but since
cnly the pressure torust could be affected to a first order, and 1xttle
of this was present, no noticsable loss could be expeeted and tuc aoparent
increase in thrust by balance may have been 1n reality o decrease in the
relevant drag 2tems « see (2) and (4) sbove - due to tre reducea suction
peak,
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5.2  Jet drag experiments with an undeflected jet

The obgervation of the very large entrainment angle of the main-
stream entering the jet sheet from below the 90° medel, which suggested a
"loss" in the mixing process, prompted the construction of a simple aerc-
foil having an undeflected jet slot situated in a comparatively thin
trailing edge; the section is shown in Figure 31, At first, with only
the tempeorary balance availeble, no "jet drag" could be detected but,
with the sensitivaity of the completed bhalance, a reduction in the measured
thrust, greater than the "no blow" drag on the acrofoil, was found.
With the simply constructed model the trairling edge was not absolutely
rigid and, as the relationship between thrust and jet total pressure wos
not constant from day to day, cach test was preceded by a thrust cali-
bration, there being a contirnuous trend of decreasing thrust for a given
jet total pressure amounting to just less than five per cent of the ani-
tial get reaction from start to finish of the tests in spite of frequent,
careful cleaning of the jet slot. Ho drag corrcction was made to the
thrust colibration sinece it was thought that, with the model at zero
incidence to the small flow of ailr induced through the wind tunnel by the
jet (see Section 3,1), 1t would be negligible, later, when lhe same
model was required for some further tests, the tralling edge was modified
to prevent the variation of the thrust calibraticn and the 'induced!
drag correction was computed and found to be about 0.6 per cent cof the
measured thrust. The result of these tests and another made after the
modification to the trailing cdge 1s prescnted in the same form as that
for the 90° and 309 models so that an overall comparison mey be made
(Pigure 31) while in Figure 32 the effective drag coefficient, given by
Cy - CTO’ is plotted apainst the jet coefficient for wvalues of the latter

up to 0.10, over which range the increase in Cp,pe with Cy is linear,
When CDO was artificlally increcased by adding a strip of metal to the

leaduing edge thers was no significant dzfference in the rate of increase
of Cpuppe with Cy, and the same result was found when Op, was decreaged

by adding a "plasticinc™ fairing to improve the leading edge profile;
both these offects are shown in Figure 32. The final reduction of all
this data to a common basis for comparison was made by subtracting the
"no blow" drag coefficient, Cpys» from the effective drag coefficient,

Cogpps to got the Jet drag coefficient, Cpy, and this is shown, plotted
againgt Cy, in Figure 33. The average value of Cpy appears to be about

0.06 Cy untal Gy % 0,10 and thereaftcr it ancreasss at the reduced rate
of 0.017 per unit increment of Cy.  When the model, fitted with nose

‘ Use
farring, wasg tested at 50 f'.p.s. tunnel speed (—f%— = 2,13 x 105) the
higher rate of increase of Cpy wos maintained to a value of O of about

%CDJ
oCy

0,25 and then dropped so that = 0,010kh.,

It should be noted that the jet drag measured in these experiments
is for a cold air jet with a density roughly equal to that of the main~
straam, In practice, the propulsive get wall be hot and 1t is to bhe

expected theoretically, that in cruising flight, when % 1.0, there

PUF



- 18 -

will be little or no jet drag3. (p and py are the densities of the
unéisturbed mainstream air and the jJet fluad respectavely; Ug = the jet
velocity at mainstream pressure before mixing)., Thas conclusion is
supported by the results of some tests on the same model with hydrogen as
the Jjet fluid -~ 3ee Reference 3.

6.0 The 1lif{ at incidence

The total 1ift coeffaicient for the aerofoil st incidence was compu-
ted from the integration of the pressurc distributions parailel and normal
to the chordline and from a knowledge of the jet reaction and its line of
action. Tor the 30° model the pressure forces acting parallel to the
chordline were neglected apart from sample checks which showed that the
error produced by this approximation was less than U.40 per cent.

The experimental values of the total 11ft coefficient, Oy, are
plotted against incidence in Figures 34 and 35, the broken lines being
given by

aCy,
Cp, = Cib + a 7;; ’e . . . +e .o (7)
a=0
Wherez
_
oG, r 1 c w0 2
— = o2m 41+ —= .CJ2+.2%'~I;J:+21¢.1GC 2J (8)
L‘aa a0 iZﬂ

and k 1s given the value found expcrimentally from the tests at zero
aC
incidence, It can ke seen that the staliing point (:;E =0 ) cccurs at
@

an incidence which decreases with inereasing Cy, but that the decrease

1tgelf diminishes at the higher values of Gy and, for the 30° model,

this stalling incidence tends to a limiting value of about +5° (Figure

35).  As the 90° model was not tested at a jet coefficient higher than

0.50, at which value the stall occurred at +2° incidence, 1t 1s difficult

to estimate the limiting value, but the trend indicates that this aerofoil
might stall at small negative angles of incidence with large jet coefficients.
The theoretical curves and experimental points for

o

to]s
a=C

are plotted in Figures 36 and 37, where 1t can be seen that there 1s good
agreement,

7.0 Iongitudinal stebility

The pitching moment on the acrofoil at incidence was found by
the method described in Section k.4, again neglecting the pressure dis-
tribution plotted against thickness for the 30° model except flor sample
checks which, in general, showed the resultant error to be less than 0,40
per cent of the uncorrected moment, Where the latter itself was small
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and of the same order as the correction, the error in the value of d was
only C.12 per cent of the chord.

From a knowledge of the 11Tt and pitching moment coerficients the
distance of the aerodynamic centre aft the quartsr-chord point was found
and is plotted sgainst Cy in Figures 27 and 28, Thecretical curves have
been added, and are given b

ul
a k CJ2
c L ,J??E
again using velues of k obtained experimentally in the tests at zero
incidence,

Knowing the inducsd Fforce normal to the chord line, as well as the
direct thrust and its lins of action, the centre of 1ift position was
found and %/c is plotted against a in Figures 38 and 39, From plots on

a largzr scale
£
d
a —
Agl . * v *e e (9)

ga
Q=0

wag determined and the result 18 shown in Figures LO and 41 together with
the theoretiecal curves from keference 2:w-

-~
Ea(@)*} %/ 2

| = ‘ 1

;“""‘-\-9—-"" = - L 2 . ~ 1 + 0.6 CJ‘ - O-"'-I‘ CJ' 2 i —— (10)
I T 4 -J Lksinb Cy2

L =0

whaich is applicable only for small angles of incidence as various termas
of the order {1/6)% were omitted in the gimplification of the expression.

Finally, Figures 42 and L3 show the wvariaition of the pitchaing
moment coefficient, Cp, with 1ift coefficient, it being noted that the
straight lines drawvn through the expsrimental points for both models at

Gy values of 1.0 or less converged very near the point Op = =2%, Gy = = 72,
whilst even at the high values of Cy = 3,0 and 4.0 the tangent to the
curve at o = 09 passed fairly close to the same point. These cbserve-
tions suggest the empirical relationship.

where m 18 the slope which by anspection appears to be
1
The valus for Z scems to be reasonably constant, but different

for the two model aerofoils, and 1t could be of the form,

kaind
7 = —e——
censtant
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The following table shows the experimental value of Z, and the

ks%f? ig added for both models.

2’\'27:

mumerical value of

Comparison of experimental and empirical constants

relating Cy to Cy,

90%® model 30° model
Cy 1 ,
z ksind 7 kslﬁ?
2 Jox 2 [2x

0.00585 0.129 0.05885

C.02h 0. 14.2 0.138

0.194 P Py | 0.157

0,20 0.,0906 0.0902

0466 0.14L2 D.154

0. 500 00,0948 C.0945
51.00 0.0863 0.0903

It seems wvery likely, from the experimental evadence, that for
values of Cy < 1.0,

Cr, 1
Cp = T z Cy° [CL + 2'11] ee e (1)

where 7 is a constant for one aerofoil geometry and jet angle. It also
geems probable that 2 is proporticnal to ksin®, and the two experiments
s0 far completed suggest that,

ksin0 (12)

-8 LR ] L L

2 = . .e

However, this last empirioism should be accepted only with considerable
reserve.

8.0 Ground interference effects

The 30° model was used to investigate the effect of proximity to
a "ground" made of 0.25 in. thick "Dursdumin" plate stiffened at its
edges with angle section members and extending the full length and
breadth of the wind tunnel working section, its leading edge being two
chords upstrean from model leading edgc. Care was taken in fitting the
"ground" in any of its alternative positions to ensure that the surface
was flail and parailel te the top and bottom walls of the tunnel, the
undisturbed airflow through the working section being parallel to these
in normal ¢ircumstances. Only *tests at zero 1ncidence were performed
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and ne thrust balance messurements were made whilst, ag before, the

induced 1ift and pitcehines moment were c¢bhbtained from the pressure forges
normal to the chordline ond the contrilbution of the thicknesswise dis-
trabuticn to the mament disregorded apart from the usual sample plots,

A range of Cy from 0.10 to 417 and of ground clearance from the
cheréline from 0.182e (1,5 in.) to 1,0¢ (8.0 in.} was covered by the tests,
the results being 1llustrated in Figures 44 and L5, wnere C1, and de/q

respectively arc plotted agaiunst ground clearsnce for vhe different valves
cf C7. It can be seen from thesc curves thet, for valuss of Cy up fo
2+0 and of ground clearance down to 0,30 x chord length, the effect is
far from intoclerable.

9,0 Conclusions

The experimental rcsults from an elliptical acrofoil having a
two &dmensional ged ceflected 90° Irom the chordline and from another with
a get deflcetion of 31.40 (norinally the 30° wodel) substantially support
tne theory proposed ar Rueference 2 for a simple jel flap aercfoil both
with and without Incidence. They also afford evidence whicnh is favourable
to the thrust hypothesis in tnat, i1n Loth instances, the measured thrusts
were greatcr than the reaction corponent from the deflected jet (Whlch, in
the ause of the 90° model, was mero).  The losscos in the system have
been considered and, to some extent, investigated. For instance, the
effect of Teoynolds number was tac subject of one experiment and transition
wires added to the 300 model nesr the trailing edge were fournd fo increasse
the 11t at low values of the jet coef{icient. Also meagured was the
"sunk (1.e. Jot erdrainment) drog acting on a model wath an undeflected
Jjet of cold air, although Heferunee 3 suspeats that these results would Le
different for a practical jet flap scheme with a hot jet. A tentative,
empirical relationship between pitching moment, 1ift and jet coefficients
has been derived from the expeorimeatal results, Finally, the reduction
of 11ft and the rovement aft of the centre of 11ft wosition due to ground
interfereace has been messured on the 30° model and found not to be
prohiibalive.
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TA3LE 1

est resuits for 90° mogel £t zero ancidence, (8= 30,0%)

Ug dofe CTy Czq
ttis Ry Af aft of from {rom

Cy {cerracted 5 L, Vg S, mid-cherd  pressurs balance
valua) a polnt distn, measurenents

%

0.0055 100 L5 0,24 05,37 ~0.0082 340 =14 0065

10,0143 100 ho25 0,308 24,03 -0,0035 2.4k ~0, 0069

G.0150 100 L.25 G5t 23,75 ~2.0051 1.35 ~2,0059

6,039 101 Le59 4,330 22,21 -0,0057 1.63 ~3,002G

0.0236 101 .29 0629 22,07 -0.0036 0.57 ~0,0037

0.0387 101 429 0.808 20,87 ~0.0112 1.39 +0,0060

0.,0484 1t ho29 £,891 18,45  -0.0160 1,80 0,0073

0.0712 101 L.29 1,106 15.40  =0.019% 1.75 0. 0154

0,095 102 Le3l 1,257  13.83  =0,034 2,74 0,0168

0. 1168 132 LI 1,535 10,75 =0.0442 3,09 0,0L04

0,145 103 L.37 1,791 9,02 =~0.0604 3,68 06,0530

0.256 105 WlB 2,125 7.456 0 ~0.0953 L. 4B 0.0558

0.378 106 450 2,L56 G52 =0.0958 L02 0.1391

Couprl 107 55 Z01n 6410 =D.0057 3.77 0.0952

Cal51 107 le5 2,591 5,98 =0.1079 Loy 0,886

0,0467 108 4e53 2,778 5,95 =C,1062 3,82 0.1007

0 «0, 0103

3] -0, 0236

£.00% =0,0177

0,0105 =0,0167

0,0150 -0.0147

0.0216 -0,0118

Ca 0334 =0,0039

(+ OL59 0

0,118 +0.,0236

0,232 0,0568

0e337 0.0920

D456 0. 1157

Q.51 0. 1058

TABLE 11

Test resuits for 90° model at lneldence, (0 = 90,09

d/ e djc
a aft of mice a art of mide~
€ degrees ‘L Cm chord poing G degrees ‘L Can chord peint
# %
=5,0 ~0,182 =0,1288 ~70,8 =5,0 0,063 ~0,1287 206,5
=2,5 +0,008 -0,0697 +147.5 =-2,5 0,287 =0,0691 21
1,25 0,143 =0,0446 31,2 -1.25 00111 -0,0L26 10:3
0.0095 O 0.241  -0,0082 +3. 50 0,02 ) 0,532  =0.0087 1.6
+1.55 0,539 +0.0220 w1, 09 +1.25 0, 7L9 40,0319 /i3
2.5 0.582 0.05L7 =341 2.5  G.8L3  0,0570 68
540 n,797 o,1122 ~14.15 5.0 1,084 00,1111 -10.2
-10,0 0.572 =0.2765 48,1 +10,0 1,558  =0,3675 23.4
-5-0 1-091 "‘D. |656 15.2 ‘5.0 2- 190 _092‘588 11‘?
=2.5 1.522 ~0,1224 8.0 =2,5 2,558 =0,2106 8,2
C.9 0 12751 =0.0644 3.7 0.L67 0 2,778 ~0.1062 3,8
+245 2,078 +0u0119 "0.6 +205 2-839 -0.0762 20?
5,0 2,148 40,0803 ~3.7 5.0 2,578 =0,1656 Bl
10.0 1.756 =0.0786 et 10,0  2.085 =0.2241 10,6

15.0 1.613 -0,0852 +5.1 15,0 2,237 -0,2336 10.1



Ug fﬁl.
ftis 105
100 1,25
100 L25
106 L35
100 L35
100 25
100 L.25
100 4,25
100 4,25
100 {25
120 L.25
100 b.25
100 4.25
100 L.25
100 L5
1.0 LIIQS
100 L4.25
100 Le25
100 heeB

81.6 3.6
50 2412

50 2,12
50 2,32
w-lvta 1490
LD.T 1273
34,0 1,62
35.4 1,50

a7 1.47
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TABLE 111
Teost results for 30° model =t zerp incldenca, (B = 31.4%)
doso Cry 1y
/z?f aft of mld= from from
C.o 'y CUmp chord point press,  balance
% distn, measurements
=0,0214
0,030 7,73 =0.0014 1,74 ~0,0082
0,143  8.95 -0,0013 1,05 =0,0006 These tests
0.189 9,07  =0,003% 1,90 +C.0088 | with no
0. 2u8 .52  =0,C073 2,94 0.,01%8 trip wires
0,396 10,87 ~=0.0073 1.04 0.0365 fivted,
G601 11,78 =0.0203 3a 31 0.0016
0,853 10,35 ~,0353 4,16 0.1032 }
“0,0173 }
0,196 13,77  =0.,3025 1.27 ~0.0013
0.255 16.32 =0,0073 2.85 +0,0057
0,345 15,73 ~0,0055 1.58 0.0125
0.398 15428 =0,0114 2,86 00175
0,328 Wha  =0,0105 237 03,0253
0,002 12,70 =0.05z0 B33 0.05759 Trip wires
U833 iC.72 =0,0305 306 Q0970 fitted on both
1,029 9,82 =0.0401 3.92 0.13298 upper and
1.256 5,00 =0,C5L8 5.16 0,2525  0,2210 | lewer surfaces
1,438 7,13 =Cubz 552 0.3082 7116 in. from
1'7"‘{'9 6.?1 -001153 G.GS O."1‘-33 O.‘l-i'o15 T.E. TI‘ip
2400 5JAS =0.1676 0 Tl 0,656 0,628 wire dlameter =
2,01 69 =0.2236 .33 0,571 CaB07 0.0345 in,
3.4 Loz =CW3526 0 1.4 14230
3707 3459 ~0.4172 itddb 1.720 1.669
4322 3,32 =0.510 11.79 2120
Lo Oy .16 =0.646 13.08 2501 2, 58¢
5- !4-68 3.00 w(, 7:3.8 1 :'- 29 2-970
5.982 2,87 ~0.367 14,51 .46
6,072 2,30  =0.965 15,50 3.596 3.50
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TABLE IV
Test_results for 30° model st Incldenca, {8 = 31.4°%)
‘EN"‘ @ CL Cn
105 degrees
f
-10 -0,075 =0, 2747
-5 +0.428 -0, 1590
-2 0,803 ~{), 0833
L35 0 1.029 =0, 0401
h 2 1.261 40,0211
b 1,065 0,0652
G 1,634 00,6995
8 1,542 0, 1410
| 0 1.498 0, 1056
-( ~10 04335 =0, 3573
- 5 1.013 "O' 2330
-2 1,417 =0, 1567
.25 0 1.750 =0,115%
'1 2 1,924 ~0,0625
4 2,159 - 005
6 2,108 +0,0118
1o 2,360 ~0,0762
([ ~10 0,812 -0, 805
-5 1,620 -2, 3h3h
-2 2,126 0. 2714
2,12 < 0 2,441 -, 2256
1 2,615 ~0.1950
2 2,652 0. 1342
5 2,926 ~0,0795
\
7 ~10 1.7k =0.7425
-5 2,735 -0,6125
-2 34361 -0,5297
2,12 < 0 50707 =0, 172
2 4,078 ~0, 3167
4 L, 546 =0, 3540
8 L.379 =0 4317
(w10 2,565  =0.9856
-5 3,739 -0, 3305
- Ly 351 =0, 7080
1.75 < g LSl =G G50
2 54625 -0, 5758
iy 64317 -0, 6250,
6 6.491 -0, 7161
. 3 56727 w0, 7570
~10 3.262 ~1,2676
-5 i1,503 -1,1085
-2 5.402 -0, 943
1450 4 0 5,982 =0, 567
i 2 6,869 =3, 350
‘[f' ?-659 -01897
6 7.820 ~0, 967
8 8.199 -1,008

df e
aft of mid-
chord pelint

%

=-602
+35.9
11,10
5.90
-1,68
=43
0,12
=9,20
-7008

%‘D
22.1
10,9
6.60
3.27
0.21
=0,30
+3-28

7,90
20,19
12,60
9,23
749
Sel2
2.79

36.35
21.18
15.47
11,14

3.68

7.99
11.53

32,30
20,9
15,80
13,08
1 1.90
10,18
11,43
13496

32436
22,96
17.06
151
12,57
12,06
12,89
12,92



- 25 -

APPENDIY I
Notation
Fluid preperties
Symbol Quantity
(5} Local mainstream velocity relative
to the aerofoil,
Uy Undisturbed mainstream velogity
relative to the asrofoil.
Us Jet fluid velecity relative to the
aerofoil.
P #ainstream density (assuming 1nNCcom—
pressible flow)
e Jet fluid density.
v Kinematic viscosity.
P Iocal static pressure.
Po Static pressure of undisturbed
mainstream
Pt Total head pressure,
Geemetrical
Symbol Cuantity
a Angle of incidence.
n Anslocous flap angle.
& Jet deflection angle
¥ A\n analogous f'lap size parameter,
a Distance of szerodynamic centre aft
the quartcr chord peint.,
e Aerofoal chord.
d Distance of centre of total 1ift
aft the midechord peant.
dy As for "d", but with the aeroroil
at gere incidence
x and y  Co~ordinstes along and perpendicu-

lar to the aerofoil chord-line.

Where defined or first used

Section 5.2

Conventzonsl

Section 5.2

Conventional

Section 5.2
Conventional

Conventional and Figures
17-20 and 23 to 26

Conventional and Figures
17 to 20 and 23 to 26

Conventional and Figure 8

here defined er first used

Conventional and Figure 46
Section 4.2
Section 4.2 and Figure L&
Section 4.2

Sectzon 7.0

Conventional

Scetion 7.0 and Fagure L6

Scection LW

Figure 46.



Hymbo L
J

Symbol

- 27 =

Forces snd moments

Juerntity

Total jet reaction or momentum
flux at the noszle.

Total 1ift at mero incidencs,
Pressure 1aft.

Tectal ritching moment.

heasured thrust ot zero incidences,

Force ard moment ccofficrents

Quantity

"o blow" drag cocfficicni i.e,.
when I3 = 0.

Skan friction drag coeificient.
Pressure droz coefficient.

.

Lifcetive drag coefificaicnl =
CJ o CTO‘

Jet dreg coefficient.
Jet esefricioent.
Total 1afl coefficient.

Dotal 1ift coetTicient, asrofoil
at zero incidence,

Presgure 1ift ccefliicient,

Frogsur. coofiMcient.

Titehiny moment coeffacient.

Thrust coefficient, avrofoil at
Zere incidsnce,

There deafined or first used

Section 3.2 and Figure 46

Conventional and Fipure 46.
Seetion 4.2 and Figure 46

Section 4.2 and Figure 46

Fagure 46 {only used in
coeffierent form = Section
5.1)

Whers defined or first used

Section 5.1

Conventional anl Section 5.1
Section 5.1

Section 5,2 and figure 32

SBeation b.2
Section 4.2
Section 6,0

Scetbion 4.2

Tection 4,2

Section 4.3 and Pigure 8
and Figures 17 to 20 and
23 to 26

Secetion 7.0

Section 5.1
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Miscellaneous
Symbol suantity Vhers defined or first used
k The practzcal Jet shape fuctor, Bectaon L.2
T Fagnification Factor, aercionl at Section 4,2
zere 1ncidence,
m Slope of Gy versus Cp, curve. Section 7.0
Z Ar emgiricsl constant, Secticn 7.0

s e P B TR Conventional
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PITCHING MOMENT COBEFICIENT - C,, (RELATIVE TO MID-CHORD POINT.)

FIG. 43
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