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Some further Jet flap experiments
- by ~

o, A, Dimmock

This paper, which may be considered as sn addendum to the . G T.Z.

Aeport No. 3.1?5?, records the resulis of tests on the same itwo-dimensional
aerof o1l which was used for the sariier work and lizch had a 12.5 per cent
hick elliplical cross section with a narrow full spsn Jet slot. This
time, howevsyr, the jet deflection is 55,4° from the cnord lane. in
addition to the measurement of the forces and moments actinp on the model,
tne flow pattern 1n the viecinity of the aerofeil was revealcd with smoke
filaments and was recorded photographically. « comparzson wit. the theory
of Teference 2 is drewn whers appropriate and addational suppert is given
to the thrust hyrothesais. 4 check on the effecis of Reynolds number
v riccaen and of the addition of transition wirez to the model confimed
the results of the previous experiments, whilst the anfluence of ground
peoxamity ort the Lifi, centre of 1aft position and the thrust was investa-
gated and found to be substantial, although a reason is sugpested why

these rssulie might be pessimistic.
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1.0 Introduction

This paper completes the record of the experimental results obtained
from & series of simple Jet flap model aercfcils and thereby extends the
N.G.T.E., Report Mo, ,175%, In addition to tests similar in scope fo theose
already reported, the flow pattern arouad the asrofoil, havinz a 60° flap, is
1llustrated with photographs of smoke failaments; from tests at the sarme Reynolds
numbers information is provided which can be related directly to the elrf'ects
shown in the 1llustrations,

2.0 The equipment

2.1 General remarks

L

Whilst a full descripticn of the wodel aerofeil, the wind tunnel, the
thrust balance and the compressed air supsly will be found in Reference 1, a
recapitulatzon 1s afforded by Figures 1 to 5, and lijure 6 shows the varieiion,
along the span, of the wadth of the gjet alot. wwo modafacations were rmade to
the wind tunnel before the testing of the 60° model, the farst being the removal
of bulges in the side walls at the outlet from the contraction, sc that the thick-
ness o1 the boundary layer on the working section wells in the rogioa of the aero-
foil leading edge vas reduced, ot a tunncl speed of 100 ft/sec, from about 0,75 in,
to about 0.56 an, The latter valus sgrees quite well with an estimate of 0.53 an.
obtained by assuming that iransition to a turbulent boundary layer occrrs 7 in,
upstream from the join of the contrection and working section, as was indicated
by an inflection in the curve of normal pressure measured by static holes spaced
along the centre of the side walls of the contraction and tne first part of the
working sectaion. The other mcdalficatioa was the replacement of the two large
trensparent plastic punels, an cither side of the worlang seciion, by plates of
aluminiump alloy, one being kept substantaally flat and rigid oy the addation
of tecz-zection menbers and the other having a smwall window freming the aerofoil.
This window was ot plastic for zeneral pucposcs and of plate glass for photo-
graphy, The serew adjusters (Pigure A) for setting the clcarances between the
modeld and the tunnel walls vwe. . retalned oa this side oniy,

2,2 The apoorasvs {or (o /aswa li.ation

A surple smoks generator (sisilar in priaociple to that developed by
Preston and Sweetingd) was coastructcoa aa whaich kerosine was boiled and the jot
of vapour condensed by two cold air jets to gave & dense mist (Figure 7). The
"smoke" enterca the tunncl throurh a vertical probe of streamlined tubing carry-
ing ten, short tappiags of 2 rm dzamcter {ubing, Sy rial and error it wes
found that the most distinet smoxe filamentz resulted when these fappings were
'Lt shaped and inscrted in the side of the wmsan wue so that the exat of the
tapping pcainted dovmvand, zlthousgh an ewact alignment downwind was less satis-
factory than with the whole rake set at a fer degrece of incidence.

The smoke trails were 1lluminated by two 250 wutt aircraft landing lamps
with their beams directed along the wand tunnel workin. scction from the top
and bottom of 1tz open end, and the electrical traversiis mechanism of the
lamps was uscd to cover the Tacld of vacw adequato.y ducin, a total photographic
exposurs of 1 gec at an aperture of [.8. The expoobure was usJtally darvaded
inte two or sometimes threc pericds, thus pormiteung the adjustmeat of tne
lighting in betwsen to show cach indaivadual [lov vactorn to 1is best advantage,
although the ovirall time for the process was kept chort - abour 3 sec, ¥iith
the observation vandow of the wind tumcl fitted in the side adgacent to the
manometers and controls, a lack of spoce prevented the use oo a distont camera
and telephoto lens combinatioa, Thus the elfect of pcrspeclaive was cbjectionable



oub uaavoidable, althou.h 1t was dicznisned by the use of a surface silvercd
mirrer, which increased the lens-obgect distance to Jboun 7 4 - a lomzt
imposed by the size of the mirror and the rmazimmm drmension from the wind
tunnel to the wall of tae room. The arrangement of the smoke f1laments

in a plane only sbout one third of the zpan from the windsw zave some further
improvement. £ 12 in. telephoto lens wes ussd at .8 wvath 2 5 1n, x 4 in.
plate camera and a fast panchromatic emulsion was necessary tc keep the
exposure time reasonsbly braef.

3.0 The calibration of jet angle and thrust

As FPor the earlaier models1, the get angle, 0 , was found by using
fine strands of cotton affixed to the trailing edge cloze to and on either
side of the jet slot; the model was then turned untzl a reference line
seribed on the tunnel wall bisected the (small) anzle betveen the strands,
which took up & position near the edge of the jet boundary. Tne angle of
ineidence of the aerofoil, read off a protractor fized to ene ci lne model
support arms, then gave the jet deflection angie dircectly, In the early
calabrations, before the flow visualisation work, the gst angzle was accerted
as being 55.4°, but there was some doubt about this,  Another callbratloné
made before ihe main tests were started, gave an average value of 0 = 58,17,
although it oppeared that the angle varied with the jet total pressure.

A further check on this aspect producasd the result 1llustrated in Tagure 8
which shows that this varistion was small, Some doubt remaianesd, however,
since the low values of 6 seemed to be due to the large weight/drag ratio
of the tulte with small jet flows (remember that ihe model was anverted),
vnilst witn large jget flows, catrainment effects could give erroncous, large
valucs of get angle,

In computing the force and moment coefficients ele,, the apparent
variation of § was ignored, a coastant value of 58.1° beinz taken and the
results of the earlier tests beiny correcied accordiagly.

The jet total preszurs was measured at a point waithin the body of
the nerofoil and the corvespondinz Jet -eaction, J , was determined from a
balance measurement of thrust with the model at a negative angle of incidence
gguol to the jJet deflection angle, together with a measurement of the p.es-
sure force arizing from the airflow induced by the Jeti. Thus, for the
first and sccond calibrations the model was set at —55.&? incidence, but at
w = -58.1° for the final measurcments, The thrust calibration curves are
shown in Fagure 9 where il can be seen that the thrust increased by esbout
3.5 per cent vetween the farst and fiaal calabrations, this dascrepancy
beang far more than the 0,1 per cent which would result from the change ia
calibration angle from cne test to the cther. It was considered unlaikely
that the thrust measurcments wers unreliable and so, although a constany
Jet angle was assumed for all tests, the jet reaction appropriate to the
groups of tects was ased, since it seemed probable that the trailing edge
p1ece had been deformed by ainternal pressure sufficiently to cause the
change 1n thrust, (Note in Reference 1 that a similar effect was found
with ?he 0° model trailing edge, but to a greater cxtent and in the opposite
senge ),

A further check on the jet angle was mede by measuring the thrust
Tor scveral valucs of jet total pressure with the model at zero incidence,
by adding the prossure drag correctilon, and then dividing the sum by the
corrzcied jet reaction oblained from the fainal calibratiomn. fhilc the
result is added to Figure 8, an inversicn of this check 1s shown in Faigure

9.
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4.0 TFlow patterns and corresponding tests at zerc incidence

A tummel speed of 30 ft/sec permatied reasonable delineation of the ten
smoke treils, although the low velue for ihe chordal Reynolds muber, Ry , of
1,28 x 10° suggested that the flow pattern could not be compared darectly with
the performance measured at the higher Reynolds numbers of the "standard" test,
For this reason pressure distributions and thrusis were measured ail all values
of the jet coefficient, Cj , at which the flow visualisation photographs had
been teken - and under nominally identical conditions, the model having no trap
wires fatted. (See Section 5.2 for the effect of trip wires and Reynolds numbor
variation), Six of the flow visualisation photogriphs a~z reproduced in Tignares
10, 11 and 12 and they 2llustrate the followain: points:

Figure 10a The very repid furning of the small jet sheet.

Figure 1Cb Shows c¢learly the curvaturs of the jet and adjacent
mainstream,

Fagure 11a Shows the onset of a separation bubble at the leading
edge,

and in Figure 11b A longer bubble 1s apparent, as 15 the meore rapid
entraimment of the wainstream beneath and cloze to
the asrofoil,

Figure 12a Very larze bubvle with rapid entraznment of the
maiastream aad unsteady {low behaind the model.

Figure 12b Separation bubble almest 100 per cent of the chord.
Very large displacement of tne mainstream flow,
Front stagnation poant at about 25 per cent chord
from ths leadang edge. Sink effect drawing
mainstream towards the jgot slot before entraimment.

It should be noted that the smoke probe was fixed so that, with 'no blow' the
smoke filament second from the top was davaded by the aerofoxl.  The corres-
ponding presgure distributions will be fowd amongst those shown in Fagures
13 o 18, whalst Pagure 14 affords a comparisca of the pressure dastributicns
at a constant value of CJ obtained for the model wathout trap wires at two
valucs of Ry and, at the haigher Reynelds muber, with trip vares. Purther
refercace to these pressure dastributions wall be made 1n Section 5.2, The
coefficients of both the total and the pressure 1aft, O, and Op,, are plotted in
Figure 19, the megnification factoryu,?o , 1n Farmure 20 and the centre of
1ift position 1n Fagure 21.  The jet shape factor, k , a.d ihe measured
thrust are plotted an Tigures 24 and 38, (Sce Appendix I and La ure 45 Tor
nomenclature),

5,0 "Standord" tezts at zore incidence
5.1 Taft

As 1n the earlier experiments? the total laft, Lg , was obtained from
the sum of the vertical component of the get thrust, J san 6 , and the graphi-~
cal aintegration of the chordinse pressure distribution, . Nomenclature
is given in Appendix 1 and Figure 48, whilst all the working formulae are
gollected together in Appendax II,

Pigure 22 shows both the total and pressure laft cocffacients, Cp, and
Clp » prlotted against the get cocfficicnt Cj , whalst the values of the chordal
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Reynolés number are added since, with a jet total pressure limited bty the
streagth of the model to 15 p.s.i. gauge, get coefficients above 0.50 could
be obtzaned only by reducing the tunnel speed., Also included for compari~
son are the coefTicients for the test at a Reynolds number of 1.28 x 10°
without transition wires (Section 4.0). The variation with Cj of the

magnifieation factor,. %, , and the jet shape factor, k , 1s showm in
Figures 23 and 24, aad the significance of the latter is mentioned briefly
10 Refereuce 1, whilst 1ts experimental value was obtained through Equations
{2) and (5) of Appendaix II and the known values of Or and CJ.

L representative selection of pressure Gstrabution curves s given
1 rigures 25 to 31 some of these beang used to illustrate cerftain Reynolds
nomber eifecls dascussed an Section 5, 2.

5,2 semc Beynelds nunber effeots

The "standard™ tescs were made waith a transation wire 0,034 in, dia-
meter T1tted ot a station 0.82 chord from the leading edge on both the upper
2uc the lower surface, as was found effective in the earlier tests on the
307 modell, As befere, the Reynelds number, Ry , was constaat at 4,25 x 10°
until a Jet coefficient of G, 50 was reached, waen the pressure wathin the
model wag the sale maximmm and a further increasc in Cy could be obtained
only by decrcasing the tunnel speed. A comparative test at Ry = 4.25 x 10°
but without the trip wires was also made up to Cy = 0.C7, whilst additional
data resulted from the test correspending to the flow visualisation con-
ditions at a (consiant) Reynolds number of 1,28 x 10°.

The argument for tne intervretalaion of these results is given at
lenzth in Roeforcence 1 and will not be repessed lere, excepl for a summary
of the maia points oJ agreocmunt or dafrereacc.

égEeemcnt

(1) Indication of laminar separatzon near the trailing edge,
without trip waires, until the peak pressure cocliilcient,
Cp » near the leading edge rcached about -1.0. See Tiguare
2h, where the normal pressure decreases at the trailaing edge
in (&) and (), but 1n (c) shows a recovery.

(11) Adiition of trip wircs near the trazling edge gave this pres-
sure recovery at low valucs of CJ - rigme 26(a), (b) and
(c) - and gave larger values of O , M, aad Ik until

C; reached between 0,05 and C,07 - Fapures 32, 53 and 3k -
correaponding to a O, value at the loading edge of between
-1.0 and ~1,25. Hence,

(111) the deductron that transitior to a turbulent boundary layer
occurred neoe the leading edge when a Cp of -1,0 to -1,2
was obtained in thot region, althoapgh in these tests no
inflegtion in the pressure distribution curve could be
letected {although see (v)).

(1v) Leading cdge separation occurred after a G of -7.5 was
attained. This was a higher suction peak than the -6,7
obtamied 1n the esarlier tests - a result whach may be due
to the thinner boundary layer on the tunnel walls (see
Section 2.1).
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Dafferences

{v) A% & chordal Reynolds muber of only 1.28 x 10° the Cp reguired
for transztion near the leadaing edge sppeared to be above -2.5 -
Figures 13(a) and (b) - but an indrcalzon that transition had
occurred at Cg = 0.30 - Tigure 1,.(a) - was arforded by the marked
inflection 1n the curve at about 4. mer cent clordl, L oand

{v1) Teading edge separation at R = 1,28 x 10° occurred at
0,30 « Cy < 0,50, when the haghest recorded suction was about
Lp = -0, Athough 1t is poss:ble that a higher suction peak
was reached in between the two values of Cgy at which prescure
readings were taken, 1t 1s not surprising that, at this low
Reynolds number, separatizoca should have taken place at the low
value,

Prom general interest, a few measurements were made of the "no blow"
drag on the model Titted wath trin wires and coveraing a ranze of tunnel speeds
from 35 to 100 f.p.s. The restlt iz shown - an coefficient form - an Fagure
36, vauh some poiats added from the other tests without trip wares.

5.3 Centre of lilt

Tae firzt rnoment of aiea of the prescure distribution carves about the
mid-chord poiat was obtained by vrasiicel intecration, and the addition of the
moment due Lo the Jet reaction gave the total piiching momeat on the aerofoil
and hence the position of the centre of laft.

Ls 1n the tezta on the 30° model? only sample plots of pressure agaiast
thackness (¥) were made an order to satisfy the asvurption that the contrabution
by these to the teotal pitching moment was small enouzh to be neglectsd, these
plots alcio beiny used for lhe oressure thrust computation - Section €,0.

The errors introduced by tnc neglect of thes "y" pressure moment varied
from 1.5 per cent of the sum of the other two moments at Cg = 0,15,t0 0,23 per
cent at Cy = 1.50, but thie repreceais a lairly constans reasward shaft of ihe
centre of Lif% position cf ordly 0,04 por cent of the chord,

The pozitioa of the centre of 1laft 25 show plotuea azainst G 11
Fipure 37 together with ihe theoretical curve gaven by Hguat.on (7) in Appendix

II, the value taken for X beang that obtaines experimentally as describcd
in Sectiion 5,7,

6,0 Thrust

The thrust and drap of a jet {lapped aerofoil with a deflected jet is
dareuseed fully in Pef'srences 2 and 6, and briefly in Reference 1. The net
ihrust expericnced by the model was measured by the balance for both the
‘geondard” test aac that at iy = 1,28 x 10°, whilst the pressure thrust was
corputea for tne more interesting values of CF, i,c, those oa either side
of the point of leadaing edge smevaraition for the Ystandard" test only, the
horizontal component of the et reaction being added to zrve the total thrust.

Jagure 30 shows a plot of Cp,/C7 asainst Cg , with the horazontal
component of' the get reasction zad.cavedn b a line dravn at Cn,,Cy = cos 6,
Here, OCp, 1s defiined as,

measured thrust at zero incidsnce

C =
o EPUZ x (vang ares)
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Tt can be seen that the coffective thrust increasel raridly as the Jet coef-
ficient rose to several times the "no blow® drag cocfficient, Cp, , thea

1ncreased more gradually but still quate steeply until separation occurred
at the leading edge - at 0.30 < Cy < 0.50 for the test at Ry = 1.28 x 108
and at 0,50 < C7 < 0.75 for the "standard" test, althougn in this 1nstance
the Reynolds number also changed here. In both tests net thrusts greater
than J cos § were measured by the balance whiist the raximum pressure
thrust from the static pressurc measuremeats realised more than half the
amount nominally possible.,  An alternative method of presentation is
adopted in Pigure 39 where the effective drag coefficiznt, Cpgpp , £iVED

by Opgep = CF ~ Op, 15 plotted aganst Cg for all the models sc far
tested,

Tt should be remerbered that the measurements givang Cr, dincluded

all the drag on the model whxch, for the results obtained from pressure
plotiing, may be taken as

() Form drag.

(22) Jet drag or sink effect’s D and &

(212) Part of the induced drag due to the boundsry layer on
the tunnel walls.

In addition the balance measurencats contained

{1v) /11 the induced drag of (121) plus that due to the end
clearances of about 0,05 in, aecessary for the froe
movement of the model, This effect could be largely
due to the large lift coefficients and ine small aspect

ratio of 1.50C.

(v) Skin friction

7.C Laft at incidence

The total 1aft on the aerofoil at incidence was taken as the
sum of the (pressure force in the direction y).cos o and the
Eget reaction).sin (6 + q), =~ Figure 48 - the very small component,
pressure force in the direction x),sin ¢ being neglected to save tame
in plotting and computation, The resulting values of the 1ift coef-
ficicnt, Cr , are plotied against incidence in Figure 40, the broken
lines being given by

O, = QLO + o}t
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cquation is insensitave to guite large changes 1n k.,  £s for the 3 ang o¢°

ac
models! the locus of the stalling point E—é =0

(e

is a cuvve, the stalling

incidence decreasing wath ancreasing Cy and tending to a minimum of about ~1°,
Sance stalling is due to the failure of the jet to capture the mainstream above
the aerofoil, so closing the bubble of separation, a1t is felt that the stallang,
of this model, et such an incidence with high values of C3z , 1s in part due to
the trailing edge shape combined with ilhe position of the jet slot, The latier
is well round the "corner" of the trailing edge, as can be seen in Figure 2, the
centre line of the jet slot passing through the centre of the trailing edge radaus.

o .
The theoretiecal curve for l Eé?i ig plotted in Figure 41, but the cxperi~
i
i a=0
mental points shown there cover a range of interpretation, For the values of Cjy

2
0.05, 0,20 and 0,50 the straightforwnrd values of [-JEE J have been taken
a=o

b

but for Cg > 1.0 the point o = o 1s near Lo or preater than the stalling
incardence and the slope of the 1aft incidence curve would be maisleadang,  The

a
value of EEE ] is plotced as the strict but pessimistic vaiew and gives
&
070

the lower limit of possible choice; the upper limit represents the decermination

of’ E a2t an incadence before the occurrence of leading edge separation and is

optimistac.

8.0 Longitudinal stability

The pitchang moment on the aerolfoil at incidence was found by the method
described in Section 5,3, neglecting the "y" presiure ploc. rrom a knowledge
of the total lift, the pitching momeni, the pressuic lorce acrmal to the cherd
line and the direct thrust and its line of action, tuc distasces of toe aeco-
dynmemic centre aft the quarter-chord point, a , and of the ceatre of 1liit aft
the mid-chord point, & , were found, Fagore 42 shows &/c plotted against o ,
whilst the theorctical curve (Equation 9 Appendix II) and experimental points for

3
o &
ELE; against Cg are given 11 Figure 43 with a range of interpretation

350
indicated for points at Cr » 1.0 az deseribed in 3Sectaion 7.0, The rnovement

of the acrodynamic centre with Cy 1s shown in Jagure 37, where the theoretical
curve 1s cbtained from Equatica (10) of Appendax II and the experamental points
arc adéed up to Cy = 1.0C.

The experamental valucs were determaned fror

afe

vhere GCp' 1s the pitching moment coefficient with respect to the quarter-chord
point,
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ASY;
1

Uhe values of a/e Tor jJet coeffiacients above 1.0 are unesliable
ad have not been recorded because stalling ccours close to o = o, In
Lupgore i Gy 1s plotted apainst Cp , tut these results from the 60°
model do noi suppert the eapirical relaticaship tentatavzly suggested ia
Rewercice 1, altooush there is a teadency to follow a gimilar general form
wibh She Cecrease in slope roughly proportional to CJyZ up to Cr = 1.0,

9,0 Grownd anterference eflcats

i "around" coamisied of a “duralurin' plate, 0,25 1m. thick,
ati. fened ab 1%s long edges with aaiple section members and extendaing the
full leagtn and breadth of the woil tuamel vorking section, i1ts rouwnec
lenang wdge beiag tvo chovds upsiresn {rom the medel leading edge, Care
vas tal e o cascre what Lhe "pround” wos Tlal and at zero ancidence to
the waestarbed airfloy theousn the tunael when 1a any of 1bs alternative
P0L1T: 018, e td ab rero 1ncidenne oal, wors mace and the tarust wes
neasared by Talonos ol Loe Vhwoe griadie, L clearaaces, ilst the pressure
Lidt acd prochin. memeuts et Foaad Ly o metuod deseribed in feclions
SoT andd 0.3 1gnore. tne momeat coalrioution o the nsrmol pressures
ploteed arainst .

Values of O, , Co/fc and C,/Cp,  ove plotted for values of
[w+]

Cyg of 0,5, 1,C, 2,0, 3,0 and 4,0 w0 Fagureg L5 o 47, ~here 1t can be
Lcen wac, willr a Jet deflaction of nearly‘écp tae effif'zct of ground
rrogirmity 1s aprrceciable, Thas pesult, however, 1s pessimistic siace
the " eowad” was found to be slightly wider za 1ts centre than the 12,0 in,
span model, tinas svacing the tuanel walls such ihat the end clearances
were ¢veua larzer then those normally used for balence measurements.
Within the available tarme lamt, repeas tests coula not be made wath an
wproved Ymiound”, but the three-dimensional ef.ects duc to these paps
and the emall aspect retio must have been large. The induced drag, in
prrticulor, sust have been coasiderable wath the large 11ft coeflicients
of this model (acarly twace those ol the S0P model1, whach vas tested
usiigs the same "ground" and clearanzes without ainl excessive Jround anlier-
4t

fercacs efect).

10.0 Couciusions

The roesalts of the concludang experiments with an eliaptacal
aerofoil havior a bwo-dimeasioanl Jot deflected 58,17 from the choxrd
line larpely confier those previously reported ia Deference 1, and also
support the tusory propesed 1a Roference 2 for a simple jget flap aero-
o1l with or without mncadence. Toe sdaitional evadence s favourable
o the tncusl hypothesis 1a thao the moasured shrust was greater than
the reaction componeat from the deflecied Jet. The check which was
mace o0 the ¢ffects of Qeynolds mumber verzation and of the additicon of
tranpataon wares to loe model, gave resulls simrlar to those reported
1n Refercnce 1. The ardlow around che aerofoil was traced by smoke
slrcans wnd photo_rarhic recoxds rada, They show that, with the aero-
foxl 2% rwors 1rcudeace, the entraimest of the matnstream b the get is

paflzotent to couse oo Jovwer to regnia the uvmery surface asie. separa-
taon b she leawdiar odoe, even wnth e full chord separatica bubole,

Sorie of shose rllusicalioas are presonted together with test results
onbarncd oL the soac eynelds auroer. Unexpscted difiiculties arcsc

1 the detorminalion of the desavatives Tor the model wath 1acidence
owian to the early oasei of tae seall wntn tais serofoial; an ampreved
section wilh non-elliptacal traxlang cdge mr bt have delayed this
phenomenod, The tentative, erpirical selationghip between pitching
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moment, 1ift and get coeflicients proposed 1n Relcrence 1 mas not boea confirmed,
althecugh the overall pati

oblained, Tastly, the reduction of 117t aad thrust ana the rovenont aft of the
cealre of laft position dus to ground interferencze has becot weasurced ana found to
be subslontial ot snall ground clearances, but lor the resson riven, thiz result
18 thourlt to be pessimaistic,

~“

¢ra of the Cp - Cp curves za siralair jo tnose previously
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Test_results for the 6C° wodel without transitlon wires and at zers incidence
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TAS.E 1

cr

0,0202
0.0305
0a0409
Cv 03505
0.0717
0. 1035
0, 1545
0. 2205
0.30¢5

0
0.020
0,030
0,040
0,050
0,070
0,100
0,15
0,20
0.30

0

.10
0. 20
0,30
0430
005’0
0.75
1.00
1,50
2,00
200
ha 0
5,00

0

0.102
0,207
0.310
D514
0,775
1,043
1,553
2,043
2,090
Le10

Se15

¢}

0.309
o

Ug
It/s

100

100

30,0
0.0
30.0
100

0.0

30,0

0.0

100
100
100

R
10°

bu25

l

L.25

L.2s

L

1

L.25
b.25
L.25

CLD

0,239
0.377
0.502
0. 645
0,861
1,114
1400
1.737
2.222

0.910
1.487
1499
2,165
279
3450

Selit

6,65

iy
16.75
120345

10472
8,76
7.b2
8,52
6.53
551
1489
Le2l

on
3.5
3417
2,91

(.C‘“ 580?0)

-0,0065
'OUOGSQ
~0,0104
=0,0104
~,0235
«(, 0309
-0, 0453
~0.07L5
.'0.0969

0,014
=0,0412
"00086?
=-0,0677
=D.1250
~0,198
~C 7
'Onb?B
-0.620
~1.157
=1.5%0
T 036

dof e
aft of
nid=chord

point

5

212
24
2,07
1.61
2,79
277
2.3
L17
h35

1.54
277
4.35
4,05
5,53
5.4
6,57
3,74
10,38
‘l r?.o 93
1,30
15.47

Crq
from
pressurs
distn,

1o
from
balance
measurenents

=0,0201
=0, 0065
+Oo 001 1
$3.0095
Q.c142
0,02%0
0.0L54
0,0795
0,125
0.1312
'0.0203

-0, 0204

+0, 0308
0.0989
0,1675
0,2815
0,425
0,585
04501
1.188
1.772
2,332
2,879

"0.0199
+0-308
~0,0200

Tests coresponding to flow Vvisualisation records



0,02
0.03
004
0,05
0,07
0.10
.15
0. 20
Ca 20
040
0,50
Cel5
1,00
1.50
2,00
20
300
3450
400

TABLE II

Test results for 60° radel ai zerc incidence and {itted vith transition wires

{v = 58.1% Transition wires rf C,034 in, dla. fixed at 0,82 cherds from L.E.
cn upper and lower surfaces)

Yo
ft/s

160

100
I
n

35

105

Ry

he2s

h.25
3.40
2.98
2,55
2,13
YD)
172
1,70
1ek9

CLD

Oubi33
0a545
0.632
0. 711
0,325
1,036
1,376
1,665
2,123
2,520
‘2’ 900
3.7t
4e 39
5.42
G492
8,26

o
e ERY

10,33
1455

s

25.45
2146
13,60
16,72
13.36
12,43
104772
S.80
8.34
7ol
6.83
s.82
517
Le51
4,07
3450
3461
Jeis?
3235

“uo

~-0,0070
~0a0130
=-0,0157
~(}, 0085
-0,0174,
~0,0255
-0,0}65
~0.0511
-0,0873
-0,1212
G, 145
-0,167
-3 . 'C':‘r-l'?
'091455
~Ga 67
0277
~1,160
~1.541
-1 [ 565

dofe
oft of
nidwchood

peint

r
A

1451
2¢37
2,17
1,20
2,11
Zeh2
2405
3.07
L.14
L. 81
Gelh

#51
563
TeT2
9,35
10660
11,822
15,00
12.78

Cry 14
from from

pressure balance

distn, nmeasJareasnts

-0,0165

~(3,0010

+0.001{.9

0,0113

0., 0170

0,0257

0.0L63

0, 1074 0,080
0. 147 0,118
G.223 0,183
0205 0,255
0e355 Co32L
Q0,431 D17
0,564 0,556
0,358 0,345
1 - 131}
{8331
1,703
1,958
2,240
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0.05

0.20

C.50
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TASLE T

Test resaits for the 60° model at Incifence

58,1°.

ft/a

100

100

100

70

50

35

ba2s

L 25

h.25

2.94¢

213

1.49

-~

=10

t 3
WO =l U Do W

=10
-5
-2

Lo BNe I gl W R ]

.

e
O oo ~§ GV LN Oy O T
.
3 = QNS I 7o L TR & B o))
-4 f; Egiu - CV\D G

—_
-—
-

Cn

“0q 2595
=0. 14436
=, 0630
~0e 0035
+0. 0473
0.1157
O 1563
0.1771

=0, 334
=0.150
-0, 103
=0.0511
“O'OGTO
+0.0752
0,1027
00,0525

0,443
0. 259
-0, &14
0, 146
=0,04433
=0, 0280
=0,0265

=0, 641
‘00&9&
-0-338
«0, 247
=0. 245
=0, 2y
~0, 264

-1.076
'09??3
~0,670
-O|551
-0,647
“0,687

~1,783
~-1.522
~1.501
-1,385
-1,6%4
=1 .?10

Trarsitisn wires of 0,034 ine dia. fixed at 0,82 chords
fror Lela on upper and lower surfaces)

dfc

aft of
mid=ahord

point

=79.8

+67.8
1143
1,20
- 5.36
=10425
=12.70
=13.02

635
16.5
T.12
3.07
Catlis
= 3u71
- 5.02
- 2.7l

27,6

12,6
8,08
5.04
1.42
0,92
0,88

22,0

13.4
8,10
5.‘ 6.3
556
5462
G.29

12.5

.0
9'52
9.35
Se8l

20,0
4.7
13.5
13,8
17.2
20,4
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APPEIDIX, 1
Nozation
Flurd vroperiies
Bymibol Jentity
Uo Undasturbed velocity relative to the aercfoil
P Local ststic pressurc
Fo 2tatic pressure of undistrubed rainstrean
P Mainstream density (assuming incoupressible low)
v Finenatic viscosily
Geometracal
Syrbol Quentity
a Distance of asrodynam.c centre aft of the guarter-cherd point
c AeroToil chord
d Distance of centrs or total lift aft of the mid-chord point

{see also Faigurc 48)
dy As for "d" but wath the aerofeil at zerc incidence

x and ¥ Co~ordinates along and perpendicular to the aerofoil chord line
(sec Tigure 485)

o Ainzle of incidrace (see Figure LC)
el Aaalogous flap zngle

6 Jel deflection angle {see Figure 4B)
s An analogous flap size parameter

Forces and moments

Symool Guantaity
J Total jet reachion or momeaium flux at the nozzle
(sse Pagure 42)
. Total 1i7l (see T .
LO%aL L300 el SLpUrc o
Ig Totel 115t ol zero incidence
I essure 1alt (see Tigure LB
I &
M Total pitching moment (see Figure 48)

Te Measured thrust at zero zacadence (see Figure 48)
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AFPENDIX I (cont'd)

Force and moment coefficients

Symbol
Cpy

Ope

OIn'

Iscellaneous

Symbol

Quantltz

"o blow" drag coefficient 1.e. when Cy = 0

S8kin friction drag ceefficient

Pregsurce drag ceefficient

Effective drag coefficient = Oy - Cn,

Thrust coefficrent, acrofoil at zero incidence

Jet drag coefficient

Jet coefficient

Total 12f'% coeffacizat

Total 1laft coefficiens, asroefoll at zero incidence
Fressure 1ift coefficient

Pitching moment coefficicnt (relative to mid-chord point)

Pitching moment coefficient (reletive to quarter-chord point)

Quantity
The practical jet shape factor

Magnification factor, aerofoil at zcro incidence
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ATEINDIX 1T (cont'd)

Lift at incidence (Section 7.0)

0
% = [ + O —Q“L"‘
da
a~=0
- f' 3/2
9 k L % C nC
“OE = 27:11+-_-.:—.,.-CJ2+—7--.~§-+1 . J (8)
da, i van 24 k 247k 2
oo i
Longitudinal stability (Section 8,0)
CLrdi Tl
d do B(E
- — - —r—— - G‘
o c a(_L
a=0
where 4 is measured aft of the mid-chord point.,
73y ) —_—
af = / /2 3/2
kc) l T 1
= - r—————— . St 1+O.6C -Onz{-c e
Sa J 4k sin @ chz“ J J (9)
=0

Applicable only when ¢ is small as various terms of the order
(“7%)2 were omitted in tne simplification of the expressioa.

1
EL” _ }.{’ OJ <
G L 2%

where o 1s measured aft of the guarter-chord point,



- 2% -

APPENDEY IT

orkang Tormul 22

(Por notation see Appendix I ard Faisure 48)

Jet_thrust (Section 3.0)

Cr = Jev coefficient

gross thrust per unit span {(J)

%pszc
and 1n parametric form

2

B=

2
oy = Y . . R ¢

A

i+ cos

d

where y  defuines the size ol the sumple analogous flap
and & ds o mactical Jet saape factor given by

¥ = «edbes , q being tie angle of deflection of an analogous
sin € hinged flap on the cqguvalent thin acrofoal.

Laft_at zero incidence (Section 5,1)

CLG = GLD+chin‘a ‘e . s e - 0o (3)
1 J r-‘ i71" f = GJ 2 3
Cr, = 2% sin6 ¥or g5 1'1-!'1,-'3'-}:?“4-0(03‘)}?.. < {4
v Potal 1aft Try
e Jet laft J sin &
o
2w\ 7 7 c
= 2k (6:]- 111 +-J:—' -%z-g + O (CJQ} } . . soa (5)

Bouations (4) and (5) are derived from the paramctvic forms for Cy (2)
and Vo given by

s1n y§
Mo = ;‘{H w") U 7

Centre of 110t position (Scction 5,3)

dy v Cy f 1 CJ? = Cr
——— = n o . e ‘] - mn—— * MRS w o memumor - -5 - -e
c o0 K? J[ 2R % 120 K* f (7)

do is measured alt the mid-chord point.
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AFPRIDIX II (coat'd)

Lift at incidence (Section 7.0)

- E’CL.!
L = (4 +o Fy
L @m0
i ( a/2
g k 1 C mC
—MG}- 2% ’i'i + e J2+*ZE“ . "g' ~l . —4 (8)
da V2R 2L k 2hrk 2
a0 L
Loagatudraal stability (Section 8,0)
VAN
ST K. )
v - ——— + & —
c C da
o=
where d 1s measured aft of the mid-chord point,
rd 7 —
afmj 7i/2 3 /2
{LC l - -'}-‘/""—-'—— » "'l_'r_" ’i +O.6 GJ‘O.LI-CJ " ew (9)
Ba, J 4k sin © Cp2 1
a=0

Applicable only when ¢ 28 small as varicus terms of the order
(*/6)® were omitved in tne simplification of the exressioa,

2

< T L " S

where o 15 measured aft of the quarter-chord point,
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