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1. INTRODUCTION 

The conceptiop of Project 'Y' is based on a very large flat circular engine 
in which the gas flows radially outwards nnd is ejected at the periphery. 
Thus the aircraft possesses the novel feature that the jets issue from a 
large fraction of the wing's perimeter and, since the jet pipes must be as 
short as possible, the wing is of very lov aspect ratio (a modified circle) 
(see Fig, 2.1). Further, the very high thrust weight ratio is utilized to 
accomplish V8rtical take-off and landing, the latter manoeuvre involving 
flight -~t large angles of incidence up to 90°. 

'i 

The above fact.ors place the aircraft's external aerodynamics well beyond 
the range of available experience. Thus, a rough preliminary investigation 
{under conditions for which the influence of the jets may be expected to be 
a rcaxit.JUII:; i.e. lov speed and high thrust and incidence) was essential to 
enable a future programme of tests to be planned. 

The results of such a preliminary investigation are described in the following 
report. 

2. MODEL ENPLOYED 

The model . employed is show in Fig. 2.1. It was constructed as the silr.plest 
model likely to demonstrate the general magnitude of the effects. It is 
unrepresentative of the full scale aircraft in the follo\Jing major respeota. 

(i) The very large pipe necessary to c~rry the air to the model 
will unfortunately have very large interference effects. 

( ii) The air intake has been eliminated, and since the mass flow is 
very large this may be expected to have some influence. 

( iii) No vertical fins are present - at this point in the design their 
exact form and disposition is still not finalized. 

(iv) Using a cold jet it is impossible to reproduce simultaneously the 
correct thrust coefficient and mass flow ratio. 

The incidence of the model was variable in steps by the substitution of final 
support pipe sections of differing radii of curvature. The available range 
of incidegces was -.05°, ♦10.22°, 21.02°, J0.72°, 41.05°, 45.05°, 49.83°, 55.15° 
and 61.30. 

The trailing edge control surfaces between which about ~CJ/., of the jet flo,._, is 
• 6 O exhausted, were variable over the settings of o, 8°, 16, 24, by means of a 

series of central locking plugs. Both control surfaces were varied in the 
same sense so that only L (not~) variations ~ere available. 

A half plane model would have eliminated the support interference effects but 
vas not employed at this stage since it would have necessitated the manufacture 
of a special balance. 
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Prelirninary Low Speed Tunnel Tests 

TEST SET UP 

,e tunnel employed was the 91 x 71 lov speed tunnel at Woodford, England; 
rable of a maximum EAS of 200 f/s • 

. e disposition of the model and air supply pipes relative to the working 
,ction is sho'Jll in Fig. 3.1. Photographs of the model as mounted are show 

1 Figures J.2, 3.J and 3.4 and of the air supply pipes surrounding the working 
~ction in Figures 3.5 and 3.6. 

1 0 two labyrinth seals vere arranged as sho.rn so that there vould be no 
~straint or reaction on the mod;l due to the high pressure air supply system. 
~e air was stored in a 1750 ft. boiler temporarily impressed for this purpose; 
he supply being from a 128 BHP deisel compressor, a power operated guillotine 
alve controlling the supply of air to the model from the tank. 

he capacity of the pump vas far from adequate to maintain a steady thrust at 
, realistic level so that subsequent to the initial switch on, the thrust 
'apidly diminished. The resulting variation of force on the model made 
)peration of the balance by normal means (i.e. by balancing out the weigh 
JealilS via the jockey veighta) impracticable.~ This difficulty vas met by 
·estraining the weigh beams by inductance strain gauges, the readings from 
./hich vere registered continuously on " mic1·0-ammeteirs vhich were calibrated 
~gainst jockey weight movement. The forces and moments on the model then being 
given in general by the combination of jockey weight move~ent and galvonorneter 
reading. Furthe~ the tunnel speed fluctuated significantly durinc the runs as 
a result of varying thrust and drag so that it was necessary also to continu­
ously record R, a pitot statfo head being installed in the working sec_tion just 
ahead of and below the model. (See Figures 3.1 and 3.2). • 

After a small amount of initial investigatio~1 the system vas adopted whereby 
the instruments (i.eo galvanometers registering lift and drag or mottent, a 
pressure gauge registering tunnel~ and a pressure gauge registering the supply 
air pressure in the final down pipe) were recorded by a cine camera (operated 
on a push button single shot basis). 

' The tunnel balance was not capable of measuring pitching moments simultaneously 
vith lift and drag so that separate moment and lift and drag runs were necessary. 

4. THEORETICAL APPROACH 

To obtain conditions of exaot flow similarity the following parameters must 
be n:aintained unchanged. 

( a) 
(b) 
(c) 
(d) 

Mach Number. 
Reynolds Number. 
Thrust coefficient 
Mass flow ratio. 

rj)3 
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Preliminary Low Speed Tunnel Tests 

THEORETICAL APPROACH (continued) 

or normal model testing there are wide ranges over which changes in Hach 
umber are of negligible significance (i.e. forM«M,.._~. However, this is 

:ot necessarily so for the present tests since even at very low model Hach 
:umbers the jet Mach NumbAr 'W'ill be high. Thus if <;- is of the required 
•alue, but the model Hach Number is incorrect then ( since the jet Mach 
!Uf.jber is always high) the jet pattern will not be accurately reproduced. 
r t is thus possible that variations in model Mach Nur.iber at the lou speed 
end of the range may have much greater significance than is normally 
experiencedo • 

Besides the conventional significance of Reynolds 11UtJber, there are present 
effects dependent on the viscous mixing of the ~~in flow with the jets, 
vhich may possibly have important repercussions. (The effects of the flo~ 
induced by the jets is shown to be very large in the present experiment). 

The two quantities Cr and --t..,... cannot be simultaneously correct vhen using 
a cold jet; thus even if the first three quantities are correct the mass 
flov ratio will be too great. 

It is obviously important to establish, the relative significance of the 
four parameters, since it is not practical in any tests, however elaborate, 
to reproduce. all four simultaneously. 

The forces in the model were (artificially) divided into two partso 

(i) Those due to the jet thrust. 
(ii) Those due to the aerodynamic reactions on the aircraft. 

The jet .reactions on the aircraft are assumed to be those measured under 
~tntic thrust conditions, and the aerodynamic reactions the difference 
between ;the tunnel on and tunnel off observations taken at identical supply 
pressures. Although this_~R~<;r,ch is vulnerable to detailed criticism 
1t is in the final analys1s~in that the aircraft's behaviour is only 
dependent on the gross forces and ~oment acting on it so that how they are 
artificially split up is immaterial. • 

In these tests only the symmetric quantities,lift, drag and pitching moment 
have been investigated. 

5. TEST RESULTS 

Due to the short tunnel period allocated to these tests combi ned with the 
time initially lost in evolving a satisfactory test technique, it was not 
po~sible to compute any of the•results before the conclusion of the test 
period. Thus two difficultie~ have subsequently become apparent which 
cast doubt on the control effectiveness and pitching moment observat ions. 
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Preliruinflry Lov Speed Tunnel Tests 

TEST RESULTS (continu~d) 

~ vas fou..~d early in the investigation that the model thrust vas sufficient 
~ p~oduce an appreciable f},in the working section. Since observations of 
~~tic thrust were requirea a board was placed ir...rcediately ahead of the model 
0 o::-oduce approximately still air conditions. This _expedient -was employed 
~ ~ll static'thrust runs over the incidence range -.050 to 41.05° inclusive. 
t i;reater incidences it was noted that little or no q,.,vas recorded, and so 
Ill" the runs 45.05° to 61.30° the beard was not used. The corresponding lift 

..:,~ dreg observations are given in Fig. 5.1 • 

.t the force applied to the model had been in a purely chordwise direction 
J-le observations would lie along the straight lines shown. The runs are 
:lre.rly divided into two groups. 

(1) Those for which a board vas placed in front of the rnodel; the 
1::allcr incidences. 

(11) Those for which no board was used; the higher incidences •. 

In the forn:er cases the line of action of the resultant forces is near to 
~ r.nticipated chord-wise direction but the general scatter is high. This 

.ttor sugGests that the board -was responsible for appreciable buffeting. 

In the lstter cases the initial observations were approximately. in. the right 
direction but a large angular error rapidly qeveloped and was maintained 
throughout each run. The amount of sc&tter present in these runs is much 
roduc~d. A reasonable explanation of this systematic drift is th~t the 
@tion or the jet efflux induced a circulation within the confines of the 
.~kine section of sufficient magnitude to cause appreciable normal forces 
Ol"I the t:odel. 

It ia pon6ible that reactions at the labyrinth seals and asymmetries in the 
." 1!!:(:dol Jet system might have contributed to . the above phenomenon; however, it 
~ ••~ cortain that such effects, if present, are very small as they would 
,
0
:~p.--esont consistent errors occuring a.t a.11 incidences. 

' . 
'.~ 1A the light of Fig. 5.1. a decision had to be made as to vhat -would be 
~ ~ptable values of static thrust and their corresponding 11ft and drag 
{ CG:ponents. • ·wriat has been assUllleq. throughout the rest of this report is 
i ~t the chordwise component of the observed forces represents the true 
0t="Ofl• static thrust; this is then split into lift and drag components for 
~; ,r.!>trhction from the total 11ft and drag measurements to give aerodynamic 
~ 3~t.1ties on which C1 and Cn are based. 
~ j;.i,,-: • • 

~~S,ni the above assUIDption, static thrust is plotted against indicated :r J>ressure for esch incidence in Fig. 5.2. 

~ -~ 

• 
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Prali~1nary Lov SpeP.d Tunnel Tests 

TI:ST ~SSULTS (continued) 

~e uneven spacing of the various inc1dence curv~s means that at a given supply 
:-essure, the thrust varies irregularly with incidence; which is der.ionstrated 
y the cross plot of Fig. 5.2 given in Fig. 5.3. There would seem to be no 
slid reason for doubting these thrusts, so that it must be concluded that the 
!l.rfations correspond 'With blockage differences assod.ated with t he incidence 
.:::iritor pipes. 

-r.e joint between the adaptor pipe and the final do\,ffi pipe was sealed with 
, cork gasket. These were somewhat crudely cut and had to be changed from time 
.c ti]'.;)80 

rr the variations in thrust were partly due to blockage differences caused by 
the9e gaskets, then there may exist considerable thrust disparities betw~en 
t~o3e run on which moments and those on which lifts and drags were measuredo 
fhe co~ent corrections due to thrust were appreciable as the balance virtual 
contra was not on the dlOrd line. Thus the lift and drag coefficients can be 
~xpected to be of greater accuracy than the moment coefficients. 

~ 
In fi&Ures 5.4 and 5.5 the variations of C1 and Co have been plotted against 
c,,, all observAtions having been taken at a tunnel EAS of approxi~.ately 160 f/s 
a..'ld no corrections having been made for support interference or tunnel constraint, 
The dotted portions of the curves are regions over -which'no observations have 
bean rr.ade. The observed points have been plotted for o(: -.05°, 21.02°, 41.05° 
~ 61.J0° to show the general level of scatter present. 

In n~res 5.6 and 5. 7 these curves have been cross plotted to sho-.,. the varia­
ttion or CL and Cn with o< at various values of CT• 
t 
'ln an effort to sho\l the influence of CT on lift/drag ratio c1 is plotted • 
;~.£Ain3t Cn i.~ Fig. 5.8. In this figure support interference nas been approxi-
0 ~Ately corrected for by reducing all CL values at a given CT by GCL such 
~-~At Cz. : 0 at o< : O. ~intllarly all c0 values at a given CT are reduced to 
:~• Cn0 : • 01. 
i ' ,< . 

~lfl c.n errort to check the effect of changes of Hach Uwnber and Reynold's 
~J-=bor at a given incidence, runs -were made at four tunnel speeds (EAS = 160, 
P-'O, 120 a."ld BO f/s) at o<: 45.05°. These results are plotted in Figures 5.9 IS 5.10. 

~~~-~-~nt obse~vations are probably of much smallP.r accuracy than the lift 
~ ---~&.I: ~asurements for the following reasons; 

t f1.) The possible thrust discrepancies already _mentioned 0 

-~JU) The large contribution of support drag and interference to the 
J~~•-4~nt. If the strut drag was appreciably influenced by the flow 

. ,, ;,..,, w1 the jet efflux, this -will introduce large and unkno'Jll errors. 
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PreJ.jr,dnnry 10\,1 Spe~d Tunnel Tests 

,..----.__ • 

TEST R~SULTS (continued) 

For the above reasons only three of the moment runs have been analysed; those 
ato<: 30.72°, 45.05° and 61.J0°. 

Tr.e CM against CT curves (corrected by use of the support effects measured at 
o<. = O thrust off) are given in Fig. 5.11. The corresponding C.P. positions 

(in terms of GHC) and based on mooel normal forces are given in Fig. 5.12. 

The effects 0f the jet thruit on lift and drag having proved to be great at 
large incidences, the wing was tufted 1n an endeavour to obtain a qualitative 
ir.cression of the corresponding flov patteru. The majority of the tufts were 
~upported on pins about half an inch above the upper surface. An incidence 
of 41.050 was used and photographs taken thrust off and on. Unfortunately, _ 
the model being finished in pale blue, mmy of the tui'ts are only barely visible 
on the negative, and thus for the sake of clarity, tracings have been taken 
vhich are reproduced in Figures 5.1.3 and 5.140 

6. CONCLUSIONS 

The ~oat i.Irportant results are those associated with lift and drag. These are: 

,;,--..._ (1) That the flow induced by the jet efflux maintained unstalled flov 
ver the wing up to the highest incidence tested (61.J0°). 

~ 
::;. ,. i {11) That this unstalled condition of the wing occured for~ wide 
•· range of thrust coefficients below that reqµired for steady level flii:rht, so 
t that it u~y be concluded that the aircraft will never stall during the landing 
~. s:.s.noouvre (take-off incidences are alvays small). This fundament~lly eases 
f 14:'lding a~ there vill at no time be any sudden change of aerodynamic force 
f. (or presumably rr.oment) (see Figures 5.6 and 5.7). 
,:-

!: 
~ (iii) That the lift and drag coefficients at large incidences are very 
~ lr..rp (e.g. CL : 2.45 at o<. • 47° _and CT : 1.8 and Cn : 2.84 at (;I(.,= 60° and 
~ Cf: 1.B). The large drag coefficients will be of great value sine~ they will 
~-~teriall.y reduce the time required to reduce speed ·ror landing. 

, - ·: ( 1 v) That _these large coefficients represented such large forces on 
~ -~ ~el as to be of good accuracy (e.g. the increase of drag associated with 
f Mt.cbing on the jet far exceeded the negative drag component of the thrust 
~•till the higher incidences, so that small errors in the asswood magnitude 
t·· , •--«" • .uiv or action of the thrust will represent a small percentage error). 

2 (v) ' That the presence of the jet materially increased dCr/ox.at 
J~es less than the thrust off stall (see Fig. 5.6). 

. . That at s~.aller incidences the lift drag ratio has been improved 
j~~ presence of the jet. In combination vith (v) this suggests that the 
-~ -~Un aspect ratio has been increased, and holds out the hope that the 

• --· ,.... .. - C!ll1s1ng conditions may be better than could normally be expected 
-~~ aircraft of aspect ratio unity. 

__ ..., . 
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6. CONCLUSION3 (continued) 

(vii) That the desirable characteristics mentioned above are essentially 
c~o to the peripheral jet system inherent in the Project 11 1 design. 

7he runs aimed at detern:ining the signif1cance of changes in Hach Number .eJ'.ld 
~evnold I s ~iumber 5Uc;gest at first glance t.hat Cr is the primary parameter but 
tt~t }'.ach ~;urr,ber and/or Reynold I s Hun:ber are not ...,j thout significance in the 
~ange tested. H0wever, it is possible that variations in support interference 
ciGht be responsible for some of the effects. The Reynold's Number range 
of the firial support pipe (based simply on tunnel velocity) varies 
rrc:: about 106,000 to 213,000. Between the ~eynold's Numbers of 100,000 
nnd 560,000 the Cn of a si~ple cylinder drops abrputly from 1.2 to .32 (based 
on cylinder area). It is aopare,nt, therefore, that no definite conclusions 

. c:i..n bo drawn from these runs and that further very careful checks are necessary 
,- 1n any future test prograrcr.:ie. 
~ 
~-Tbo r-ocent runs anulysed { see Figures 5 .11 and 5 .12) suggest that the C. P. 
1: 
. : 0 r the aerofoil is well aft at high incidence jet on. This is a highly 
:( desiruble state of affairs since it simplifies the trimming problem -with the 
:· rar aft C.G. undercarriage down for landine;. It is to be expected thatahe 
7C.P, will tend to move aft due to jet influence since the extra lift is 
t ;-:robnbly lurgely generated by the maintenance of fjnite pressure differences 
~-bf(.Noon upper and lower surfaces at the wing tips and trailing edge. However, 
; .tor rou:ions previously mentioned the accuracy of the '1.-! and C .P. observations 
~~• '15W1poct. 

I 
t 1ho turt observations at o( = 41.05° show that: 

! (1) The wing is completely stalled with the thrust off. The tuft 
~ul 
~ : 

rojnting in a cenerally up stream direction and vibrating violently. 

t: (11) with thrust on. the flow over all but the leading edge is unstalled 
, .~ perfectly steady. 

t; (lll) T~e separated rlow near the leading edge ls apparently suppressed 
~~ forvarcl on the \Jing. 

!fill: (1Y) • The flow :is deflected outboard ( to-wards the tip jets) on either 
''~ . et tho centre line 0 

"_t: ( Y) Tl~e tufts fastened on the surface (i.e. in the boundary laye:::-) 
... . . _t.host directly at the near~st jets. 
~'"'~ 
_( hi) From (iv) and (v) it is deduced that the scavenging action of 
-,"Jots (under the low speed conditions of the tests) alter t!1e pressure 

· ,~""'" _ lltion on the upper surface to one in which the pressure diminishes 
:;:.~ oo~tre line outboard. _ This apparently attenuates the b oundary • 

:-;, au.h an extent as to make flov adhesion possible at very large 

i~i: 
-

1 These effects are of major importance and are worthy of more 

c~~yion. 
, ~ JC V· s s \ f \ ED 
~l~fa,·: , l,,53. 
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L CO~CLUSIONS (cont i nued) Cl. 

In the test renults eiven no corrections have been made for tunnel constraint. 
':''he !110GP.l was sr,iall in relatio:1 to ihe tunnel, however, (model span 18 11 and 
tunnel \.lidth 9 ft.) Yhi ch vould rnru<e the corrections very small. 

The span and area of tre nodel have, ho\.lover, been effectively increased by 
the presence of the jets, so that in future tests involving the possible 
use of a smaller tunnel or larger rr.odel, the question of the magnitude of 
correction is likely to present difficulties. 

7hc preliRinary ' results given in Ref. 1 huve been broadly confirmed in the 
fo~egcin 6 anRlysiso 

It may be finally concluded that the tests have accomplished the main purpose 
of establishing the order of magnitude of the jet influence. 

7. FUTURE T'iST PnOGRAJ-1MES 

It i~ of iw~ediate importance to establish the relative importance of the 
v~r1ous s5rr.ilarjty purameters. To this end sorre test runs ~ith a hot jet 
efflux nre essentjalo 

The trimming and control characteristics of the final aircraft ~ill depend 
critically on the centre of pressure conditions and control characteristics 
under various flight conditions. It is impossible to determine these from 
the present modei due to large and unknown support.interference. It 
1a essential, therefore, to build a half plane model as the next test stage~ 

As previously mentioned the mass flow is so high that intake characteristic~ 
r:r.y '11611 he of appreciable significance. It will thus be necessary to 
consider the ~anufa~ture of a model in vhich, and the development of a 
techn1 •111~ by w'r.ich correct intake and exhaust conditions can be represented 

_ a iltUl t u.:10 ous ly • 

.,;_In tho absence of a satisfactory theory by which tb predict the affects of 
,,oonricuration changes on the aircraft characteristics, it will be necessary 
>.to proceed \dth .model testing on an· ad hoe ba.3is. Thus the number of 
; 0~cls nnd tests necessary vill probably be considerably greater than for 
':.a oonnntional aircraft 
7f$·;~ • 

)lj_ •bould be borne in mind that the development of satisfactory test 
f ~~hltlques \lill be difficult and time absorbing as they lie largely beyond 
if_;!t- rc.~ee of present experience. 

ff ~? 
0

4Ct!l0:.ITF.DG11EtlT 
l it~~- • • . 
~ -~ats \lere carried out at very short notice and were only made possibl,. 
: --;. 4~ enthusiastic cooperation, initiative and drive of Hr. -~• V. Hall and 

c."ttlnnel team · 
-~~· - . 

- Preliminary Note on Project 'Y' Low Speed Tunnel Tests 
. T •. 1D., ~~-~ .-.. J?}Y,.14, 1953. 

··It:...L~~dr P· D 
_ _ 18, 1953. y/7 
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