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PROJECT *'Y!
Preliminary Programme and Data for Low-Speed Wind Tunnel Tests

INTRODUCTION

This note outlines a preliminary plan for carrying out low speed
tests on a 1/14 scale model of the A. V. Roe Canada Project 'Y!
seroplane in the N,A.E, wind tunnel at Ottawa,

The basis of the Project 'Y' design is the mating of a very large
alr-breathing engine with a small seroplane, At tunnel speeds,

for inastance, the maximum mass flow through the engine is of the
order of one quarter of the mass flow over the aeroplanej that is
the mass flow theoretically washed down to produce 14ift, Hence the
flow through the engine may well have a profound effect on the
asrodynanic quantities to be measured in the tunnel and it is
esgential to try to simulate it at small scalee

The exhaust can be nesr-simulated by air flow. However; in view

of the difficulty of designing a model to both suck the inteke

and blow the jets simultaneously it is suggested that the best

method will be to try and separate the effect of Jet efflux and intake
flow, The jet, extending around most of the wing psriphery, is
probably much the most important, The proposed model, therefore,
omits the intakes altogether gnd caters for a jet flow provided by

a compressed air suprly. It is hoped to introduce a 1/10 scale half-
nodel to evsluate the intake effect 2nd make surface pressure
recordings, as a next step.

EQUIPMENT

At 1/1/ ascale the maximum mass flow required is about 1015/196 =
5,2 1b,/sec, weight of air. This condition very nearly represents
the maximum net thrust, but does not represent the maximum gross
thrust,

Because of the large demend it is obviously impracticable to provide
for a continuous flow. The scheme proposed is to use a 200 cu. ft.
air receiver working at 100 peig and pump it up between test rums,
If the normel compressed alr supply at the N,A.E. is unable to cope
with this extra demand a 500 cu., ft./min. portable air compressor
unit may be brought in. This scheme is 1llustrated by the drawing
in the rear pocket SK21056.

If the compressor is necessary then both it and the alr recsiver

may be stationed outside and a large supply pipe bring the air in
through a constant pressure valve and possibly also a flow regulater,
through a heat exchanger and up to the balance platformy to feed into
a 2" 1/D pips from balance to model with a quick-acting on-off cock
at the junction, Model chamber pressures would be continuous trace
recorded in parallel with the standard wind-tunnel recorders. It may
be possible to control the flow with the on-off cock,

A special head to the single support Balance Scheme has been designed
80 that air can be directed straight into the centre of the model,
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AIR SUPPLY SYSTEM FOR SUBSONIC MODEL

The variable reducing valve will maintsin any specifie settling
chamber pressure, With a heat exchanger inserted in the system,
& constant total temperature in the delivery pipe ia msintained,
Area of pipe entering the model e 3.14 aq. in.
Area of jet noszle s 8 8q. in,

Maximum preasure required in smettling chember for choked flow
through jet nozzle g 14.7 x 1.9 28 psia. i

Allowing 2 pasi for friction the required maximum chamber pressure
& 30 paia.

The flow through the model is schematically shown below,

e b

3.14 8Qe in, 22 83, in, 8 8Q. in.

N/—

The extreme conditicn of the nozzle will be that of choked condi-
tion requiring an approximate 30 psi model chamber pressure., The
weight flow through the nozzle for this condition 4s:

W g 21a25 g;pn x 4% = %Zt%;_§.§%z;L§ # 5.25 1b./sec, (air)

The following mass flows will be considered:

5,25 1b,/sec. (choked)

4.0 1b,/mec., (unchoked)

2.0 1lb,/sec. (unchoked)
{8) o .

{a) Choked Condition ¥ = 5,25 1b,/sec. (air)

Minimum pressure, po, required to deliver ths above flow
through & 2" I.D. pipe = WxTo
57,15 x A%

] 5025 X 16097 X lﬁ
57.15 x 3.1416

= 72 psig
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continued
seee 72 psig
Pressure drop acrosa reducing
valve and in large supply pipe
ete, s 10 pai

Pressure drop through 3 ft.
of 2" pipe (see below) = 4.8 psi
14.8 psi

Critical pressure in air receiver 86,8 paig

Welght of 200 cu, ft. of air
at 115 psig at 288°C

Welght of 200 cu, ft. of air
at 86,8 psi at 288°C

e m.g 1bl

=z 90.4 1b,

Net out flow (before receiver 29.4 lb,
pressure drops below critical)

Model demand rate 5.25 1b./sec,

500 cu. £t./min. compressor
supply

Net out flow rate

0635 Ib./ﬂecn
2.,615 1b./sec,

c.o Rm‘ming time = 29“/1&0615 - 6.37 sec,

Also, thrust = WV = 5,25 x 1018 _ 344 1b,
g 32.2

For this condition with a "settling chamber" temperature of 288°K jet

velocity ratios are as followss

Wind tunnel V3 vi/Va

speed f,p.9. f.p.s.

0 1018

Preasure drop in 2" pipe:

10,18
175 2 5.81
250 . 4,07

The above figure of 4.8 psi drop is arrived at, as follows: (Sec.
"Flow of fluids through valves, fittings and pipe" by Crane Ltd., p.82) -

AP1o0 = 0,000336 T w2 §
a

100 = pressure drop per 100 fit, run, psi.

where oF

f friction factor

=z 0,0158 from charts,
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continuﬁd esoe

1x10

where Ry = Reynolds No, = 6,32 W/d’; .
.018 centipoise

s Viscosity

Weight flow
Specific volume
Inside dia. of pipe

19,000 1b./hr.
.62 cu, ft./1b.
.0 in,

ANPoo = 158 pai
Hence pressure drop per ft. <71,58 psi

3, (b) Unchoked condition W =4 1b./sec.

Assume as for (a), flow being regulated by an orifice size
pressure s 72,0 pai
temporature z 288°K

Orifice size = A¥ = WYTo _ 4 x 16,97 gq. ft.
57,15 po 5715 x 72

2.375 8. in.

Running time 29.4/(440 = 0.63) = 9 sec.

. Model chamber pressure

Discharge of free air, gg = 3150 cu. £t./min,

qs/ag = 3150/8 = 394 eu. ft./min./sq. in.
ap/ag, 22/8 2.75
From fig. 2(b) approach fector Fy = 1,08

Corrected qg/at = 394/1.08 s 365
From fig. 2(a) upstream pressure s 6,5 psig

Jet Velocity
heibatiiontniniutmint A

fAV 2 4.0
s 4.0/ph fps

where /0 - density 1b./cu. ft. A = area sq. ft.

= B _1,5P
Vi o 5p (P in psi)

AssumingAT due to velocity = 17, 50¢ (615 fps)

= 1.5 x (14.7 x 6.5)
T e 0,1172 1b./cu. ft.

A = 8/144 = 0,0565 sq. ft.
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. continuad ceee

Rance V g 4.0/0.1172 x 0,056% = 605 fps

Yelooclity ratios eres

Tunnel Sneed vi/Va
fps

100 6,15
175 3.51
250 2.5

Mot thrust = 75 1b.

3. {e) Uncholud condition u ; 2,0 1b./sec,

3imiler calenlations to (L) gives

Furming tine 2.6 ssc,
Upstresr pressure 1.6 psig
Jet veloeity {15 fps

Veloeity vratio at 250 frs 1.66

et thrust 2600 3hy

PLAY FOR TESTS

The disgran on Figure 2 1lluastrates a auggested plan for teat
sbgervationg., Yt iz drawn up in terms of 14t coeaff'icient
obgervations; simultaneous obs rvations of drag and moment coe
afficionts are imnliad,

A pinipun number of angles of sttack would ba tosted, the

rodel balng mounted on o zeries of adariors, ons for sach angle,
It 48 suggeated that 9 points at the end conditions vith fever
points at the intermediate flous will be sulficient, Also only
one or tun points gre presumably sufficlient for the flaps down
Cneos,

It vill, hovever, be necessury to evaluste conditions to unusuelly
high incidence. gmlimir ry rung will show how far to go. It is
suggaatel that 60 1 & 1iksly maximum,

The above aerine of testa are designed to cover tre effecta ofa

Teynolda number,
Hsgs flow retios,
Veloaity ratie,
Flap deflection,

over the full ranga of Incidence up to the fully "stalled" condi-
tion in the subsgonic region,
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