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1. 

PROJECT 1Y1 

Prelilllinacy Programme and Data for Low-Speed Wind Tunnel Te•ta 

INTRODUCTION 

This note outlines a prelilllinary plan for carrying out low specad 
tests on a l/14 scale 1r.odel or the A. V. Rex, Canada Project 1y, 
aeroplane in the N.A.E. wind tunnel at Ottawa, 

The basis of the Project 1Y1 design is the D1ating of a very large 
air-breathing engine with a small aeroplane. At tunnel speed.I, 
for inatance, the maxbtum mass flow through the engine is or the 
order of one quarter of the lll&SS flow over the aeroplaneJ that ia 
the mass flow theoretfoally washed dovn to produce 11ft. Hence the 
flow through the engine may well have a profound effect on the 
aerodynamic quantities to be measured in the tunnel and it is 
essential to try to silllulate it at small seal•• 

The exhaust can be near•silllulated by air flow. However, in viev 
of the difficulty or designing a model to both suck the intake 
and blow the jets silllultaneously it is suggested that the best 
method will be to try and separate the effect of jet eftlux and intake 
flow. The jet, extending around :most of the wing periphery, ill 
probably much the most important. The proposed lllOdel, therefore, 
omits the intakes altogether and caters for a jet flow provided by 
a compressed air supply. It is t.oped to introduce a 1/lO scale balf­
tiodel to evaluate the intake effect end make surface pressure 
recordings, as a next step. 

EQUIPMENT 

At 1/14 scale the inaximwn mass flow required is about 1015/196 • 
5.2 lb./sec. weight or air. This condition very nearly representa 
thf' max1rnmn net thrust, but does not represent the lllaXimum groaa 
thrust. 

Because or the large demand it is obviously imprncticable to provide 
for a continuous flow. The scheme proposed is to use a 200 cu. rt. 
air receiver working at 100 psie and pUlllp it up between test runs. 
If the nonnal compressed air supply at the N.A.E. is unable to cope 
with this extra demand a 500 cu. ft./mno portable air COl!lpresaor 
unit may be brought in. This scheme 1s illustrated by the drawing 
in the rear pocket S121056. 

If the compressor is necessary then both it and the air receiv~r 
may be stationed outsido and a large supply pipe bring the air 1n 
through a constant pressure valve and possibly also a flo11 regulator, 
through a heat exchanger and up to the balance platformJ to feed into 
a 2n 1/D pipe from balance to model with a quick-acting on-off cock 
at the junction. Model chamber pressures "WOuld be continuous trace 
recorde:r 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 
~ 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 \dll maintain any apecifie sett.ling 
chamber pressure. With a beat exchanger inserted in the system, 
a constant total temperature in the delivery pipe is ma1nta1ned. 

Area of pipe entering tho IIIOdel • .3.14 sq. in • 

Area of jet noaale • s 
Marlmum pressure required 1n settling chamber for choked flov 
through jet nozzle • 14-7 x 1.9 28 paia. 

Allowing 2 psi for friction the required Jll4X1.mum chamber pressure 
• .30 paia. 

The flow through the model is schematically show boloY. 

8 sq. in. 

The extreme condition or the nozzle will be that or choked condi• 
tion requirlng an approximate JO psi ll!odel crumber pres:,ure. The 
weight flow throuch the nozzle for this condition is: 

w = 5z.15 X Po X A.*. £&'15 X 28 X 8. 5.25 lb./sec, (air) 
To .97 X 144 

The follold.ng mass flows will be considered r 

(a) 5.25 lb./sec. (choked) 
(b) 4.0 lb./sec. (unchoked) 
(c) 2.0 lb./sec. (unchoked) 
(d) 0 

(a) Choked Condition W: 5.25 lb./sec. (air) 

Hinilnwn pressure, po, Nquired to deliver the above flow 
through a 2" I.D. pipe : W x To 

57.15 X A* 

■ 5.25 X 16.97 X l.~,4 
57.15 X 3.l.4].6 

: 72 psig 
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continued 
.... 

Pressure drop across reducing 
valve and in large supply pipe 
etc. = 10 psi 

Pressure-drop through) rt. 

72 psie 

of 2" pipe (see belov) : 4.8 psi 

Critical pressure in air receiver 

Weight of 200 cu. ft. of air 
at ll5 psig at 28Soe : 119.8 lb. 

Weight or 200 cu. rt. or air 
at 86.8 psi at 2gg0c : 90.4 lb. 

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

14.8 psi 

86.8 paig 

Model demand rate 
500 cu. rt./min. compressor 
supply 

Net out flow rate 

5.25 lb./sec. 

.635 lb./aeo. 

4.615 lb./sec. 

.•. Running time:: 29 • .4/4.615: 6.)7 seo. 

Also, thrust: ,!:Cl: 5.25 x 1018: 166 lb. 
g 32.2 

For this condition with a "settling chamber" ternperature or 2880.K Jet 
velocity ratios are as follows 

Wind tunnel Vj VJ/Va 
speed f.p.s. f.p.s. 

0 1018 
100 II 10.18 
175 n 5.81 
250 n 4.07 

Preasu.re drop in 211 pipe: 

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

.t.P100 : o.000336f w2 V 
d5 

where APlOO : pressure drop per 100 rt. run, pai. 

f = friction factor • 0.0158 from charts. 
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continued•••• 

where Re: Reynolds No.: 6.32 W/d/1 • 3.1 x 10
6 

f : Viscosity : 0.018 centipoia• 

\l : Weight flow 
V = Specif'ic yoluma 
d : Inside dia. of pipe 

b. P100 : 158 pai 
Hence pressure drop per ft. 

: 19,000 lb./hi'.. 
: 2.62 cu. tt./lb. 
: 2.0 in. 

3. (b) Unchoked condition W: 4 lb./sec. 

Assume as for (a), flow being regulated by an orifice size 
pressure • 72.0 psi 
temperature a 28SoK 

Orifice size : A*: wJ'To =; x 16.97 aq. rt. 
57.15 po 57.15 X 72 

= 2.375 sq. in. 

Running time : 29.4/(4.0 - o.63) = 9 sec. 

Model chamber pressure 

Discharge of free air, <ls : 3150 cu. ft./min. 

qsfat: 3150/8: '394 cu. ft./min./sq. in. 

aiai: 22/s : 2.75 

From fig. 2(b) approach factor F.., : 1.08 
Corrected qs/at: 394/1.08 • 365 

From fig. 2(a) upstream pressure c 6.5 psig 

Jet Velocity 

fAV : 4.0 
fV: 4.0/pA fps 

where f : density lb./cu. ft. A = area sq. :t't. 
JJ: ..L.·l.5P (Pin psi) 

/ RT. -r-
Assuming6T due to velocity • 17.5oC (615 fps) 

: 1.5 X (14.7 X 6.5) 
288 

_ 
1705 

0.1112 lb./cu. rt. 

A : 8/144 : 0.0565 sq. rt. 
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aont1nu9d •••• 

H~nce V • 4.0/0.11'12 x 0.0%~ s 60$ tpe 

Veloclt;r rat.ioo cros 
Tunnel Speed 
fps 
100 
175 
250 

Not thrust~ 75 lb. 

".I• {c) Unchoh,d co11dition " .., o 1· 1, / c ~ 'l'l : r.. •• 9"l. 

31c1lar c~lculat1ons to (b) civ~a 

F..unnitit't tit:IO 
Upatt'eont presoure 
Jet. velocity 
Velocity ,-atio a.t 250 fps 
lrot t hrust 

Vj/Va 

21.6 soo. 
1.6 pdg 

415 fpe 
1.66 

26 lb. 

Tho di~ on F1gur~ 2 illuotrate3 a BuggesW plan ror toat 
o!n;m•v?:.tiona. It is ore.vn up in ton.s or lift co-1.1ffiaient 
ob0(;l"'V'tttlo:is; i,1wlta,wous ob;s.,rvat1ona of drag nnd 11'.(lQent, co­
o.f"ffoi o.nts n.1..,.. l1"lr,l1t,,d. 

A rd.n1J!!Wll nl.ll'lloor of al'\gl.ee of dt.~v::k wul1.i bit te.stttd, the 
r.,odel hAinc r1m1L"l~ on a sorie!l or d.'°1aptora1 one for nach '10(;1&. 
!t is :,uggMt~d th,1t 9 J:Qint,e nt t h« end oonditionis with !'ever 
pc.,ints nt t!la int~noodiato flovs vill be aufriefont. Al:so only 
on-1 or t w points ,,.re Jm":Jtm&blj• m.t!ricfont for t he flaps dovn 
cn:sos. 

It vill, ho•,1evm-, bo rlt'!cll:istU'y to cva.luc.to co!ld1tfons to unusWlllJ 
high ihoieenee. :?rclill!ir.a.-:, run:s 'Jill s'hov .hm., rar to go. !t 19 
ttiJ[;ge3t,1,:td that 60° 1a a Hk~ly !Ul,dmur:\. 

l. Feynolrls nW'loor, 
2. Mu!'! flov re.Hos, 
J. V~loo1ty ratio, 
4. Flnp deflection, 

ov~r the full rang!'! ot inoid.ence up ·to t he fully 11 otalled'' condi• 
tion in the subsonic recion. 
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