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THE PHYSICAL POSSIBILITY OF TIP JET PROPELLERS
FOR V.T.0. AIRCRAFT
INTRODUCTION

It 1s felt that for the 400 m.p.h. 5000 1lb. load bush air-
craft, propellers are the optimum means of propulsion.

Further, although it 1s realized that the turboprop has a
better ‘specific consumption than the tip Jet propeller, the latter
may well lead to a more economic aircraft design, owing te the
mechanical simplicity of tilting a Jjet-driven propeller rather than
a complete turboprop engine, or even a complete wing.

This note examines current propeller practice, snd concludes
that it would be possible to duct sufficlient compressor delivery air
through a normal propeller blade to feed a small combustion chamber
on the tip, or to fill an unreheated tip nozzle. PFurther, it seems
that an 8-bladed (4 plus L) contraprop 1s a reasonable propestion as
a wing-tip unit, and that one such unit on each wing tip should be
reasonable for an alrcraft of the size specified, with tip combustien
for take-off-and without for cruising. This is of course subfect
to fuller calculation of cycle performance.

CURRENT PROPELLER DESIGN

Considering the hollow steel bladed propeller, it sppears
that at present the usual form is of a roughly cylindrical core
integral with the hub attachment, and covered with a fairly light
steel skin, the whole being brazed together. The chord is reasonably
constant at approximately .075 of the propeller diameter, and fhe
maxiiud thickness, which occurs at the 50% chord lins, varies from
gbout 17% chord at near the root, to 3% at the tip. The rear face
of the blade 1s approximately flat, usually with a very slight convexity
while the front face is convex on an approximately circular arc. The
section is in general of the NACA 16 type.

The critical Mach number for such a blade section (7% t/c)
ig of the order of .84 at a OE of .3 (See Fig. 1). This results in a
eritical Mn curve for the whole blade, as shown in Fig. 3, in which
shock stall and high loss are seen to occur at root (due to thick
section of low Mn corit.) and at tip (due to high Mn).

The propulsive efficiency of a 6~blade contraprop (two discs
of ~three blades each) is estimated at about S4% between 300/400 m.p.h.
at sea level, and 82% up to 20,000 feet.

If we suggest a 1l6-foot-diameter prop, running at 950 r.p.m.
this has a tip speed of about 800 ft/sec. At 300 m.p.h. this has a
helical tip speed of 910 ft/sec, which is .84 Mn, which is reasonable
by the foregoing standards.
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Considering now the possibilities of such a propeller as a
gas duct, the 16-foot prop will have lh-inch chord blades. A 1li-inch
chord, 5% t/c NACA 16 blade, for a Cp, of .3, will have an area of 5.70
ins.=.

A .070=-inch~-thick akiE and .100-inch-thick hollow core will
togsther occupy about 3.70 ins.

This leaves approximately 2.0 ins.2 gas duct,

For the V.T.0. aircraft specified, for take-off under advarse
conditions, 300 h.p./blade of two l-bladed contraprop pairs is required.
This 1s estimated to require (at 140 p.s.l.a.) S0 h.p./lb./sec. at
573%K ("cold" compressor exit gas), or 150 h.p./ib./ﬁoc. at 1300°K.

a) In the first case, of "cold" running:

Air at 140 p.s.i.a. and 5739K (density = .365 1bs./ft3) 1s used
to give 300 h.p./blade at 90 h.p./lb./sac.

Therefore 300 x _1 _ = 9.15 £t3/sec. flow required.

Therefore speed in duct = 9.13 x 14l = 600 ft./sec. in duct.

At 573°K, Va = 1570 rt./szgé e
Therefore Mn in duct =z = .38 Mn.

This assujoa zero loss and zero compression due to the C.F. of
the rotating blade. These factors will produce a curve of the
tYpQ shown in Figo Ll-o

Therefore, by a rough graphical interpolation, we would sxpect
a .38 Mn max. duct speed at about 25$prnd1us, about .2 Mn root
speed, and about a .25 Mn tip duct speed, in our cases. These
numbers are guite reasonable from a loss point-of-view.

b) If we choose to burn the gas in a combustion can at the
blade tip, the flow and these Mach numbers are cut by the ratio
of 150 h.p./1b./sec. to 90 h.p./1b./sec. This leads to a max.
duct Mn of about .23, and a tip Mn of .15.

It 1s obvious that the flows of either a) or b) could be
doubled, if necessary.

COMBUSTION CAN SIZE

At the suggested 300 h.p./blade, and 150 h.p./1b./sec. for
1300°K burnt gas, we need 2 lbs./zec./blado of air for combustion.

By anslogy with the Orenda, which has a total airflow of
approximately 120 1bs./sec. through six cans, the 12-inch-diametsr by
2E-inch—long Orenda cans each handle 20 1lbs./sec. of air.




NATIONAL AERONAUTICAL ESTABLISHMENT no. NAE=~ENG=-Ll

To reduce this by 20( = .10)x volume, retaining say an 18-inch-

long can, we have a L 3/B8-inch-diameter can. Allowing for scale, say
a S~inch-diameter by 18-inch-long can on each prop. tip.

In order to get suitable nozzle areas for "cold" and "hot"
running, two separate nozzles could be fitted, and selescted alter-
nltiVOl{ by a uinglo gleeve valve at the blade tip, spring loaded to
allow flow normally through the "e0ld" nozzle, but changed over to the
"hot" duct by fuel under centrifugal pressure when the fuel is admitted
to the blades.
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