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Summary.—In an earlier report on intake ducting for supersonic flight?, the efficiency of a ‘pitot’ type intake was
discussed and shown to have a marked effect on the performance of gas turbine engines. '

The present report is supplementary in that it describes the effect of inclining the pitot intake to the main air stream
direction in the transonic Mach number range 0-7 to 1-5, an effect which is at present incalculable. Curves are presented
showing the influence of inclination on intake adiabatic efficiency and air mass flow into the intake. These experi-
mental results are then illustrated by application to the performance of a typical turbine éngine and a propulsive duct
in sonic and supersonic flight. At a flight Mach number of 1-5, it is found that, for both turbine engine and propulsive
duct, an inclination of 5 deg reduces the net thrust by roughly 2 per cent compared with the normal flight thrust.
For inclinations greater than 5 deg, however, thrust falls off more rapidly, and at 10 deg inclination, it is reduced by
roughly 6-5 per cent for the turbine engine and 7-5 for the propulsive duct.

1. Experimental Investigation—A sketch of the model is shown in Fig. 1. The pitot intake
(a half-scale model of that employed in the investigation of Ref. 1) consisted of a straight taper,
divergent duct of 7 deg total internal angle, the entry internal diameter being 0-5 in. and the
area ratio four to one. ' -

The static pressure (P,) at the delivery end of the divergent duct was measured over a range
of air mass flows at approach Mach numbers 0-7, 0-9, 1-0, 1:3, 1-5, for a range of inclination
9 = + 15 deg in intervals of 3 deg.

The airstream, approximately 2:5 in. square in cross-section, was supplied by Busemann
nozzles for Mach numbers greater than unity, while for the sonic and subsonic streams a non-
divergent nozzle was used.

9. Discussion of Results. 2. 1. Efficiency.—The variablesinvolved are overall adiabatic efficiency,
Mach number of the approach stream, air mass flow and angle of inclination (). The intake
adiabatic efficiency, 7;, is based on delivery static pressure P, no correction being made for

any difference between delivery static and total head pressures. That is

(PPYO-D"—1 (P[P V"1
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where P, total head pressure of approach stream.
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In Figs. 2 to 6, this efficiency is shown plotted against the ratio of actual mass flow to the maxi-
mum mass flow at zero inclination, for the five approach Mach numbers, with angle of inclina-
tion as parameter. Each curve is the mean of two experimental curves, one for positive, the
other for negative angle of inclination. Fig.7givesan indication of the scatter of the experimental
points. Within the chosen range of inclination, that is 4 15 deg, there is no effect of inclination
on efficiency at zero mass flow, which is perhaps to be expected since the intake is then acting
as large pitot tube.



It will be seen that for zero inclination at supersonic approach velocities, there is a fairly well
defined mass flow below which the efficiency remains constant, and above which the efficiency
rapidly falls to zero. The first region of the curve corresponds to the state in which a curved
shock surface is located ahead of the intake, delivery pressure being comparatively independent
of mass flow. With increasing mass flow, this shock wave approaches the intake and becomes
less concave, until in theory a plane shock wave is located across the entry, and the mass flow
reaches a maximum ‘correct’ value equal to the mass of air impinging on the entry. This
condition corresponds to the region m which the curve turns over sharply. Any further
reduction in delivery pressure leads by ‘over-expansion’ to higher supersonic velocities in the
diffuser, followed by a complicated system of shock-waves.

In practice, the theoretical curves are approached only at high Mach numbers, and below an
M, of about 1-5 the abrupt change in direction of the curves becomes more gradual. As is
to be expected, inclination of the intake to the approach stream direction also gives the curves

a gradual sweep, since a plane shock wave can obviously not occur across the entry. Sub-
sonically, this tendency is much more marked.

2. 2. Reduction of Mass Flow.—Inclining the intake to the approach stream leads to a reduc-
tion in the maximum mass flow which can pass into the entry (Fig. 8). As this effect is most
marked at subsonic approach velocities, some additional curves have been added down to a
Mach number of 0-5. For the lowest Mach numbers, the reduction in back pressure was limited
by the orifice meter and straightener plate, and curves are given only for small angles of inclina-
tion. It is seen that an angle of inclination of 10 deg leads to a mass flow reduction of 1-5 to
3 per cent over the Mach number range 0-8 to 1-5, but to a much greater reduction at lower
Mach numbers. At zero angle of inclination, the mass flows calculated from intake conditions
are in reasonable agreement with those measured by the air-flow meter.

Also shown are points, indicated by circles and squares, corresponding to the possible laws
of mass-flow ratio varying as cos 6 and cos? 6 respectively, where 6 is the angle of inclination.

3. Engine Thrust n Supersomic Flight—By virtue of the influence on intake efficiency,
inclination of an aircraft with pitot intake to its flight path will affect the engine thrust. In
order to illustrate this effect, calculations have been carried out for a typical gas turbine engine

and for a propulsive duct in supersonic flight, the following characteristics being assumed at
isothermal height.

Gas Turbine Engine.

Compressor temperature rise = 200degC
Bypass air mass flow/Compressor air mass flow = 2
Fan temperature rise = 35deg
Engine T, = 1100deg K
Augmentor T, . = 1500degK
Compression efficiency (1nclud1ng combustion pressure loss) = 75 percent
Fan efficiency = 80 per cent
Turbine effictency = 84 percent
Augmentor combustion pressure loss as for propulsive duct
below
Propulsive Duct

: max = 1500deg K
Combustion chamber inlet velocity/aircraft velocity = 01
Jet efficiency = 95 per cent

The combustion chamber pressure loss is assumed to be made up of an aerodynamic loss of four
inlet velocity heads together with the fundamental heating loss. That is

Combustion chamber pressure loss T ot mox

Combustion chamber inlet velocity head T T oot sntet +3
2




In both cases the assumption of constant volume flow is made (for the propulsive duct the
combustion chamber inlet velocity is taken constant for a given forward speed), so that it is
possible to find a relation between intake efficiency and mass flow ratio for each approach
Mach number, provided that a design mass flow is assumed. For the thrust calculations, this
has been taken, for each approach velocity, as 95 per cent of the maximum mass flow which can
pass through the intake at zero inclination. As noted previously, this value is reasonably well
defined for M,=1-5, occurring just before the abrupt reduction in efficiency. The same value
of 95 per cent is used for lower approach velocities, although the point becomes less clearly
defined. Thus in Figs 2 to 4, the dashed lines represent operating curves for both turbine engine
and propulsive duct, and have been drawn for design mass flows of 95 per cent and 90 per cent
of the maximum mass flow at zero inclination.

Figs. 9, 10 show the net thrust and specific fuel consumption for the turbine engine and pro-
pulsive duct respectively, relative to their values at 100 per cent intake efficiency, this basis
being chosen to avoid overcrowding the curves, the slopes of which are roughly equal at flight
Mach numbers of 1-5 and 1-3 but rather greater in sonic flight.

Conclusions.—At zero mass flow through a pitot-type intake, angles of inclination up to 15
deg have no effect on overall adiabatic efficiency, the intake then acting as a large pitot tube.

With increasing through-put a reduction in efficiency appears, but is not serious for angles of
inclination below 5 deg until the mass flow approaches the correct value, that is the maximum
mass flow at zero inclination. It is possible to plot mass flow-efficiency curves for which a
constant volume of air enters the intake, and these will represent engine operating curves for
given design mass flows. Choosing a design mass flow equal to 95 per cent of the correct mass
flow for each approach velocity, it is found that for both turbine engine and propulsive duct
at a flight Mach number of 1-5, an inclination of 5 deg reduces the net thrust by roughly 2 per
cent compared with the normal flight thrust. For inclinations greater than 5 deg, however,
thrust falls off more rapidly, being reduced at 10 deg by roughly 6-5 per cent for the turbine
engine and 7-5 per cent for the propulsive duct. Under the same conditions, specific fuel con-
sumption is increased by 3 per cent and 4-5 per cent for turbine engine and propulsive duct
respectively.

Maximum through-put is moderately affected by inclination in the transonic Mach number
range 0-8 to 1-5, the reduction being of the order 1-5 per cent to 3 per cent for 10 deg inclination.
For lower subsonic velocities however, the effect is much greater. '
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Fi1c. 9. Net thrust and specific fuel consumption for typical turbine engine.
(Relative to 100 per cent intake efficiency). Design mass flow 95 per cent
of maximum mass flow at § = 0 deg.

F16. 10. Net thrust and specific fuel consumption for propulsive duct.
(Relative to 100 per cent intake efficiency).
Design mass flow 95 per cent of maximum mass flow at § = 0 deg.
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