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= Combusticn equipment is required for Project PV, 70&. In
31”“ ‘order that the significance and context of these combustors’
7. may be appreciated, the general layout of the aircraft is
;given in Fig. 1 - 30 W R T e

tFigz.I ia a plan and section drawing of the aircraft. It
‘1's 35.3 ft. in diameter; stands about two feet off the
“ground, measures 7.7 ft. from the lowsr surface to the
_canopy; is approximately symmetrical in section and is
‘expected .to weigh about 20,000 1b, with 5,700 1b, fuel.
‘The maximum fuel is 13,120 lb. giving a maximum weight of

ffustrong Siddeley Viper;turbo-Jets - 1 900 lb. thrust,
-ihsh overall diameter, :525 1b. weight each - ‘are mounted
“_-y'in the wing, exhausting inward; and used as. gas

e ght: oot diameter cbmpressors,'(?igo 3) which rotate
-81owly. by comparison with conventional turbo-jets, draw

L from- the upper and lower intakes (Fig. 2) and force it
g3ally out through the wing between the Viper engines.,
apsof the air thrown out. by the compressors is directed
to-feed.the Viper engine' T S g,

‘The air. ed in - ng_t a igh preesure at the
flame holders (Fig. 1) where fuel may be added to augment
he thrust, and is then exhausted through pneumatically
‘controlled shutters or gills (Fig. 5) which direct the
jet as it exhausts all around the aircraft periphery; ;
elther to raise the aircraft vertically off the ground or
'to~propel it in forward flight, . This control of the :
‘exhaust direction enables the jets to be used for manoceuvring
‘and stabilizing the aircraft in all flight conditions, so
that separate additional controls are not required to
cater for vertical take-off and hovering.  Thus, for .
instance, to pull up the nose of the aircraft the pilot
will .control-the .shutters ‘by means of a conventional
stick control to direct the jet out of the top of the
wing top of the wing in the rear sector and thrust the
tall down, or-to roll he will similarly direct the Jet :
from the top of one wing and from the bottom of the other.
For stabilizing, the main rotors and a diaphragm are used
to sense when the aircraft pitches in a gust and use is
made of the jet controls to correct it, - Stabilization
through the controls is essential on this aircraft since
the centre of gravity is in the middle of the wing at
half the chord from the leading edge, whereas the aircraft
would only be stable without using the controls if the




: . The change in jet direction as the aircraft pitches,
performs the same function as the fixed stabilizer of a
nve tional aircraft.‘_ * i

In. operation, to’ take-off, all the ahutters on the top

of the wing are 'closed and the shutters on the bottom are
,opened wide. Without adding fuel to augment it, a total
_of about 20,000 1b. thrust is produced by the Jjets

" pointing downward all around the wing together with the
“.central nozzle; however, this jet-around-wing configura-
tion produces a powerful take-off of ground cushion so
hat 'the 1lift on ‘the aircraft.is, in fact, increased.to

" possibly 30,000 .1b., and the aircraft rises to about 17 ft.
ﬁfFigua7' uhere the  ground cushion effect falls off rapidly. .
: For:-vertical take-off the thrust must be greater than the

" weight and thus without afterburning the fuel capacity
“will be restricted to approximately 3,500 lb: -with after-
burning,.howaver; approximately 30, 000 1b.. thrust can be
“produced.’ However, it is envisaged that transition to

. forward flight will normfally be from the ground cushion. d
-By.qperating_a transition control the pilot leans the jets
backwards gradually, to accelerate the aircraft, and raises
he'nosey with the thrust less than the weight, the air-

w craft can accelerate and rise into-free air a. short distance
fro'“the;starting point. Hel e T
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: mfbrward.fIight?ram_pressure is collected into. the air '
. intake which progressively increases the afterburning -
“pressure ratic and thermal efficiency. For superscnic
peed augmentation will always be necessary and because
fltha large mass of air-the impellers can handle, a

ery: large thrust and hi%h top speed is possible. The
large installed thrust also leads to a high thrust to
weight ‘ratio which makes a very high ceiling possible.
The efficiancx of the airframe at supersonic speed appears
geodwand that of the ‘engine reasonable, so that a long
upersoni‘“'rui_ -.range is also forecasto AR e

: £ a»fhlly*vertical descent will‘usuaIIy be
‘made; with or‘'without thrust augmentation from a hot main
'« Transition to the landing condition from in-flight
;13431milar to the take-off transition. The nose is
‘raised 'and the jets transferred to the undersurface
.and leaned forward collectively to rapidly slow the
aircraft downj as the speed falls close to zero the nose
jis~lowered and the aircraft brought down into the ground -
: The'pilot«must then close the throttle to reach‘>;
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INFLUENCE OF COMBUSTOR PRESSURE DROP

,The 20 000 1b. static thrust quoted - without afterburning
is 1675 times the thrust which the Viper gas generators
would give if used as direct ?jet-lifters'! or thrusting
engines: this augmentation being due to converting the
relatively small mass flow high velocity jet into a large
mass flow low velocity jet with fundamental improvement
6L static thrust efficiency. It will be appreciated
that the fcold® static thrust obtained in this way is
very sensitive to internal pressure losses and that the
introduction of a combustor into this low energy flow is
a possible source of prohibitive loss. The presence
of the combustor in the duct is, however, unavoidable
since the“-cardinal feature of the design is not merely
to have a high mass flow for vertical take-off but to make
use of the large mass flow at high speed where with high
ram pressure ratio available, burning fuel in the main
duct will provide a very large installed thrustj and so
to combine the vertical take-off feature with an aircraft.
of ‘outstanding supersonic: performance. This approach
is {1lustrated by the chart Fig: 10 (showing how the
power required to produce a given static thrust reduces
as the 'jet? mass flow increases) on which is indicated
hat. at some point internal ducting of the jet becomes
possible-and high *ram-jet? thrust. can ‘be obtained. '

!“‘)

Thus t eéprime:conaideration for combustor deeign is that
of low loss.i In calculating performance the following
Ioss factor has been aasumed'wf

pressure drop. requirement and giving satisfactory
combustion efficiency over the reéquired range of con-
ditions can be achieved.  In any case some relaxation
of the required flight envelope will be preferable to
inoreaeed Pressure drope.... = -
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-available for combustion equipment is shown in the

“combustor - follows'

OENERAL REQUIREMENT R e 7 7 :J-”b |

The genaral requirement is for the design, test and-

_jdevelopment of a suitable sample combustor with associ- Q,
‘ated fuel system and for the delivery of one aircraft
set of .combustors by August 1958 with the extra require-

ment- for an additiondY eight (one outer wing segment)

by the earliest “possible date in advance of the complete
‘set.’; The aircraft set would include all ignition equip-
‘gent, fuel: pumps, valves.

etc. assogiated with.the com- .

The”general:lajout of the outer‘wing showing the space

attached drawing. ' A brief specification for the
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Arflightxenvelape is given in Flg. 8 and the approxi-,,;i
mate variation of inlet temperature and ressurs with -
flight Mach number and altitude in Fig. 6 and 7.
Maximum fuel flow requirements may be determined

from the limiting speed line shown. The combustor
1nlet Mac *number is given in Fig. 9. It should be




: Meo o O 8 at 35 000. ft. the pressure temperature

- product Path.ig lower than for any other comparable
“combustion equlpment s g BT e g

*iThe con ractor 13 requ ted to submit ‘an estimate ,
.of combustion effi¥¥ency and stability limit varia-
tion for the range of inlet ‘temperature and pressures,
for'a combust;on syatem designed to’ this specifica--

AT

'GTbeights Estimate
" The cOntractor s’reguestgd to submit a pr

-weight estimate for the combustion equipment,
including all associated ‘equipment such as ;gnition
plugs, wires, control-boxes and switches, fuel pumps,
lines, etc, - The combustor itself is understood to

- include all structural insulation, the provision of

‘which will be the contractor's responsibility because
of its intimate connection with the combustor design.

T@e maximum'pressure*pulsat on in th ‘combustor
"tfnot exceed“‘ 4
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- PROJECT 1794
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