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SECRET 

f ~t~f 4'.i~ti:0~:±i-{•' }}%£~\,i'.'.?tt::!;? i 
• • 1 •• INTRODUCTION : . 

. - . . ~ • '• 

-_·'. :;' < :; : .Combustion equipment 1s required .for Project PV ! 704. In 
"'>- · \_.• · • -·order that the significance and context of thes~ combustors ' 
/ .. _~:t~ ,, may . be appreciated, the general _layout __ 01 the -aircraft is 

i:i!S:J¾ti:ii-.;t1)0C~~f::;~~\}· ~/,::~:::/ .. /·\~\}i{'(_i:/ :it(~//•:::: '.":;:,;: _.·,, • .. ~ ;-_: : -. 
~~-- :ii~~F;ig-••'. +,';s , ·--,plan and section drawing of the aircraft. · It 
~!~,,t~-:J:fa.c ,l5•3~ rt·. ~ in _ diameter; stands about two feet off the _ . 
~~~~,1(,_' ~und, -~easures . 7. 7 r~~- from . the lower surface to the 
~ fa~\~:-<.c~opy·: -·1s_ approximately . symmetrical in section and is _ 
!rl~•~:~~ exp~.cted .. (~o., weigh about 20,00Q lb. with . 5,700 lb. fuel~ 
i-~~t:·,:~~,,The maximum ;f\tel .. 1~. lJ ,120 lb~- g1 ving a maximum weight of 

l~tt~~;s~i;~~~tj:~i~~i~it.f i{~t;~:};\;:~\(/i\VrAtf}f t-2:;/}-{\ ( > : •• :: ·\:-:~ i: . •• ·· .. · • . . •• 
~t.J~{;-'.~;: Six .. , . strong _Siddeley V.iper; ~urbo-jets.· - 1,900 lb • . thrust, 
t~i<l~~Z;•:i~Z~ " ]i.~ve:ral_l. _diame:ter, :52:5 lb~ ·weight each - ~re mounted 
~~i.s/:.-:>-e-i,,radi • · Y: in.- :the -wing, exhausting · inward; and used as . gas 
~ ·=!t.{fge_!l _ -_-to~a. t~ .. dr~ ve a · pair 0£ , contra.~rotating compressors 
it~• bi: s 0£', a -radial in-flow turbine~ ··_ (See the section 

~~t . ~!- - ~;:ji1t~i~l!}~~?::;f-s+rt~:/ ~ijftlfl~%tllif ~,~l}::i}?~:.:::::.'::<.~t :~i ·: ,. _ • ; 

~\[f;?V$I:~1h• ,~~:.:~oot_· diameter · c~mpressors~'. -·(Figo 3) whi_ch rotate 
:;.' •:Ji.-~f, · ·,s : t: _ • S .:;~PY.'.-:.,.eom~j,,,son. with _convent:i(?nal turbo-jets, draw 

a _. ,,,_\~lif :,tli•,·tipper -and lower_ :1:ntakes., (Fig.· 2) and force it 
} .• _. -.. -~. -~? ou;_:'·.tm-:ougll: the~ wing};,e·.t?ween the Viper engines·o. • 

~''\~ ,_,th,.-ai.r;:c:thrown -._O!,lt : by-,:Jthe, compressors_ is directed 
.1l:{i tt~e,ct;;.:tp_~~Vi~r. J !.ngi,nes'.~: (.Fig..: :: 4,)' .;'t,.~ ,~;.'/ ; ;.;;,';_~(->/ . ~ .. -~Cc •• , 

, ~ ~{l~ :~:.~·Wi)'!"~-!.l!!~~t~~·~1~1~"fi?."-;,i.V.';'~t;r~_z.r·~;;t-'l'". ;..~"lt ~~~::~';\.!i} ";.,~"!,f *,•'-',) :...:.:. ( ~ ~ · r • ~f h, ,;.;.f~ !.~ .. ~'· r.. ·": ~ .-:, / "'. ., ... 
~ ;)'.,5;;:i3~t\.'?J'.: .. •4:11.i',:S~~ .... ~~~!Z-V~~l-:r•it;~~;;:;q~~{-~ri;i,;:~~~'ft-~tff .i~~~~/~1:.:, t:~~-~:•::'..( L'~. ::· 1 

. {:: --:.~r ··:•._::. .. : .:.; ~ • :.. •. • ,.. '· '; :~: 
~;; • ::·ait/ ia;~::difrtiaect .lri: ·t~~ -~ilg t,, "a: :high pressure at the _· /.: 

'•f:~ r:nolders,':,'(.Fig;, • 1t. where fuel may.: be added to augment 
f!;:;..t,h~?/t~rust'y,\ anct:: 1a then exhausted._ through pneumatically 

•~~o~rolled·-· shutters or gills -(Fig. 5l. which direct the 
,.::1a~ :-·ii'~i ·1t: exhausts all aroun~ the. aircraft periphery; 
,~~~he~"· to _r~e ,the aircraft . vertically off the ground or 
;tQ,~propel+i't-~ in .forward_., flight:;.,;> This control · of the ·. . . ,_ 
~~us.t direc~ion . enables the - jets t _p be used for· manoeuvring 
an4 :.stab1li.rlng · the aircraft: iri .all~ flight conditions, so ;._. __ 
that{"separate::· additional ' cont.rols·: are not. . ·required to · .·. • 
~t~; ;-·r-c,r/,,;vertica1 take_-orr · and· hciveririg / :: . Thus •. . for :_,· ·_. . : , _: ·,'.'.·'. 
~t~cei) ,to/ .pull up .,the· nose· of: '~he .aircraft the. -pilot 
• I-l::, ,e9~~rol ;; t _he .shutters :;1,y. :means: of a conventi.onal. . ., 
:attc~i ~ontrol.'.'to ·_;direct .. ·the -Jet· out •or -the top of the _•. ·· 

;~ng;_::.;top ·_o!._the ··wing in the · rear secto~ and thru'st the 
.,tai];:_-down,t_or·.t~ . roll he will: similarly direct the jet . . 
-,;:.rr01;11-:the t .op ~ 0£ one wing and from the . bottom of the other. • • : 
:~~!":_-- s~abilizing,:· the . main rotors . and · a diaphragm· are used •• · 
J~cLsenae · ldle~ the aircraft pitches: in a gust and use is ·· .: .. 
-•iu.de{·'. 0£:.-thec jet· controls to ·correct ·it.- ·•· Stabilization 
·· th~ugh .. the,, controls is essential on this aircraft since 
;the:\ centre of' gravity is in the middle of the wing at •• ,,_.:_.· 
'halt"' the' . chord from the leading edge, whereas the aircraft -

• .. ,, --~- j ro~cf .. (?nly _be .. stable without _using the controls if the _.,~ ·:. 
~+;~!~~15:;.,;-•::.li;:',:;~-,.!.2..~.~ :e-:. ... ··:--:, _'l,.";.•,- ·- .. ..:. ,~+--•- ;,~ ..... . '\. ~.:. •;. .. _. ..,.1.,. •• > .> ~· ·- ···.:'>. ·-_·,·: .- .. ,.:.• ... , ·.'.~.·•.: , .:{ 
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>,-·· 1·~\;t INTRODUCTION (continued} • • - • • 
. , . 

:_:,~,~~){·: is~~~tre .. of: . grarlty were about at the _ quarter chord posi­
,;,:·•:::',:,:,;1::i;: ·tion. , - The change in jet direction as the aircraft pitches, 
g :;?t;~J1(:·perf"orms the same !unction as . the fixed stabilizer of a 

~-conventional aircraft... . /-~.: ~; : .•;[~, _:~_ / ·-~- ~;"'\-.--;'. ,.::-:.. !•r• · · . 

~l:i~~1~:[~tt!;~·~i~-{1%:{rifi}j.~~4l~1t~·J:~:~'.~~-;.::: ;~-Xt ./;i-0.~-~ j\f2i£.~-;;"~1\rr:·;;~~~ ·;: 1/->· ... : -~-; •. ·._ ~/::~ : : . 
. s_ n;,.operation:~-: ·to~ take~o.f'r,· all the shutters on the top ··· 
,;~-o~\ tha_ wing. &rEf ·eloaed and the shutters on the bottom are -· 
,iH,pened''. wide t .".' .Without ·adding fuel to augment it, a total 
:{tof-~bo\11;_: 20,ooo • lb • .- thrust is produced by the jets . _ · __ 
r ;p~i,n~in~,,idown~ all · around the . wing together with the . 
-,;;c:ei,t·ral;· noz~le: :_· however·, this jet-around-wing configura­
:tiori:f:produces .a ··"powerful take-0££ . of' ground cushion so 
~hati'\ the.···urts·.·on ·.the -: ·aircraft , 18',: in . fact, increased: to 
possibl;r.-_ 30~000: Ib.;i: and the aircraft rises to about 17 ft. • •• 
·tPfgl~~7 ): where the( ground cushion effect falls off rapidly. 
:ro·r:~vertical.<takEi.;;o.r£."· the thrust must be greater than the 
~we~~~{!J?~ ttiu'i~·;without

0 
atterburning . the fuel capacity 

.w.tllf be- ,restricted to approximately J, 500 lb: --w1 th a.ft er~ 
~- _1:burf4ng}.,.howevet;t approximately 30,000 lb~,- thrust can be __ -
-~ _ _ : produced:'i~?.-. However.:. it 1s envisaged that transition to • •• 
~;:;'.,'s\i::t .r:o~d;:.!'light_· w1~.: -.normally be from the ·· ground cushion. 

: B~:so_perating;_··a ;·tranaition control the pilot leans the jets 
J;)&clo,ardt' ·pdually~:.t _q: ·a:ccelerate· ·the aircraft, and raises . 
• _·fli~Jt[~~i/;{~~ ~ ;lja~: ~ni'list le.sa. ;ha11 thrt _ weight,_ the ai~~ • 

~ ?catt..tac,ce-1.erate··; anct :d;sa ·:into"'."· free:, air a -sh.ort distance ._. 

-",~0*1t~Ei~llitll.tt~~lilf.~ _ ~;~ll{ -~;,;, t.K~~{l~f t~\).:.<\·: ::_'.:·::. __ :_:_ 
.... orward;~ign~·ranr: ·pressure _. isi"Col!ected into the air 

. ~tak.,.-whicli'.·_progressively:'. -increases- ·the afterburning 
• . :pn·ssura:::rati.c{ arut :,thermal.·.effic:iency·.:,,>-For supersonic 
~r:'~f"'.o~f~spe.·e":;_atigme11tation( w1J.l,;::· always. be ·.necessary and because 
• ~!l :,~,per ,~arge'_maa~. "o,f '.air.··the. impellers can handle, a 

~ve_ry~\];arge-_,:tlirust and high- t _op speed is possible. - The . 
_;Iarp\ :fnstalled_·.thrustr ·_also leads t .o· a high thrust to 
LweJ;gntt(ratf;cifwhiaj:i--~~es:_ a · very. ~igh c:eiling possible •. ·­
,~ ~ft;!!ri~Iaji~ (,o~ ~t ~tf 'airframe _: at~ supersonic speed appears 

_ci/ and~;tha't,.1:o!t -the·::engine: reasonable •. so. that a long .. 
·up~~~;~~cmiaerran· e-:_ is· ·alio,, f'ore:cast.o~:;·1 : --.,\;·.\ · . . ..,.- .,. -

:f~~~\lfJ.'1~1t~~ ~lilt~ . -~fi~~i~~~~t\~:;is~~;~-~t}:fr.;r-r./~~~.~:~ '·;=\-?~~ ;: ~~~ ::. • --·_ ---~ ~-:; -· :· 
: ~<>~ij~ding-t ~a t mily--·ve~lc:al . descent'. . will usuall·y be _ 
niadeJ Swith· or::w:tthout/ thrust- augmentation from a hot main 

. ::je~·t f '..Tra~si~i.o~ :- to ·the· landing condition from in-flight 
,, _·" :,is-: similar ·to -the<take~off transition. -· The nose is 
}i1•~~1:~f~ra1.sed~·;and • thEF ;jet•i1··transferred to the undersurface 
~;;t~J;W/ancf:c'Ieaned ·.torwa"-1, ·collectively to rapidly slow the 
f;&~t ~rc;-att-- downt: &8::;;ht- speed falls close to · zero the nose 
•··---··"'"'· :·1sf.lowered .and~, the'. '._aircraft brought. ·down into the ground • 

~?:c:u~~oif;i,,:r TJ:ie,; p;J:9-t;.:,mu~t .. 1:hen cl.ose -the t~ottle __ to reach • 
:~~~~ill::~;Y~Fl;j{t~'f·,~- .. J~1~~~:~;~t~~t~i:tt~i~;:;,~;E~~1,:;~:~:_,\,, _-:; .. '~. · __ -:: ,_· __ ,_ f ,.:, •• i,, .. 



:-~//t·::~.The ·20~000 lb. static thrust quoted without afterburning 
/:\L;?;: .. is · 1~75 times the thrust which the Viper gas generators 
-~;;,<:,~::¼:~2,.wuld glve if used as direct 'jet-lifters' or thrusting 
}~f:~:}\4( engines:-:< this· augmentation being due to converting the 
!,;t fh~ffL:relatively small mass flow high velocity jet into a large 
~l.J:~:J :;mass _ now low ~eloc~ ty_ :j&~ ·with · .fundamental improvement · 
~if fi~ilrot; stat_;c thrust _ _' e.ff'iciency~_ . It will be· appreciated . 
l~~:1'.5-·:';: that-· th&,:"cold' static thrust obtained in this way is 
~ttfa~~ti.':. very ·:sensitive to ._internal pressure losses and that the 
~l~~;i]f~t~oduct~C?n: .. of . a __ combustor . into this _ low energy flow is _ 
c:i~I:~:;~t C&· possible-· SQ~Ce o_f prohibitive loss. The presence 
f{P-'.'!i~:i?'.· of: the' ·comb~stor iri the duct is_. however, unavoidable 
p~f~i~~r s~ce O~,!if~cardinal '. feature of ·the design is not . merely • . 
~:'$Jfif~to .have·· a .· high mass .now for vertical take-off but to make 
~;t ef;1:.µse -~~\ t~e.·.:large _mass flow at high speed where with high 
f.J;a· , tJ;_J xam.· .. pressure .ratio available, burning fuel in the main 

:.:; ''.kt{ duct ·w:1.)J~. provide a . ·very large . installed ·thrust; and so 
<ta:\ combine the. v.ertical take~or.t: . feature· .. with an aircraft . 
~~.o! ,;;-~u~_standirig, supersonic:: performance., • This approach - . , . 
. ~~;1ar p.Iustrated :by the- chart Fig. ~O ( showing how the 
powe~·~_;-equired . to produ<!e .. a given static thrust reduces • 
as'' tJ:ie,::.' je~.t -mass . now . increases). on which is indicated • 
! ~._~.'t_•t.:::some~· point · internal: ducting ot the jet becomes 

ossible_~and:·hi~,, •ram-jet!; thrust . can b•. obtained. 
-~}~~~ . • - • -.~ <,)¼\~~~~f l?~~f~ ~11~,~~/i1it~?~~~r};}~il/=:~·:1f~r'.~\ ~-/~·~~~~;-, ·:~ ~;_ -~/-~ - • 

• 11$:,_,t <P • e~,~cfonsidfiratfon-. :for; combustor design is that 
• ... J:;~J~~-~~-;';t\ ~ i~_ealculating :performance the following 
.oss.- .:f'actor··ha:s. .been· assumed. :, ': ' ,:-.;::.:-· :_ .. ~::-.---::/;:.~:.,·\ ,· 

• i ~· • ~iritf ~~}:1;1-~~'f..~1 ·,~;;:1ff ;~~~~g~"'1}?\Ii:r. + ; i~:r•:i> -- ., • 
., . 2:+:l:~l .:,,_._'!'c __ 'l'e _~:;:.1;.,; .L .~ -~.1:"-~ .:_:"._,:,~<:.:·:- .- · . 

·-· . . . - }i:Jt~~)~~Pilf¥~~t;t:tr·\:)~--~. ~-~:·/.\i ~--
~-~.ntn d~ic. head_:_-_,.: ;/ ~: .. _ -,,~,; l l', , .. _ -.~:a . . ,.., ·~ ·---·:--, 

F*f~1!~~r~!t~~!!~~]~1~~¥£'.i'{:( " •·· · • 
~~tr~~1i~i~,~?~&;¥i¾~~f~~~~)'.·~.;:~~:>{:j;:/Do: ~:: , ~-· • --•• 

:' • •• • s-" h<:> "' .h ,- ' · •• - 'r ' des • ·matching _this low 
;~pressure ,,drop .. requirement and g ving .satis£actory 

;,,,:;.~omprit!tion. ef:ficiency' over. the required range of con­
·ir,--.d±ti'ons can be · achieved ... ~- In any case some relaxation 
''\ tif( the ·.required . fiight envelope will. be preferable to 

t· ,·,~:.;i,c<:-iricreased .. pressure drop a-.. . . . > • '-~ - d • • - · : ~- ,. • •. • • 
~Jl\i~b~~\.~i{=J~- ..:¾-~.~\ .~~~, .. •~--:: ;·:.;".-2:¼ ~· ~;,_;;..,,:• .. ~i t~:::-<~-.-:·.. . - • .. -.-_ -~--- . . -· .- -.- ;' . _, ;_ •• .• ·- - ·_-_; -• •• ,: •• - • - ~ -~ - ... _ 
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PROJECT 1794 
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---. (1) CONVENTIONAL HELICOPTER 
-tt---+--+--------- APPROX. 2 0 0 M. P. H. LIMIT ;.--i-----,..----,1--t--1 

FOUR METHODS OF OBTAINING 
A NORMAL 12,000 LB. VERTICAL LIFT 

(NO GROUND EFFECT) 3,o o o----++--+--+--+--+-~ 
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2,000 

(2) CONVERTAPLANE 
(TURBO-CONTRA-PROP) APPROX. 

t--+--+--+--+-+--+--+--~- 5 0 0 M. P. H. LIM IT ---1---1---1--+--t--+--ie---T-t 
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(3)DUCTED FAN RAMJET 
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2,000-2,500 M. P.H. OR LIMITED 
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-"" GAS TURBINE 1,500 M. P.H. 
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CONSUMPTION IN GAL/HR. . 
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FIG.II 10 

ROCKET 

25,000 30,000 
HORSE POWER 

--------- ' ,, • . :t!ii&!,.a&J&ZC&2...9.£LMW!M& a 




