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(' FOREWORD 

This  report was prepared by Nord Aviation,   France under 
Contract AF 61(052)-750 Initiated under Project No.   3012, 
Task No.   301203.     The work was administered under the direction of 
the Air Force Aero Propulsion Laboratory,  Turbine Engine Division, 
with Isak J.   Gershon as project engineer. 

The publication of this report  does not constitute 
approval by the Air force of the findings or the conclusions 
contained herein.     This report has been reviewed and is published 
only for the exchange and stimulation of ideas. 
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E.  C.  Simp^ßn 
Chief, Turbine Engine Division 
Air Force Aero Propulsion Laboratory 
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INTRODUCTION 

This study which can be considered aa a follow up of the 

previoua contract (AF 61   (052) 670 TÜRBOFAN-RAMJET ENGINE STUDIES - May 

1964)aiaa at pursuing the daaonstration of Nord-Avi at ion's coabined 

turbofan-raajet engine efficiency and feasibility within the Mach number 

range fro« 0 to 4. 

The object of thia contract is to define a coabined engi- 

ne around the dry section of turbofan SNECMA TP 106, selected at the 

close of the preceding contract, and to establish a coaplete perforaance 

characteristics systeaup to  Mach 4. An ezperiaental part of this study 

has for object the design and testing of a coabustion chaaber function- 

ning satisfactorily in the Mach nuaber range from 0 to 4 up to 100 000 

l' feet altitude and for a widespread range of equivalence ratio, in a 

word covering all the needs of propulsion of a highly supersonic vehicle. 

We recall hereundar Nord-Aviation's histories in the 

f, field of coabined turboraujet engines. 

Sines 1951 Nord-Aviation started studying Raajets and Coa- 

/' bined Turbo-Raajet engines  : definitions, developaent, ■anufacture, 

banch and flight tests. In 1953 the Coapany designed tha Mach 2.2. expe- 

(~ riasntal aircraft, naaed "GRIFFON". It was propelled by a coabined turbo- 

raajat engine, 330 flights were carried out. 

Studies on coabined engines are pursued with tha object 

of extending the flight field up to high Mach nuabera, the satisfactory 

perforaance characteristics of the gas turbine engines at the low and 

■oderate Mach nuabera being however retained as well aa those of the 

raajet at high Mach nuabera. The latest studies were sponsored by   tha 
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AERONAUTICAL SYSTEMS DIVISIOM, AIR FORCE SYSTEMS COHMAKD,  through the 

European Office of Aeroapece Research, U.S.A.P. 

In the «oat advanced deslfn, the axial coq>reeaor turbo- 

jet enfflne of 'vbe "GRIFFON" i» replaced by a front-fan engine,  ita jet 

nocile opening Into the coabined engine coabuetlon chaaber ; thle ar- 

rangeaant affords, If necessary, afterburning of tha prlaary flow. The 

ran duct encoapassss the gas turbine engine ; the air surrounding the 

fan la aixed, in an annular chaaber, with the secondary air delivered 

by the fan ; the resulting alxed flow feeds the coabustion chaaber 

whose coabustion systea surrounds the rear end of the turbofan. Owing 

to aoveble flaps located at the delivery end of the fan. It is possi- 

ble to operate either in the pure turbofan configuration or in the 

pure raajet configuration. 

There are only one air inlet duct, and one exit notsle 

which is of the convergent-divergent type. 

This powerplant can aset the propulsion requlreaente 

of a supersonic Interceptor, a long range supersonic boaber, a high 

altitude reconnaissance aircraft, up to a Mach nuabsr for which the 

kinetic heating probleaa can be solved by the convenient selection of 

aaterlals, of insulating techniques, or by the use of fuel as a heat 

sink ; this is the Mach 3 to 4/4.3 category. 

The use of cryogenics allows an extension of the use 

of Nord-Aviation's coabined turbofan-raajet engine up to hypersonic 

flighta, without aodifying the basic configuration ; this engine could 

aeet the propulsion requlreaente of a hypersonic aircraft, or of a rs- 

utllltable air-breathing launcher. 

The first contract, AF 61  (052)-479, with ths A.F.S.C., 

U.S.A.F., was the object of s prsllainary study of a coabined engine 

consisting of s forward-fan engine and raajet asssably for a Mach 3 

long range transport, the X 61 TURBO-RAMJET POWEAPLANT - June 1961. 

Thie coabined engine was based on a hypothetical turbofan adapted to 



Nach   3, tha ctaraeUriatic« of vhioh had b««n supplied by VADD.   This 

study soablsd us to rslss wst of tht problsM involvsd in tht uss of 

s coabinsd •ogins on • sui^rsonic aircraft. 

Ths sscond contract, kF 61 (052) 370 (X 71 - TURBOFAN- 

RAMJET POWEKPUNT - Fsbmary 1962) dsscribss ths ssssntisl charactsria- 

tica of a coabinsd snfins built around an sitrapolstioo of turbofan 

PRATT AND VHITNBY JTP 10, for a Nach 3 supsrsonic transport. This atudy 

proTSd that a coabinsd sngins based on an szisting turbofan, adaptsd to 

ths subsonic flight, is    quits satisfactory. 

Ths third contract, AT 61  (052) - 670 (TURBOPAN-RANJET 

BNGIITS STUDIES - May 1964), «as intsndsd to prors ths fsaalbility, and 

ths sfficisney of ths Nord-Aviation coabinsd engine over a Nach range 

froa 0 to 4.5. A thsorstical part consisted in coaparing three coabined 

engines built around ths following three turbofan engines : SNECNA TP 

106, BRISTOL SIJDBLEY PBCA3ÜS 5, PRATT AND WHITNEY TP 33 P 7 | thsss 

engines having satisfactory perforaanee characteristics the adaptation 

flexibility of the coabined engine design was thus enhanced, Bzperiaen- 

tsl work carried out aade it possible to design a correct contour for 

the turbofan subsonic inlet and an efficient systsa for alzing the raa- 

jet flow with the fan flow, and to establish the correct operation of 

the cosaon exit nozzle throughout the engine operational range. 

The contract, object of this final report, AP-61  (052) 

750 (EXPERINENTAL AND DESIGN STUDIES FOR TURBO-RAMJET COMBINATION 

ENGINE) is ths continuation of the previous contract ;  in fact, the 

last two contracts can bs considered as eleaents of the sane study. It 

should be realnded that the first part of this contract is meant to de- 

fine a coabined engine based on the SNECNA TF 106 turbofan, chosen at 

the close of the previoos contract : establishasnt of a general layout 

of the coabined engine and tracing of a coaplete perforaanee character* 

istics   chart up to Nach 4, for altitudes varying from 0 to 100,000 

feet. The second port was expsrlasntal, its purpose was to define and 

study a coabustion chamber covering the roquireaents of the following 
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field of flight : altitude fro« 0 to 100,000 feet, flight Mach number 

fron 0 to 4. The two-dinonalonal model repreaenta a full-aise sector of 

an actual coabuition chanber. The testa took place at Nord-Aviation 'a 

test center of LES GATINES and at the powerplant test center (Centre 

d'Easaia des Propulaeura, C.E.P.) of GACLAY. 
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fig. 1 SchtMtic ▼!•» of Nord-A?i«tlon turbofan-raajct «nein« 

Pig. ^ UnfthwlM cross soctlon of th« X Bl coablmd •ngim 

Pi«. 3 Air inltt total pmaaurt mcovary 

Pi«. 4 Naxiaua air captur»/ araa      No <  1.5 

Fig. 5 Naxiaua air captura araa       i<r Mo^4 

Tig. 6 Parfomanca chariiCtarlatlca without aftarbumln« 

Pi«. 7 Parfomanca characterlatica without aftarburnin« 

Pi«. * Parfomanca charactariatica without aftarburnin« 

Pi«, 'j Parfomanca charactariatica without aftarburnin« 

Pi«. 10 Parfomanca charactariatica «ith rftarbumin« 

Pi«. 11 Parfomanca charactariatica with aftarburnin« 

Kl«. '2 Parfomanca charactariatica with aftarburnin« 

Pi«. 13 Parfomanca charactariatica with aftarburnin« 

Pi«. M Parfomanca charactariatica wi^h aftefbumin« 

Pi«. 15 Parfomanca charactariatica with aftarburnin« 

PI«. 16 Parfomanca charactariatica with aftarburnin« 

Pi«. 17 Influanoa of tba air fnlat total praaaura 

mcovary at No « 5 

Pi«. 18 Influanca of tha air inlat total pmaaura 

mcovary at No * < 

Pi«. 19 Influanca of tha noesla coafficlant and of tha air blaad 

PI«. 20 Wei«ht - Cantar of «rawlty 

Pi«. 21 Mountin« ayntaa 

Pi«. 22 Hoiatin« - Handlin« 

z - 0 

z - 10 000 faat 

z » 20 000 faat 

z - 36 000 faat 

z - 0 

z • 10 000 fawt 

z - 20 000 faat 

z - 36 000 faat 

z - 50 000 faat 

z « 75 000 faat 

z « 100 000 faat 



i 
( 

( 

( 

1   -  IMTKODUCTION 

Thla study la th« continuation of the pravioua contract 

(AF 61   (O1,?) - 670) the objact of which waa to iaaonatrata tha faaalbil- 

ity nnd the efflclancy of tha coabinad turbofan-ranjat angina daaignad 

by Nord-Avintion, within tha ran^a of Hnch nuabara fro« 0 to 4/4.5. 

In tha thaoratical part of tha atudy, thraa coabinad 

anffinaa, built around thraa turbofana, aithar ailstln* or undar davalop- 

aant  (SNKCMA TF 106,  BRISTOL SIDDELEY PK,GA::US 5, PRATT AND WHrTNBT TP 

» - P7), ware coaparad in tha following fialda t apaciflc waight, 

ovarall alia, performance charactarlatica. A calculation prograa waa 

aatabliahad from KhiEKAN AND KAYE'a anthalplaa tablaa (GAS TABLES, 1948). 

Thaae tables are liaited in aquivalfrnca ratioa ( A 0.5) and in taapara- 

turaa ( ^ 3,500° R), tha anthalplaa bain* Indapandant of praaaura  i 

thia simplified calculation program waa howavar Juatlfiad ainca tha ci»- 

Jact of the atudy waa to compare three different anginaa. Tha perfor- 

aanca chnractermtics were calculated for tha following flight condition : 

/ static thrust,  transonic flight at M0 « 1.3, supersonic flight at 

H0 = 2.3, subsonic flight at M0 = 0.8 ;  thaae performance characieria- 

/ tics ware followed by a atudy of the operation rang« in tha mixed flow 

configuration, und by the performance charactariatiea calculation in 

the pur« ramjet configuration. Tha compariaon waa made for tha aama 

value of the following ratio i thrust at Mach 3 in the pur« ramjet 

, configuration / thrust at aaa level atatic conditions, without aftar- 

burning, in pure turbine engine opaivtion. A general layout for each 

/ of the three engineavma given. 

Th« «zperimantal part «as provided for t 

( - atudying the flow velocity plot in the vicinity of the 

turbofan aubaonic inlet in the three operating modem of the engine i 

( pure turbofan configuration, mixed flow« configuration or pure r«mj«t 

configuration. 

i    ' 
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- •tudjriaf tiw alxtiu» of th» fan and raa flovt at tht fan 
outlet. 

- atuiylnf tho iatoraetloo of a non hwwfopoouo flow upon tht 
porforauoo charaotorlotloo of tha ooaaen oxhauot noaila. 

Tho ofoolfio thruata and tha apaclflc oonouaptlooa MI« 

praotloally oqulTaloat for tha throa coabinod anflnoo atudlod, and tha 
thooratloal atudy ahowod tha gwt floxibillty of adaptation of tha 

>ord-A?latloo ooahinad onfflno doal«n. On tho otbar hand, tha ooabinad 
onflao apaolfie «oifht la dlraetly connaetod «1th tha apaclflc «alght 
of tha baalc turbofan. Tha asporlaontal atudy aada it poaalbla t 

- to daflna a oorract eoatour for tha auboonic turbofan lolat 
proridlnf tha raa duot or tha fan v}th a vary aatisfactory faadlng 
throufhout tha anfino oporatinc ranft. 

- to daflna a vary afflclant ayataa for mixing of tha raajat 
and fan flowa orar a abort langth. 

- to ahow tha corraet operation of tha coaion exit nozzla. 

Tha purpoaa of tha praaant contract, A7 61 (032) - 750, 
la to continue daoonatrating the feaalblllty and efficiency of the 
Mord-ATlation coablnad turbo-raajet engine. 

The object of the theoretical part la to eatabllah a 
complete perforaance charactariatlce plot for the X 81 coablned engine 
built around the SKBCKk TF 106 turbofan vhlch vaa choaan at the laaua 
of the preTloua atudy. A new and vary complete calculation progra» vaa 
frased for thla atudy j thla prograa takea Into account the effecta of 
the burnt gaaea diaaoelatlon inalde the exit nottla.and allow» the.uaa 
of coaponent efflclencloa, obtained froa teata ; a aub-prograa calcu- 
lataa the thenodynaalc functlona of the AIR/C H     ayataa for all 
equlTP.lenee ratloa and pressupee, vith the t^operaturea reaching up .to 

9 000» H. 

All the teat reaulta obtained under cover of the pravl- 
oua contract are introduced In the perforaanca charactaristica 

11 
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calculation«. Th» coabuatlon •fflclftnclts and th« fmmd loaMa of tha 

coabuailon ayatam wara avaluatad by ralyln« on fford-Avlatlon 'a azpa- 

rianca about tha raajet coabuatlon chaabara.(Tha coabuatioD ayataa 

taata wara in profraaa at tha tiaa of tha parforaanca charactarlatlca 

calcu>tiona)  ; tha concotdanca batman thaaa avaluationa and tha 

raaulta obtalnad during tha coabuatlon taata la aicallant. 

Tha chart of calculatad parforaanca charactarlatlca 

coaprlaaa on tha ona hand, tha accalaratlon ratin^a parforaanca charac- 

tarlatlca corarlnf tha aqul7alant air apaad ranfa froa 300 kt to 800 kt, 

up to altltuda aa hlfh aa 100,000 faat (tha muimm Mach nviabar la 

aqual to 4) on tha othar hand tha raducad ratiofa without aftarbumlnf 

co.^arinc the daacant, holdlnc and aubaonlc crulaa flight conditlona. 

Tha lawa of variation of tha intarnal rariabla sactlooa (fan azit ana 

and coaaon «sit nozzla throat araa) ara daflnad. A ganaral layout of 

tha angina la flTan, apaclfying in particular tha coabuatlon ayataa 

aaaaably aa wall aa ita air auppljr ducta. 

An azpariasntal part ia da»otad to the atudy of a coa- 

buatlon ayataa over a largely extended equivalence ratio rang«, cover- 

ing all the poaaible raquiraaents up to Mach 4 and for an altltuda 

ranging up to 100,000 feet. Thia inveatigatlon i« carried out on a tvo- 

dlaanaiocal aodel rspreaanting a portion of an actual annular coabuatior 

cbaaber. 

The teata carried out at lord-Ariation 'a Teet Canter 

of LRS GATDIES, with a aingle air aupply, aada it poaaible to define 

the coabuatlon aystea. Later on thia ayotra «aa tried and iaprovad at 

tr-j Centn» d'Eaaaia dee Propulseura at SACLAY ( a big Propulaion Teat 

Center rm by the ^OTemaant), in an altitude and flach nuaber range 

aora extended than that used at LBS CATIHES. The three operating aodea 

were aiaulated : turbofan flow alone, turbofan-ranjet aixed flow, raa- 

jet flow alone. 

The coabuatlon aystem thua defined ia «ery aatiafactory ; 

( 
12 



it« Min f««tur»s um  i • irr»«t stability in • lax«» aqulvalaooa ratio 

raaga t fro« 0.1 to 1.2* Th» coabustio« «fficlanoiao obtalxad «ar» vary 

•atiafaotory, la «pita of vary aavara taat coaditioaa t tta« «iaulatad 

flifht ranga oona«poada to loa aqulvalaat air apaad (appm. 400 kt) 

up to flight Haoh nuabara aqual to 4, and altitudaa oa th« ordor of 

100,000 faat | in a flight naga lalating to hi^har aquivalant air^adi 

th« coabu«tloo «y«taa ahould glva battar affioiaaei«« than tboaa obtai- 

ned. An additional tant progna would ba naoaaaary in orter to axplora 

all th« poaaibllitiaa of thi« ocwbuatioo «jstaa. 

2 - QMRAL DPCMPTIOh- 

Tha lord-lTiation turbofan-raa^ot coabiaad angina ia 

«•••ntially a co-axial arrangaant of a turbofan(of tha foraazd-fan 

typ«) with a raajat coabustioo chaabar, »hieb peraitc to oparata aithor 

in th« pur« turbofaa configuration, or in th« pur« raajat configuration 

or «gain in tha turbofan-raa>t aixad configuration. 

Tha Tarlabl« gaoattry air inlet ia coaaon ; th« floaa 

through tha «ngin« ara azhaustad through a variabla gaoaetry convargant« 

ditargant noztla. 

▲ part of tha air flow captured by the air inlet ia 

epllled around the fan and ia aixad with the turbofan secondary air 

flow in an annuler duct { the reaulting nixed air flow feada a coabua- 

tion chaLbar «urrounding th« turbofan rear aaction. The Jet nossla, 

fixed end short, psralta to assurs an afterburning of the priaary flow. 

^he fan flow annular exit ia controlled by flapa, which allow operation 

in one of tha three aodaa deecribed above : pure turbofsn, pure raajat 

or aizad flow« «ad«. Figur« 1 illuetrataa echrtsatically the varloua 

coaponent« of th« coablnod engine, without the air inlet. 

fhe pure turbofan operating node ia that of subsonic 

spaed« as «all aa that of trsnaonic fliehte at hi£fc altitudes. 

( 13 
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Tht aiitd flows opcrttirvr Bod« is that of aodoratt auporaonlc flight«, 

tho puro rMjtt oporttlnf aodo (turboftn running slow or ttopptd) b«in« 

that of hl#h tuptraonlc flight«. 

Tht porforaanc« charactarlatica of auch a coablned 

•n^ina art constqutntly : that of tht baalc turbofan with and without 

afttrbumitvt at tht tubtonic and transonic apttda, and that of a raajtt 

at tht hi^h suptraonic tpttds. 

In tht coabintd tngins opt rating aodt, tht ranijt of 

which hat an upptr lialt dtttrmintd by tht turbofan Nach nuabtr liaita- 

tion, tht thrust is frtattr than that of tach of tht individual engines 

whan optratlnc alont. 

3 - DEFlMITIOil OF THE X B1 C0HBI1IBD OICIIIE 

Tht coabintd tngint, whose       'oraance characteristics 

art pPMtnttd in this rtport, it built around the oaaic section of tht 

SlfBCNA TF 106 turbofan ; thia ia tht X 61 coabintd tngim. Tht TF 106 

it an axial twin spool turbofan with alztd flowt and a low by-pass ratio. 

Tht gtoattrical dtfinition adopted is that resulting 

froa the atudy of tht prtviout contract, AF 61  (052) 670 (ate Vol. 3.1 

OEHErtAL ÜTNENSIONS). Tht aajor ovtrall diaensions were established by 

satisfactorily coaproaiaing bttwttn : 

- a ainiauu apact-rtquirtatnt (length and largest cross-sectional 

area) 

- a aaziaua tfficitncy of tht alztr-diffuser-annular coabustion 

chaaber ansembly 

- a naziaua tfficitncy in tht pure raojet configuration. 

This general dtfinition is based upon the data of a 

ratio between thrust at Mach 3 (pure ramjet operation, the turbofan 

being stopped) and sea level static thrust in the purs turbofan 

O 
0 
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configuration  ;   this  ratio was (itfined for «nsurirv? an econoaical cnils« 

at Mach 3 for a auperaonic transport aircraft. Th » ratio defines th« 

air flow rat« rtqnr«d for «nsurlnK the «conoaical flight at lach 3, 

l.a.  it defines the annular combustion chamber air supply ducts. The 

turbofan nozzle cross-section area was defined at the conclusion of a 

parametric study under den level static, and transonic conditions,  in 

order to «How afterburning of the priaary flow in the pun» turbofan 

operating node and in th-   combined configuration with xiied flowa, while 

optimizing the performance characteristics in sea level static conditions 

md in transonic flight. 

5-1 Hajor dimensionm 

( 

• ' 

i 

■ 

' 
5 
! 
\ 

' 
• 

'■ 

: r 

I ( 

I 0 

The major dimenaions are as follows  : 

Combined engine length (without exit nozzle) 

" "        (with ex.t nozzle) 

»     *    " outer diameter (combustion 
chamber station) 

i-M  in. 

^68 in. 

57.1   in. 

39 in. 

51.2 in. 

12.6 sq.ft. 

3.6 sq.ft. 

4      sq.ft, 

- Turbofan inlet diameter    '■- 

- Combined e-ig.ne inlet inner diameter 

- Cross-section area of the combustion chamber 

- Kiier throat cross section are-\ 

- Turbofan nozzle exit cross section area 

- Secondary flow exit cross section area(at the 

exit of the guide vanes) 2.1  sq.ft. 

- Turbofan outer cross section area «t the level 

of the turbine flange 5.1 sq.ft 

Fig. 2 represents a general layout of the X 81 

combined engine at the scale of 1/10 size. 

3-2 Structure 

major parts, 

The X 81 corblned engine is divided into two 

l:; 

0 
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Th'   front nwction,  conai.ttin« or th"  oiaic .section of me  PF  U)'. 

tjrbofan,   th«?  annular ooirb.jtion chmmber air ..'jpply   utü,   the 

aecondiry anl  ramjet   iir flowa m.n^ 3j Jr«ii with its controls, 

tne annular .mJ  prjmtry conb'jst lor. jy.tena üth  t .e i r 3 ipply 

circuits. 

The rear £tcti£B.  conaiitl^f 0'   the coabu.Ttion chanber anl of the 

va.iabi<t ^eoaatry exit nozzle. 

The   junction plane of trj»3e  two sections is ahead 

of the turbofan nor.z.'e exit  ; this prnnita clearing; the annular 

combustion ay iteu #rtemal flan« holders,  as veil  as those of the 

priaary combustion system at  the separation between the front and 

the rear parts. 

( 

( 

r 
r 
( 

c 
( 

0. 
0 
0 
0 

3-^-1  Front section 

The general design of the basic turbofan is retai- 

ned ;  the structural assembly consisting of the fan exit 

fruide vanes  is extended radially by a series of rigid arms 

meant  for attaching the direct air supply duct  ;  the varia- 

ble position flaps of the mixing system, with their associa- 

ted controls,  are  fixed on this ripid ajseibly. 

A systeic of Jinks, existing on the  basic turbofan 

and adapted  to the combined engine,  placed  at the level of 

*he tjrbineeinlet,  illovs the attachnent of the annular 

duct outer casing and also allows  tne  longitudinal and ra- 

dial expansion of the gas generator.  This  links system trans- 

mits directly the transverse stresses. A strong outer frame 

Is placed at this level, it carries the engine major moun- 

tings  ;  the longitudinal stresses of the gas generator are 

conveyed to the major mountings by the rigid assembly at the 

fan exit,  and  by the annular duct outer casing. 

At the front end,  the direct air supply duct is 

held by a system of links connected  to the fan casing. 

16 



( 

■ { i 

( 

( 

( 

( 

( 

■ 

I ( 

i f 
■ 

; ( 

c 

c 

The air supply duct structure is made of a thin 

sheet  reinforced through  transversal correlations   ;   tms ou- 
( 

ter skin is flinked at  th«;  front end with T frame ensuring 

tightness with the air inlet difüisf-r ;  two main frames 

assure ine rigidity of this envelope  :  the front aain frame 

at  the  level of the fan exit,  ani the aain frame  in close 

proximity to the turbines,  carrying the powerplant main 

mountings. 

The annular combustion system is attached to this 

duct, upstream the main mountings frame with an articulation 

point on the turbofan jet nozzle, allowing erpan5;on. 

The afterburner system is attached to the exit 

cone of the turbofan, with a flexible connection articulated 

on the annular system. 

I The ancillary equipment necessary for the operation 

of the turbofan and the combined engine is placed outside the 

( duct   : accessory gear box, oil tank, pumps, coolers,  fuel 

system regulators, etc. 

' Drawing    B-l/l   represents a scale 1/2 size, detai- 

led,  lengthwise cross section of the combined engine front 

part. 

5-2-2    Rear section 

The combustion chamber is composed of an external 

/   ) cylindrical envelope and of a two-part protection ring assem- 

bly. 

The external envelope ends in an important frame 

which takes the attachment fittings of the variable geometry 

f ) exit nozzle. An intermediate frame takes the attachment 

fittings of the flap   control rams of the exit nozzle. 

17 
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Internally, the envelop« is fitted wica cwo-part 

protection rings. These rings are rigidly fixed at both ends 

of combustion chamber and guided over their overlap by loca- 

tor pins and springs that allow a certain degree of freedom, 

compatible  <ith the thermal expats.on. 

V 
( 

( 

( The convergent-divergent exit nozzle with varia- 

ble geometry comprises two groups of movable flaps. The 

( kinematics is provided for modifying the configuration from 

simple convergent to convergent-divergent and vice versa. 

( These modifications are obtained by means of two circular 

frames sliding on six slides connected to four groups of 

( rams. During their displacement, the rear flaps actuate mobile 

caps that shut off the pressurized compartment comprised 

/ between the flaps and the outer skin ; the purpose of this 

coHpartment is to stop th? ingress of hot gases, and to assu- 

^ re the cooling of flaps. 

3-3 Control system 

The fuel control of the g&s generator can be 

( retained. This control system keeps the turbine inlet temperature 

at the value set in by the pilot. The regulator determines the cor- 

( responding fuel flow to be injected in the  turbofan combustion cham- 

ber. 

( The afterburning fuel control determines the fuel 

flow to be injected in the primary flow and  in the annular flow, 

( in terms of the exit nozzle cross-section area which is contiolled 
i 
\ by the pilot,  while maintaining the gas (jerierator at the selected 
; ( 

\ operation rating. 

r 
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All tht parfonano« chanctaiistics, with and 

«ithout afterburning art calculated : 

- for atandard ataoapharic conditiooa 

- with a "l<w" baating valua of 18,6X) W/lb ho 350 k. cal/kg) 

- without air-blaad or povar off-tako 

- vith a total praasura rocovary la« for the air inlet defined 

on Fig. 3, i.e. 

• P1/^c > 1  in aubaoolc flight 

. ?,/>„ « 1 - 0.075 (H, - I)1'35   in auperaonic flight 

(specification HIL - B - 5006 B) 

- with the «lit nestle in the "aiaple convergent" configuration 

up to MQ s 1.3, and "conTergent-diTtrgent" for H,^ 1.3, and, 

in tht latter case vith a noxzla coefficient equal to 0.96. 

4-1 Static thrust Ptrfoimnca characteristics 

RATINGS AIR FL0VHATE 
lb/sec 

THRUJT 
lb 

J.F.C. 
Ib/lb.hr 

Vith afterburning 237 

- Te = 3 600 0R 21,-500 2.275 

- Tg » 2 700 »R 18.400 1.705 

Without afterburning 

- Maziaua rating 235 11,500 

j 

0.5P5 

r 
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A-2 Flight p»rfor«anc^ charactenaticg 

( 

4-2-1 Air iss flow 

The aaiiaua air anas flow er.terirv: tne engine is 

deterxlned by Bears of Vie.i inJ 5 which *:▼« tr.e nai.arji 

air capt ire area fit th<? upstreaa infinite. A,,. 

Fig. ■'•    ^ives ihe 0.1x1 avis air ziss flow  in ten&s of 

altitjde (O^Z^K' 000 ft) ina of the fli.t.t  'acr  njatfcer yc 

(j^ <  '.'>).  Afterbiiming h-is 1 saall   influence over tne engi- 

ne air mass  flow,  the vanition   is  leaa  than 2,'i 

Fit;. 5 <7lTes the ik-iZiaLut eoffine a:r mi-.s flow for 

altitudes waryirvj fro« }i 00    ft  to 100 OX ft nnd for fli^t 

Mach nuabers comprised between  '   ani 4. The graph is plotted 

for an afterbumirw: temperature eqjal  to     '0C " ■   ;  the air 

■ass flow in the rure raijet operation  (^.0> <?.r ^   is not  af- 

fected  by the afterbumiru-. The air streaa tibe was  limited 

to thf cross-section ^rea at  the  lar>rest  liaoeter if the 

engine   ;  tnis  point is  reached  in the vicinity of ^ch   '.'■'. 

4-2-2 t'erforaance characteristics without afterbjrnirm 

The general perforr.ance cnaracteristics of trie 

eng:ne without afterburning are  illustrated on Vi^.  b,!, " 

and 9»  under the fora : 

SPC = f(F)  ;  the flirht  "ach n'utber -ir.i  the ratio 

TIT/TTT (turbine   'nlet teiperature/m-iiiBua: tirtr.e   inlet 

teiTperature)  are shown as piraaeters. 
« 

These perforntince character sties ai« ,r:ven fir the 

following altitudes  : 

0      10 000       20 000        36 000 ft. 

These perfomance characteristics are calculited 

for the pure turbofan operating mode. 

; ( ) 
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^-J-5 Performtnce charactenat ica with nftBrbumin>f 

l'hese  performince ch irHCten :5t ica cover,   the Mach 

number r uvfi  from se«  level 3tnt.c conditions to M«ch 4,  for 

altitudea v^ryin^ from 0 to 100 OÜÜ ft.   It c-mpriaea tue three 

operating' modes of the engine  :   pure  turbofan moiie, CDtnbined 

engine naode arvl pure nunjet node.  For t\\e  first   two modes,  the 

perfurm-*nce characteristics calculation is made at  the miximum 

r.itin^ of the  turbofan   ;   for the     third mode,   the   turbofan  is 

stopped. 

The performance cnaractenstica ar« given under the 

form 

F = f(^0);   the specific fuel consuaption (^PC) and the 

afterburniiv? temperature (TQ)  are shown as parniueters. 
o 

They P.TZ calculated for the following altitudes   : 

Z = 0 Fig. 10 

Z - 10 000 ft Fig. 11 

Z = 20 000 ft Fig. 12 

Z = lb 00J ft Fig. n 

Z = 50 000 ft Fig. 14 

Z = 75 000 ft Fig. 15 

Z =100 000 ft Fig. 16 

4-3  Influence of the air inlet  total pressure recovery 

A relative variation of the an   inlet  total prtssu- 

re recovery, d l'./P0    entails a rolative variation of the  thrust 

dF/F and of the spacific  fuel consumption d^fl'/SFC.  Fip.   1? anJ 18 

show these varaat-ona  for flight I'ach numbers 3 and 4 in terms of 

the afterburning temperat  r1«,  T  . 
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Kor Mach 3,   the  vflnotiona are calculated  in aa.tu- 

mirVT  that  tne velocity of the  internal  air flow is  retained   ;   the 

air capture  irea at  the upstream infinite  is then propnrticnate to 

the  total   pre !sure recovery,  P /F0. 

For i^ich 4,  the variations are calculated  in aösu- 

mirvj that  the air capture area at  the upstreaa infinite  is constant; 

a reduction of the total  pressure  recovery ratio increases the  in- 

ternal  flow velocity. 

4-4 Influence of the nozzle coefficient 

In supersonic flight  (M0> 1.3)  the general perfor- 

aance characteristics are calculated with the exit nozzle in the 

convergent-divergent configuration. The expansion is assuaed to be 

complete,  the groea throat thus obtained is affected with a nozzle 

coefficient^ made iqual to 0.98. 

Fig. 19, shows the relative variations of the thrust 

dF/P and of  -he specific fuel conaumption d3PC/oPC in terms of the 

relative variations of the nozzle coefficient, d «^/«f  , and of the 

afterburning teuperature Tfl. 

4-5 Influence of the air bleed 

Air can be    bled for the ancillaries from the annular 

airflow in the diffuser. The influence of this air bleed, yu , over 

the performance characteristics during supersonic flights is shown 

on Fig.  19,/u   being equal to the ratio between the bleed air flow 

and the annular air flow. 

5 - OVERALL DIMENSIONS - WEIGHT 

The overall size of the combined engine together 

with the exit nozzle is shown on drawing 8-1/2. 

22 
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Th* weights and centers of gravity of the complete 

/ engine with a standard equipment are given on Fig.  20, but the ingredients 

contained in the engine systems are not included. 

i The total weight breaks down as follows : 

- Turbofan : dry section without the outer envelope of the annular 

i    V duct 
+ afterburning aystem 

+ turbofan standard equipment 2 350 lb 

- Mixer system : 

( Flaps, control items 
I 

I   ( 
Actuators 232 lb 

( 

( 

( 

( 

( 

( - 

( I 

!   ( ) 

( ) 

- Annular combustion system : 

With attachment and pipes 246 lb 

- Outer envelope and fan fairing : 

Structure included 462 lb 

- Combined engine equipment 110 lb 

WEIGHT OF THE FRONT GECTION 3 400 lb 

. Combustion chamber 

Protection rings included 298 lb 

( -Exit nozzle 

Actuators and structure included    1 369 lb 

( 
WEIGHT OF TtE KEAK -JSCTION 1  667 lb 

( 
TOTAL WEIGHT OF THE SNGINE 

23 
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6 - INSTALLATION - HANDLIWG 

^-1  Mount inn syatea 

Two mounting plans are provided on each aide of the 

( center of gravity. 

The main oounting plan is situated on the second main 

( frame of the front 3ection outer envelope. 

The secondary mounting plan  ia locatei on the combustion 

( chaaber rear frame which takes th« ezit nozzle attachment fitting. 

Fig. 21, shows the typical mounting canes which must be 

conceived to allow for the  free expansion of casing».   Drawing 

R-V.5 Rives a detailed view of  the attachment points. 
|   ( 

6-^ Hoisting - Handling 

( A certain number of hoisting points are provided for, 

they allow ground handling of the complete engine or of the 

( various conntituents of the propulsion ayatem. 

( 

i    ' 

The locations of these hoisting points   ire  illustrated 

on Fig. 22. Drawing B-l/4 shows a detailed view of these points. 

7 - COMBUSTION TRSTS 

The combustion testa resulted in the definition of a com- 

bustion system having excellent operating characteristics within  the 

very severe flight range investigated  :  the test conditions correspond 

to flights at  low equivalent air speeds ( ^  400 kt)  i.e.   flights at 

very high altitudes. Thin.system WHS tried up to Wach 4,  for an altitu- 

de close to 100 000 ft. 

The three operation modes have been sinulated  j  ramjet 

flow alone,   turbofan flow alone,   turbofan and ramjet flows. 

The table herebelow gives the combuülion efficiencies 
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obtained durirw? the tests, in conditions corresoondin^ to * fli/rht st 

an equivalent air speed of 400 kt, st aajcinua thruat rs* in^, snd coaps- 

rta ihn fibres obtsined with those used in the calculations for the 

porfonwice chirscteristics. 

Flight Mach number Altitude Combustion efficiency 

Tests Calculations 

1.5 50 000 0,65 0,77 

2 63 000 0#3O 0.80 

2,5 7? 500 0,86 0.855 

5 81 500 0,91 0,89 

5.5 Ofi 500 0,92 0.91 
4 91 000 0,95 0.92 

' ) 

( ) 

The agreement between the test resjlts and the effi- 

ciency evaluations used in the calculations for the performance charac- 

teristics are excellent,  these evaluations were based on the Mord-Avlatlon 

experience in the field of ramjet combustion chambers. 

It should be noted that an improvensnt of the combus- 

tion efficiencies could be obtained In the zone of rich equivalence ra- 

tio.! by modifying the distributor and the external Injection grids, am 

well as in the zones where the equivalence ratios are very lean by adap- 

ting the fuel injection pressures to the small fuel flows required. In 

addition, this combustion system tried under le.js severs conditions   - 

corresponding to flights at higher conventional speeds, l.s. flights at 

lowor altit.des - can only give better efficiencies than those obtained 

up to now. 

This combustion system is characterized by its very 

great stability over a widely extended equivalence ratio operating 

(   ) 
25 

r ^ 



Q 
0 
( ) 

( ) 

rary?«  (0.1   to  1 .2). 

Also  it  «rTeara %YM inn actual h«aa  loss«» ar» very 

close to the figure» used  ir.  the calculatioüa. 

To aui up,  these testa Live enabled ua  '.o develop a full 

scale coabuation   'yatem showing good efficiencies  ir. very sever« condi- 

tions and over a ver.  wide operating range,  fro« Mach 0 to Kaon 4. 
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Nord-Aviatton 

X81  TURBOFAN.RAMJET ENGIN£ 

THRUST AND  SFCAT SEA LEVEL 

WITHOUT AFTERBURNING 
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Figure 6 
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WITHOUT  AFTERBURNING 
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Figur» 7 
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X 81 TURBOFAN-RAMJET ENGINE 
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X81   TURBOFAN-RAMJET ENGINE 
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WITHOUT  AFTERBURNING 
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K81 TURBOFAN-RAMJET ENGINE 

THRUST AND S.RC. AT 10.000 Feef 
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X81TURBOFAN-RAMJET ENGINE 

THRUST AND SEC. AT 2Q000 feef 
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Nord-Aviafion 

X81 TURBOFAN-RAMJET ENGINE 

THR UST AND aRC. AT 5Q000 Feef 
WITH   VARIABLE  AFTERBURNING 

3147/NIOBEIV/29/2 

Fi'gure 14 
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Figure 15 
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Figure 17 
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NOZZLE    COEFFICIENT 

AND AIR BLEED  INFLUENCES 
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Figure 19 
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