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,ENDA

INTRODUCTION

project Stud,y 16 le a small Bupersonic turbojet engine suitable for

emall engiue applicationg. The engine incorporates a combinationof the

most advanced d,eaign features of the Orenda and Iroquois engineg and

reflecte the lateet turboJet design philosophies at Oreada Engines

Lirnited. The single apool, eight etage, axial flow cornpreBaot ie driven

by a two stage turbine and the engine has a fully annular vapourizing

combustor. There ie an afterburner and a variable area finaL e:draust

nozzle.

The engine is designed to meet.the requirernents of United States

Military Specification MIL-E-5OO7A dated JwLy Z't, t95l'

This report is prepared to presenttheprelirninarydesign apecifi-

cation and performance estirnates together with a brief rnechanical

description of the engine. Two different afterburner designa and two

exhaust rrozzle configurations are described.
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ORENDA P.S.16

PRELIMINARY PERI.ORMANCE ESTIMATES

AND

MECHANICAL DESCRIPTION

I. ENGINE SPECIFICATIONS AND PRELIMINARY PERT'ORMANCE
ESTIMATES

20 inch AB 23 inch AB

It/eight (Including all engine accessories
suchas controls,oiltank,ignition, etc.) 560 pounds 560 pounds

Diarneter (over cornPressor inletflange) 19.8 inches

Diarneter (over cornbustor) 22.0 inches

Diameter(overafterburner shroud) 20.0 inches 23.0 inches

OverallLength, to end of conical-rrozzle I 13 inches 99.2 inches

Rotor Speed (sea level static, standard
d"y) 16,000 rPrn

Mass Flow {sea level static, standard
dav) 50 lb/ sec

Pressure Ratio (sea level static,
standard day) 8:I

Turbine Inlet Ternperature (sea level
static, standard daY) LZ75'I'<

Thrust - dty (sea level static, standard
day) 3587 Pounds
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20 inch AB 23 inch AB

Thrugt with Afterburner (aea level
etatic, standard day) 4825 pound.e

Lirniting Mach Nurnber lrnax. allow-
able inlet ternperature 5564() 2.8

Operational Altitude 5,O00 feet

. Polar Mornent of Inertia of Rotor 27 Lbe tt?

Mornent of inertia about any axis
through G of G perpendicular to
engine axis 32OO lb ftz

Moment of inertia about engine axie ZZO lb ftz

Specific Fuel Consurnption - dry O.g?31b/hr/1b

Specific Fuel Consurnption with
afterburner f .84 fb/hr/lb f .89

Oil Consurnption 1.0 pt/hr

Fuel Specification MIL-F-56?.4C
MIL-I..5616
MIL-F'- 5 57ZA

Oil Specification MIL-L-?808

2. MECHANICAL DESCRIPTION

Z.l General

This section is devoted to a descriptionof the rnech-

anical configuration of the engine and to inforrnation on

installation and etarting. The engine ig describedona fore

to aft baEig.

-3-
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Z,Z Front Frarne

The front frarne ia a caet magneaiurn atructure

cornpriaing a conventional casiag with four equally spaced

faired atrute supporting an integrally cast hub. The hub

forms a housing which eupports the front rnain rotor thruat

bearing; it aleo forrns a casing for the internal geare and

acts ag the rnain oil eurnp. The front rnain rotor thruet

bearing is eealed on the rear face by a two-atage floatiag

geal of the cornposite eteel and carbon type. The cavity

between the two-stage seal is preesurized with cornpreaaor

third stage air.

A bevel gear rnounted at the forward end of the com-

preseor rotor front ahaft, drivee a rnating gear on a shaft

which runa (at reduced engine speed) through the lower

frame strut to the engine auxiliariea gearbox which ig

rnounted on the bottorn of the frontfrarne, The power take-

off gearbox or hydraulic uaitmaybelocatedon the forward

side of the accessories gearbox. A drive is also provided

at the front of the engine for a starte.r-generator should

one be required for sorne aircraft installatione.

Srnall arnounts of air, that pass throughthefront and

-4-
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2.3

2.4

rear bearing seala into the Burnps, are exhauetedto atrnos-

phere through a centrifugal aeparator built lnto the auxll-

larieg gearbox drive.

Precision cagt variable incidence inlet gutde vaneB

are rnounted on buehings and operatedbyaunigon ring that

ie rnounted externally on the engine,

Compreeeor

The rotor of the eight atage axial flow single epool

corrpreaaor is attached directly to the turbine on a aingle

ehaft asaernbly with the entire rotor aasembly being aup-

ported by a rnain bearlng at each end.

A11 atages of rotor blades and diacg are steel. The

etator blades in all stagee are solid steel, brazed iato

outer blade ringa which are rnounted in rrTr' 8lota in the

eteel split outer caeinge .

Cornbustion Charnber

The cornbustion system ia afully annular vapourizing

ty;re, An external fuel rnanifold is ernployed to feed fuel

through individual lineg to sixteen vapourizing tubee. Two

surface gap ignitere paaa through the outer cornbustion

-5-
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2.5

Iiner for ignition.

An air take-off, to aupply air for aircraft use, is

welded to the outglde of the casing Juat aft of the front

flange on the top centieline of the eagine.

An optirnum cornbination of standard atainlees and

high atrength weldable atainleee rnaterials is ernployedfqr

this welded fabrication.

Turbine

The cornplete two-etage turbine etator, rotor ahroud

and rear frarne are clarnped together by a eingle row of

bolts. Both atator atagea are nicrobrazed. oegrnente of

precislon cagt blad,es, brazed to inner and outer rnounting

shroude.

The turbine rotor ia joineddirectlytothe cornpreBaor

rotor. The cornplete aeeernbly ia balanced ae a unit and then

broken at t\e joint at the front of the firet stage turbine

diac prior to final engine aeaernbly.

The two turbine diec g are ste el for ginge with extend'ed

necks.dnd integrally rnachined air baffles. Precision cast

-6-
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blades wlth flrtree rootg are utounted in the discs. The rear

bearing support ghaft la attached to the rear face of the

flrat stage digc. There la aa laeulaHng eleeve asgembled

between the ghaft and the bearlng race.

Gompreeeor dellvery air la uaed to cool the two

turbine discg and the lnteretage Bpacero Sealdiameters are

auch as to keep the thruat load on the front bearing within

lirnltg.

2.6 Rear Frarne

The rear bearing houaing ls supported byfourfabri-

cated, eheet rnetal, tangentially mounted etruta to a aheet

metal atiffening ring on a conventional fabricated aheet

metal outer casing. The bearing housing and strute are

encloeed in an integrally stiffened pressed eheet metal

ttbullet and vanett weldrnent. The outer ende of the vanes

are supported to the casing bythe etrute near their leading

edge, and by a pin arralrgetnent oear thelr trailing edge.

The forward diarneter of the bullet ie connected, via a

eupport diaphragrn, to a flange on the bearing housing.

-7 -
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2,7 Afterburner

The 20 inch outside diarneter afterburner incorpor-

atee a double fuel rnanifold and a double annular gutter

stablllzer to obtaln a peak cornbustion efflciency of 93

percent. The overall length and weight of thie englne with

a variable convergent nozzle are I 13 inches and 560 pounde

re epectively.

For eorne inatallatione, it maybepreferable to ehor-

ten and increaee the diameter of the afterburner. Approxi-

mately the sarne peak afterburner efficlency canbe obtained

frorn a 23 lnch outside dlarneter afterburner shortened4.S

inchee. The overall length and weight of thie engine con-

figuration would be 108.2 inchea alrd 571 pounde.

For inetallations in which length is critlcal, the 23

inch diameter afterburner can be shortened a further 9

inches at a coet of5percentinpeak afterburner efficiency.

At low jet pipe preEsures, the efficiencyof this afterburner

alao falle off rnore rapidlythan either of the preceding ones.

The overall length and weight of an engine with this after-

buraer are 99.2 inches and 560 pounds with variable

convergent r:rozzle.

-8-
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The graphs of afterburning S.F.C. are valid for the

113 inch engine with the 20 inch a{terburner and for the

108.2 inch engine with the 23 inch afterburner.

2.8 Lubrlcation Syetern

The lubrication systern is primarilya cooling ayatem

with lubrication be ing autornatic atly provided a s a a omewhat

gecondary requirernent. Relatively high rates of oil circu-

lation are uaed, which although increaelng the overallheat

load on the oiI, reduces thernore criticalternperature rige

frorn the supply to the acavenge.

The lubrication purnp ie a four elernent gerotor type

cornprising an oil eupply elerneat, front bearing rear sumpr

and auxiliary gearbox oil scavenge elernents,-The purnp ie

driven from the engine auxiliaries gearboxand eupplles qil

to the front and rear rnain bearinge, the internal geare ln

the front frarne and the geara in the engine auxiliarles

gearbox. Oil frorn the rear bearing ig ecavengedback to the

oil tarrls tJrrough a purnp elernent in all flight or ground

attitudes, while oil frorn the front beariag, internal and

auxiliary gearing ls, in horizontal engine attitude, gravity

Bcavenged through the lower front frarne gtruttqthe gear-

sE8- 58CONFIDENTIAL
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box aad is then purnped directly to the oil tank. Condnuous

operation in nose up attitudee is catered to by the front

bearing scavenge elernent of the pump which picha up both

bearing and gear fed oil frorn behind the front bearlng and

returng it to the tdnl(. A gravity valve in tJre oil tank perrnite

contlnuoua operation in noae up and nose dowa attitudea,

and ia addition rneete all the flight attihrdes speclfled'in

MIL.E.5OO7A.

Oil is cooled, in an oil to fuel heat exchaager lnteg-

rally rnounted with the oil tank, before the oll enters the

eupply purnp. It is filtered dowustream of the purnp and

dlstributed to geara and bearinge without preeeure regu-

lation, the individual oil jet flows being regulated by Jet

orifice and line resistance aad the total Jetftowa belng the

full purnp capacity.

Goatrol Systern

The control aystern congists of t"hree baaic Eectioae,

the main engine control, the afterburner coatrol, and the

rrozzle area control.

The pilotf a power lever selects an engiue speed. A

-10-
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coarae gchedule of fuel flow ie a functioa of compressor

d,ellvery pressute. Acceleration le scheduled on tlon-

d.lmeaslonal rotor speed. A non-electric Jet pipe tempera-

ture over-ride is included. Thefirelpurnpandgovernot are

engine driven. Inlet gulde lranre operatlon is controlledby a

fuel powered actuator. Fuel enters the englne from aa eight

port dletributor.

The afterburner control raodulates PutnP output on a

schedule of fuel flow ae a function of cornpreasor outlet

preseure. A power lever over-rid.e perrnits modulated

afterburner perforrrance.

A eingle poaitive diaplacerneut variable atroke fuel

purnp supplies both rnain englne and afterburner fuel.

The nozzle area coutrol gchedule e rrozzlearea as a

function of turblne preBBure ratio. A apool valve in the

control rnetere hydraulic fluid to the final tozzle actuating

jacka.

As tJre eystern cougietg of cornparatively sirnple and

reliable mechanical hydraulic uaitr, ao emergency syetern

is planaed.

- 11 -



CONFIDENTIAL sE8-58

=*nEnD'^

2..1O lgnition

The ignltton ayatem consiete of a dual clrcult high

energ:r eondeneer dlacharge exciter andtwo shunted gutface

gap igniter pluga wtth the necersary leada. An add,ltional

lguiter plug ltghte tte afterburner.

If necegeary, alr oxygeu torch lgniter ls. available to

pernilt relighte at extreme altltudes and forward epeedr.

2.Lt Hy'ilraulic Syetern

Hydraulic fluid flow and preBBure tooperatetheflnal

rozzle Jacks is aupplied from an eaglne drlyen (aircraft

supplted) hydraulic pump. A regervoir, fllterg and relief

valve complete Ore eyetern. A eoatinuoug bleed throughthe

Jacks preventa the fluid ternperature from, becorning too

great during atead,y state conditions.

2,L2, Installation

Z.IZ,L Engine Mounting: The cornplete unit lg flve point

mounted to digtrlbute the thrustand flightloada tangentially

iato the englne caaing.

At the front frarne, a rnount on the top ceatreline

takeg axial and side leadewhlchasinglernouat at the hori-
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zontal centreline, either on one slde of the frarne or the

other, depending on installation requirernenta, takes verti-

cal loada oa1y. At the rear trunnion rlng, two mounte above

the horlzontal centrellne take vertlcal loads only, while a

thlrd raount at the top ceatreline takes aide loade only.

If a second rnount at the front horlzontalcentreline

ia required for vertlcal loads, then the al:craft eupport at

the rear rnountlng ring rnust be deeigned eo that no torque

can be tranernitted through the engine by airframe deflec-

tiong, etc.

Z.l2.Z E:rhauet Syeterne: The basic engine weights are

glven for the fulty modulated coaver gett nozzle alone.

tngine perforrnance, Figuree I to 8, aasrunes errpanalon

either to 21.5 inchee diameter or atmospheric pressure if

that occurs at a srnaller diameter. A velocity coefficient

of 0.98 hae been applled to the calculated exit tnonlentlun.

The plotted perfornrance thus asaumea a varlable conver-

gent-divergent rrozzle or eJector with maxirnum exit

diarneter of about 2l ot 22 inches.

Figure [5 ehows the prelirninary deaign of a short,

- t3 -
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variable divergent eJector which adds-90 pounds aud 11.8

lnches to the baeic engine. About SToby-paas flow would be

requlred and this could serve ae cooling alrfor the engine

bay. Good thruet perforrnance over the whole fitght range

ghould be achieved. Afterburning at Mach 2.5 lotlnatance,

ttlis rrozzle should realize 97% of. theoreticat full expaneion

thruat. This ia perhaps twopercentlessthanthe very beat,

and biggeet, convetgeat-divergent nozzle or eJector. At

thia polnt, the plotted performance Ia 97,4oloof theoretlcal

full erqpangion hence is in goodagreementwiththe varlable

eJector.

A longer, heavier, larger-exit-diameter rn.ozzle

could pick up one or two percent grose thruet at high Mach

nurnberg. A lighter and simpler nozzle couldbebuilt whlch

would give the Barre thruet ovetpartof the flight envelope-

Such a aozzhe rnight give, for lngtance, the Battile tafte-off

and high Mach nurrrber afterburning thrusts at the expense

of some thrust loss non-afterburning.

The convergent nLozzle eegrnents are poeitioned by

rrnieon ring rollere riding on catnmed eurfacee of the seg-

menta. Since the rnain engine rnountinga are not designed

-t4-
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to take the overhung tnornent of an afterburner, the after-

burner duct ia connected to the engine extraugt through a

qulck dlsconnect flexible coupllng which baelcally irnparte

only axial loads to the engine structure. Jet pipe vertical

loads are taken out by eliding trunniona provlded on the

sides oI the Jet pipe.

2.17,.3 Accesgoriee and Servicing: The basic engine haa

all of the acceeeoriea on the bottorn of the engine. The oil

refilling connection and the dipstlck are accesaible frorn

the top and all engine eervicing pointaandadJuetrnents and

engine-airfrarne connections can also be made frombelow.

To euit other installationa, the engine could with

Eome external redesign be supplied withallacceesorieson

either the side or the top. All of the servicing points and

engine-airfrarne connectiona would theabe accessible frorn

above or below the engine.

Z.L?,.3,1 Engine Mounted Acceegories: The tachometer-

generator is a standard percentagetypedrivenat4200 rprn

at 100 percent engine apeed.

A starter or starter-generator could be rnounted

-15-
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on the forward centre drive.

2.12,3.2 Aircraft Air Supply: A pad ls provlded on the top

englne centreline, behlnd the cornpreasor rear flange, for

eupplylng alrcraft preeeurlzing air. The engine will supply

a rnaxirnurn of 5.0 lb/gec at eea level static conditione or

ten percent of rrrass flow at anyconditionat a perforrnance

penalty indicated by Figure 1l and 12.

?,.12.3.3 Fuel Connection: The aircraftfuel connectlonia a

standard flared tube connection and can be located at any

convenient poeitlon.

2.L2.3.4 Power Lever Connection: The power lever move-

ment is according to the military sPecification for thruet

veraua throttle angle.

2,.1?..3.5 Electrical Connection: The engine electrical con-

nectlon is through a standard M.S. connector. D.G. Power

only is required.

2.L?,.3.6 Firewall: A flange ia provided near the front of

the combuetion chamber for attachment of a firewall.

2.12.3,? Power Take-off: Provieion for Power take-off

-15-
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(mechanical, hydraulic or electrical) ig rnade at the forward

face of the auxlliariee drive gearbox on the bottom of the

englne. The engine can be etarted through thle drive.

Ltmitirg etatic torque on the shaft ts 650 lnch/pounds.

other poaitions for power take-off can be provlded, if

necesaary.

2.L2.3.8 Cornbustion Drains: Gornbustion drain valves and

a aingle aircraft drain line are lncorporated onthe under-

side of the cornbuetion chamber. The aircraft connectionlg

to AND10056-6.

2.12.3.9 Slinging: The slinging points are provided by

meana of brackete: two of these are l0cated on the front

flange of the front frarne, approximately 45 degreee either

side of the top centreline, andathirdig located on a flange

near the turbine area on the top centrellne'

Starting

Dependentontheaircraftinetallation,agtartcan

be accornplished through the aircraft acceseories gearbox

at either side of the engiae, or,throughthe forward, centre

drive ae rnentioned in itern 2.2. Geat traine are designed

-L7-
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for norrnal electric starter torqueo for side etartiug, but a

higher load can be taken through the forward centre drive

whlch can be a direct co'.nection to the rotor.

PERI'ORMANGE CURVES

3. t Aasurnptions

Perforrnance curves arepreaented inFiguree I to

I showing engine perforrnance with and without afterburner

frorn sea level to ?5,000 feet. In tJre calculatlon of ttrese

perforrnance estimateg the follouring asaumptiou were

rnade:

("i I.C.A.O.. standard atrnoaphere ([.C.A.O. Doc. No.
7488).

(b) A.I.A. intake presaure recovery.

Pt/po =l - 0.f (M-ll 3lZ

(c)

(d)

(e)

(f)

(e)

Engine rotor apeed limit = 16,000 rptn.

Maxirnurn cornbugtion ternperature = 127 5 degree s K.
= 2300 degreea R.

Afterburner ternperature = 1850 degreee K.
= 3330 degreea R.

Extraust tozzle throat effective area = 105 square
(non-afterburning) inches

Allowable e:draust diameter for jet e:rpan siol. = ?2
inchee

-18-
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(h) Expaaded effeetive area five percent less than given
by 22 inch diarneter to allov for englne by-paaa
ejector flow.

(i) Jet velocity coefficient of 0.98 at exit plane of
e:qpanded Oow.

(j) No power extracted or alrbledforexternaleervicea,
except aa noted.

3.2 Fuel Therrnal Propertiee

The cornbuetion temperature rise propertles of JP4

fuel were taken frorn NAGA RM E55G27a.

3.3 Ratinge

Maxirnurn with augrnentation rating represents ttte

engine operating at rnaxirnurn engiae conditlons with full

afterburning. Tirne lirnit at thig rating ig fifteen minutee.

Maxi.rnurn rating represente the rnaxirnurn non-

afterburning power which rnay be maintained for fifteen

minutee.

Military rating repreaents the maxirnurnpower which

may be rnaintained for thirty rninutes'

Norma.l rating represents the maximurnPower which

,^., may be rnaintained continuoualy.

\_
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Since no control eystern schedules were defined for

thie presentation, these ratings and their time limitations

repreBent turbine inlet temperature limits rather than

throttle settinge. In addition, engine rotor apeed ia limited

to 16,000 rprn and at lowerflightMachnurnbers this limite

ternperatures for rnaxirnutrt rating to valuee below rated

values.

Expanded Jet Perforrnance

The thrust valuee shown in Figures I to 8 assurned

expansion of the jet to an area correBPonding to a 22 inch

nacelle outlet diarneter, less five percent for ejectorflow.

\tlhen this area would be great enough to over-expand the

flow, it is assurned that the outlet area closes until the

flow ie juet fully expanded. This occurs only at the low

rprn low flight speed conditions.

Overboard Air Bleed

The effect of bleeding uP to I0% of cornPressor

delivery air in sea level static thruet has been shown in

Figures l1 and 12. Figure lI showe thrust ae percentage

bleed for rnaxifilurn rating (non-afterburning) and Figure I2

3.5

-20-
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3.6

3.7

Bhows thruat aB percentage bleed and afterburner temp-

erature.

Reynoldr e Number Corrections

Perforrnance data ahown in Flgures I to 8 have beea

preeeated with no deterioration at high altitude due to

reduction in Reynoldts aurnber. The effect of Reynoldre

nurnber on the engine performance is ehown in Figurea 9

and 10 and ehould be applied to the data of Figurea I to 8.

The corrections apply accurately only toratings abovethat

correoponding to a cruise condition.

Inlet Duct Pressure Lose Correction

Inlet duct correction co-efficient is ehowa inFigure

13. This data has been calculated for flight'operation ia

the stratoephere as well aa the sea level static. The

correction ie defined accordlng to the equation:-

AFN
P

C AT
D

PzN
zF.

z
T
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Fig. 6
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Fig. 7
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Fig. 8



CONT'IDENTIAL sE 8-58

Fig. 9



CONTIDENTIAL sE 8-58

Fig. lo
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Fig. lZ
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Fig. l3
















