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CANADIAN AVIATION

Glrn O*nnl.o Storgr,

FIRST DETAITS REIEASED
Oil OREI{DA TET ETGIilE

By D. VV. KNOWTES

Chief Development Engineer
Gos Turbine Engineering Div.

A. Y. Roe Cqnqdo Ltd.*

T1HE ORENDA is an axial-flow jet
I engine having 10 compressor

stages, six combustion chambers, a
single-stage turbine and" an exhaust
cone. Under sea-level static conditions
the version now in production has a
thrust in excess of 6,000 lb., and. a
specific fuel consumption of about
1.00 lb. per hour per pound of thrust.
The dry weight is about 2,500 Ib. The
nominal d.iameter ts 42 inches and. the
overall length is very close to 10 ft.

Two mounting arrangements are
possible. The first i: * four point t:t-
pension with two trunnions on the
turbin e rtazzle box and two mounting
pads on the centre casting. The t""ot d.

is a three point pick-up having two
trunnions on the centre casting and.
an adjustable strut on the backbone
casting. A diagrammatic section of the
engine is shown in Fig. 1.

Compressor.- The compressor ln-
take is a magnesium a1loy casting
having an annular air entry around a
housing which contains the drive gear
box for the engine auxiliaries and. the
compressor front bearing. The hous-
ing is supported. by six struts which
contain the auxiliary drive shafts,

*Th,is article and. subsaquemt i'nstall,mem,ts nra
ba,sed, orl a, puper preeented, bU tlte author at t,lt,e

sewar'annuul meeti,ng of tlte Ameriean Soci.etu of
"klechanical Engineers i,n Toronto recentlps.
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lubrication lines, thermocouple leads,
and starter cables. The electric start-
ing motor is mounted on the housing
and is covered. by the entry buIlet.

The rotor is composed. of discs
mounted on an interial drum. The
first nine stages have aluminum d.iscs

AUTHOR-D. W. Knowles, chief development
engineer, gos turbine division, A" y, Roe
Conodo [1d., quthor of the occomponying or-

ticle which is first of c series.
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CANADIAN AVIATION

overspeed governors. The remaining
fuel system components are:

One solenoid - operated reducing
valve to supply: fuel to the torch
igniters; one flow distributor to meter
the flow to the burners; six double-
orifice burners arranged to allow good
atomization over a wide flow rr.tg*;
one dump va1ve.

A high pressure shut-off cock f or
the pilot and a low pressure filter are
incorporated in the flow control unit.

The Orendo is l0 ft. long, weighs 2,500 lb dry, hos o diomete r of 42 inches,

Lubrication System-The lubricant
is supplied by tt " oil purnp to the
rotor bearings, gearboxes, front bear-
ing seal and drive shaft flexibte
coupling through a ring main. pres-
sure is kept constant in the main by
a pressure control valve which re-
turns excess oil to the reservoir.
Separate scavenge pump elements are
used to pump lubricant from the fol-
lorving sumps: 1. Rear bearing;
2. Centre bearing; 3. Front oil drains;

These discharge into the oil reser-
voir which is a tank of 13 Imperial
pints capacity. The lubric; ;"d;";
from the rear and centre bearings is
coolerl by n:"i exchanger ;hi"h
uses incoming fuel as a coolant. The
ring main system operates at 15-18
ilsi. The engine oil consumption is

Cooling Air System-Air is bled
frr:m the compressor at the second.,
fifth and. 10th stages and used for
cooling as follows:

1. Second Stage Air: (a) backbone
cavity; (b) turbine bearingi (c) nozzle
box.

Tail Cone-This assernbly is fab-
ricated. largely from stainiess steel
sheet. It consists of an outer "o"*r"Jan inner bullet supported front and
rear by four tubular struts covered by
a fairing. Tenth stage air is conauctea
through the front struts and forward
to the front of the bullet. From here
it flows outward between the tace- tf
the bullet and tha turbine disc escap-
ing into the gaS'' stfeam at the disc
periphery. The outer surface of the
tail cone is insulated by a fibre glass
and. foil blanket proteited by ,l"r*-
lnum covers

FueI System-The fuel system is
the means of controlling engine out-
put. The pilot's throttle is connected
to an altitude-sensitive scheduling-
type florV control unit which variJs
the delivery of two engine-driven
pumps through a servo-system to
maintain engine speed. constant for
any throttle setting irrespective of
altitude. The pumps have integral (Continued on page 46)

STAGE COMPRESSOR .ROTOR FUEL BURNER

COMBUST'ON CHAMBER

TURBINE NOZZLES

SINGLE STAGE TURBINE

FLAME .TUBE TAIL CONE

TAIL CONE BULLET
CENTRE SECTION

COMPR€5SOR INTAKE CASTIN(;,

FIG. I DIAGRAMATIC SECTION OT ORENDA ENGINE
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rop's F-Bg Scorpion, where it is used
to control automatic selection of fuel
tanks, accord.ing to the manufacturer.

Results of qualification testing, now
complete, ind.icate th"l Meletrot's
new pressure switch is extremely
rugged, yet sensitl"u. to a high de-
gree, as well as being resistant to
high frequency vibration, say Mele-
tron officials. It meets AMC environ-
mental and qualification require-
ments, and is explosive proof per

Other applications: of Meletron
Model 431 include installation across
fuel filters to control alcohol deieer
pump; to control fuel tank pressuri-
zation; and in j et engine fuel eontrol
systems.

PIAN ,,DEVTLOPTUIENT

AIR RESEARCH
( Continued fr,om page 40 )

Research Board, who is also the scien-
tific adviser to the Chiefs of the Air
Staff; the Air Member for Technical
Services of the RCAF, and the chief
aeronautical engineer of the Depart-
ment of Transport

Correspondence should be addres-
sed to the Director, National Aero-
nautical Establishment, M o n t r e a I
Road, Ottawa.

ORENDA JET ENGINE

FINST DETAITS,-
('Continued from page 22)

2. Fifth Stage Air: (a) centre bear-
ing; ( b ) front face of turbine disc.

3. Tenth Stage Air: rear face of tur-
bine disc.

Starting-starting is effected by a
32-volt electric motor housed in the
nose bullet. An over-riding clutch
disengages the starter motor *fr*r, the
enginl reaches'self-sustaining speed.
The rest of the starting system con-
sists of the booster coilJ toi tfre torch
igniter spark plugs and the control
circuit for the torch igniter reducing
valve. An external sequence control
is necessary to ensure that starting
current, fuel for the, torch igniters,
and power for the torch igniter spark
plug are provided. at the correct times
to permit clean starts.

Historicol Highlights

Layout commenced, Sept. 3, 1946

detailing commenced :', Dec. 6, 1946
Detail drarving issue

Detail d.rawing issue
completed .:. . Jan.15, 1948

First engine delivered
to Test House Feb. B, 1949

CANADIAN AVIATION

First run Feb. 10, 1949

100 hrs. running
completed Apr. 4, 1949

Engine first ran at
design take-off speed May 3, 1g4g

Engine first delivered
design performance May 10, 1949

500 hrs. running
completed July 2L, 1949

1,OC0 hrs. running

2,000 hrs. running
completed" ........... Feb. 10, 1950

First off icial flight clear-
ance at design rating Mar. 2, 1950

First flieht ( in Lancaster
flying test bed) July 13, 1950

First flight in service type
aircraft ....;. Oct.5, 1950

First 100 hours flying Oct. 20, 1950

5,000 hrs. running
completed Feb.5, 1951

Background The beginnings of
the Avro Orenda extend much fur-
ther back in history than the discus-
sions which produced the first design
layout. To appreciate the proj ect
fully it is necessary to start in 1942
when reports about the Whittle jet-
propulsion engine began to reach
Canada.

The information received through

We
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Jndividuol speoker operotion lcl7 pilol ond co-pilol.,

o More Freedom of Control
o l&chqnnel Selection For Eoch pilo!
o tndividuol Speoker Operolion

The ARC audio channel isolator
a

permirc rwo pilors to selecr tO input
channels in any combination, inde-
fendentty of irch otber- without
cross-cockpit interference. Radio
functions can be delegated so rhar
each pilot works 

"t pI* efficiency
in complex navigarion and corrmu-
nication situations. A flick of a
switch changes from headphones to
speaker - r"d.r.., discodfort and
pilot fatigue.S/rite forall the details.

IYPE F-I I lsololion Amplifier

,A.NTHONY , FOSTER & SONS LTT}.
3O2 Church St., Tor:onto, Canads

Sole Canadian Di*trfrbutor

CAAIC No. I R4-I tfleight 8 lbr.

CAA Type Certif icoted.
tmmediole detivery in
1.4 or 28-volt DC modclr.

the heavy wartime cloak of security
seemed to indicate that the new en-
gine was light, of great power, easy
to design and simple to manufacture.
In f act it appeared to offer the pos-
sibility of establishing a Canadian
engine industry without the costly
delay which would have been requir-
ed to set up an internationally com-
petitive piston engine enterprise.

Late in 1942 senior officers of the
Royal Canadian Air Force investigated
the situation and as a result a iech-
nical mission was sent to Great Brit-
ain early in 1943 to study the new
development. Some of the enthu-
siastic reports proved to be ground-
less. However, the group recommend-
ed that Canada couia *"f.e an jmpor-
tant contribution to the British pro-
gram by establishing a co1d. weather
experimental station to test j et en-
gines under temperature conditions
which prevail at altitude or even at
sea level in the Arctic.

The project was assigned to the
National Research Council of Canada.

The mission also suggested the cre-
ation of a gas turbine research estab-
lishment with the thought of setting
up a development and manufacturing
organization at a later date,

The former step was taken in 7944
when the Government set up a crown
company Turbo Researctr l,lmitea ,;
carry out all Canadian research work
on gas turbine engines. The com-
pany took over the National Research
Council's cold-weather testing activ-
ities and began to recruit a research
and design rt*tf .

This team was selected and trained,
some being sent to England for fur-
ther training. Plans for a research
establishment were started. But be-
fore they were complete the scope
of the activity was broad.ened to tn-
clude actual engine design. A pro-
visional engine specification was
agreed upon with the Royal Canadian'Air Force and design work started..
At the same time tentative layouts
of a development and manufactlring
ptant were done.

This phase continued until the
spring of 1946. At that time the Gov-
ernment, in furtherance of its policy
of turning over a large number of
government-controlled enterprises to
private industry, assigned in" task
of design, manufacture and develop-
ment to A. V. Roe Canada. The altied
fundamental research work was turn-'
ed over to the Nationai nu."rr.f,
Council to whom the cold test facil-
ities reverted.

Background-At the time
Research Limited project

the Turbo
was trans-
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L()()K AI IHE RAIING
(}N IHIS tITTtT

D. C. IUIU -SWIICH

,t,IU TYPE D

rHE HIGHEST RATED
PRECISION SNAP-ACTION

D.C. s}VITCH MADE

You can design 
- 
this heavy duty

snap-acting switch into yor'rr rrrorl
vital D.C. aircraft ciriuits with
assurance of cornplete depend-
abili,.y. No con iacl.bridging
glpacitator is required. Maghetii
blowout prevents excessive"heat-
ing or burning of contacts. Meets
Navy high shock specifications of
50 G.-also confoims ro all other
Army-Navy requirements.

OR TI{E MU TYPE E

S'UIALLEN-IVITH AI'IIOST THE

sAr$E HIGH RArNG

8 AIUIPS -125 V0LTS D.C.
30 AIUIPS - 29 VOI,TS D. C.

If space is your problem where
a slig-htly lower rating will suffice,
use the Mu rype E switch. Meets
Army-Navy 1OG requirements of
specification AN-S-39.

Botb TyPe E and Type D stoitcbes
are auailable utitb siindard tybes of
actaators as uell as enclosed ii rnetit
hoasings, lYrite for full information,
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ferreC to A. V. Roe Canada Limited a

small engine, the "Chinook," was in
an advanced state of design. To con-
firm design assumptions, establish
manufacturing techniques, get devel-
opment experience, and educate sub-
contractors a decision was made to
build this engine on a develoPment
basis.

The work slowly gained momentu'm
as precision rnachinery became avail-
able, manufacturing techniques were
worked out, and. foundries overcame
their initial difficulties with com-
plicated castings. At the same time
laboratory space was allotted, test
houses designed and the power plant
of a wartime explosives plant , &t
Nobel, Ont., was acquired for use
as the nucleus of a fu}l-scale test
plant for compressors, combustors and
turbines.

Much of the test equipment design-
ed by Turbo Research Limited was
manufactured in the Avro shops and
installed in the experimental labora-
tories. This work culminated in the
first running of the Chinook Engine
on March {l , 1948. rn the ensuing
20 months over L,000 hours were log-
ged on Chinook engines and the
thrust was increased from the origln-
aI design value of 2,600 Ib. to a
figure well over 3,000 lb.

1946, 20 months before the Chinook
first ran, the design group were pre-
sented with a problem which ma,Ce

the current manuf acturing and or-
ganizational difficulties seem insigni-
ficant. The Royal,Canadian Air Force
r"q*"rted avrl to develop an engine
for the twin-engined long-range
fighter being designed by the Aircraft
Division of the company. The speci-
fication called for an engine of a
thrust equal to that of the largest en-
gines on the drawing boards of Brit-
ish and American companies.

With the Chinook a decision was
made to name engines after Indian
spirits. Following this trad.ition the
new project was christened the "Oren-
da" an Iroquois spirit whose pres-
ence in an objecf or person confers
power

Design studies were started in Sep-
tember , 1946, and finalized at the end
of the year when detailing was com-
menced. Drawings began to appear in
the shops in M*I, lg47 ,.but th1._dL**-
ing issue was not complete until Jan-
uary, 1B4B

There were two reasons for this
seemingly long time required to issue
the design. The first 

-was 
a policy

decision to do the detail d.esign €x-
tremely carefully in order that a

4?
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NAs INTERNAI WRENCHING

AIRCRAFT BOI.T5

CTOSE-TO LERANCE, H I GH.STRENGTH

SHEAR BOLTS-mode to lotest NAS

Specificotions. Threods qre fulty
formed by rolling ofter heot lreot'
ment, on importonl UNBRAKO

feoture. Full ronge of stondord
srzes.

NAS INTERNAL WRENCHING SEIF.I.OCKING NUTS

. meet otl requ'iremenls of lltest I":. 
Specificofions.

Superior.sofetYnuts.Sizesfrom.,/l,,to1|/z,,

Write for further informotion on fhese UNBRAKO ond FTEXLOC Producfs,

STA]TDARD PRESSED STEEL CO.-sPs JENKtNTOU/N 5O, PENNSYLV ANIA
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frr Deoandable
Hsse Cdnnoctio ns

For over a quarter century, Wittek has
specialized in hose clamps, devoting
craftsmen's skills to producing hose
clamps of uniform acc,rrrry ir, Ilr*p-
irg action combined with superior
physical strength, for dependable leak-
proof hose connectioris. This experience
is yours when you place your aircraft
hose clamp requirements with us.

fr,IANUFACTURING CO,
43Og Wesf 24th Plo.e, Chicogo 23, ltlinoi:

WITTTK

minimum of development difficulties
would be built into the prototype.

Th e second was the result of a

crisis which arose in the summer of
1947 when development work at the
English firm .o*missioned to d.esign
the combustion equipment, ind.icated
that a longer .o*brstor would. be
necessary to assure reasonable per-
formance. This discovery had a sub-
stantial eff ect on design progress as
it necessitated a complete red esign
of the backbone casting, shafting u.rA
turbine bearing to accommodate the
length ened. combustion chamber.

The first engine was assembled and
delivered to the test house on Febru-
ary B, 1949. Two days later after
preliminary motoring trials, the first
attempted start was successful. In the
enSuing ' weeks the wisdom of the
careful design policy was proven for
there were no immediate operating
pro:blems, in fact the engine logged
its first 100 hours in eight weeks'
time and. accumulated' almoit 1,000
hours of running with only minor
rebuild.s in eight months. The engine
as it is now being produced does not
incorporate any basic differences from
the original design.

CAN,A,DI,AN AVIATION

ST0RY ,0F THE

McKEE TROPHY

development of cockpit instruments
and controls for new aircraft; sur-
veying of new routes in respect to
airports; navigational facitities; and
the maintenance of close liaison n,ith
the Dept. of Transport in the develop-
rnent of radio and visual aids for air
navigation. During the ZA years,
prior to the award, mr. Rawson had
flown approximately 12,000 hours
and 1,500,000 miles. He was issued
Transport Pilot's Certificate No. l. 1g,
dated 

- JuIy 6, 1938, .rp"r*eding his
U. S. Pitrot's Certificate.

"Barney" Rawson eontinues to be
associated with Trans-Canada Air
Lines in Montreal, where their offices
were rnoved in October, lg4g, from
Winnipeg, and carries on hj-s'a"tl"t
as Director of Flight Development.

1948-F/O. R,. B. TVest- While em-
ployed. on East Coast Operations with
No. 103 Search and Rescue F1ight,
RCAF Station, Greenwoo,C,' X.S.; f-/O:
Roland B. 'West, D.F.C., A.tr'.C., was
awarded the Trans-lCanada Trophy.

FiO West enlisted in the RCAF in
August, 794L, and. was trained ast To Be Conf in ued l

Aircruft Parts un,d, Accesso ries
Electr onic E rlt r,i,pm en t

A

E xclusiue Cqnadium, Representatiaes

for AIR /SSOCIATE'S II[C.
TETERBORO, IVEW TERSEY

29 Sr. Iyo: Sr. East, I][orttreal
Quebecs Cunacla

Telephone Hcrrborur 0961
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