
FIG. 1: CUTAWAY OF OREN0A 10 

The Orenda and the Future 
The follo1l'i11:; article was originaL!y 

presented as a paper at the first joint 
meeting of the Canadian .-l no nautical 
Institute and the In stitute of the , /ero­
nautical Sciences. held last October in 
lvfontreal. The author, B. Ii. Avery, 
is Chief Design Engineer for Orenda 
Engines Limited. 

NO ONE cou ld hope to d iscuss 
;:il l the mechanical design of a 
turbojet engine in the compara­

tively small space allotted for this 
article . In stead I would like to out­
line brietly the role of the mechanical 
designer in the aircraft engine business; 
to use portions of the Orenda engine 
to indicate how the problems origin­
al ly encountered were met; where the 
theories broke down and were co r­
rected; anJ finally, to mention some 
of the design problems that will be 
encountered in the near future. 

The design of the Orenda was com­
menced over eight years ago and it is 
now in full scale production as the 
Orenda 9 for the Avro CF-100 all­
weather fighter. and as the Orenda 10 
fo r the Canad:i ir Sabre 5. An upr:ited 
version incorporating J two-stage tur­
bine has ente red prod uction in two 
simibr versions JS the O renJa 11 for 
the CF-100 a nJ the O renda H fo r the 
Sabre. 

Complication: The turbojet eng111e 
began its existence as quite a simple 
piece of equipmen t but through the 
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years it has e\·oh·eJ into a more and 
more complex machine. P:irt of this. 
I will agree. is Jue to the fact th:it 
the fu nc tional requirements ha\·e be ­
come more anJ more stringent; power 
requirements for a g iven size and 
weigh t ha\·e increased. and the enve­
lope of operat ional conditions has 
grown eYen broader . But there is an­
other reason for this increase in turbo­
jet complexity, and it is the direct 
responsibility of the mechanical de­
signers , 

Aircraft engine design-and fo r that 
mat te r. the design of any piece of m:i­
chinery-is a program of studying per­
formance :ind functional requirements. 
manufacturing techniques, m:iterial 
properties. past experience, making 
layouts and choos ing the best of these 
for tr:rnsportation on to engineering 
1Norking drawings. The basic differ­
ence between th e design of aircraft 
components and those of other indus­
tries, is that aircraft parts req uire more 
control of materials and processes to 

guarantee reliability under severe op­
erating condit ions of stress :ind tem­
perature necessitated by the use of 
low design s:ifetv factors for minimum 
weight. 

Proprietary Items: Design also in­
cludes the caretu l stud y of proprietary 
ite ms and usually close liai son with 
the desig-ners of these components. 
le:idintr ;o the completion of control 

b 

drawings and specifications :ind the 

hn;,il incl us ion of the bc'.st un its into 
the prototype engrnes. Now if the 
designer does not ha \ e a corn ple te 
knowledge of the nunufacturing facili ­
ties, the gua r;,inteed minimum proper­
ties of all the ava ilable materials, the 
past experiences of his own company 
and of others, the performa nce and 
fu nctional requirements, and if he 
d raws 0;1ly one or two layouts of a 
particular sectio n of the engine and his 
superiors take just fleeting glances :it 
the designs before approving one for 
detai ling, then that design will ha\· e 
an excellent chance of being o\·erly 
complex fo r the dut ies which it must 
perform. 

HoweYer, if the designer h:is kept 
himself well informed of these im­
portant data . makes several sketches 
and layouts in striving for the utmost 
in simplicity, perfo rmance and abilitv 
to funct ion, discusses the des ign quite 
thoroughly with his su periors, the stress 
engineers, the materials engineers. the 
planners and tool designers, then the 
chosen design will quite possibl y be 
functionally a much better des ign. It 
w ill be more eas il y manufactured and 
serviced, and it wi ll have fewe r p:irts. 
which usually means that it w ill be of 
lighter weight ;,ind shou ld co nsume less 
of the ope ra to rs' dollars during a long­
er, usefu l lifetime. ff the desig ner is 
sufficien tly awa re of the results that 
w ill be experienced if hi s numerous 
estimations :ind assumptions are 111cor-
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FIG. 2 : COMPRESSOR STATOR CASIN'G 

rect, anJ if he realizes that engines 
are not frozen for production but are 
modified steadily for improved per­
fo rmance, his design configurat ions 
will be such as to allow these futu re 
changes to be made with a m1111mum 
of major moJihcations. 

Essential Changes Only: Pro\ iJ ed 
the basic concept of an engine is cor­
rect, only the few parts that Jo not 
tunctio n properly are moJilieJ during 
the Jevelopment perioJ. with the re­
mainder go ing into ser\'ice as origin­
ally Jesigned. History has shown that 
engine Jesigns do not become more 
simple or of lighter weight during the 
development period. but tend towards 
increased complexity since in this busi ­
ness time is at a pre mium and the 
"'lix it but don·t chan ge it" ' technique 
is all too often chosen. 

The actual prototype mechanical de­
sign period is comparatively short. Of 
the total perioJ of from six to se\·en 
years in whi ch a repetiti\·e pattern is 
followed in the design. de\ elopmen t 
anJ proJuc tion proving of a turbojet 
e ngine, approxima tely h fteen m onths 
is available between the drawing o f the 
hrst line <'>11 p,1per and the running o f 
the lirst experimental engine . No w, 
you can well understand that an en­
gine is not complt>tely designed within 
this short perioJ of time. fn reality , 
during the in terim between the ac tual 
design periods. the design staff. in addi­
ti on to per fo rming the duties of re­
design as dnelopment experience dic­
tates. is busy keeping up to date with 
materials progress. engi ne development. 
se rvice experience. manufoc turing 
methods de\·elopments, and modifyin.r 
its design thinking accordi ngly . ·rt ~ 
also g leaning what in formatio n it ca n 
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concerning ot her power plants, since 
good designers do not hesitate to use 
the ideas of others if they are definitely 
advantageous. 

The design staff, in effect, is plan­
ning from day to day how to design 
the next engine or modify the exist­
ing ones when the opportunites pre­
sent themselves. Int imate contact 
with the rest and Jevelopment engi ­
neers and the aerodynamicist~ and ther­
modynamicists provides an engineer­
ing department that can turn out good 
initial designs, make efficient use of 
eng ine JeYeloprnent running time, cor­
rect ;1eroJynamic and mechanical prob­
lems quickly anJ provide proper tech­
nical serYice and co ntrol to the produc­
tio n program. 

Pre-P11oduction Mods: The usual re­
sult of all this, is that long before an 
engine reaches production. seYeral de­
sign improvements have been evolveJ 
and if these are of sufficient adva ntage 
they may be included as modifications. 
Once the production program 1s 
reached howeve r. the difficulty of their 
inclusion increases. bu t the situation 
so metimes arises in the produc tion pro­
gram where the procurement, manu­
facturing and delivery status is such 
that a worth y modification may be in­
cluded with a m1111mum o f effort. 

More often , howe\·e r. th e inclusion 
o f performance impro\·ements into ,he 
production line provides the oppor­
tunity of inco rporating mechanical im­
pro\·em ents. Then if these ha ve been 
pro\ en sufficiently by de\ e lopment en ­
gine running, have been type tested , 
and. of course, if the customer ap­
pro\·es. the changes may be incorpor­
c1ted. There are also many excellent de­
sign changes that can not be fitted into 

FIG. 3: COMPRESSOR ROTOR 

FIG. 4: CENTRE FRAME 

FIG SA: OLD PERIPHERAL SEAL 

FIG. 58: NEW PERIPHERAL SEAL 
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the production program eve n though 
they h:i,·e bee n p;o ·;e n sul·cessful in ex ­
peri mental engines and others th:it do 
not get to the experimental manuf:1, ­
ture stage. These unuseJ d ~signs ar c' 
filed for possible future reference. 

equal or better 

T HE 01ZEND:\ ,,·as desig ned 

quite conservatiYely for its time 

since the future of the Canadi:in­
designed aircr:ifc engine depended upon 
its running well The first time. It wa s 
designed to be equal to or better than 
the performance of the largest engines 
then on the drawing boards and co 

engine and aircraft accessories and 
supports the compressor inlet Yanes 
and, in the case of the Orenda l 0. a 
st:1rter-ge nera tor. 

The mid frame . which is connected 
to the front frame by the compressor 
stator :issembly. houses the main rotor 
th rus t bearing. incorporates the main 
engi ne support trunnions, and acts as 
the compressor diffuser and transition 

from the annular compressor outlet to 
the six combustion chambers. The 
rea r frame of the engine, which is con­
nected to the mid frame by a central 
backbone structure, supporis the tur­
bine rotor. acts as the transition from 
the six cha mbers to the annular tur-

blade rings are now mounted direct!,· 
in T-slots machined in the inner walls 
of the c:is1ngs. Three similarly 
mounted rings form the air cake-off 
manifolds. Simple aluminum buttons 
inserted at the hori zontal Ranges pre­
,·ent the rings from rotating. The 
eliminat ion of the spacer rings :111d 
bolts and the resultant decrease in tol ­
erance build-up allows the inner gas 
profile to be machined at the same time 
as the slots are machined in the cas-

1ngs. 
Casting tolerances were such that in 

order to obtain wrench clearances at 
the casing flanges, both spot facing 
and end milling oper:nions were re-
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FIG. 6 : COMBUSTION CHAMBER FIG. 7: NOZZLE BOX 

accept full fighter manoeuvre condi ­
t ions up to the speed of sound at sea 
level. \\/herever possible, pro\'en 
methods of construction were used 
si nce our own engine experience and 
research and development facilities 
were compar:itively meagre. Such fea ­
tures as an annular combustion cham­
ber which might have provided more 
opportunity for performa nce impro,·e­
ments, but which would have required 
these fac ilities, had to be laid aside 
in favour of more con servative designs. 
Even with problems such as this, the 
Orenda comb us tion chambers :ire the 
largest and most efficien t, and the 
compressor provides the highest pres­
su re ratio and efficiency for the num ­
ber of st:iges used , of any similar en­
gine of its generation. 

Fig. I is a sectional drawing of the 
Orenda I O engine. Basically it con­
sists of a 10-stage axial Row corn pres­
sor, six combustion chambers, a single 
stage axial flow turbine and an ex­
haust cone. The forward frame of 

the compressor supports the forward 
end of the C/Jlll pres,or roto r. hou ses 
the p<,, u t:1k e-<.fT ge:i rl,ox for d ri\'in g 

bine p:issage. and supports the turbine 
nozzles. The exha ust cone is con­
nected to the rear frame and acts as 
the tran sition from the annular turbine 
outlet passage to the circular rail pipe 
section . The ,·arious engine access­
ories are mounted around the compres­
sor casmg. 

Compressor Casing: The compres­
sor stator casing, Figure 2, consists of 
two magnesium castings bolted to­
gether ac horizontal Ranges. The or­
iginal design shown at the top left o f 
Fig. 2 consisted of aluminum hal f 
rings, supporting the aluminum alloy 
blades Ill broached slots, clamped 
against the inside of the castings by in­
termediate aluminum alloy rings and 
steel bolts. The reasons for this me­
thod of construction were the fear of 
fire as a result of rotor blade rubbing 
directly on the magnesium casings and 
the fact that it was a proven design. 

However, our own development ex­

perience and the service experience of 
other engines have proven the absence 
of the fire hazard and the suitability 
of other con st ructi on shown :it the top 
right of F ig . 2. The same :du m in u rn 

quired, but in this design. the outer 
diameters of the casings adjacent to 
the end Ranges were decreased with ­
out decreasing the metal thick nesses 
so that simple automatic end milling 
operations now suffice. Machining 
and assembly times have been de­
creased considerably, structural strength 
and rigidity have been increased and 
the weight is naturall y somewhat less. 

Compressor Rotor: The compressor 
rotor shown on Fig. 3 consists of three 
::duminum drums, cwo steel sha fts an d 
ten bladed discs shrunk on to the 
drums with spacer rings between their 
rims. The three drum construction 
was used to enable the end discs to 
overhang the bearing shafts thus de­
cre.asing bearing centre distance and 
providing a more rigid rotor for a 
given weight. Jn actual fact this has 
proven itself to be one of the most 
stable compressor rotor designs of its 
generation. 

Originally it was felt that the disc 
hubs which are shrunk on to the 

drums h~d to be accuratel y positioned 
:1xially to preve n t dishin g of the hig hly 
stressed we bs. Several sh im s were 
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u ~cd to a llow for wkra nce liui ld-up. 
w ith the result that a su bsta 11 tial p:1n 

of the assembly time was use <l in the 

<leter mination of shim thicknesses. En­

gine running pro ved that as long as 

assembly web <li shin g was not seve re , 

the hubs would find their own posi­

ti ons dur ing operation, since the in itia l 
hig h in ter'fe rence fit is greatly de­
crease<l by ce ntrifugal force <luring 
operation. By the simple redi mens ion­
ing of the drums, discs a n<l spacer 
rings, the shims ha ve been el imin:ited, 
thus <lec reasing :isse mbl y time consid ­

er:ibly. 
The Ranges of the J ru ms an<l shafts 

beg:i n life as the re\·e rse spot-face<l 

buttress type to decrea se the probabil ­
ity of stress co ncen trati ons duri ng per­
io<ls of hig h shaft ben<ling st resses in 
Hi g h t. La bo ratory testing proved that. 
w hen p r ope r l y des ig ne<l , tu rned 
flanges woul d suffice and the reve rse 
spot fac ing opera tion s no longer are 
req uireJ. The bol t holes of the mat­
ing Ranges were previously line 
reame<l on assembly an<l the bolts were 

selectively chosen fo r a snug fit. By 
closely co ntrolling the ho le sizes and 
pos it ion s. an<l the bolt diame ters, com­
plete interchangea bility has been 
achieve <l an<l the assembly reammg op­

e rat io ns eliminate<l. 
Hand Fitted: Each co mpressor 

bla<le of the early engine was hand 

fitte <l in its <lovetail support slot by 
rem oving material fro m the bottom of 
the <loveta il and chec kin g th e tip 
movement. Exper ime ntal testi ng 
prove<l tha t the fit tolerances co uld be 
increased suflicientl y so that proper 

d imensional co ntro l of blade roots and 
<lisc slots would eliminate the hand 
fitti ng. Blades are now taken fro m 
sco res an <l assembled directly and at 
random into the <liscs an<l sta to r nngs. 
fo r a conside rable decrease in man­
hours per asse mbl y. 

The centre frame. F ig. 4. is an alum­
inum alloy cas ing and ha s changed 
ve ry little physica lly during its history . 
The backbone support bosses and gus­
sets were -e nlarged to accept. without 
yie l<lin g, the very hig h manoeu\'fe 
ben<ling fo rces and the axial gas load 
of the combustion chambers . O rigi n­
all y, the combust ion chambers were 
each faste ned to this frame by fo urtee n 
bolts to prm·ide sufficie n t flange pres­

sure fo r sealing air using a sta ndard 
gask et. The de\'e lopme nt of an eb s­
to mer able to withstand the te mpe ra­
ture in the form of "O" rings at this 
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FIG. 8 : BRAZED TURB INE NOZZLE 
SEGMENT. 
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f-lG . 9A : OLD EXHAUST CONE . 

FIG . 98 : NEW EXHAUST CONE. 

position has prov iJed a sealing means 
using onl y two bolts per fla nge, for an 
inc rease in sealing efficiency, and a 
considerable <lecrease in assembly and 
combustion cha mber liner inspection 
times. The successful de velopment of 
a magnesi um alloy of slig htly better 
prope rties at operating temperature 
than aluminum alloys aYa ibble, has 
pro vided a slightly st ronger structu re 
:tnd with a weight sav ing of approxi-

111 :ttely 40 lbs. 

The labyrinth seal w h ich can be 
fastened to the front face of the cent re 
frame m inimi zes the loss of com pres-

,or ddl\l'r:, .11r ,111 d lower, the pr·c, 

,ur<.: hc hi11 d 1he com pr<.: , ~or ro tor 111 

orde r to <lecrea se main bear ing th ru st 
loa<ls. The <li sc rim rotates in si<le of 
the sea l within a ra<lial clea rance of 
abou t .0 15 inches. In or<lcr to ove r­

co me the cons iderable thermal expan­

sion differential, the sea l asse mbly con­

siste<l of three main parts as shown 

on Fig. 5a. The steel mounting r ing 
was slotted at the flan ge a<ljacent to 
the aluminum structure to allow for 

thermal expans ion differential. Being 
ve ry thin , it was <lifficult to mac hin e 
a n<l qui te un stable. The ring ri vete<l 
to it wa s a lso of steel a nd the theory 
was that the a\·erage <leHectio n of th is 
ring and the alum inum g lan<l rin g 

fitte <l insi<le of it woul<l be ve ry near­
ly the same as the sum of the th e rmal 
an<l ce ntr ifugal expa nsion of the di sc . 
This prove<l to be correct but the 
aluminum yielded in compress ion 
when heated d urin g opera tion and be­
ca me loose upon shut-down. O n suc­
ceeding run s, rubbing would occ ur as 

a resul t of thi s yiel<ling and eccentri­
cities allowe<l by the unstable support 
ring. C learance inc reases cause<l by 
the wearing of the sea ls during rubbing 
res u lte<l in unco ntrolled air leakage. 

Redesign: The redesigne<l sea l as­
sembly show n on Fig. 5b, consists of 

a rigi<l , eas il y mac hined , al uminum 
alloy mounting ring which expa nds 
direc tly w ith the al uminum or mag­
nesium mid frames. Fastened to it by 
radia l pins is a mild steel gla nd ring 
w hich is free to expand only thermally 
and thus to a slightly lesse r degree 
than the disc . M inimum clearance is 
therefore reali zed during engine run­
ning where it is required while pro vi<l­
ing reaso nable build clearance with 
less cha nce of assembly damage . The 
asse mbl y is quite rig id ; concentrici ty 
ca n be maintained ; it is more easilv 
manufac tured. and air leakage co~­
trol is much more defiinite. 

This may so und like a great amount 

of effort to improve a seemingly un­
important pa rt, but when one realizes 
that the prime purpose of a turbo jet 
engi ne is to pump air, it becomes ob­
vio us that air leakage is an eno rmouslv 
importa nt problem and wel l worti1 
ca reful desig n . A one perce nt loss of 
this compressor deli very :1ir ca n mea n 
as much as a two percen t dec rea se in 
overall engine efficiency. 

Axial thrust is the maj or factor af-

(Co111i111"·rl 011 page 62) 
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LETTERS TO THE EDITOR 

Canad ians All 

Sir: 

Y11 u r rc1..· cn t FdlnU r\' 1:--su c of .·llrcra ft 
c,>1 1L1in1.:d :1 fin e ;1rti1..· k h~- I. T'. lh111 cnl. 

,.::tiled " _-\n :\i r .i,ic\ Yi t'\\·puint l>f the 
Turbine Lr:1". I le rncnti1111:,, :so m e of the 
world:-.' ou l'sta nding personalities in :l\·iatitH1. 

but did not g i\·e mcn tinn to an y of our 
Canadians who influenced the bi rth of curn-
111crcial :11·iation in the earil twenties. These 
men h:l\-e seen it de,·clop through phases of 
noH:lry. prejudice, tri:1\, accep tance , anJ final­
ii necessity. in urder to reach the ledge of 
:--iln;r~' stardom which it now proudly oc­
cu pies in the a,·iativn world. Yes , it took 
111 c n lik e the undenncntiuncd to p ut it 
across. Ro~· MJxwcll , Doc O:1kes, Mr. Quig­
ln , A. T . Cowie, , J. A. Wil son , Bill \\' il­
liarns , Harry \\'ilt shi rc. Ton1111~· Thompson, 
T o,nm ,· Siers, Billy Hill, Elmer Fulle rton. 
Wop Ma,·. Matt Bern·, Leigh Brinrnell, Al. 
Chees,nan , Jack Cauldwcll. Nobby Clarke, Joe 
Finniga n. Romeo \ 'achon. Duke Shiller, jack 
Hnle , Bert McClatchic, l'at Re id , Rod Ross, 
Wal ter Gilbert, Tern· Tulh·. Ted Stull , both 
Ro,· Hrow ns. Stan Macmillan. Sam McCauley, 
Hill G"rman . Rm· Tand1·. and others who 
were in the indu stry at that tim e . 

I luring the thirties T CA \ W . Engli sh, 
CPA 's Grant McConachic, wlw, thro~gh their 
dc\'otion to aYiation , han~ prod uced tvvo air 

lines second to none. 
Benefactors like Jam es A. Richardson , J. 

E. l·-l ammcll, Col. R. McAlpinc, they su reh· 
deserve honoura ble n1ention. ~o, we don't 
h:i ,,e to be modes! as to our positio n in 
world aYiarion . "Let another ma n pra ise thee 
and not thine own mouth . A stra nger and 
n ot th ine own lips." ( Proq.:rb: Chapter 27 ) . 
The names mentioned should he praised f.: ir 

th eir great efforts and :i.ch ie,T me nts. 

!\!,, "Henn.: 1'1r . I )ymen t, I likc your article, 
hut it is my pri,·:nc opin ion that ou r pioneers 
d id equa l share tu produce a,·iatio n :1s it 1.s 

t()(L1y in the world. 

S. A. (SAMMY) TOMLINSON . 
Calgan·, .'\lherta, 

l:'/J . Ntplyi 11 g tu ,\fr. T u mlinso 11, Mr. 

/)yrn(' lll had this 10 says " / JI/ //;{' names 

_vu 11 meu11·on{'d arc l10lfs{'/10/d w ords in tu 1iu -

1ion. U nfu r11t11a1cly 1 ,n spilr of tlu0 ,;r terrific 

n n11ri/,111ion ., to ari111io 11 ril Ja,.·yJ·. d1i., co IuItry 

hi,.,- ntTtT J.! O fl t ' i n for tl'orldwi dr / '1th!in'1y 

"nd. lfftffc / n r uf tlznn arc w cll - /.;,no 11 ·11 vrrl­

·'l(/c of C111,1d(1 . O rh tT rutffJ!rit·s /i/.;,rwisc 

t1n dolt ! ,1t'dly hat't' r,·unc't T .• 10 whom rr t 1iat ion 

owt· . .- al lut . /111/ u 1r in Canada arc 11 01 

/111niliar u ·i1/; t!u'nJ. Aly f'npcr Wtl.i 11reparl'd 
fur tl,r s·.-1E !}]{'t'lill !:!, in Detroit so I fllfl"J' O.ld.\ ' 

u n/\ indudn! lllllJlt'S ll 1f'll /..:,.11 o u 1 n 10 ot1r 

L'liitrd S1t11c..- friou/.1: 1u1 11u '.' that lia1 1e U'­

u·i1·rd w ide pu /1lir i1y in Amer ican nrt-t'spaper., 

a11d popular magazine; .. I //1i1t!, it w ould 
/, e 1•cry aprro{'riau for '//ircrajt' to quote 

yo1tr /Clter b1·c,u1.•e 1/,1, 11a111t'S your mentioned 

.,-l,011/d pcriodimlly he /,ro11gl,1 to the alle11 -
1io11 of ou r younger grneration in at1ia1io 11 

in Canada .<o that !hey will be proud o f the 
acliic1 1rmcnt.i of tl1eir pn,dcct·J·.,or.i." 

LAMINAR FLOW 
( Con1i11 11cd from page 3 1) 

the lam inar airpla ne ought to have ::ti r­
ejection spoilers ... and so it goes on 
fro m pro to con ! 

Conclusion 

THE WRITER feels that th e pro­
ponents of laminar control of the 
boundary laye r, a nd in particular 

Dr. Lachmann, ha ve made a strong 
case fo r its use in air transport. Because 
of the very limited military possibilities, 
it will probabl y be difficult to get the 
funds fo r the eng inee ring research­
particularl y into sur face materials and 
st ructure which alone can li ft la minar­
iza tion from the laboratory in to prac­
ticd usage. But th e last word is w ith 
Dr. L achmann . 

"There is too much tendency now­
adays to transfer the speed fixat ion of 
the military into the realms of civil 
a \·iation." 

' 'Fundamentally there is no impro\'e­
ment of Right econom y at superson ic 
speed, on the contrary th e increase of 
drag due to shock waves 1s barely corn -

pensated by the imprcl\'e rnents of eft1-
c1enc\' of propul sion in comp::mson 
w ith flight :1t subsonic J\ Lich numbers. 
The ci\ ii operator is ,mracted by th e 
prospect of better utilizat ion of aircraft 
d ue to red uction of Ay ing t ime. But 
the prospect fo r the :1ircral't constr uctor 
is to enter a rapi dly shrinking market 
and to face ever-increasing a nd harder 
competition if thi s outlook should 
materialize ... 

ORENDA 
( Co 111i1111cd from page 41 ) 

fect ing the li fe of the main rotor be:ir­
rng. This force is the net su m of gas 
loads of very large proportions which 
are balanced aga inst each other. Thus. 
the pressure behind the compressor 
rotor acting on the large area of the 
last disc, if nor controlled ve ry closely , 
will cause bear in g th rus t to incre::tse 
a nd he nce life to <le crease con side r a b ly . Th e 
bea r ing t hrust load varies " ·i t h ope rati ng con ­
dition s f rom approximately .~ 00 l bs. to 12,000 
lbs . and an in creas e in a,·erag-1:' sea l cJearance 
of .010 in ch could increa.-;(' the load by abou t 
~.0 00 lbs .. thu s s eve re ly decrea s in g bea rin g 
li f e. 

Co mhust ion Can s : Each of t he ~ix com-
bus t ion ch a mbe rs , Fi g- . 6, or ig- in a lb ' co n s isted 
of a nicke l alloy inner lin e r or flam e tube, a 
cast al uminum a ll oy fron t ca sing and an 
alumin ized mild s t eel r ear ca:- i n g- . The small 
m ac hin ed ring at the front or s nout of th e 
line r w as prove n of no use a nd e liminated. 
The hand po li shi ng o;)eration on the edg-es of 
the parts , in clucMng the holes , for crack pre­
vent ion, has been repl aced by sim1lle d ebu1T­
ing with no incre ast" in cracking. Si n et:' t hese 
line rs are s ubjected to severe ope ratin g" con ­
ditions . a cons iden:1ble a m ount of developmen t 
ha s ta ken J>iace to increase th e o pe i·ational 
life and thi s comb in ed with the manufa ctur­
ing s implifications pro,·ided .-1 co ns id e rably 
!ess expens ive unit per hour of li fe, 

The forv-;ard cas ing i:- no w fabrica t ed of 
mild s tee l t o m a tch t hE· rear ca s ing- s ine(· 
fabr icatio n is q ui t e i n order for t h is s tru cture. 
Fewe r r e ject io ns are expe r ienced, becaust· 
w elds can be r eworked if no t pressure t b:h t, 
whereas th e alu mi num ca s in).!s were rejected . 
The machined pi lo t d iamete rs orig in a ll y used 
at th e cen t r e joint havt been elim inated s ince 
the bo lts connecting th e two sections toge th e r 
prov ide s ufficien t a!ig-nme n t accuracy. T he 
s pn-~yed alum in um coat ing on the mi l<l s t eel 
rear cas ing ha s bee n 1·e1daced liy a sil ico ,w 
p n int p ro tective fini s h whi ch prov id es m o re 
effect ive corros io n protec t io n for both t.h (• 
fron t and rea r ca s ings, is ap p lied mo r e ea si ly 
a nd is less cos tl y . 

The nozzle Lox, Fil.! . 7, has un<l e rgon (~ sn m c 
change b ut sr ve ra l te!-. ted des ign improveme n t:-: 
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April 25-26-AlTA Sem i-Annual Meeting, 
Empress Hotel, Victoria, B.C. 

April 26-i\nnual General Meeting, Auto­
moti ve & Aircraft Parts Mfrs. Assoc. (Can­
ada), Ro yal York Hotel , Toronto . 

May 2-5-Society of Aeronautical Weight 
Engineers Annual Conference, Hilton Hotel, 
Fort Worth, Texas. 

May 
Show, 
City. 

4-6-lnternational Aviation Trade 
69th Regiment Armory, New York 

May 19-20-Canadian Aeronautical 
tute Annual Meeting, Royal York 
Toronto. 

Insti­
Hotel , 

May 26-27-Electronics Components Con­
ference, Ambassador Hotel, Los Angeles. 

May 29-30-B.C. Aviation Council Annual 
Conference, Empress Hotel, Victo ria. 

May 30-Junc JO-Canadian International 
Trade Fc1 ir, CNE , Toronto. 

June 4- fntcrnational Air Show, CNE, 
Toronto . 

June 7-10-S pring Meeting and Welding 
Show. :\111 crican \Vdding Societ,·, Cit,· 
.\uditorium, Kansas City, Missouri. 

June 21-24-Fifth In te rnational Aeronaut­
ical Confere nce, /oint Meeti ng of the RAeS 
and the !AS, !AS Bldg., Los Angeles. 

June 22-24- A viatio n Distributors & 

facturers Mid-Year Moc ting, Breezy 
Lodge, Brainerd, Minneso ta. 

Manu­
Point 

July 27-29-Rottcrdam Helicopter Con­
gress , Rotterdam, The Netherlands. 

October 11-15-SAE Golden Anniversarv 
\-!ceting, Aircraft Production Forum, & Ai/­
craft Engineering Display, Hotel Statler, Los 
Angeles. 

have not yet been incor porated. Th e main 
bodies of the inn e!· a nd outer cas ings were 
origin ally machined from rough s tainless steel 
ca~tings with a resu lta n t loni nrocluctio n flow 
t ime a nd a terrific waste of raw material in 
the for m of swarf. Both of t hese structures 
are now fabricated of sheet metal and rolled 
and but t-we lded rings, resulting- in a con ­
siderable decrease in we ight, critical materials 
and cost, a n d an increase in rigidity by a 
simple redes ign in the construction of the 
innel" cas ing. 

Current Practice : If this structure were 
desig ned today, the inner and outer casings 
would be integrated in to a s in J.? le we lded 
s tructure for increased structura l r i,1.ddity and 
decreased eccent ricity, both of which affect 
turb ine b lade tin clearan ces and1 hence turbine 
efficiency. In t his case, maximum sea level 
sta tic thrust can decrease as much as 15 lbs. 
for each .001 inch increase in average turb in e 
blade t ip clearance. 

The turbine n ozzles are precision castings 
of a nickel-coba lt alloy a nd are individually 
mounted in supporting slots. This alloy can 
be mach ined only by grinding of which con ­
s id'erable is required to finish the integral 
support shrouds with in t h e tolerances neces­
sary. The development of high temperature 
brazing- compounds J)rovides t he des igner with 
a much better so lutio n in the desig n of tur­
bine nozz les and other "hot end" assemblies. 

Fig. 8 is a sketch of a s uggested1 method 
of ut ili zing this braz:in1-r procedure. The 
nozzl es are s imple castings with little or no 
machining anJ are brazed to separa te s hroud :,; 
in J:!'l'ou ns. The quantity of strategic mate rial 
is less s ince t he moun t ing- sht·ouds ca n be of 
!owet· q~ial ity sta inless st~el. L ess machining 
1s reqmred on t he mat.mg s tructures s ince 
the blades are mounted in groups rather 
than in<l'iv idually and t he shrouds can be ovet·­
lappe<l at the ir ends to dec rease the amount 
o f gas lea kage around the ends of the nozzl es. 
Although th is type of con struction can be 
perf°ol'med by weld ing, the braz in g- operatio n 
causes such little disto1· tio n t hat fewer post 
brazing machining operations are 1·equireclt. 

Hot End: The present exhaust cone, Fig. 
9a, co nsists of a fabricated sta in less steel 
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,,ut(;r ,•a:;ir,..! an d i :11p•1 ,,rn• 1,r i,1Jll+:t. H(,1~1 

an·· sUffpni-...1 wit.h -;po t u,u•ld,;I " '/," ..:;tiff,·n •:r~ 
an d the bull et i s S ll P Pfl r l ••d by :.wo :-01>t.-; 11 f 
four cfo:i81..ube:,;. The for wa rd -;et o f cru-;~­
tubes i s connected by e xt e rnal pipes and 
carries cooling a ir to the centre of t he rear 
face of the turbine disc. Mou nted o n the 
s upport tubes are four Htreamlin ed vanes 
fabricated of fold ed skin s snot wc lcfod to in­
ternal fcrmers 01· ribs . 

This co ns t ruction, wh ich was used almost 
universally e iuh t years ago and iH eve n an­
peari n g- on some new enuines, is co m pl ex 
an<l expensive. Cracking an<l buckl in ~ of the 
sheet metal parts occur, eHpecially in the 
vici ni ty of the stiffe ner spot we ld~ tPue to 
therma l s hock and v ibrationa l fatigue. Vari­
ous sche m es have bee n used b y the endne 
companies to increase li fe: however . most 
solutions co n sist o f th e addition of extra 
stiffen ers, doubl er p lates and the like to over­
come t he resu lts rather than t he causes. 

Careful study o f failures sugg-ested t h:lt 
by allowing the m ate rial to breathe wi t h 
tempe rature variations and by e liminat in_Q' 
the snot we l<l s a nd locally s tiffe ned ~reas, the 
life could be irreatly in creRsed. When two 
s heets of metal are sootwe lde<l· t og-ether they 
;.ire decreased i n thi ckness co n~iderablv at 
the neripherv of t he nuJ;{g-et by t he welding 
electrodes . Th e s tresses cau sed in thi s a rea 
by the diffe rential ex nan sion o f lht=> hot skin 
and' the cooler stiffener combin e1 I with vibrat. 
ory stresses finally cause a crack wh ich then 
progresses unt il se vere failure occurs. 

Problem Solve<l: Tl-i P. so lu tion is t he des i1..rn 
shown on Fig'. 9b, which is much s im nler and 
lighter. a nd has a te~t bed runnincr life suc h 
that the desig-n i~ be inu readied for rrodul'­
tio n of new e ngines :-tn,1 ove rh~nil replace­
ments. The outer cas ing "Z'' stiffen ers have 
been removed . Four shf'et met·1 I pressings 
(e~ ch consistin g of on e h·l)f of two vanes 
w ith in tegTal nresserLin ~tiffenin .i.r be~1 c..1~ or 
corrug-ations. a nd one oua rte r of the bullet) 
a 1·e fusion welded togeth e r to form t he com­
plete un it. Inte rnal s tiffenin C!' nl...,tes in th e 
vane root fillPt areas were t he only addition s 
m ade during develonm i:> nt a nd were necec:sarv 
to overco m P. met:1.I f~tigue caused hv torsionn'l 
vibration of the bullet. An end nlnte on each 
vane incorpor:1tes a s11 nnort s leeve which Pn­
gag-es a ho llow racVirtl nin connect(."l rl to t h e 
outer cas in g- via a doubler plate. Th e bullet 
is therebv s11nported rig,idh' , yet is fr Pe to 
ex nand radiall:v. One of t he s11nport nins is 
connected to the centre of the bullet diR­
nhragm by a tube for carry ing- turh in e coo l­
in g air. thus e lim in a ting- t he external air 
m:1nifold. 

Th is P.xhau ~t cone d1es ii:rn is t},e rf'su l t of a 
t.,oro urrh study of the f~,ilure ,rohlems and 
<·orrect diagnosis of the c•.,uc:e~ ~nd could not 
have bee n evo )vorf w i thont t½P exneri{"nce 
ga in ed on the 0 1; ginnl uni... Tt ic: . I feel. a 
good examnle of ,1·esign si mplicity. 

This nh ilo~onhv of desi'!n simnlicitv must 
be used for future turholet g-en n•• nt ions to an 
e ven greate r de.<?ree ~ii,ce nerforrn·anre dP­
mands are inceasi nl!' ~t H n alarm iri g- rate. Tt 
took fiftv years for nircnift to re~'ch t he sonic 
range Find immL'd i:.:itelv th e tonic ch:::t.nges to 
tw ire the sneed1 of sound. Th is tre nd to 
hig-her a lti tudes ~nd speerls into the sune r-son­
ic regions at a ltitude, nlnc 0 ~ the reouiremert 
unon t he en g- ine corrtnani es fm· milita.ry powe r 
plants of highe r t hrusts with m inimum in­
ct·ea~e in frontal area or weig-ht and Rble to 
function over ;.ln ever incre~c:i ng- ra.ng-~ of 
onPrati on-a l conditions from t~ke-otf to tr::i n­
so nic sneed~ at ground levPl. and t o ve•·,· 
hi i!"h altitudes and s un°rso ni c sni:>e<ls. nll 
und1C&r temperature condi tions vary in g from 
trooic su mmers to Arctic winte rs. 

V ihration F acto r : The increase in a ir 
swa1lowing- canacitv requi·red to provi<le high 
t hrust .vet with minini11m we i.crht and fron t::t l 
areq, will neces" it::i te t he use of a very low 
hub to t in ratio at thP inlet of the en _c!ine: 
t hi s will lead to long- front co mnresso r blad­
i ng a nd a n~w realn, in t he vib,·ation prob­
lem. The vibration ~d fatigu e of b l~de9 in t he 
turbojet engine is a most exasnerating phe­
no.,, 0 non since th e cauc:es c~,n he manv an<l 
until the eng-inf' runs, the troubleso me ea.u ses 
are unknown. T e$t bPd en ).!'ine runr, int? does 
not te ll t he wholo storv but actual fli,:,h t ex­
neri e n ce u~ua]l.v is require·! to develop a ron ­
fig-u ration free from blade f :l ti1-rue. 

A glass- reinfo rced pla:--tic con3truction for 
comnresso r biadi n C!' is now in t he develop­
ment stages a m.~ h•1"i actnally b~en oper·-it·i,1g­
i'"l test comnrf' sso1·~ w it h excellent result::-. 
This material i:,: of about the ,.:ame dcn:-:itv 
a -. magnesium and at lt..•111pt~raturf's HP to 
~50 ° C. provide::; ('LPnpa1·ntive ly hi 1!'h ten s it ,, 
,.;;t1·eng-ths . Very Jig-t"lL r o t oi·s. t herefore, 1•, 1uld 
bt~ the resu lt . but. t he main be ne li t ,vi ii Lw 
J:?:ained from the f:•d that th e- hid1 in t e rnal 
damoin ~ qualitv of the ma teri;tl nrovit le~ 
exc_ellen t resiste nce a).!'a inst vibrationa ! 
fat1gue . .LaboratOl'Y test ma chi ne:'- ha,·e proven 
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the mate r ial almost incapable of with:-1ta 11d in~ 
temncratures up to about 250° C it is reason­
able to a ssume th'at in t he near future 
:J75 ° C operation will be a reality. Th is ma­
terial wi ll s u ffice for the first few stag-es oC 
compressor b lading and pe rhaps even the 
d iscs a nd com nressor cas ings which can be 
molded to sufficient accuracy t hat only Hli g-ht 
fini shin g shou ld be required. 

As a ir craft sneeds in crease into the s upe l'­
so ni c region , :;o the ram temperature rbe in­
Cl'cases . At tw-ice t he s·pee<l of so un<l1 at 30.­
fJ 00 f t. on a norma l d-ay . for insta nce. t he 
temperature of t he a ir en tering th e eng--ine is 
a.nproxi m'ate /y 180° C. a no rma l oven baking­
tem ne ratu re: a nd this is the coolest natu r a l 
a ir avaiJ,able in the aircraft. T his increase 
in temperature will move the magn esium and 
a luminum a lloys farther towards the inlet of 
t he en ~ ine a nd in their places in the rea r 
zo nes o f the compressor, t ita n ium may be 
used . 

T h ree For ms: T itaniu m today is available 
in t he engin eeri ng forms of s heet, bar, a nd 
forgin)'.!s: as yet it can o n ly be cast in a 
vacuum and is still very expens ive at from 
$ 15 to $20 per pound in these for ms. The 
early m ach inin g difficulties exneri enced with 
tita nium have been ove rcome co ns id e1·ably so 
t ha t today it can be machined as read ily as 
no r ma l s tainless steels. The hig her strength 
a lloys that can be used fot· C'Om n ressor blad ­
ing and discs, a·re not weldable but t he lowe1· 
s treng th commercially pu re titanium and a 
few alloys ca n be welded in an inert a tmos­
phere. In the molten s tate, titanium pos­
sesses a severe attraction for nit roge n a nd 
oxygen which causes bri ttle alloys to form. 
Great care must be taken, therefore , to p re­
ve nt t he meta l from com·in~ in contact with 
a ir <luring- an y process r equiring melti ng. 

Even in spi te of its g-rea t cost and diffi ­
culty of han t!l ing, titanium will definitely be 
a major structu ra l mate rial in a ircraft en­
g-in es , and in the very near future, s ince it 
ha s by far t he highest sten~"th-to-w<>ight 
rat io of any engineering material and is high ­
co rros ion res istant up to about 4500c. New 
methods of refini n g- titan ium wh ich will te nd 
to d ecr~ase the cost a re now in nilot plant 
production, a nd' as t he requ irement f'or t he 
ma tf: rial in cre1:ses and t he quan t ity of pro­
d11~t1on . tihus increases , a nd it w ill, so the 
price will decrease sti ll furth e r. 

T h e high-strength-at- med ium-temnerature 
a lum i num and magnesium alloys are not 
weldable m1a:terials. and therefore ex ist in 
eng-ines m a inly as castings. A s these ma ter ­
ials move toward the front of the en'-"'ln e and 
s tee l or titanium structures take their places 
t he structures will be welded or brazed fabri~ 
cations of sheet, bar, forg i ngs and small cast­
in gs. Decause t hese materials have hig her 
specific weights than a luminum or ma gnes ium 
and the modu lus of e last icity to weight rat ios 
are nea r ly t he same, th·i n ne t· sect ions can be 
used for the same rigidity. Since t hese thick­
ncsses can b~ obta ined more readily by rollin g 
than by castin g .. the sh_ee t metal engine, as it 
may be called , 1s definit e ly t he eng ine of t he 
future. 

Hotte r a nd Hotter : One o f the main me­
t~ods of ob_ta ining more t h r ust for a g iven 
s ize a nd weight of power plant is to increase 
the combustion tem perature. T h is will in­
?rea~e the temperatures of t he parts operat­
ing 1n o r nea r t he gas passage such as d iscs 
bla~les, nozz l:s and shro uds a nd. of course: 
t~e!r SUP[)Ortrn g structures. New alJoys pro­
v!d1ng better properties at temperature or 
higher tem peratures for g iven JH-ODert ies t ha n 
of ~hose in presE;nt general use are becoming 
available and otaers are in t he deve lo pment 
stages. Even t hose will n·ot carry us into 
th: realm of combustion temperatures re­
quired for the fut ure turbojet a nd t he air 
o r liquid -cooled t urbine blade and noz·zle will 
be seen in engines i n the not-too-cl'istan t 
future. Cooli ng methods for blades h'ave been 
cleve loped1 and tested by severa l of our gov­
e r nme nt resea rch organizations; t he problem 
now is to evolve configurations that can be 
produced in qua ntity. 

Seve ra l compa n ies have developed cemented 
carbide mateda ls for nozz les and turbine 
blad·es. T hese ce,·a mets prov id e hig h stren g-ths 
at h iJ.!'h tem peratures bu t. be ing qui te britt le. 
require special means of f'a sten in .~ to t he discs 
l) I" sh roud s and possess lit tle res ista nce to 
vibrationa l fatigue. When the~e problems 
have be~ n overcome t he ceramets may wel l 
add thei r part to t he constructi'On of future 
e nJ.?in es. 

!n most P~esent ct:ay turbojei:;, air is t he 
PTlf!1ary bea ring cooling agen-t , Out at s upei·­
so n1c s peeds, as ha s been mentioned previous­
ly, the ai r becomes too hot and the oi l or 
lub_rica n t . wi ll_ have ~o per f?r m the coo lin g . 
Th is ag-a rn will requ i re cooltng, probably, as 
at p resent, by the fue l flow i ng to t he e ng- in e 
t h rou.L{h an in te rcoo le r. U nder so me fl ight 
cond it ions ho\vever, even t he fue l will not 
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LOW LEVEL: With the latest lightweight Martin -Ba ker e jection seat. an aircraft 
crewman can be ejected and parachuted ta safety even when t he a ircraft is on 
the ground . The photos show an actual eieetion from a Meteor on the runway. 
The airplane wa s moving at a speed of 120 kts. at the time af ejection . The test 
was carried out with Martin-Baker's 80-ft. -per-sec. Ieng stroke ejection gun . The 
new seat we ighs approximately 60 lbs . and is shot about 80 ft . above the aircraft 
on eiection . 

be a sufficiently large sin k for t he heat re­
jection required and artificial m ea ns wil l be 
necessary to keep the lubricant wilhi n its 
work ing temperature limi ts. 

Lubricant L imit s : Bearing- s t eels have been 
developed that wi ll s t ay ha rd at t em•peratures 
up to a bout 550 ° C but w e still do not have 
lubricants that will s t a nd· these temperatures. 
T he oil and chemica l comnanies have devel­
oped synthe tic lubdcants capable of operation 
at nearly 200 ° C but lubricants that will 
operate at 350° C and hig he r w ill be a bso l­
ute necess it ies. Lubrican ts that wi ll not 
brea k dow n at t hese hig h temperatures in 
contact with the oxygen in the a ir is the 
re<1uirement and even the synthetic lubricants 
now in use in some of the synthetic lubricants 
a tendency towards s lud~h ing or break down 
into a black sticky s ubstance that grad ua lly 
bl oc ks t he flow passages. Lubri'!ation will be 
a serious problem and could be the limiting 
factor in t he development of supersonic air­
c raft eng ines. 

The elastomer co mpo unds fo r O-d ngs and 
g-askets, the oth e r ma in non -meta ll ic sub­
s tances in t he gas turbine eng in e , are quickly 
reach ing t heir thermal li mits. The present 
materia ls such as the s ilicone rubbers and 
fluori n ated polyethylenes at·e usefu l u p to 
about 300 ° C but ma,teria ls for :) QQ o C operatio n 
wi ll be a defin ite requ irement si nce the con­
construction of flex ib le gas and liqu id t ig ht 
jo in ts for use at h igh temperature is very 
difficult to effect without t hem. 

I n order to pass t he high a ir flow of the 
future engi ne, the can type combustion cham­
b<>r will nrobably be r eplaced by the a n nular 
type since a larger gas passage is obtainable 
within a given eng ine d iameter. Cons id!e rable 
co mbust ion development will be requ ired to 

attain units ca pab le of operating- effici ent ly 
at co m bustio n t emperatures and a vet·age g-as 
velocit ies well above t he l 100° K an d 80 to 
90 feet pe r second now in general use. 

Rehea t R equired: Until such t ime as the 
combus ti on of the fuel towards th e stoich io­
metric li mit is Possible in fron t of t he tu r ­
bine, a n afte r burner may be used to increase 
the t h rust of the engine d u t·ing certain co m­
bat manoeuvres . accele rat ion and c limb. 
Mea ns of keepi ng th is unit light, simp le to 
manufacture a nd service, yet able to bur n 
fu el effi ciently at temperatures of 2000° K o r 
more for a reasonable lifet ime will be no 
easy task. It s hou ld have a fully modulated 
adjustable fina l nozzle for optimum perform ­
ance a nd! th e control and fue l systems co uld 
be integra ted wit h t hose of the main eng ine 
to form a si ng le power plafft control. 

These large r power plants, swallowi ng 
g-reat qua ntitt ies of a ir. wi ll require hig h fu e l 
flow s a nd t he normal gear ot· pisto n t ypes 
of engine dri ven fuel pu m p would be of tre­
mendous proportions to handle t hese flow s. 
T hese types cou ld be desig ned! to operate at 
higher speeds or the a ir driven centrifugal 
pump being developed for afterburners might 
be used. T h-is problem might be made cl eare r 
if it was stated t hat pu mpin g capacit ies of 
30.000 to 60.000 lbs. of fuel per hour will be 
required. Upon furthe r ded uction yo u will 
unde t·stancl w hy t he search continues for fue ls 
possess ing g reater hea.ting va lues than the 
18.000 BTU per pou nd of the normal hydro­
carbons. 

T he matching o f the operational characte r­
istics of a powe r plant to the operationa l 
characteristics of a n aircraft, will require 
t hat eruch engine installation be specia ll y 
ta ilored to each indi vidual airc raft. T he days 

SHADES OF 1930! Developed by "Mechanix Illustrated " , the Ml Baby Ace is 
based on the Carben Baby Ace of the early thirties. According to the magazine 
th e aircraft can be built at home for less than $800. Powered by an unspecified 
65 hp engine , the Baby Ace is said ta be capable of a top speed af 110 mph, 
though normal cruise is 95 mph; landing speed is 30 mph. The prototype (shown) 
has been approved by the CAA. 
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of t he uni\'cr:-a l powe r p]:n1t arc almost liC'­

hi11d us ;tnd rnu ch rnon' effort will be r equi rt•d 
in -t.h(' in,.; ta lla t io n of tlw power p]•a nt in t h 1..• 
ainTaf t th:1n ha:- e ,·c r bN'n 1,rov ided before. 
Th e ma tC'hi n;.! of th e c ng-in £' in let. anti c ::dwu ~i 
!H1 1·ti()I\~ wi th the airei-aft. and the coo lin~ p f 
th :.• n;1cc ll P wi ll all J'cqu ir(' s pec ial atten t io n 
fo i· Pptimum pcrfrn·m·ance O\'er lhP eve 1· in­
e t·<'a:-- in g ra nge of ope ra t ing co ndi t io n s . 

Contol Comp1cxity: Th e contro l s ystem nf 
till· future a iru·a ft power plant will h el'o llH' 
mnn' ,rnd nw rc c1)mp !e x in ibi opc rati cmal 
n•quir·('ment~. l t. will h a n ... • to eo ntro l the en ­
. '.!- it1 e fuel flo\\" for t he \'ariou~ airc1·afrt s peed~. 
altitudes and temper at ures; i t '\viii h-avc t.o 
g:uanl ag-ains t engine rotor oversp eed , ag-ainst 
over-pressuriz,at ion of t he combustion cha m­
b Pr . ag-ainst O\'er-hea.ting of t he turbine nnd 
it will have to co n t rol - the f uel fl ow to the 
afterburner. It probably will be in tegrated 
wi th pa r ts of t he a ircraft con trol system to 
control such va ri ables as aircraft speed s ince 
thf' pilot will be too busy flyin g a nd navig--dt­
in g- to ha\' e t ime for such items. 

1 n the des ign of s uch eng in e accessories, 
theref o 1·e, it becomes increas ingly im po r tan t 
t hat th e philosophy of desig n s implici t y be 
a.ppl if'd to t he u tmost in the exec ution of each 
m echan ical fun ction to a ,·oid hope le ss con­
fusion in the overall resu lt. \ \Then vou vis­
ualize the maze of equipment, pra ct ically CO'\· ­

erinf the outs ide of t he ;,r,·erage turbojet, in ­
c ludrng t he Orenda, you can '\ve il u nd1ersta nd 
that. if s impli city is not t he 1weJ im iniary de­
s ign keynote. this hopeless confusfon could 
w el l df> \'elop as e xt ra equipme n t is added­
and it wrnal\ y iR----------d urin g- t he lifet im e of th(' 
p o w e r pl;.1nt. These ·Hccessory deta,ils s uch a s 
valv L>s. pipe fittings, filt e rs. solenoid s , con ­
t nll le\'e r :s and other ai·e th e ve ry items that 
keep aircraft J,!" l"Ound ed , perhaps beca u se they 
1-it>em relatively unimpotant and g-enerally do 
not r eceiv e th e sa m e careful stud y as the 
m ajor units s uch as d•iscs a n d shaft.~. T he;e 
t remendous fr ifl es , a s thc:v may be named , 
must assume the sa m e im portance as the so­
call ed majo r parts sin ce g-roun clt•d aircraft 
are ve ry poor weapon s of def e nce or profit­
m'aki n g- vehicles . 

i\:Iaterial Considerations: Yo u have rea lized 
no do ubt, that ma tcri'a ls will pl,ay a very im­
portant part in t~ '? des ign of future engines, 
even more than they d id in the past. T here 
a re ever in ci·easin g- numbers, e a ch with its 

own pa rt icu la1· pt·o pe rti es, and t he dcs ig- ner 
rnu:-;t. f am iliarize himself wi t h the m as they 
are d c- ,·e] opd.! , sinc e materials w ell u t ilized in 
a sou nd m echn n i~~nl config-uratio n ca n make 
a guod :1 c rodynami c des ign :1 u seful p ower 
p\allt. 

The imp<.JJ-t:111(.'e of th e po wer planl will 
in c rease ,,·ith aircraft sneed s ince it will he­
c-ome the mo~ t profitab le p lacC' in \\' hich to 
e xpe nd our efforts in t he sf' areh for o ptim um 
aircra.f1 l)crfonnan c-e. Abe Sil verste in. Asso­
ciate D i r ec tor, Le" "'is F lig-h1t P1·0-pu lsion Lahnr­
a.to r :v . NACA. ~ho ,,·Nl recently before t he lAS, 
t h'a.t· Uw en g-in e a nd fuel weig-ht lncrea~es 
from 2,~<; ;- of thC' g1·0::-s ,veig-ht of a hypothei­
c:-Ll aircraft des i)!nec1' to fly at Mach .5, to 
40'/~, at Mach 1. and to ove-r 6D S;- at Mach 1.5. 
This is b \' n o means the full s,tory, but it in­
dicates a · defini t e t r e nd and emphas izes the 
need foT an in creased effort on t h e p·arl of the 
m ech a nical desig-ner in practicing t he philo­
soph y of simplicity. 

Reme mber that complexi ty is the easy solu ­
t ion , and simplicity takes a li ttl e lon ger, but 
ever y p a rt elimina ted is one that ca n not cause 
t1·ouble. 

ENGINEERS 
( Co11ri1111td from page 20) 

goods industry, on the eng meen ng 
side. and it becomes appa rent that our 
n udeus of aeronauti cal eng ineers ea n 
be no sm:ill helping on the industrial 

pla te. 
To estimate this e ngrneenng dilu­

tion factor. and thus get to grips wi th 
the details of our st rategic pool of 

engi neers. by reducing it to numbers 
and plotting its probable growth 
throu gh the yea rs as we build up our 

indmtrial strength. is :i go\'ernmental 
job that must be u ckled. Then the 

design :ind de\'elopment of ai rpbnes. 
engin es . and eq uiprn e11t can be fed ro 
th e l,".row in g infant in the p roper pro­
po rtion s ro maint:iin its health . nurse 

it to maturny. and kee p it in i ull 

gro\\'n fighting t r.im . 
This de\'elopment ancl pooling of 

our eng 111eenng brain power is a Yit:t! 

part of what the great strategist 
Adm iral :tvfahan meant when he said, 
"It beho,·es coun tr ies whose people, 

like ::tll free peoples. object to payrng 
for la rge military establishments, to 

see to it that th ey arc at least strong 
enough to gain the time to turn the 
spmt and capacity of the ir subjects 
into the new actiYities which w ar 

calls for." 
In thi s :ige of split second a tom ic 

war we must be st rong eno ugh to 

" gain the t im e.' ' And one of our ,·it:t! 
bulw:irks rn this endea,·our will be 

our reservoir of experienced :iero­

nautical engineering man-power. Let 
us gu:ird it well. For it m:iy ha\'e 
even a greater part to play " in shaping 

the destiny and form of this country" 
in the turbulent davs to come. 

PACIFIC WESTERN AIRLINES BALL & ROLLER BEARINGS 
HEIM UNIBAL BEARINGS & ROD ENDS 
SHAFER AIRCRAFT BEARINGS 

r,r, 

NEEDS 

LICENCED PILOTS 
and 

ENGINEERS 
For Northern Operations 

Pilots apply: 

Chief Pilot 
Pacific Western Airlines 
Vancouver AMF, B.C. 

Engineers apply: 

Maintenance Manager 
Pacific Western Airlines 
Vancouver AMF, B.C. 

State age, qualificatiuns , experience. 

This is an opportunity to join Canada's largest 

contract and charter air service. 

Complete Stocks 

Coast to Coast Service 

~~M BEARINGS CANADA LTD. 
VANCOUVER 
MONTREAi. 

e WINNIPEG e LONDON 
e THREE RIVERS e 

e HAMILTO N 
QUEBEC CITY 

Always Remember 
wlten you 1nove to a new 
residence, send ) 'Our change 
of address to: 

THE ClllCULATION MANAGEil 

AIIIC/IAl'T 
(AnACA ' S A£AO 1 A AOC 

:J4 J CHURCH STU.l~ET. TORONTO 2 


