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Effec t that ~11h, tantial en;;inc fHlwc r 
irH-rcasc:,; ean have on an airfra1nc is 
i1Hlieatt•d h y co111t1ariso11 of Sabre 
and its 11ro:,:P11y, the F ury. Latter'~ 
dcruarul:-- for ruorP hrt•athin:,: t·apa­
city made nccc~~ary c nlar:.:in:.: nf the 
intake and ,lccpcnin~ of tlH• fu-.,•la,:!c. 

Jet Power and Progress 
B!J GROVP CtlPTAI.'V H. R. FOOTTIT 

" The turbojet a11rl its ciir­
cmft are so i11tarlepell({ent, 
it is not po.'-1:,ible to consider 
one 1citlw11t the other: · 

-. fir Commodore F. R. Banks 

P LE:--;TY OF PICTL'RES of the 
prototype ha<l been published. 
:-\nd the contro,·ersey \\':ts soon 

un<lcrway. .. , founJ a di,·ision of 
opinion on the operation of the S<>-1::111-
ed "iant .1ircr:1f1. such as the DC--1.'' 
rep:rtt:d the British engineer I. I. \Vad­
dinton. in the magazine Fliglzt t Sep­
tember. 1939) after a trip through the 
C nited States ... \ !any people consider 
that a1w airline \\'Oul<l be locking away 
a lot of capital in one machine. partic­
ularh· .15 r m tolJ that t\\'O DC-3's 
carry more .. rnd cost less to run. than 
one DC-4 ... 

Se,·enteen ,·car~ h.1,·c ,lipped by 
~incc this st,;tc111cnr. Yet thme \\'ho 
:tre a<l,·erse to iet .1irliners ~Lill run out 
simil:tr reasons \\'hen they :trguc \\'ith 
the :id,·ocates. Rut before the ,lebate 
can be decided. it .tt .ill. one specific 
tr.rnsport. \\'ith u11c spc,iii.: engine. 
must be \\'eit:hcd .tt:ainst .mother. For 
c,·en from tht' t·arl;- design ,tagc. the 
.1ircrafr ma1111i".1.:turcr is prepared to 
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deliver an airpl:tnc with any one of 
two or more <liffcrenr engine install.1-
tions, to suit the cu~tomer's choice. 
Trans-Canada .\ir Lines. fo r example. 
or<lered the Douglas DC.8 jct trans­
port with Rolls-Royce "Conway" en­
gines, while other u.S. airlines stayt.:d 
with the Pratt Sc \Vhirney J-75 jet. 

Flexibility Fading: .\ s tr:rnsport air­
cra.6t ha\'e gone into ser\'icc in the 
past. there has hcen .1 ,,·ell cstahl ishcd 
tendency to build the airaaft with 
e\'cn a wider selectio n of engine in­
stallations. But this day oi flexibility 
in engine selection is slo\\'ly passing. 
Jet po\\'er and progress ,ire S\\'eeping 
it away. The supersonic er:t may \\'ell 
see it gone for good. "The rult.:s 
change.'' said R. J. \\·oo<ls. C.S. <le­
sign consult:tnt to Bell .-\ ircrafr. t\\'O 

years ago. "Subsonic Jesign tedrniqucs 
,1nd procedures need c.1rd11I scrutiny. 
and basic concepts need d1anµc.'· 

r n the piston period \\'e challl,!Cd 
engine inst:illations \\'ith seeming!~ 
reckless abandon . The .\no .\ n,.in. 
the Rc.,r:·s t\\'ill-Cllt:incd tr.1i11cr n t" 
the \\'ar er.1. \\'Cllt f~ollt the oriµin.il 
. \ rmst ront: Siddclc,· "Chcet.1h ., throut!h 
the Jarnlis U,\113: a \\.ri,:ht insc;il­
ation . . rnJ , in.illy the Pratt ~ \\'hitney 

Wasp of the .-\nson V. In t~e transport 
field. there were simil:tr transform­
ations. In 1938. after :i potent publicity 
campaign. the Douglas .-\ircra ft Com­
pany wheeled out its "giant airliner .. 
lrom a small hangar at Clo,·er Field. 
Santa Monica. California. This w:ts 
the 60.000 lb .. fou r engined DC-4. ft 
ha<l been designed to the joint require­
ments of Pan-.--\mcrican, Eastern. 
TW.\. Cnited. and .\ mcrican .\ir­
lincs. In 1937. Douglas had been con­
tidentially forecasting that this new 
denizen of the skies \\'Ould st.:11 at 
5~50.000. in production - about t\\'icc 
the price of a jct t rainer today! 

fncidenrally. it was not the DC--! as 
\\'e know it now. It featured t\\'O inno­
,·:ttions that caught the operator's eye: 
.1 triple vertical tail. and a t ric\'cle 
l.1nding gear. This particul:tr triple­
tailed DC--! prototype soon droppt.:d 
irom ,·it:w. \Vhcn \Vorld \\',1r II broke 
o,·cr the \\'orld in I<)$<) .1nd t"in,dl\' 
i1111ml.ncd the C.S. in l.ttt.: I 0 4 I. .t pr~­
duction line of I.1rgcr oc.4·~. \\'ith 
,in.de \'Crtic1I 1:1ils. \\',IS just •a.1ni11)! 
111 roll. This ,,·.1~ ,, hl'n the C.S . . \r11ty 
.\ir Force -tcppcd in. The .1irpl.111cs 
\\'Crc quickly .i-sign<'d to CS.\ .\ F 11st' . 
. \ nd the \\':tr saw 1111111t·ro11s C -'5-1 "Sky-
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Supersonic a ircraft l ike Lockh eed 's F-104A (XF-10 4 sh own ) arc tailore d to 
their powcrplants, an d Yice Ye rsa, and arc not a m cn ah lc to e n~inc switc li cs. 

masters" lugging the big mil itary loads 
from one continent to another. 

The work of these Skymasters quick­
ly evaporated all the eruptions of pre­
war days on the efficiency of "giant 
airli ners". . ' o one would deny that 
they were here ro stay. In fact, accord­
ing ro the publicity reports, Douglas 
had commercial orders for 40 DC-4's 
almost a year before the war ended. 

North Star Seed: A:bout this same 
time. the RCAF and T CA began 
irh ink ing of big transport craft. The 
C-54 Skymaster design. with thousands 
of hours flying behind it, filled the 
bill. At the same time the Rolls-Royce 
''Merlin" engine had a similar military 
flying record. Why not knit the :rwo 
together ' By replacing the Pratt & 

Whitney 1450 hp. engine of the C-54 
with the Rolls-Royce Merl in at 1750 
hp .. a better. fas ter "~orth Star'' was 
born. To the credit of Canadair L td. 
in :-Vlontreal the change was accom­
plished. By 1948, the !':orth Stars were 
flying the airways under TCA and 
RCAF markings. And the following 
year Br itish Overseas Airways intro­
duced the type to the other side of 
the Atlantic. 

About the time these !':orth Stars 
were establ ishing their way in the a ir 
world the pattern of progress was 
showing its first signs of change. T he 
jet age had ar ri ved. Engineers were 
now paying more attention than ever 
before to matching the airframe and 
the power plant. In T oronto, in the 
ea rly postwar years, the Cas Turbine 
D iv ision of A. V. Hoe Canada Ltd ., 
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( now Orenda E ngines Ltd.) had start­
ed on the design of a small gas turbine, 
the Chinook. But as the Airframe Di­
vision ( now A \'ro Aircraft Ltd.) work­
ed overtime on the design of the CF­
I 00 fighter for the RCAF, the engine 
company made a proposal to match a 
new powerplanr to the ai rframe. The 
result was the now famous Orenda 
engine which powers all our \'arious 
marks of CF-I 00. as well as the later 
marks of F-86 Sabres in the RCAF 
and South African Ai r F orce. 

In 1950. howe,·er. the first two CF­
I oo·s that lifted their wheels from 
.i\lalton Airport w::re powered with 
Rolls-Royce "A\'on" engines of 6.000 
lbs. static thrust. I asked 'A1innen 
Boyd, who was ch ief designer on the 
Orenda at the time, and who is now 
president of W innen Boyd Ltd .. and 
chief mechanical engineer for C. D . 
Howe Ltd., about the basic concept 
of the Orcnda relative to the Avon. 
"The Orenda was originally conceived.'' 
he said, "as an engine that would be 
interchangeable with the Rolls-Royce 
A ,·on so that the development of the 
CF-I 00 could proceed independently 
of the O renda development." 

The Price: T his course of action led 
Boyd and his des ign team into some 
difficulty. T he Avon had a n odd 
mounting arrangement. By t rying to 
keep to the interchangeabili ty tenet, 
"we had to make a very heavy nozzle 
box, as the t run nions were located on 
it, and desig n a rather fa ncy temper­
ature and distortio n-accommodating 
front 111u111ni11g ~ystem.' ' T htrt· ,,·ere 

also a num ber of diffe rences in the 
accessory d rives . and other major de­
ra ils. I n •the end, however, ,this " four 
point mounted'' Mark I O renda d id 
go into the third CF-JOO to replace 
the Avon. But to save weig ht a nd 
dean up the whole installation. the 
Orcnda was subsequently changed to 

a "three poin t mounti ng.'' T o show 
how he did meet his interchangeabil ­
ity crireria in the early O renda. 'A' inn 
Hoyd points out: ' ' It is worth noting 
that there were probably more ai r­
irame modifications requ ired to change 
from the orig inal Orenda (four poin t 
mounting) to the three point arrange­
ment. than to change from the A ,·on 
to the original Orenda.'· 

To Boyd's credit. he also suggested 
and p ioneered another major power­
plant change. Says he: ' ' In the spring 
of 1949 we had the best jet engine in 
the world. the Orenda, and :S.:orth 
American had the fastest figh ter in the 
world. the F-86 Sabre. It therefore 
seemed ax iomatic that we should put 
the two together." H e made the pro­
posal to Fred Smye. general manager 
of Ano Canada. I n due course. :S.:onh 
American adapted a Sabre to the 
Orenda configurat ion. and la ter Can­
adair completely re-eng ineered and 
product ionized the lashed up \'e rsion, 
to turn out the Orenda-powered Sabre 
'i's and 6's . 

Looking back over these typical pa l• 
terns of progress it is readily apparent 
rhat most of the problems we-re con­
.:c.:rned with the geometry of the en­
gine. the mountings. space require­
ments. services, accessories , and other 
such "positi ,·e" mechan ical details. But 
the first hint that the pathway of the 
past may not he the footpath of the 
f uwre came when a higher powered 
O renda was fitted into the Sabre. H ere 
aerodynamics entered the arena. In this 
case it was the inlet duct. The duct 
must ob,·iously be large enough to 
allow suffic ient a ir ro pass down it to 
the engine so the latter can develop 
its full power. In other words. the duct 
must he matched to the mass flow of 
the power plant. 

Room to Breathe: W irh foselage­
mountcd engine installations, if the 
d uct size has to be changed the a ir­
frame will suffer ex tens ive m odifica• 
t ion. The Australians got caught in 
this net when they decided to put an 
Avon in their homebuilt F-86's. T o get 
enough air lo the Arnn they had to 
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,to thi: dk-d t h :i t 11ni; h." a fi rin l,i;­
l icl in (,rnrge l·'.d\\' :1 rds. lti, C hict' l k 
signer Basil Stcphi:11so11 and thi: ir 
enthusiastic team to ad1ii:vc their am ­
bit ious target. This is to huild the air­
planc, to test it fo r a minimum fatigue­
free li fe of 30,000 hours. to fly the fi rst 
ai rcr:ii'l :it the end of I 958, and to 
del iver BE:\'s twenty the follow ing 
yc:ir. Equal! y. from personal contact, 
one feels confident tha t the Rolls­
Royce ream. led by J. D. Pearson, r\ . 
:\ . Lombard and A . C. Lovesey w ill 
provide the T ynes just as they did rhe 
Darts. 

JET POWER 

( Co11111111cd from p,1gc· Jf, 1 

redesign the fuselage ro allow a l:irger 
intake anJ duct. This. of course, 
causeJ extensi\·e tooling changes :rnJ 
incre::iscJ cost. :\frer inrensi,·e rests at 
Canadair. and O renda·s laboratory al 
"'°obel. the Canadair Sabre finallv 
squeaked by "·irhour changing the 
duct. inr:ike. or fuselage structure af­
fec ted by the Jucr. Bur it ,,·as a hair­
line Jecision. 

·'Reasonable changes in mass flow 
were often assimilated w ithout too 
much difficulty ... says R. :'-. L indley. 

chief Jesign engineer fo r .-\ no . \ ir­
craft. and speaking or such subsonic 
aircraft installations :is the S:ibrc: : "This 
was usuallv bec:wse the initial duct Je­
sign. baseJ on ignorance. was real! y 
too large a nd therefore the design was 
consen·atil'e. Thus the intake and duct 
could handle the ine,·itable increase in 
mass flow \\'ithout any reJesign." 

r\s Bob Lin<llc::y goes on to point out. 
"\Ve face:: more and more problems 
with modern. rasr aircr:ift. because we 
disco\·er ne\\' and better ways to an­
alvse the \·:1rious engineering situJtions 
rh.:it arise." Such new and better an­
alvses mean that. in the future. we 
\\'ill no longer design such items as 
ducts so they are too large fo r their 
intended use. From the first line on 
paper the duct will be designed to just 
match the:: po\\·erplanr that is installed 
at the enJ of it. This. of ,ourse. g i,·es 
us a better. lighter. more dhc1ent 
structure. But it automatically inhibits 
the Jesi" n from major changes in the 
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future. u nless we are pn:p:1red !or ex-
tensi,·c costs. This is p:1rricularly true 
w ith su personi..: aircraft. \\'hose power­
plants are buried in the :1 irfr:1me to 
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keep Lhc drag low . 
Matchmaking : llll t Lhe card11I 

matching of a ir frame and c.: 11g i11<.: in­
volves 1110n: than just the intake.: duct. 
Abe Silverste in. the wel l known U.S. 
scit:ntist from the laboratories of the 
National .\dviso ry Comm ittee for 
Aerona utics cxpl:1ins it this way: "In 
supersonic fligh t. the prop11lsio11 system 
largely Jeterrnines the kind of airplanc 
performance that can he ach ieved. T his 
situation persists c,·en if d iffe rent 
probable ,·alues of aerodynamic effi­
ciency arc used in the.: calculations." 
The prop11/sio11 sy.;tcm, of course. is 
the complete jct powerplanr install­
ation. \\'ith its intake. ducting, by­
passes. exhaust installation. ejector, :inJ 
exit nozzle. 

As Sih·erstein :1nd the other experts 
agree. hereafter there must be extensi,·e 
studies in the preliminary design stage. 
if we :ire to :1rri\·e at rhc optimum 
configuration of airframe and propul­
sion system. Only by pinning one 
proper propulsion system \\'ith one 
properh· designed airframe can the 
best supersonic aircraft be acl1ie,·ed. 
.-\nd the prnalties fo r missing the op­
timum target arc great. As one m:inu­
foctu rer poi mcd out. there c:in be a 

~!) ' " 111 1wr I ('Ill :o•,", Ill flt t rl1 1 \ l \ l. 

.111cl Ji 111 liJ per <'L·n1 n·d11L li11n 111 
r:111ge . at .\.l:1!'11 2.11, w hen we fa il lO 

providc proper opt imization. 
These.: problems of matching jct 

power with a supc.:rsonic airp la11e start 
rig ht with the.: i11takc. The air must 
he ta ken aboard the.: a irplanc efficientl y. 
Jt all angles of attack, and at all spec.:ds 
from take off. through climb, to high 
subsonic and supcrso111c \'clocities. 
These variable cond itions c reate a 
multitude of Jc.:sirable entry a rrange­
ments th:1t can hardly he handlcJ by 
such simple intakes as those on the.: 
T-33 jct trainer or the C F -100 fighter. 
.-\r low speeds the intake nc.:cds to be 
l:irge: at high speeds. small. In addi­
tion . at supersonic speeds the intake 
ramp and lips must create the proper 
shock w:we pattern so there is the 
best possible pressure rccon:ry. Fixed 
and \·ariabk inr:ike ramps. bleeds and 
by-passes. ha\·e been experimented 
with to meet these widc::-sprcaJ re­
qui remenrs. And the penalty. if they 
arc not met. is extra Jrag :rnd lower 
thrust - to an :ilarming degree. 

S treamlined Airflow: :\ ft ot the in­
take. the duct itself must be designed 
to accommodate streamlined airflow. 

• • • 

Kam~n•s HOK-I general utility helicopter, 
now 111 volume production, is designed to 
~arry person_nel, litter evacuees or ca rgo 
mternally . Fitted out as a "flying crane" it 
c~n carry cargo ~lu~g externally. Equipped 
with a power hoist 1t can be used for search 
and rescue operations. 

KAMAN 
THE KAMAN AIRCRAFT CORP., 

BLOOMF!ElD, CONN. 

As_ a rescue ve_hicle the HOK got its 
baptism of fire 111 the disastrous New 
England flood_s of August 1955, and came 
through adm1~a~ly. Kaman is proud of 
these mercy ~ 1.ss1ons. Kaman is also proud 
of tl~e ~art 1t 1s privileged to play in the 
contmumg program of Nationa l D efense. 
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.o r fl ig h l lols may he calaslrophic. wilh 
;..: complcle break up of the aircr:1ft 
e,·en al ;1 ,·c.:ry modest J\ lach number. 
This slrc.:amlinc.:d airflo\\' is imponant 
100. :ll thr :1nual en l ry lo the c.:nginc 
for l he powcrplant usually pc.:rfor111s 
hc.:st \\'hc.:n the: c.:nlc.:ring air. lhough 
sub-sonic. is s111oolh and free from Jis­
turhing c.:Jdys. 

.-\fl of lhe engine. lhrough the ex­
hausl sysle111. a similar matching of 
po\\'erplant .1ntl airframe also applies. 
As \\'ell as an ejeclor antl fina l nozzle 
matctl to the requirements of the en­
gine. the airflo\\' 0Yer the airframe. 
\\'here the exhaust ejects O\'erboard. 
must he considered. Gone are the da\'s 
\\'hen an engine designer cou!J claim 
a set thrusl for an aircraft installation 
from an indepenuelll tesl bed run. 
~O\\' the inleraction of exhaust and 
free airflo\\' ma~ add up lO extra drag 
counts. In one C.S. !\'a,·y fighte r the 
net thrust \\'.1s lowered I O to I 5 per­
cent during cruise. by improper design 
to allo\\' an efficienl p:inern \\'here 
exhaust and free .1irflo\\' came to­
gether. Thus from imake lo aftcrbody. 
there must he a d~finitc lailoring of a. 
specific airframe to :i specific propul­
sion system. ii great penalties in thrust 
and Jrag are lo he a,·oided. 

Bob Lindley oi A no. howe,·er, feels 
that this mating of a supersonic air­
plane \\'ith its powerplant is in :i period 
of transition. He is particularly :J\\'are 
of this situation since the CF-105. the 
RCAF's supersonic fighter. now in lhe 
design stage :!l A no. \\'ill be fitted 
in it ially with a Pratt & Whitney J -75 
jet engine from the u .S. The early 

airplam:s, d1 ~refore, must he m:Hrhnl 

to lhis engine. LHcr :1ircrah, ho\\'· 
t·,·c.:r. will he matched to the O renda 
E11ginc.:s Lld .. " I roq uois" powerpl:int­
:1n c.:ngine lhal has hccn spec ific:dly 
dc.:signed lO fil the CF-105 a irframe. 
as well as lhe airplane·s comb:ll Jllis­
sion. " ] am rnn\'inceJ.'' says Lindley. 
"lhat as \\'e finJ our \\'ay around in 
lhis superson ic business, a \\'hole hrct'll 
of spc.:c ializc.:d ~upersonic engines \\'ill 
become a,·ailahlc. F u rthermore. if the: 
Sl:lle of the an remains in the .\ lach 
~.5 regime or lower. these engines \\'ill 
tentl lO\\'ards lhe same optimum 
pressure r:llio and general similarity." 

Closer than Before: Lindley m:iy ·ht: 
righl. Bul in any case, we're due for 
:1 long period cl opt imizing of aircr:11, 
:intl engine. And CYen if \\'e do !!C.:t to 
a ,·:uicty of similar supersonic en~incs. 
there will still be a closer tie-in hc­
t \\'ecn engine .111d airframe. lhan lhcre 
e,·cr has heen in the subsonic er:i . The 
emphasis pla..:eJ on this tie-in should 
nol be underestimated. R. J. \\'oods 
of Bell Aircr:1ft goes so far :is to sa\'. 
"For supersonic flight speeds the 
pmn:rplant system becomes the m:iior 
aircrafl design-controlling componcnl. 
\\'irh the airframe configuration rated 
:is secondary ... 

This continued emphasis on a spec ific 
propulsion system for a specific air­
craft has other by-products. For ex­
ample, it has been a common tendency 
for the airplane manufacturer to de­
sign his airframe, shop around for :i 
suitable eng ine. and fit the best one 
that happens to be on lhe markel :il 
the time. But the coming of the super-

sonic age \\'ill hr ing new rules and 
rnnrc.:pts. Since engines take longer 
to dc:Yc.:lop than airfr:uncs. to obtain 
lhc maximum and cheapcsl co-ordina­
tion hctwecn c1,gine and airfr:unt:. lhe 
airplanc should first he designed on 
pap(!r. then ha vc:. :1 po\\'crplam design 
lllatctl to it. Tl,e contract would thrn 
he let for the power plant. One to 
thrc.:e yc.:ars i:ll:::r. \\'ith the engine run­
ning on the tesl heel. the ortler \\'ould 
he placed fo r airframe. In this \\'a)' 
air fr:ime and engine \\'Ould be maled 
lechnically, and come together in the: 
right time scale. 

\\'ith our present kno\\'ledge we 
\\'ere right lO gc1 staned on supersonic 
airplanes . \\'itn subsonic concepts - or 
\\'e \\'Ou!d ne·,er progress. Bul in the 
iuture we 3hould ne,·er again Stan 
building a superson ic :iirplane and its 
po\\'crplant at the same time - as \\'e 
Jid \\'ith the CF-105 and the Orcnda 
"I roq uois:· ~e,·er ag:iin must we 
ignore the ad,·ice of :\ir Commodore 
F. R. Banks. the eminent British e n­
gine expert. !Jresenlly \\'ith Bristols in 
the C .K .. -ahout rhe interdependency of 
jcl c.:ngines and aircraft. Bul such ne"· 
rules and concepls for the superson ic 
age "'ill not come easily. O,·er :i year 
ago. Dr. T. P. Wright of the Cornell 
.-\eronautical Laborawn· in Buffalo 
sounded :1 \\'arning: "The concept of 
trying to gi,·e engine de\'eloprnclll a 
head start O\'er the airframe to which 
it is assigncd. i, one of lhc basic prob­
lems \\'e h:1,·c in lhis country." 

\\'ith our 1J\\'J1 jct pow<.:r and pro­

gress. "·e 111 c~:nada may "·cl! hcetl 
l hcse \\'ortls. 
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