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(drc fir* hllistir: misrilcr, A{ or V-t).t Tht:c dcvclrrpm(nr wrilc nruch
rnorc rdvanccd in irerma$y than in thc illicd counlrhl. Inrlcd, a
ll.S. Army Air Forrtr inrclligrrrG repon issud rhorrly bcfors rhe
rarl cnd nnrned th* *Gcrman d*elopmertt inJet-propcllcd aircraft
. , , may wcll bc rtgerdcd ar the Urcrt$t porcndal tftrefl . . . to Allied eir
rupcrioritt,-

ltlhcn Allied forccs oycran frcrnan aenoneutical re$arsh hr:ilidcr
following thc hnilings in franrc in 19,{,{, lhe cvidtncc collccrccl by
tcchniml intclligtncc promircd anractiyc nclr virtar ef devcloprncnr,
firr bdh miliaryand civil applicatiun!.' Almr.rrt imnrediarely. rhc mqpr
tt'errcrn powcrs rnd thc $ovkt Unitm rtcppcd ,p the dcrclopmtnr of
jct and rocket cngioGs, high-rpccd ruhmnk and rupcrrrrnk airrrafi,
and rnirsilcr. 'ftcy aIrc began devchpirrg rnejor nsw lalrurltory fa-
cilitier.

Catrdrt dsire to bc t ptn of thir eoivity xru hardly rurprisirg.
Aficr f,ll, it h*d bccnrnc fe*iDnlblc end prc*igrour for gpvcrnrncnh,
indusrier, rrd unisenitia to involvc lhemrclvci in high-spmd rero.
nauticr. Funhcruorc, converttional wlrdom dicrercrl thtt nationr
ought not bc dcpcndcnt ou otlrcr n tioru for;rrmrrscntr. And fion-
ofiriru rectontd thrt 'thc dcrtn, dcvclopment end productbn of
rnodcrn smperu har r rpin olf thrt raiser rhe uholc tcchnokryfral end
cconornic lctrel of r natbu.t

Addcd rc thcr artunrents rcre powcrfut politiel priorfuict, Ar rhc
ilar drrr toe.51cr lhc rcignint Ubcrrl govrrnmcntdid no. rclirh thc

rGcmrzr rnd Arlicd dcd;E tbrr* nrpccthlf.
1E rr..r Atrr.rrJ**clltiltdJ,nfi{fi.U$AAf Inulligctcc lcpur.lbbrurr) lO, t *15.
+'Thc bifhlishuot thc f*rttro rc*rtl uurl u'crE lmra fr&ry mr$nly to sr h

rbqu Au3rrr, Igi$r'r*t L. Srndr in r cnoprchcruir,c ttvicv of Lrforoetina gr Gcrmelr
rlrtrrrfu obtrind br *rc Iriirh f,t Criicrl lcvicl af6crmra kurrh * Hifi-llpccd
Airftn,'3/arrrd e{ tb nafl tr.rlrlarHl Scdrt, lO, oo. {tI lDccmnbrr l9{lt} *9S9}l}.
Fcrrxlcr rcPonroa *Iird uctnirdindfuencc io t9{}a[ rc: f.l. Orerr,ifolr r_lb
iffrmtunlrdlf.rf {* }f.y.i. ,t+ryrfirlrurtfirtrei Irtrl S. Grrrrrrrr, Xo]al Airrrrfi
[*rbehrutt. ferrtrcou;h. Unit{ ltirrgdom. RAE Thct }l* tcro l7ll, t?lf,
Oanbcr t9{5; l?tt. Nnvrrabr l9{t: l?{t, Jrnuery l$lf; L C. hohr, 'frcrmrn
.{,sod:rramirrl Inrrlrncr end lotcnicrr rilt f*rrnro Scicruilu," Spl.in el tauf
*rirrr Johnr l{opfnu Uniwrrity. Apdi.d Phnkt Lrboraory. Bunrbhbcc nlport no.
!l{1, Drccrnb.r 6-?. lg{ll: L V.Joocr, *lgfJtSef'rr Wu: EriJ$If Srrnt{i. l*lhgr',tt l9rl*
t?+t (t"oodm. l97lh rnd J. V. llcltr, n, ,rqd.qprd thlria: Car ,rirrrs t F*
J{r{C.| frrqlrrrr, ltlltt'-rlr0 {WrUogtou D.q, l0t0}. [q rlcruncrrr of militery
potarrid r{+ fr trrrtrplc, f*f,rd Ntt Hfiilrrrt, I trch+rolumc ?.port prrprcrd on
bchrlf of thc U..$. Artlf Air Forccr Scicntifit .{dvirrrv lorrd bt rlrttnsrc eon Ktrratn
rnd ruhrittod to ficrl. H. II. ,truuld, &rrtrturr'.diry Ccncnl, AAf. un Dcr.rrnber 1.1,

l9{!t.
Sl. Iernonutn. rl Scrarc Poer, {* C;;rrA. Re?* { *r $rilar. $pcut (.*saitu? t *

.$at.rr ?ettc7, t. /t f.Ecol fu:l;.o: Pcrr rnd Prcrrr (Otuxr, Ig?0).
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Canalo's Ewouilrr u,ith High-Spccd Aa't)n$utlrr zls
prrrpGct of rhuuing dorn the (ounu'y'r hugc ruiliury aircrrft indur
try. Th aucrdlnt uncrnploylnenr would dc norlring ro irnpruvc rhc
gawmmrlt'r fonunci in rhe irnpcntling clccri'oor. Moreorci, Canadr
hd enaincd eocrtain stmus et e maly reruurc aircnft rnanufactu rel,
rnd ttcre apptrrcd to bc lcgitirnetc neesrlnr ro belicue it mighr bc able
m nrEhinr rirblc indusrT in lxacctime as r+cII. It nls thur thet Canedr
tzutE p bc oilc of tlre merf countrier fuiding to undcnrl.-ce(S on
ir omm{hs originel dcrclopmcnt rnd nenufacnrrt uf hith-rpcxl
mfi:*ry rkaft, jrt cugincr, rrd roisrfltsr.

,tr rtmurcd belorr, tht Crnrdian effon war bricf and for thc mfii
FttI unrucarful. By Ig[9, al! ma]lr projcar hed bcen hetrcd. Thc
onlTfcaxict d the munuy'r lrnbitlour vcnnrrr into high*peed !cro-
aarrb urcnr r relatively urinor progrm ol'rerodynarnic and rercbel-
ffit rt*cnrct thetcontinutd furto rhe 196&and ]hc crrablirhmcnr of r
hryr Sritith'orrncd corq!,urrrrretc of martty h;ery indurtricr" Ihe
Canndiea*q1"q. willbe rwicrnrcd hcrc under rsohcadingr: lar.ge
iffit prqiedr erd the slort rrntest rercerch;fforu. T"liis
esrnninetim fiern r !)errpectivc r quannr.cfiflury lrtcr poinu dearly
re thc hetic cr$rct of failurC end ruggcrrr $rat Src* &n might hrve
bcfi raort mS 3o succccd- And rct _r bridhotil surneo. &vtlop
Ec$t! thoffi th*t rhc lersons of thc I95& hrrc nor bccn hccdcd and
rlal *rc rr?mrininf Lbnadien eircraft industry will lilrly condnuc ro
crperfurre rcrfo,rr difficuki{x"

'fte pofir.l, irudRrdonal, and burcaucrauc tspecrof this cpirxlc
crnnor and *outd not be dlvorccd fi.om drc cslcntiolly rosludffil fec-
torr involrrod. Indred, tcchnical qucttionr art particularly signifi-
ent uheft innotratinn Lt hvolvtd, es in thc rasc of intcrmirrcnr ri*a
tunoelr

I n&is tnal-$ralr Pmgt an.r;

J ct A;r€rro,lt, l.ulforjerl,, *wl tfrs.ri{rs

Duriag Wortd tfar II (hrrada prnclucd morc then 10.000 rniliury
eirrmftof Sritbh unci Anrerit;an dc*igtri rt ir lral in l$fl. rhc Cena-
dan airtreft imlustry rrnployud I 16.000- Ar rerly ar l9{3, plrnning
{o; th€ industry'r posttt?r future war iniriated- An inrrdepanulqntal
crrrnsllGcc rcrommrndutl thc continrmdorr <lf goyurnmcnl iupport
'for et tanrt tlc ncxl tcn ytef1;" and esscrrcrl ther -lxrlirkally, .,rrrimCr-

sT}rlc friflru r€rc not idcrrr6td in rh lblt,uriug mrjor inrrrfignim,r of (Lrutle.r
rlxct P1!.V nrnCuflrld in rhe 1960r; ISrl.: ff* nod(.'orrnnsrot or 6ernrril,1,, (lfr.ral5i {Glfrrr}Rrya.{..rnbrrifr ltesarci aad thwt<ryae;( {orrwr. lg6t}. sicsriuo rl.
pp tls-522_
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,fuliur Lufial,iew

tcz

B
lent, acsem

bled and uained at S
rcat G

xD
G

nrc in the highly skillctl

ilil:';;c"ii""r'lT
fl;1*t]fifiiilH

$fl{ifr i*lrrrT
H

}#tlh:f;d 
research, .na,oi-.,.* in.a',o E

n sra nrr.

A
vro had t*'o ofttf ttntuittttfuf.ventures' T

he 6rst' a m
cdiunr'

#m
:*:ti*,ud;*U

::ffi ,l'#ilr,rlilir!!:ilIl
G

102 Jctlin", p,otoffi h;ii;;i" 
aggutt 1949' w

ithin tw
o w

eeks o[

the m
aidcn night of L-;;;;J" 

i"i"[and C
om

et' w
hich in 1952

becam
e tt e R

rst5et io;;;;;;;rcial 
service. B

ut the aerodynantics

of the G
l02 aiA

 ".i*ii"" 
,-t. ri"i"."f the art: the w

ing w
as str.ight

and thick, rather fi;;;;@
 

!ttr"'3'nd the engines expectcd to

pow
er tt eJctrin., *i";;;t; 

four R
olls'R

oyce D
erw

ent V
s hatl to

Lc uscd instead of w
o nn euorrr. A

n-ro w
ould not guarantee perforrn'

ance, price, .na a.ri"i'yl '"tC
e refuscd to orderlhe G

-I02' A
 salc to

N
ationat A

irtines," riJiiir"a 5i"i.t fell through. ln 1947 the cana'

dian govern*.'lt o'lt-rJJ iw
o C

'r02 prototypit' A
fter the first ottc

w
asbuilt, A

uro.ras-tJJin tggo to concen*ad 
att its efrorts on m

ilitary

aircraft for the K
;;;'lil. 

iy-igsz, the expense of a rhorougrr

inspecdon ,ru, .o,'"'iii'"a pitni6iti'e' and the prototype c'102 rvas

destroycd o,, n"o piem
ises' T

he governm
ent sP

ent S
6'6 m

illion ott

;;J;ili."t; 
the cosi to A

vro w
as $2'3 m

illion'

A
vro's P

roject Y
 or "flying-saucer" w

as vet another aborted effort' lt

involved the devclop-.ht 
o'r " ,"u."r-rhloed vehicle capable of verti'

cal and t ori'o"'liv'i';"il' il 
t:t"i"u i'on' the vehicle's circular

oerim
eter *.,. # il;il; 

fipui'iotti; 
control' T

he l'500-m
plr

iflying saucer' *'""soid to bt "" "'otuilon"ry that w
h'en ir flies all

othcr types of "it"l"it 
"i"t"ft w

ill becom
e ob*lttt.'"' T

he R
C

A
F

gave A
vro $zze,ffiiil;' ;;;;;;; i i; iie tesos' B

efore terttrination

several ycart ",""i[" 
r,,"3"ti *"t t"ntinue<

l rtndcr a U
'S

' D
epartm

ettt

of D
efense a,rt"oti-"'o t""t'ttt nrore.tnundane subsonic A

vrocar'

;i'.x#ii{it,,"',m
--t-tii:.dldg**,',ffi

A
:*'1m

r,.r,nX
:H

i"'J.illr:+
:,",:,I'3 

prorJ,rcc,,
196l to lgO

Z
, aniii*-C

r"-e$ m
ilitary surveillance d1-"i-t:

after lg6gJ. rn'iiio *,ork startcd .r'., the challcrrger executive jct'

cttrrentlY
 in P

rotlttcti<
ln'

,A
ccrrrtlirrg trt il rclx,l.t itr 'I1l ?irres rlf l rrtxhttr. rlulllrrl ilt l.:tttttltrtirgrrc (lr. Ir lrlxlrc)'

. 
D

. ?,*cc .tr, s. ,"ii[]:.;;,;;; v-.., ,,i w
r* r,rirl* u.n.,,r,rcll D

,rrglar (lanarl. l't<
l'

' 
i'l.nt. M

ahon,' co,;i[ lnoku'io and.S
pacc lounal25' no' 2 (1979): l2E

-32'

D
on G

.nadair, Jil;. 
;{ilt"tP

*;e gi"i'y i 
eiiotpott R

*carch and D
c'cl,prrrcttt

. 
in C

anadair l' ' 'l ;;';;;- 
;;;";ut.cs ond'spuci'"ha25' no' 2 (197e): 

I l2-'Jl'

C
onada's E

ncounln w
ith lligh-S

peed A
?ronautirs 233

A
s for A

vro, w
hile tlre governm

ent's hopes for that lirm
 lvere not

fultillcd, the com
pany itself-and its B

ritish parent*hncl rea$on to be
sltis[ied. A

vro had been the brainchild of S
ir R

u]' D
obson, an aggres-

sivc entrepreneur w
ho had reccdnieed-and 

seiz.ed*a m
om

enl of
(rpportunity. In short order, his infant com

pany acquired the country's
hrrgest aircraft plant and secured contracts forjet tighter and turbojet
ttevelopm

ent. It also interested the uation's flag carrier in a jet trans-
I..ort. A

ll this D
obson accom

plished on the basis of a $2.5 m
illion loan

H
uilranteed by a C

anadian industrialist. T
he venture w

as a risky one,
but A

vro took no risks. T
he com

pany preferssd-and the governm
ent

llrovided*the safety of grants and cost-plus contracls. Indeed, A
vro

"secnled horror-struck at the prospect of having even [o conrpete in a
norrnal m

arket-place situation."p A
fter the A

rrow
 w

as cancclcd, A
vro's

proposals flor alternativc w
ork did not envisage any linancial backing

by the com
pany,

W
lren*islsvitably-its 

aerospace projects began to decline, A
vro

rvus ready: in 1955, it launched a m
ajor diversilication into heavy

nllnufiacturing, steel, and coal. In 1956, it oft'erecl one-sixth of its
slrares for sale in C

anada. A
s noted by D

ow
, "it w

as to a great extent,
buying us out, w

ith our ow
n m

oney."$ T
w

elve years after opening its
rloors at M

alton in 1946, A
vro becam

e the third largest corporation in
C

anada; it did 45 percent of the business of the entire H
alker S

iddcley
()roup. In 1958, A

vro'cornprised thirty-nine com
panies, w

irh 41,000
cm

ployees, and logged $371 m
illion in net snls5*but aviation produc-

tion accounted for only one-third of its labor force and {0 percenr o[its
1lrofits.

C
oncurrently w

ith A
vro's jct fighter and turbojet projecrs, the D

e-
lcnce R

esearch B
oard (form

ed in 1947 a$ the "fourth arm
 of rhe

$ervice") prom
oted the V

elvet C
love, flfl air*to-air strpersonic gtridcel

rnissile , to be de ployed from
 C

F
- 100 fighters. H

aving C
lnutlians

uctuitlly develop and m
anufacture a m

issile w
lli tlxrtrglrt to lrc rlrc nx).\t

rl'lective w
ay to kcep the country alll'e:tst ol'tlris ncw

 w
eulxln tyl)c. lrr

cotttritst lo llrejct figlrtgr prt{ccu, tllc V
clvct ( itovc tritli ('on('r.ivr.tl w

ir lr
vcl'y ('()tt$ct'vittivc llcrlol'llliutcc $lrceilicltirllri. lt w

irs rlcsigrrt:tl to rrrccl
thc tltrt::tt of llropcllcrdt'ivcn lxrtttlrct's ol'W

urld W
:rr I I vintilllc. 'l'hc

projcct w
as m

anaged by the D
R

B
'u C

atracliarr A
rur:uncrlr R

eselrcfi lprl
D

cvclopnlcrrt Iiritablislrnrcrrt (C
A

R
D

b,) at V
alcartier', Q

ut:Ircc. It lrcgul
in 195 I and by 1955 involved geveral conll)nnicr int:lurlirrg (l:rrrltflir,
(llrltutliitrt l#cutirrgltousc, 

ancl C
ornllutirrg l)cvit:t.s ol'(liullrtllr. S

orrrc
3(lU

 rrrissilcs rvcre lluiltand test lircd. lly the rrritl- ltll'ros. lrorvt:v(.r. ir lr:rtl
lrt'cutllc irl)lrilt'cttt tlutt tlrc V

clvct G
lovc itttrl (:f- 

I O
O

 u'ct"c irrittlcrlrriltc t()

P
D

iefenbaker (n. 9 above), p. 38.
I'D

ors (n. 9 above), p. i0l.
Ilr'l

\)
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/u1,, )uiadauicr

oue w
ith iet bom

bers. In July 1956 the M
inister of N

ational D
elerrte

;.,|rl;;;;l-il;;"i.oitotioil 
of the V

elvet G
love nnd statecl that tlte tl's'

.,r^r-"; rissile w
oulJ be prodrrced in C

anadu instead. T
he pr'icrt

;fiii,. iii 
*iffi"rr the S

parrow
 w

as canceled in S
eptem

ber l1)5u'"

R
 es edrclr, A

ctiviti es : A
eroclyno m

ics I'dborol oies'

W
 ind'f unul'r, and A

eroballistics

T
heC

anrtli:tttgttverntrlent.sinvolvententw
ithneronnttticalre.

l",u-i 
Jates bnck"t,, lg2g, w

hen the N
ational R

esearch (Iltrrrcil'r

i;i;i;il;a 
M

echnr,icai E
ngineering started developing ae*rn.ur ic;rl

taboratoriesin O
ttaw

a urrtlcr t5e dirictiono_fJ. H
. P

arkin (18$0-ltltJ 
I )'

iir.r" laboratories w
ere intended to provide testing lor ur(Iustry, t(,

srrD
D

ort applied research in aeronautics' and to train aeronautical

;;ffi;.'I;i 
inrry-ro*,.d in a rem

odeted lum
ber m

il onJoh, strccr.

6trring the w
ar y.u* it . ..ronautical l^boratories w

ere transl'erretl tu

Ir rrew
 N

R
c site east of ottaw

a. 'fhey rvere considerably erpartdetl: 
rr

,'"f-,irifi f,,rge lo*'speJ w
ind.tu.nnel (6x l0 tbot) and ar spinrrirrg

rtrnnel (15'foot cliam
eter) w

ere bullt'
- fv tdA

g, the grow
ing m

ilitary airglft and engine P
rograrns lr'lerc

.,;iri.;"Jh.'.fpruiii,fu of the N
R

C
 ancl its largely nonnrilitat'r'

budcet.M
oreover,t-t,fr,t.creationoftheD

efenceR
esearchlloar<

lin
'ffii, ;h^;;rpr.riuii-* io, ".ron"rtical research bccam

e cottlitst'tl'

i;'igiit;the'cabinet 
authorized the creation of the N

ational r\er,'

,,"rii."i gstablishm
ent as the single agency responsible'for tlte con'

tluct of research "na l*p.ii-.nti ,"quir.d for'thc developm
ent irtrtl

onirrtion of m
ilitary an'd civil aircra[i in canada."r'T

he conceP
t l(:rs

:,ffi .ffi;,hJ;iitJ 
R

oyal A
ircraft E

stablishm
ent 

at F
arnborotr gh

,,ilffi;;J,h. 
.;;toliiation of ol<

ler N
R

C
 aeronattticrl latxtritt,'

ries w
ith the new

 f*ili,i., w
hich w

ere to be constructed at U
plantls

A
irport nea, ott",^']. i;;;"t;"tion 

of the N
A

E
 w

as to be overseen 61.'

the N
ationat aeroniuiicnl it"""h 

C
om

m
ittee' and funding for tht:

,r." iipfrtJs fa.ifiiiet *at to lrc provided jointly by the N
R

C
 and tlrt'

D
R

B
.''

T
heproposedarrangem

entam
ountedto..sharedresponsibilitl.'.

J;"*;d,; 
i, *i..i-iu"rtin""U

l. 
effectiveness. A

nd, curiously, t6c

[ive m
em

be* ortni nl"iionrt A
eronautical R

esearch com
m

ittee, sith

!rD
. t. G

oodrpe ed, A
 H

istory ol thc D
cltncc 

R
cscatch B

rrnd of C
onnda (O

ttaw
a, 1958)l irls'r

l-am
ontagnc (n.5 above), pp' 74-81'

t?S
ee n. 6 above.

lrS
een.glabove.T

treN
A

R
C

om
m

itteew
as.com

pored-ofthepresidentolN
R

(]al
chairm

an, the ct "ir."n oitt't D
R

B
, thc chief of the air rtaff' and the deputy m

inistrrs ul

trantP
ort and dcfence production'

l

C
anada's E

ncountt w
ith lligh'tprr,d A

cronavtics 
235

one postible exceptlon, had no perlonel exp€.rience in aer6nautical
research. ln any ce!e, the cablnet decirlon creating the N

A
E

 w
a3 never

fully im
plem

ented. T
he N

A
E

 label w
as adopted in 1958 by a division of

the N
R

C
, w

hich continued to oP
erate the M

ontreal R
oad and U

plands
l.aboratories. C

om
m

enting on aeronautical research in C
anada, the

G
lassco R

eport noted in t963 that "there aP
P

ears to be no single body
for the eoordination of aeronauticat research and developm

ent pro-
granrm

es carried out by, or sponsored by, the D
efence R

esearch
iloard, the R

C
A

F
, the D

epartm
entof D

efence P
roduction, the D

epart'
m

ent of T
ransport and the N

ational R
esearch C

ouncil."t' M
oreover,

the R
C

A
F

 "w
as frankly and unequivocally opposed to a separate de'

['ence research organization" (i.e., the D
R

B
), and "relations betw

een
rhe D

efence R
esearch B

oard and the N
ational R

esearch C
ouncil w

ere
often strained."tr In short, the situatien w

at not conducive to the
coordination of aeronautical research. A

nd, in the end, the develop'
m

ent of laboratories for high-speed aerodynam
ics, initiated in the late

1940s, w
as continued independently 

by the D
efence R

esearch B
oard

nnd the N
ational R

esearch C
ouncil'

C
anadian research in high-speed aerodynam

ics 
and aerophysics had

been started at the U
niversity of T

oronto by G
. N

. P
atterson, w

ho
ohtained a doctorate in physics there in 1935 and subsequently gained
experience in aerodynam

ics in E
ngland, A

usralia, and the U
nited

S
tater. A

fter returning to T
oronto in 19'17 as a professor of fluid

physics, P
atterson subm

itted in F
ebruary 1949 *A

 D
etailed P

roposal
for a S

upersonic A
erodynam

ic Laboratory." In July 1949, w
ith a

5350,000 grant from
 the D

efence R
esearch B

oard, he established the
U

niversity of T
oronto Institute of A

erophysics (U
T

IA
). T

he institute
quarters at D

ow
nsview

 near T
oronto w

ere inaugurated in S
eptem

ber
1950. Its linancial support cam

e from
 the D

R
B

, as w
ell as from

 con'
tracts w

ith the U
.S

. D
epartm

ent of D
efense and other agencies.

O
ver the yearu, a variety of experim

ental equipm
ent w

as devcloped
at the institute, starting w

ith 5x7-inch and l6x l6-inch supersonic
interm

ittent vacuum
-driven w

ind tunnels (the latter m
odeled on the

I'eenem
tinde-N

O
L tunnel of the sam

e size) and shock tubes; other
facilities included a 5x5-inch hypersonic blow

dow
n tunnel, hyper-

sonic shock tunrtels and ranges,low
-density and plasm

a tunnels, appa-
ratus for studies of sonic boom

 and blast w
aves, low

-speed tunnels, and
associated instrum

entation.s R
esearch at the institute ccntered on

lrasic studies of shock w
aves, rarcfied gas dynam

ics, and aerodynam
ic

ttsee n. 6 above.
!'(ioodrpeed (n.31 rbove), p.59; I"em

onugne (n.5 rbovc), p.85.
I'U

T
IA

. P
rogrcs R

cpon oa R
escarch S

upporled b1 G
m

nb froa llu D
clctuc R

acarch B
orrrd,

1952-59: l959-54.

,,.flf
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)

Juliu.r Lulw
sit,.rttut

noile.n T
he inrtitute did not particlpete onendvely ln crnrdinn rnir'

,iffia ;i;;r;f, projecu of thl l9t0i but trained m
rny highlv.conrpc'

tcnt icicntistr and onfiioirt. T
hose w

ho continued w
orking in 6iglr'

r*.a ""i.aynam
ics 8it"n fo""a em

ploym
ent south of the border'

" G
;;;;;iii 

*rin itro o ns -t, pport.d dcvelopm
ents.at U

'I' I A
 a ntl

,oio* .*t r,i in .o-p"titiott t ittr them
, the N

R
C

 follow
ed * pirtlr

w
hich led to ttr. .onriiirition and operation-, beginning in 1962' o[ a

larce S
-foot high'speed w

ind tunnel facility' In the im
m

edrate P
ostlvar

;fi, 
;;;il 

ii.hgin..ir-.ip.ri.nced in this trerv lield tS
rvartetl

'r:i:fl[*j{t'ltm
,tm

',::t,1":ilIijjl}il1,]',::''-i}Il;;
;rrg#x*:u"nrl;xlt?;llryl'iff f,iii',','#T

i::
ilrig" *iJur.ed on t*-Jco*p""o" 

obtained 
as w

ar reparations from

c.iii""y. rhey ,reie ,o arir. a l0x lo-inch conrinuously running
."".i*ii. 

w
ind tunnel and a 20x20-inch interm

ittent, vacuurn'

;H
il';";;;;";kir;nel. 

rn 194e, pruden started developins 
an

;ffi;iffi 
1""s..-irutequently, 

m
or-e m

odest plans. w
ere-,adopted''

,h;-;8. *", a"ropp.a-, i"{ I ib-119' interm
ittent tunnel w

as brrilt

(fis.3). T
he N

R
C

's;;iigh ipeed A
erodynam

ics Laboratory build'

ilxi],n M
;;;;;;l R

;;J) *.iaeii.rtecl in 1d50, and the runnelstarrcd

opirating in M
arch l95l'

T
he drive of tf,e iO

'ir,.tt tunnel w
as of a type used in som

e of the first

suoersonic tur,n.r. rii. iott.tp', w
hich offered P

lw
gr 1ongm

y, d-e'

ilJ"'.tir"ir.r*. ""J r"* .".t, hjd be.n introduced in the late 1920s by

Iffi#p;;iiJJi" coi,ing.;, applied in A
achen, and further dc-

,Jop"a"in peenem
,nd., ti. 

cen{er responsible [o1 the V
-2 (A

"l)

rocket m
issile ""a oii.i*eapon$..o E

ssentially, the drive consisted o[:r

qo|fichlopeling,S
Q

uarbr 
26, /9J0, lnsthuteof A

erophyricr, U
nivenityof T

orontrl:

*{;x:iilr,ix"Lt#x':fi ii'iii';ffi ^tll""":li:P
!i;i

R
c,,ar1r lurirU

e t" u"{diliiii 
coo?crttion,lnrtirutc for A

erospace studi*. uni'

vcnity of T
oronto, 1967'

rF
. W

. pruden 
, t f *p*ot 1* a H

igh S
pcut A

r/A
!,7l,lly 4ozror1, N

ational R
erearr h

C
ouncil. D

lvirion of f.l.[fr"ntl fng[nceiing, R
cport M

A
.205, O

ttara, A
pril 90' l9'lti'

see erro R
. J. rem

priri,' ffi 
co#ii';J'ii'1xl''y1 T

3*:11t'',:11 
R

esea rch

il";;i, 
piJirion oi l,'t..t "tiiot E

ngineering' R
epon M

A
'158' ortaw

a' 1945'
s'I. Lukariervicz, "W

i.a iri*ls ii thc H
iift S

pc.a A
erodynem

icl t aboratory""V
'lf:

U
 inC

 (M
E

l Q
rnaerl| B

ulhtin, vol''l (1952)'- 
. 

! 
,!-,

{on dre conlep.r, rl. e. u"*'""r'r', 
"profirm

ossunse" 
bci E

l#;#ti}:tt}illl:

i::ilfr )##i}siriifl'rlr#x*ff.:ft ,'C
I*m

#ll*u
E

srrntllb of F
laid olrr*r;rt (N

cw
 Y

orL. tgil)' p' !06 cr rcq': H
' H

' K
urzueg' "'t'ht

C
dndda's E

ncounttr a,ith H
igh-S

ltecd A
cronaulir:s 29?

F
rc. 3.*supcrsonic/transonic 

w
ind tunneb at the N

R
C

-N
A

E
 H

igh S
peed A

erody-
nam

icr laborator/r M
ontreal R

oad. O
ttaw

a, ($ec n. 39, lig. l.)

l:rrge vessel evacuated to a low
 pr$sure, w

hich provicled the pressure
drop necesrary to ilccelerate atm

ospheric air through the w
ind tunnel

duct to the required M
ach num

ber in the test section. T
he design

nllorved run durations of som
e fifteen teconds at M

ach num
bers up to

rlerodynam
ic 

D
cvelopm

ent of the V
-2.' pp. 5(}.6g in H

istory of G
m

rr,n G
uidtd lfirriler

D
ntclopm

anl, 
cd. T

h. B
enecke end A

. W
. Q

uich, A
G

A
R

D
ograph 20 (B

rtrnrw
ick. (kr.

m
ilny. 1957). A

fter the w
ar, the tw

o 40 x {0<
m

 P
eenem

0nde 
tunnels w

erc shippcd from
K

ochel in B
evaria (m

oved therc efter the bom
bing of P

ecnem
finde in I9{3} to rhe U

.S
.

N
aval O

rdnance [aboratory in S
ilver S

pring, M
d., and reactivated in l9{8. S

cc S
m

elt
rnd O

rven (n. { above)l also W
, B

ollay, 'A
erodynam

io of S
upcr}(rr, A

ircrafr end
Ilissiles," S

ym
posium

 on O
rdndnce A

roballkths, N
O

LR
- l t S

 l, tJ.S
. N

aval O
rdnance

Lnlrcrator]r W
hite O

ak, S
ilver S

pring, M
d., June 28, l9{9, pp. 27-{9: and H

. H
.

K
rrrarveg, "T

he A
eroballistic R

erearch F
acilitier et N

oL," N
O

l. A
eroballistic R

cvarch
facilities D

edication (f D
xennial, f.iO

LR
-t238, U

.S
. N

aval O
rdnance t-rborilt(rry, l1)5{1,

llp' I8-37. In 1948, a l6x l0-inch tupersonic lsnpsl---qsrentially a copy ol'rhc {(}-cnr
l'eettem

0nde design*w
ar btrilt by N

onlr A
rnerican A

viatiun, Inc., in Lor A
ngeler (rce

tlollay. above). P
rovirion for itoregt of dry air w

ar introdrrccd in tlrir inrurllarion.

T
.IIT

T
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)

Jutius Luhosiaiez

4.s.lryithm
oclestpunrpingP

orver'tlrevessclcouldbeevacuatedittu
n uU

., of m
irrutei, ro ihri several tunnel runs coulcl 5e m

ade c*cry

t,iur, a*d instrgrrrentttiou 
rvas deviscd to m

akc lirrce, pressurc, alttl

hcat.transtbr m
eastlrem

ents during each rutt'{'
---ilr" desisn of the N

R
c's to-irrih w

ind tuttnel lbllow
etl G

crtttittt

".;;;;;i.-pt..,i." 
but incorporated 

m
echanical im

provem
cntr'

il;'i;;Ifi.i'g";ii;.*,* 
to tl'e m

odel' adcquntc.spacc for ntrd(l

ruD
D

ort and instrum
entation, and quick M

ach num
ber change nradc

;!fii;,il;;*t;i[; 
;r. of interchangeable 

integral nozzle boxes (eaclt

ffi 
n-;;ri 

frf".t, num
ber; see fi[. 4). T

his prov.cd to be a,w
ortlt'

*t itc r.t.*e for a sm
all tunnel-m

ich 
less expensive than a flexiblc

""J" 
a"prure of covering rhe sam

e w
ide range of lvlach nurnbcrs.'l

---N
oni*i"tess, the capaU

ltity of the lo'inch tunnel w
as severely t'e'

;;il 
by its'sm

all size. Ir'w
as used fior tests of the V

elvet G
l,vc

m
isrilc but w

as not-rui,"ut. for aircraft tes6; m
oreover, it could trot

."r"rit " rransonic ;;;i; 
ofspeeds. F

or rhese reasons, and in vierv ,f
itre--im

penaing supeionic A
rrow

 project', " ^lltq:-I.,T
:nsottic'

t"".*ti,i. tuniel J"t pt"nntd, to be driven by the.e!.sti3f H
S

'\L

;iI;;. A
 ;O

;16:i".h;ri 
secdon w

as sctected for use w
irh half-m

odcls.

Io ,rr", aerodynam
ic sim

ulation equivalent to that attainablc in a

ii - lfi-l"if, rrinnet (rriitr full rnodelsicould be realized. tnstalled in tlrc
io-in.r, *nncl bay ing.g), the tunnel srarted operating il try:{'-t:
ig5Z

. f*o years laterl second vacuum
 spherc w

as €r€cted' lncreasrnF

*i 
tun duiarion from

 six to fifteen reconds'
"'iiri-"." runnel *ur trre first to offer transonic capability in C

anada'

It w
as uscd for tol" t"tti"g of the A

rrow
 ind basic aircraft

.rS
ce O

w
cn (n. { abovc) and K

urzw
cg (n' {0 abovc)' W

hen S
w

eden em
barked on

inai'S
.no", i.ri8n of iii,"t 

air..ofr ani m
issilcc afrcr W

orld W
ar ll, it optctl lirr tp:

"ii.?i.U
f., ,"c,iun,-ariri" il',t...itt.nt tunncls an4 extendcd thc G

crm
an cxpcrictttc

i" [rg.i ,"", ro.s x 0.5- anJ i x l-m
 tctt sccrir.rnr, operational in lg55), drivcn rnrxlrlr

(rce bctow
). rna ,n.""roiiional 

vacuum
 storage in cham

berr blertcd out of rock (llo K
'

O
. Lundbcrg,..A

erorruutical 
llcscart{r i, S

w
celI,,"./,rurnal 

,t[thc R
.,al A

ero-noulicul S
u(ittt

td;;:tiS
 tft,orrr rS

s;liO
at41irt,c rm

 4etu$nank R
icarchand.'tat F

acililirs.Il"{

il;;;;a;t 
3!, F

lygrciniske F
orsoksanstaltcn [stockholm

' 196{l)' 
.

' -"gc.",rr. of m
"cttiiriit"ta handling dilhcultig (sce-' e'g" B

cckcr' n' { above' p'.lu{1'

i",.J.ig""U
re 

corid n;.li U
to.t, oiinr.gral nozzlc boxcc w

cre nor uscd in nrediurn'

,i.. "ia f.-.g" *ind tunnclr; rhc R
A

E
-B

cdfird 
3 x 3.foot (J. Y

. G
. E

van-r and A
. S

pencr.
'i""t l"i"irtW

i"d f;;L 
ot ilu R

A
E

, R
A

E
 T

cchnical iepon ?1040. l97l) ntrrl tlrc

;Iiil;ilty 
r x +

-fooi'rupcrs"ni. runnclr (rlirm
antlcd in l9??i w

. T
. schacli'r. Jr'.

C
tulrrarttut of uaio, iitiw

 ivindT
unacb at thc Langtcl ltcsca{ cq"1i}L..:A

 T
cclrrriol

M
em

orandum
fU

 x.il3O
,;uly 

1965) rfcre a|nonjitt" t .g"rr eguipped w
ith rolid bhx I

' nozzlcr. V
ariablc S

com
ctry dcrignr w

G
t'E

 m
orc pra-ctical irrlargc-rvind 

ttlnnclr (sce n' {''l

' bclow
).

C
uw

do's E
w

ounttr w
ith H

iglr-$pcerl A
cronfiulic.r

H
a=

J[=
,
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|ll
turo. ilot - 

roE
a.tr iuoY

 tL tf lJrtu q,r

ffittt 
or G

lnirA
cf if,roy Io x 

ztcxE
D

 
l,D

tY
 orcn{E

A
o cfiA

r€

l.t
ur.r,tgt F

I rul
F

rc. {.*ps3ign of the l0 x l0-inch H
S

A
L s tuperionic w

ind tunnel, firrt opcreted in
1951, proyided for quick chrnge of M

ach num
hr through thc urc of integral noule

boxes. T
he four rtcpr involved in a nozllc chrngc arc illurtratcd abovc. (S

ce n. 39, fig. 5")

configurations.rt 
N

ew
 test techniques tvere developed in both tunnel$.

S
ince 1959 the H

S
A

L has specialized in dynam
ic stability research.

R
enam

ed the U
nsteady A

erodynam
ics l"aborrtor]r it has becorne

rvidely knorvn for expcrim
ental 

m
easurernents of dynam

ic stability and
has been engaged in m

any foreign projects.
T

he $m
all supersonic and transonic w

ind tunnels that becam
e avail-

ablc in C
anacla in thc early 1950s w

erc bettcr suited to rcsearclr than to
dcvelopm

ental testing. C
ertainly, they w

ere totally inadequate in the
context of the policy of air industry self-sufficiency adopted by the
S

overnm
ent shortly after W

orld W
ar II" In contrast to C

anada, the
need for new

, high-perform
ance 

large w
ind tunnels w

as appreciated in
the U

nited S
tates, G

reat B
ritain, and F

rance. A
fter the w

ar, these

"Ilsst tcsting of the A
rrow

 w
rt conducted in largcr fJ.S

. tunnels; al$o I : 8-rcalc
m

otlels rvcrc tcited in frce flight at thc C
A

R
D

E
-P

icton and N
A

cA
.l,.angley rangcr (rce

F
lol'd, n. 18 abovc). (d

ilotlu 
X

 ffirrlor 
ilE

A
O

V
 rfi 

nl,rE
L it.'l

)'

(cl
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 Luhw
iw

icz

countrier coffecrly concluded that the potential offered by aircraft and
m

issilcs could notbe rcaliecd unless adequate m
ean$ w

ere provided for
research and dcvelopm

cnt, and in the late 1940r they established
national program

s for con$truction of large w
ind tunnels, runningllto

reni and-even hundreds of m
illions of dollars: the [J.S

. U
rritary P

lan

lV
ind T

unnels of 1949, the R
A

E
-B

cdford laboratories, F
rance's

O
N

E
R

A
 w

ind tunnels in M
odane and P

aris.

T
hc technical approach adopted in the U

nited S
tates and B

ritain in
the prcw

ar years -had been follorved in the con$truction of all large
higtr-specd w

ind runnels and in the subsequent upgraliT
s o.f their

pelfoim
ance.{. It reflecred the tradition of large, closed-circuit, low

'
ipeed faciliries w

hich ran continuot$b, a design dating to P
randtl's

C
O

ttingcn w
ind tunnel of 1909." P

randtl's closed-circuit design w
as

rvell suited to low
 spceds: it w

a$ energy efficient (through the recovery
of kinetic cnergy in a diffuser dorvnstream

 of the test section) and
allow

cd control of the R
eynolds num

ber (i.e., the aerodynam
ic scale)

independently of rhe airspecd by varying the pre$sure, and he nce the
air density, in the tunnel circuit. H

ow
ever. the application o[ P

randtl's
tiesign to high subsonic and $upersonic speeds turned out to be expen-

sive ind ptft.rrted serious teiht ical problem
s.{t

T
hc c,rnrtruction of a conventional, large higlr-spced w

irrd tuntrcl
frlr devclr)pnrenral 

testing w
as clearly beyond the firtancial reach of thc

C
anadian governm

ent. A
nd, in any case, the large engineering staff

rrecded foisuch an undertaking w
as not available in C

anada. B
ut such

a facility w
as required, and so a m

ore econom
ical solution had to be

found, T
he neceisary clue w

as provided by the approach the G
erm

ans

S
ncl uscd in developing their $upersonic tunnels, alread)' adopted ltlr

N
R

C
's H

igh S
peed A

eiodynam
ics Laboratory: this r^/as the principle of

interm
ittenr operation (or, m

ore generally, of energy storage), w
hich

could be pushed even further to increase productivity u.nd aerody'
rram

ic peiform
ance. If m

easurem
ents could now

 be taken w
ith a

driven m
odel-a m

odel driven ov€r a full range of incidence during
each run*the data productivity of an interm

ittent tunnel could easily
rnatch, or evcn exceed, the productivity of traditional, continuously
running installado ns. M

oreove r, i nterm
ittent ope ration w

ould prov ide
:xcellcnt m

odel and test-$ection acce$sibility: w
ith instantaneous tun'

rel starting and *toppitrB
, long run-up, shutdow

n, and pum
pitg

.tT
te follow

ing m
ajor tunnels w

crc upgradcd in thc yearu indicatctl: N
A

C
A

-Langley:
l-footrlianreter, l${51 {x{ 

foot, 1950; l6-footdilrneter, t9!'rl; N
A

C
A

-A
m

et: lti-ftxrt
lilnrctcr, tg55; 6 x ti [oot, lt]56; R

A
[-F

urnlxrotrglt: 
l0 x 7 lirct, 1956.

rrl). (;.'l'ictjurrs, A
lplied llytlra- ntkl A

crw
nccluuit:t (N

r:w
 Y

urk, l$57), pp' I53-5'1.
*flrir w

ir$ recogrrir:ctl lry l'rlurltl.xrnrr ttvurty ycilt'$ curlicr ulttl lcd lrirn tu thc cottccP
t

,f intcrm
ittcnt 

tunncls (rec n. '10 abovc).

)

C
dnada's E

ncounlrr uith lligh-S
peed tlertm

nrrtrcs Z
4l

periods w
ould be elim

inated.t? I'he aerodynam
ic perfgr.rplpcc (or

scale, m
ea$urecl by R

eynoldl num
bcr) could be incre,is*.l hy qperltins

the tunncl from
 pres$urized air storagc to rhe arm

osphcr* rnti er r,hrn
from

 the atm
osphere to a vacuum

 vesiel. T
his w

ould requir.c thc trsc of
an autom

atically controlled valve w
hiclr rvoulcl m

aintain con$ranl
pre$sure in the w

ind tunnel as the stored air pressure decreasecl during
the run and a heat exchanger (of passive storage rype) 16 m

aintirin
constant tem

pcrature of the air entering the runncl (the lem
perature

w
ould otherrvise decrsa$e becaure of eipansion of the rtor.d air). A

Iayout of the pro_posed schem
e is show

n in figure S
.

T
he technical feasibility of this typl of high-perform

ance and high-
productivity interm

ittent w
ind tunnel depenaea on the developm

enr
of instrum

entation and controls rnore soflt isticated than arry thlt had
been previously used in w

ind tunnels. B
ut it w

as the view
 of F

. W
.

P
ruden and this w

riter that the "state of the art" in these tw
o areas w

as
tu.fq:iently advanced to render the novel w

ind runnel concepr pracri-
cal. T

he first engineering analyses of the new
 design and. proposal for

a 4 x 4'foot blow
dow

n interm
ittent w

ind tunnil w
ere com

pleted in
S

eptem
b:t 1950.{! T

hese dem
onstrated the advanrages of rhe new

concept, including the ability to cover the w
hole trisonil ti.e., subsonic,

transonic, and supersonic) M
ach num

ber range in a single tunnel.,,

t'T
hc use of driven m

odelr in interm
ittent tunnelr w

as envisaged at N
orth A

m
erican

A
viation, Inc., in 19119 (B

ollay, n.40 abovc), but the..driven"m
odcl rechniqucn, w

ar
develope{ 

at N
A

A
 only aftcr 1952, w

hen the large interm
ittenr project w

ar rtart..l. T
hc

benefitr of interm
ittent tclt techniquc w

crc realiicd in the tg60r in iontinuot*ly opcrar-
ing rvind tunnell, an "interm

ittent" m
ode! ting injedred into a conrirruourly 

running
w

ind tunnel tcit tection for tlre brief period of tesr (rceJ. Lukariew
icz,..A

 
C

rirical R
cview

of D
cvelopm

ent of E
xperirnental M

cthodlin .H
if-! S

pce<
l A

crodvnam
ic," in progrcss in

A
erospace.IrranceJ, cd. D

. K
uchem

ann [O
xford, lg73f. pp. l*26). H

ow
cver, it rhoultt bc

notcd that intcrm
ittcnt 

operadon ir not ruitablc for air$reathing propulsion resring, f<
rr

w
hich relatively long duration flow

r ane urually required. v '

Y
. Lukariew

icz and F
. ttr. P

ruden, A
n E

conm
ri yW

 
S

pcd ]yind T
'unnel o{ H

igh
lrrfrryncc, 

w
ith N

otes on C
tntrution R

utio ad R
qnoldr N

'lJtbr- C
ontrol, N

arional R
erearch

C
ouncil, D

ivirion of M
ech.anicf E

nginecring, L.O
. 585O

.A
, F

ile LM
I-9- 1, O

rraw
a,

S
eptcm

bcr 22, 1950, R
crults of rubrequcnt gtudicr w

crc rcporrcd in J. Luhasicw
icr,

D
cvclopm

cnt of Intazittcn, flr.gl-S
pccd W

ird T
unncl lrctallatiotu arul T

cting.T
crhnigucs,

N
ationat A

eronautical E
stablirhm

ent klfrgly 
R

eport, LR
-?5, O

rter.,r,J'uiy i Z
. t gS

3,

1nq "f)evcloprncnt 
ol_lergc Interm

ittcnt w
ind T

unncl \nJourndlof 
thc nq,,l irronautical

S
ocicty 59, no. 4 (1955): 25S

-7E
.

reT
rironic w

ar a term
 inF

odut$ t y N
onh A

m
erican A

vietion, Inc. (norv ["or A
ngeler

D
ivision, R

ockw
cll Intcrnrtional 

C
o.); rec W

. D
arriclr,J r., D

r.riglr atvl D
n,i,,l,nttli ,,1 N

orth
A

nenuttt A
vintion T

risutic W
ind T

utnrcl, nG
A

R
I) (llrlurseh. iur,ul. -l'r.is,rri( (rller,rirn

r:tllt'rl fol n lrr:rcticitl m
t'tlrorl of v;rryilrg llre lcrl. ;rcr li'rr trl;n lr rrurrrlx.r r.. r 

r rn itlr. 
r urrl;r..

U
y tlrc tirne tlre tluign of Iarge intcnnittrnl rrrrurclr rlurlr.rl. rlrc lrrilr tlr.xilrk. t*tn,la

providcd rhc required rolution. 'l'lre basic idce of r conrinu(rur cur.r.arurc lerulylram
ic

contour cuttlputiblc w
itlr tlre elnrtic slrape ol'l tlexetl noule w

tll untl rlrc llexiblc n,rrrlc
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Notwithstanding iu favorable characteristics, acceptance of the
novel tunnel system did not come easily. Conventional designs pur$ued
lry tlre nlost reputablc (arrd also ivell-l undcd) lulxlriltorics rvcre consitl-
ercd thc only sound arid practical orrc$. ln thc Urritctl Stutcs an(l
llrituirt, itt $l)itc ol'ditlicultics thaI strrlircctl l'r'our tlrc initill plirrrnirrg
$tagc$ frlr lat'gc lrigh-speed wind tunncis,n'tlrc irrtcrnril,tcnt uptit)n wus
npparently ncver considcred by the organizations in charge of national
wind tunnel programs.tr

dcsign wcrc pioncercd by the Jet Propulrion laboretory, California Inrtitutc of Tech.
nology, and the Sandberg-Serrcll Co., both of Pasatlcna, C,alif. (A. E. Puckctt. "Supcr-
sonic Nozrle Design," touma,l of Applicd Mcchanics lS [Dccember t9{6J: A-265-A.270;
Drsiga and Operation ol a l?-lnch Supcrsonic Wind Tunrcl, Institute of thc Aeronaurical
Sciencet prcprint no. 160 [New York, lg48]; H. [.i. Riise, Flcriblc-Platc Nou,le Duignfor
Tuto-Dimewional Sulrnsonic WindTunnt&,JPL, CIT, Repon no. 20-?{, Paradcna, Cali[.,
June 9, 1954; J. T. Kenney and L. M. Webb, A Sumtnary af thc Tcchniguc of Variablc Muh
NumherSupcnonicWindTunnclDesign,AGARD, ACARDograplr no.3 [Paris, 195{l).The
JPL l2 x l2-inctr iupcrtonic tunncl was the first to be equipped, in l9{8, wirh a successful
Ilcxiblc noezle. 'l'tlc tlcrign wur rubre(luently uscd in lurgcr J I'[. tunrrelr. in tlre large
ilrtcrrtrittcttl. tttltltclr, itt scvcritl tuttttclr ut tlrc At'rroltl l:ngirrccrirrg Dcvcl(rllntult Ccnrcr
(tlp to l6x l6-tbot size), in tlre NACA-Lewir proprrlsiorr tesl turrnels, in ttrc RAE-
[cdford 8-foot rntl 3 x {.foot tunneh, among (rthcrr.

sThe most, l'undamcntal problem involvcd rnatching the prcsurc ratio-volurnc flow
charactcristics of the tunnel to those of the compressor (a problem encounrcred already
in thc 1930s in the derign of thc first continuour superconic wind tunnel*seeJ. Ackcrer,
"High Speed Wind Tunnels," Procccdingt, Fifth Volta Congress [Rome, l9S5]; NACA fM
808, 1936), and providing the cxtremely high power (in thc 50,000- ro 200.000-horse-
powcr rangc) necdcd to rttain the derired Mrch entl Rcynoklr ntrmberr. The eerody.
namic and structural dcrign of comprcltom had to be puit c.t to the limit, antl variable-
speed electric motor drivcs had to be devclopcd for power levels not encountered bcfore.
Thc ttrtrctural and mechanical dcsign of the closed wind trrnnel circuit preicnred seriout
difficultie$. For a comprchcnrivc discusrion, see R. F. lluntsbcrger and J. P. Parsons,
"The Duign of l,argc High-Spced Tunnch,- pp. 12742; W. Wadkin and T. Barnes,
"Notct on the Derign and Construction of the Welded Stccl Strucrure for the I Foot x 8
Foot High Specd Wind Tunnel at the Nrtional Acronautical Establishmenr, Bedford,"
pp. 15ffi6; J. Clark, "Delign and Conrtruction Aspects of High Power Wind Tunncl
Drivc Syrtemr end l-arge Diamcter Compretrorr," pp. l6?-9 I in Papen Prcsentcd ot thc
Frfth Mecting of thc WindTunncl atd ModclTcsting Panel, AGARD, AG ls/PC (Paris, I g5{):
J. Lukasiewicz, "DevcloPmcnt of targe lntermitte nt Wind Tunnel s," Jaurnal of thc tlo1al
A*ortoutical Socicty Sg, no. 4 [955]: 259*78, and n. {7 abovc; L. J. Chcshiri,J. y,-G.
Evant, W, A. Coodrcll, and P. H. W. Wolff, "The Derign and Conrtrucrion of the
Comprcstor f<rr thc I Foot by I Foot High-spcctl Wincl Tunnel ar R.A.E. Bedford,"
Procccdinf, of tfu lrutitution of Mcchanicat Enginccw l?6, no. 15 (lg56): 5{g-8,{; E. p.
Hartriran, Advailurcs in Rcsetrch:, A History of Awcs Rcsearch Ccntlr tgtT-tgLi (Warhing-
ton, D.C., 1970); and D. D. Baals and W. R. Corlis, WindTunnebo/NAs^ (Washingto;,
D,C., l95l).

trWhen Ames Unitary Plan project wes found to require three, instead of one. dif:
ferent continuous tunnelr to cover the rtipulated Mach number range from 0.7 to 3.5, rn
intermittent operation wlt not cnyiragcd. Indecd, it wal essertetl thot "no ringlc runncl
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T
he N

ational A
dvisory C

om
m

ittee for A
eronautics and rhe air force

in thc U
nited S

tates and ttre R
A

E
 in B

ritain had virrually no cxperience
in short-duration w

ind tunnel testing. N
ot surprisingly, N

A
C

A
 and

R
A

E
 show

cd no interest in thc interm
ittent technique; thcy w

erc
alrcady cornrnitted to cxtcnrive and expcnrivc con$truction of con-
tinuous w

ind tunnel$.tt
T

hc interntittent concept, proposed in 1950 in C
anada, w

as first.
used in 1956-57 by A

m
erican aircraft builders, to w

hom
 the idea

ilppcalcd bccausc, a$ tliglrt speeds lrad incrcascd into tlrc supersonic
range, lhe quilntity of aerodynanric data rcquircd for aircraft design
and the cost of obtaining them

 had escalared, T
he F

-100 (the first
operational LI.S

. supersonic fightcr) required over 50 percent rnore
w

ind tunnel test tim
e than the subsonic F

-86, w
ith 60 percent of it in

high-spced w
ind tunnels, com

pared w
ith only l7 pcrcenr for the f-86.

C
learlf, new

 initiatives w
ere required; N

orth A
rnerican A

viation, Inc.,
and B

oeing A
irplane C

o. w
ere am

ong the first to take them
.

T
hc projccts w

ere com
pleted in 1957. T

he N
A

A
 clesign fe;rtrtrcd a

7x?-foot, M
ach 0.2-3.5 facility w

ith il l0,000-horsepow
cr drive:

I.loeing's w
as a 4 x 4-foot, M

ach 1.24.2 supersonic tunncl. T
lre favor-

ablc characteristics of the interm
ittent design w

ere fully realized at a
fraction of the cost of the conventional tunncls. T

o obtain sixty seconds
of test tim

e per hour, the interm
ittent tunnels required as little as 5

perccnt of the pow
er needed by the continunu$ facilities, aud the cost

of thc interm
ittent tunnels w

as dow
n to about t5 percent of that of

the conventional ones. A
s show

n in figure 6, the R
eynolds num

ber
m

atched or exceedcd that available w
ith the continuous installations

over the w
holc M

ach nunrber range.

can properly cevcr thc cntirc rangc of rircralt rnd m
irilc flight." S

ee B
aalr and C

orliu
(n. 50 above), p. 66. T

he C
anadian proporat w

ar discussed in N
ew

 Y
ork w

ith W
. G

. A
.

P
crring, dircstor, end other m

cm
bcrr of the R

A
E

 delcgetion during thcir virit to the
U

nircd $teto in O
ctobcr 1950; thcy lhow

cd no intcrert in thc interm
ittent derign.

trT
he litereture of the pcriod rcflecu a lack of fam

iliarity w
ith the intcrm

ittent
technique, I rituation that pcrrirtcd cvcn after large inrcrm

ittent tunnelr becam
e opcr-

rtional in 1957. H
. ltl, U

cpm
ann 

and A
, E

, P
uckett, authorr of onc of the fint A

m
erican

tcxu on com
prm

siblc ffow
 (lnlrdw

tion b A
cradynam

ia 
o{ o C

om
prcsibh F

luid [N
cw

 Y
ork,

l9{?J), w
notc in l9{7 that.'aridc from

 thc rhort opcrating tim
c," thc chicf diradvrnlagc

cf r blow
dow

n w
ind tunncl opcrating frorn prcsturizcd air ltoragc to thc atm

osphcrc "ir
rhc im

posibility of controlling rhc dcnrity . " , [w
hichJ varicr continuoully." 

E
vidently,

rhc urc of r prcrrune control valve w
at not conridercd. N

citlrcr thc 195{ review
 of D

adgn

ud A
flration uf Intm

nillcrrl .S
uprrorric W

ind lunrrclr by A
. F

crri rnd S
. M

. l]ogrlorroff,
,IG

A
R

D
, A

G
A

R
D

ograplr no. l, P
arir, nor thc dclinitivc 196l P

rinccton (N
,f .) m

ono-
grirlrlr ucrics orr lliglr S

[rcd icrw
lytuutiunudtct 

l'topuhion,ll, pt,Z
, W

i,al'l'utnvl'l'ccluiqtus,
rtli f . E

" (kxldnrrl. pgl.427*770,nrcrrtiunr tlrc alllilicutiott ol'itttcrntittcrrt opcrrtiorr to
largc w

ind tunnclr or the uE
e o[ drivcn m

odelr.

)
C

anada's E
ncountr w

ith fftgfi-S
p eed A

eronautics Z
4i

140

r20

100

80604020o
0.1 

0"2 0.3 
0.5 

1 
2

M
A

C
H

 
N

U
M

B
E

R
F

Ic. 6.-M
axim

um
 

R
eynoldr num

bcr (bared on the rquare root of tcrr, rection crolr.
scctional arca) of large interm

ittent and continuour rvind tunnelr. W
ind runnel ow

nerr
tert gection rize (fcc$,jr!c potcr (horrcpow

er), and ycar opcrationat in pirrr.,ilrrreii
usablc run tim

e givcn for interm
ittcnt tunncls. Interm

ittent trisonic: N
R

C
 (5 x 5, I I,500,

1962) A
-!i reconds, B

*10 seconds; N
A

A
 (7 x7,10,000, I957) G

*10 secondr. C
on-

tinuour: N
A

S
A

-A
m

m
: D

(llxll), 
E

(9x7;, F
(8x?), unitary (2t6,000, Ig5?)l

G
( lS

..! x 1q.8, I 10,000, 1956); n(9 X
 6, qg,g00, lg56); N

A
S

A
.L:rngleyr t, unirary ({ x 4,

100,000, 1956); R
A

E
.B

cdford: J(8 x 8, 80,000, 1957); K
(5 X

 {, 98,500, l960). (S
ie n. .tl

rnd R
ochw

cll lntcnutianat T
*onic W

ind T
unncl, U

rn's M
anual, N

A
-78.25E

, R
ockw

cll
lnternrtional, 

Lor A
ngcler, rcv. M

rrch lgE
S

; A
C

A
R

D
 ,T

hc N
ecdlor LargcW

indT
unnck in

Q
uropc,-A

9A
R

D
-A

R
-60, P

aris, 1972, p. 78; D
. B

row
 n,ln{orlrllo,tion/or 

O
slr-:s o! thc N

ational
R

cscdrch C
uncil's , x 5 F

ool B
loudorrnrt W

irtd T
unncl at lltc N

ationai A
cronautical E

stablbh-
nrent, N

A
E

-LT
R

-H
A

-6, 
O

tttrtra, S
eptem

bcr tg77l R
escarch F

acilitics $urnnarl , V
,ll, W

ind
T

unw
k,'N

A
S

A
 A

m
er R

esearch C
entcr, M

offctr F
'ield, C

alifornil. D
eccm

ber lg65;
T

cchnical F
uilicics C

m
log, l. N

H
B

 8800.5 A
 ffi, N

A
S

A
, W

eshingron, D
.C

.. O
c'tolxr 

I g?{
cdition.) 

.

F
ollow

ing the lead of N
orth A

m
erican and B

oeing, ortrer U
.S

. com
-

panics built large blow
dow

n, interm
ittent w

ind tunnels: C
hance

V
ought and G

eneral D
ynam

icdC
onvair in 1958, f)orrglirs A

ircraft and
M

cD
onnell A

ircraft in 1959, and krcklreed-(lnlilirnriu in l{)(i0.',' lly
1960, all of the m

ajor U
,S

. aeronauticnl lirm
s w

ere ol)erlrirrg srrt'lr
irW

inrl T
unucllut, $uprulnic T

unncl A
r.nxiltiur. N

irrctrurttr lirrrri.A
rrrrull !\lrcriug,

M
ay 196$.

ZorJJEIEU
J
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'

oJozut
E
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'yiew
icz

facilities, A
 4 x 4-foot test $ection becarne a rvidely accepted standard,

and runnels of this typc w
ere later built in E

ngland (E
,nglish E

lectric),
'['lre N

cthcrlarrds (N
R

L), S
rvedcn (ffA

), Intlia (N
A

L), Ilonrania
(IN

C
R

U
S

'["), itrttl Y
ugo.tllvilt (V

"fl).
'['lrc N

A
A

 lircility, l)r'olx]sutl irt I {}!'r9, w
lt$ cornlirlrul w

itlrirr livc ycitrs.
llrrr irr (hrrurlu, tlrc lt)l'r() l)t'()lxr.t:tl tnvtilul upP

nnm
l l\rr l'ttttr )'c:tt'.1. Ilr

tlurt 1rcr.irlrl, rnlir)r eflilrts lvcrc tlcvotecl to solving tlrc ct'ttciul llrotllenrs
ot'driven urodcl instl'urrtcrttntion attd dutit-handling systctlls.lt lly l95S
the feasibiliry of the drivcn nrodel technique had been firm

ly est"ab-
lishcd through test$ in the lO

-inch and 30-inch tunnels. A
nd it is

trnlikely rhat rhe novel tunnel design w
ould ever have been approved

rrithout these test$. 
,

In 1952, even as these activities progresscd, another grotrp at the
N

 R
C

 began consitlering a largc, continuous higlr-speed tunttel. P
re-

dictlblyilreir w
ork slrow

ed tlrc pcr'[ot'nlillrcc linritutiotrs itttd higlr costs

uf tlre ionrerrrional tlcsigrr. In lt)53, I nguill proposccl tlrc intcrtttittcnt
solurion; and in A

pril 1954 a pressttre-driven, 
5 x S

-foot test $ection
design (w

ith air stored at 300 pounds per squarc inch) w
as apP

ryved by

tlre I--IR
C

. A
uthorization to proceed w

ith the preparation of design
spccilication$ carne irr N

ovcm
ber 1954.

A
 conrplcre I ; t 2 scalc pilot o[ tlrc plunned facility *1t built antl

started operating at the H
S

A
L in N

ovcttrbcr 1955. lt prtlvitlcd iuvalu'
able infoim

adon for the full-scale design, particularly on heat storage,
valvc controls, aerodynam

ic noise generated by the control valve, flow
srabilizarion, difluser confi guration, transonic test-section design, and
M

ach num
ber rcgulation-r't

In A
pril 1955,lhe governm

ent anllounced aplroval for con$truc'
tion of itre 5-foot runnel at an estim

ated cost of $3.5 m
illion, and the

clcsign contracr w
a$ aw

arded in Junf 1956 to D
ilw

orth E
rvbank, C

on'
sultiirg E

ngineers of T
oronto. llut the fragpgltalion of responsibility

for udrurriutical research arrd rnountirrg diffictrlties w
ith the A

rrow
progranr delayed the P

roject.s
F

unding w
as frozen in 1957." T

hen, follow
ing protracted review

s,

the projcir w
as reinstated in N

ovem
ber 1958, largcly through -thc

effoits of ;. L. O
rr, at thar tim

e in charge of aeronautical re$earch ar
D

R
B

. C
onstrucrion began in 1958, and the project w

a$ com
pleted

sJ. LuLariew
icz,'S

om
e P

roblcm
r o[ D

esign and O
peration of B

low
dow

n W
inrl T

un'
ncll," lounnl of A

ppthd M
athem

atiio and P
hysics, Z

A
M

P
 IX

b, no' 5/6, (B
ascl, M

arch I7,
1958): 422*17; alro n. {8 (1953 nnd 1955).

itLukasiew
icz (n, 5{ abovc).

{. 
Lukaricw

icz, "$cientific R
&

D
 A

ctiviticr of the G
ovcrnm

ent of C
anada: D

iagnoril

anrf C
ure" (unpublishcd 

ltudv, O
ctober l963).

lr"P
C

 E
conom

y D
rive D

rlayl lV
ind T

unnel," llfonlrcat $tar, January 25, 1958'

C
anada's E

ncountcr w
itlr lligh-S

pecd, A
cronau...i 

zl4|

, F
to. 7.-T

rironic 
5 x 5-foot w

ind tunncl at U
plands ncar O

rtew
a. T

hir cutrw
a), view

lhow
r. from

 lcft: 50,000-cubic-foot, 300-pourrds-pcr-t{uarc-inch conrprcssed air stor-
age; pressure control valve and I I,5O

O
-horsepow

er com
prersor plant; rettling cham

ber,
contraction, and flexiblc tupcruonic 

nozzle; transonic scction, rem
oved from

 the circuit:
m

odel support; variable and fixed diffusers, silencer, and exhaust rrack. C
onrrol and

inltnrm
ent room

l, ghopr, and officer arc scen in thc upper right. (S
ee n. 58: R

ainbird
and T

ucker. fig. l.)

under the direction of W
, J. R

ainbird. T
he tunnel first ran in A

ugusr
1962 and becam

e operational in early l963.rt (S
ee fig. 7.')

T
he tunnel had taken tw

elve years to com
plete, m

uch longer than
sim

ilar facilities in the U
nited S

tates. A
t $9 m

illion, the final co$r of rhe
project w

as m
ore than double the original estim

ate. T
his drerv the

attention of the auditor general "because of the extenl to w
hich rhe

project and its cost have expanded since the original aurhorization 
w

as
given and also because, w

hile som
e seven years elapsed since the w

ork
has com

m
enced, the projcct is not yer com

plete."le In 1963, the G
lassco

trW
, J. R

ainbird and N
. B

. T
ucker, "T

he F
ive F

oot B
low

dow
n H

rind T
unnet at the

I.iational A
cronautical E

rtablirhrncnt," 
P

tocccdings, D
cccnnial ( 

,..., Insrirute of
A

crophyrio. U
nivcrrityof T

oronto, 1959, pp. 194*2t$; tt. F
'.'['u1r1,ir, P

. B
. D

ilw
orrh,

rnd L. A
. Jenkins, IA

c N
.A

.E
. fiuc F

oot S
upcron 

iE
 W

itd lunncl, E
ngincering tnstirure of

C
anada 196l A

nnual G
cncral M

ccting P
apcr no. {0, 196l; L, I{. O

hm
an, "T

he R
ote of

thc N
A

E
 5 x 5.F

oot W
ind T

unncl in thc D
evelopm

cnt of M
odern A

irfoil S
ecriont,"

C
anadian A

cronaulro ond S
pcc Jaurnal22, no, I (Jar,uary-F

cbruary 
1976): l-22.

$"H
ow

 to $pcnd M
oney," T

inc (C
enldn ed.) 79, no. 7 (F

ebruary 16, lg62):9.

r

,t',
#

tr\t
rr,h





248 
Julirs

R
oyal C

om
m

igion on G
ovcrnm

cnt O
rganization had this to say about

*re f-foot w
ind tunncl project: i'A

lthough the 5-ft w
ind tunnel is the

chief fovernm
ent aeronauiical project in hand, it is usually considered

inacp'cnaer,tly of the currcnl 
- N

itional A
eronautical r,stablishm

ent

progranirne . . . tlrc project has suffercd frotn lack of coortlirutiotri 1t

ltrciim
e of rcview

 the tlnnel w
as srill not in operation aftcr ten ycars'

*ort, although sim
ilar faciliticr have becn cstablished irr the U

nitctl

S
tater in thric tg four ycarr and at less cost.''G

o

T
he C

anadian tunni cost about tw
ice as m

uch as sim
ilar facilities

built rcvcral years earlier by the U
.S

. -aircraft industry. T
his reflected

"oi oory a m
uch longcr design and construction period,.but also

A
;;i;t 

,"ry fi-i,"d irr-t o.ri engineering rcsources .and lack of
expcriencc in thc design and fabrication of large' yet highly P

rec$e

*iia 
,ut n"l com

ponfnts. G
overnm

ent P
rocurem

ent procedures'

w
hich involved ,o*" t*"nty contractors, also contributed to cost

cscalation and delaY
s."

- T
he final approval of rhc 5-foot w

ind tunnel in N
ovem

ber 1958

coincided w
ittr itre A

rrow
's cancelladon. W

ith rhe V
elvet G

love m
issile

iiig** 
"tready rrapped in 1956., C

anada had no P
rojecs able to

[.r,ln, from
 is'nerr, indrrstrial-scale test facility. A

nd.yet, curiously,

thc covernm
enr decided ro com

plcte thc project, saying the facility

;;riJ * "iia.a for the developm
ent of m

issiles (w
hich, recall, w

ere

n"ir"fy i*p.itcd to rcplace m
anned aircrafi) and lugglsonic trans'

porrs. T
hese w

ere clcaily unrealistic objectives in the light of recent

banadian anperience, but history w
a! P

ut forw
ard at an argum

ent ln

r""*it 
of tfic *ind tlnncl. E

vcn if C
inada used aircraft and m

issilcs

;;ffi;,h.;io"nt i.r, thcre w
ould alw

ays be thc need to m
odify,h!p,

;fihtr;.qrirea w
ina tunncl facilitics.-or ro thc argum

cnt w
ent. N

ot

;;;;i",ildthe 
w

ind tunnel w
as also leen as prcvenring canada from

d.;;'l"pid highopeed aerosP
ace plojecs in-thc future-not that the

;;;;;;;"""t nla "'"y such ptans. A
ftJr itr com

pletion,-the 5-foot tun-

i"t, cast ing in on its perfoim
ance,-w

as-1s.ef 
laigely by^Y

:1ll*edish'

""i ft.".f, clicnts, i'ncluding N
A

S
A

, N
A

A
, B

oeing' C
onvair'.Lock'

r,i.a, r"r.nonne[ 6ouglas, O
]N

E
R

A
, S

A
A

B
'S

C
A

N
IA

' and F
F

A
''2

---W
iti;;;fpoitir,grJ.earch 

at the Institute of A
crophysics in T

o'

ronto, the b'ng w
-is also prom

odng supersonic.aerg$p3m
ics at its

C
eR

O
f U

U
oratoricr erreip.ri*enial 

teihnique in w
hich frcely flying

*oa"fi""" launchcd from
 special guns, know

n as aeroballistics, 
w

as

o1k,,tco8rpor, (n. 6 ebove). P
' 278'

.rscc R
ainbird and T

ucksr 1n. 58 euovcl. A
ccording to thc N

A
A

 data, thc cort of

trir(,nic. ,."rru.a.r,urug. tylx'tutrncln ratrS
cd fnrrrr tt to l'l'6 rrrillio[ (U

'S
') ltrr tcrt

. ;;ri.;; i*ii 
I i I forrito ix Z

 foot, r*pectiv"Jli r.c D
*iclr (n. {0 nlnvc).

-"i1.1sfcn4 rf ,,or*,6itai im
blhhnut*, N

riionl llr:rrch C
ouncll, O

:.w
r, 1980.

)

C
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u$ed. G
. V

. B
ull, rvho had com

e to C
A

R
D

E
 in I95 I after developing

supersonic tunnels at U
T

IA
, directed the lvork, and indeed directed

the bulk of aeroballistics activities in C
anada fior over [rvsrrl'-fir,e ]'ears.

U
nder his leadership, aeroballistic ranges w

ere devclol)ed and cx-
Ilunded at C

A
R

D
E

,; m
unitions, aircm

l t, and V
clvet G

krvc m
odels $.cre

te$tcd: and novel, efficicnt test tcchniques rvcrc cleviscd.u' A
lter the

C
itnadiatr rnissile and $uper$onic liglrtcr project$ w

cru cilncclcd,
C

A
 R

D
E

 em
barkcd on a joint program

 (w
ith the (J.S

. D
cparr,rnenr of

D
e fcnse A

dvanced R
esearch P

rojccts A
gency) of reentr)' physics sr,ud-

ics in $upport of ballistic m
issile dcveloprnent. S

everal nerv hypersonic
ranges w

ere developcd and operated at a co$t, ul'about $2.5 m
illion per

yeirr. T
heir w

ork w
a$ term

inated in 1970, and since then C
A

R
D

E
(renam

ed the D
efence R

esearch E
stablishm

ent V
alcarrier or D

R
E

V
)

has been occupied w
ith m

ore conventional ballistics problem
s. F

or rhis
purpose, one of the ranges w

as used as a vacuum
 reservoir to drive a

2 xZ
-foot, transonic-$upersonic w

ind tunnel.or
In the 1960s C

anada becam
e active in original large-scale develop-

m
ents in aeroballistics. T

hey w
ere like w

ise the brainchild of G
. V

. B
ull,

rvho lcft C
A

R
D

E
 in 196l for M

cG
ill U

niver$ity in M
ontreal. T

here, as
lread of the S

pace R
esearch Institute, he directed the H

igh A
ltitude

R
cscarch P

roject (T
IA

R
P

), ajoint venture w
ith thc LJ.S

. A
rm

y B
allisric

R
esearch Laborarories (B

R
L) in A

berdeen, M
arylilnd. T

he project
dealt w

ith the application of gun$ to launching lrigh-altitude probes frlr
$tud), of the upper atm

osphere; ir w
as funded by the LJ,S

. A
rm

y,
M

cG
ill U

niver$ity, and, after 1964, the C
anadian D

epartm
ent of D

e-
fence P

roduction. B
ull w

as responsible for developm
enr of t 6-inch

caliber launcher$. In 1962, a range facility w
as established on B

arbados
using l6-inch, sm

ooth-bored, 
I.J.S

. N
avy surplus guns (fig. 8). [ar,er,

aclditional range facilitie$ w
ere developed at the u.S

. A
rm

y's Y
um

a
P

roving G
round in A

rizona, and at a range straddling ttre C
anadian-

u.S
. border bctw

een H
ighw

ater, Q
uetrcc, and N

orth T
roy, V

erm
on[.

S
m

aller launchers (5- and ?-inch calilir'; ! rr'n'c operated by B
R

L cln the

'rG
. V

, B
ull, "S

om
c A

crodynam
ic S

tudicr in the C
.A

.R
.D

.E
,. A

erutrallirtics R
lnge,"

C
anadian A

crotuuticaltounnl2, no. 5 (M
ay 1956): l5*-631 G

. V
. [Iult, A

*otlr,utital.ltrrrlirs
in the A

croballutru R
angc, C

A
R

D
E

 R
cpon no. 502/57, Jrly 1957; l9r7 Johrbuch dct

lV
urcruchaftlichtnG

csd(lth$lffirLu{tfahrt, 
p.2{71 G

. V
.B

ull and H
. F

. W
aldro;t, "S

unl.
InilrI of A

erodynam
ic S

tudics in the C
A

R
D

E
 A

croballistics R
angc," I)ecannbl S

yrr.posr'urn,

P
roccedings, pt. t, Inrtitutc of A

crophyricr, 
U

niverrity of T
ororrto, (ktotrcr l{*l(i,

1959. pp. 288*319.
uP

. S
olnohy, "A

n E
conom

ic A
nalyrir o[rhc O

;xration 
of tlrc A

enrdyrram
ic antl l.ascr

T
ert F

aciliticr of thc D
cfencc R

cscarch B
oard of C

ana(lil," nnrl "P
rohlttnrs gfni.rnrrx

rclutili rux tnoycnr d'c*rrir adrodynentiquc:," P
ru{eulingr,rf 

#m
irm

ire tlu graupr w
r ln

d{nut de I'O
T

A
I{, lnrrirut F

rrnco.A
llsm

rnds 
du !it, l*uir, M

,ry .l*?, lU
? I (!il. l,ouir,

F
rtttcc. l9?l), pp. I l${5.

)
Lu*osicuticz
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!'lli
tillr
flt I
rtl 

I
lB

t t

C
anada's E

ncoutilcr w
ith tligh-speecl A

eror--.rlrcs Z
S

 I

per second, that is, at, a tvlach nuntbe r ol'aboul 8*a rentirrkalllc re$ult
y!!n lom

P
ared to the $tandard 2.800 fect per $econd pcrfor.m

ance of
I S

-inch guns.s!
Latet', iockcr,-as$isted pa),loacls w

cre devclopcd to augrnent the per-
fut'tttutlcc uf thc gutrs, ancl tlrc Icasitrility of gtrir-tuurrchc4 satcllircs w

1s
sttrcliccl. It w

its estitrtutecl that a 60-potrncl lilyloltl could bc placcd ip
?Ibit using a three-stitge, rocket-assistccl, 2,000-pound u*hi.l* in a
l6-inch grrn.6 A

 S
2-inch cnliber larrnchcr w

as alsocnnsiderccl (fig. g).
R

trt the H
A

R
P

 project, w
a$ term

inltetl in l$)0? afiter C
nn1d1 w

itS
ilrsv

F
lo. $'-f,66srding to thc ertim

ates m
ade by the H

A
R

P
 projcc( rcarnr a 1,000-pound

felload go.ul{ bc pleced in the earth'r orbit uring a three-*agi rockct vehicie taunched
frorn a 3X

'inch_S
rnrtkcrched 

aboyc" T
hir proporil reprercntid m

odern .*boaim
ent of

$",-":t niqrre dlrcribed byJirla V
erne inhisiaos novel oi taric 

d hil;;. (5;c n.66,
fig. 17.)

nG
. V

. B
ull,'lF

r.lopm
enr of G

un.Lrunchcd V
ertical P

rober for U
ppcr A

rm
orpherc

S
tudics," C

adbn A
ctollalttlics otd S

pxctaum
all0, no. 8 (O

crobcr tgO
*): 956*47; C

, H
.

M
urphy rnd G

. V
. B

ull,'R
cvicw

 of the H
igh A

ltitude R
esearch P

rogram
 (H

A
R

,p)," T
f,r

F
luid D

1rum
ic A

lpnts ofB
allislicr, A

G
A

R
D

 C
onfcrcncc P

rocccdingr no-. 10, N
orth A

rlantic
T

rtrty -O
rganirldon, A

dvirory G
roup for A

crorpace R
ercaich and D

evelopm
cnr,

.S
cptcm

bcr 
I {100, pp. ,105-"$7,

"O
, V

. B
ull, ?, !p,*rr rnd G

. V
. hrkinm

n, O
rC

ileland H
igh A

ttitudtP
rotin8 

P
otentialal

G
un Lsurclvd R

eclrtr, S
R

I,H
.R

.I3, $pecc R
gerrch Inniturc, M

cG
ill U

nivirlity, M
on.

trcll, O
rtobsr 1060,

N
:Ii

F
ro. 8,-H

A
R

P
 leuncher in clcvatcd firing position on B

arbrdot, B
.W

.L T
hc tyitcm

conrirtcd of tw
o l6-inch fJ.S

. N
rvy rurplus-B

uns rm
ooth.bored to l6.4.i.tG

h diam
ctcr

and ioined to form
 e I t 9-foor 5-inch lon!, 200-ton barrel, the largcst gun t! tE

 w
orld. A

fo*i.r 
charge up ro 980 pounds has 6cen uscd. A

 m
uzzlc veloclty of.1,J00 fect pcr

lecopd (m
axilnurn accctcraiion at taunch of t5,000 g) w

as attaincd *i!! u {O
0'pound slrot

w
cight, e I B

5-pound paylol{ reaching an altitudc of 59f ,000 fcct ( l8 I km
). (C

ourtoy of
S

paie R
crearih ln*titutc, M

ontreal.)

E
ast C

oast. A
ltituds of up to t I t krn w

crc rcached w
ith thc l6.inch

gun $y$tem
 and up to ?5 [m

 w
ith thc 5-inch S

un. P
rofiler of electron

tlerrsiiy irnd w
ind w

src rncil$urcd in the u[)[rcr ittm
osplrcre. In H

iglrw
it'

rcr, a i6.inch horizontal launchcr w
ar u$ed for aerodynam

ic itudim
 of

bnllistic rnhgilc nose cone$. W
ith a shot, w

cight of 2?0 poundrf 100'
pound conc rnodelr could bc launchcd at vclociticr ar high ar 8,700 fcct

\)





262 Julilu psicuuz
its support. A

 toral of about 19.5 m
illion w

ac sP
cnt on H

A
R

P
; C

anada's

sh"rc im
ountcd to $4.3 m

illion'o?
-"8;i";",inucd 

ballisric research at S
pace R

esearch C
orporation. 

a

""*oon, t c cctablirhcd at thc tlighw
atcr-N

orth T
roy- rangc' w

itlt

;ffi:;il 
nior"r."r and additional tJst facilities on B

arbados and A
nti'

cua. T
he S

R
C

 rvas successful in dcveloping long-rang-c artillery shells

iia ,".i, but in 1980 the com
P

any w
ent bankrupt''-

'"ff.-,r"ry orifi""r technique of high'altitude launches t'nrm
 large'

catilxr suns oti'erctl ccrtain advurilrgcs ovcr collvcrrtional rockct

iir,".r,rt"*-,r,riutly the rclativcly loJcost and high uccuracy atttl

;:iilffid i,..,it " iiea cam
e too lite to gain general acceP

tance; by the

iiir" i "i"t developed, a large variety of rocket vehicles w
as com

m
er'

.i"ii),';;;tL[i" uni gorerr,,i.n".h."d 
invested heavily in rocket range

facilities. M
orcover,'rocket launchings did not subject payloads to thc

ffi;il[;...t.t",ion 
loads.preseniin gt'n launchings (50'000 g's irr

s-iricr, [uns and 15,000 g's in t6'inch guns)'
- H

e{p'. studies uim
""upp""t"to'pf,t'c 

duplicated a m
uch larger

:ffi l*;i,'"1J"'1ffi .*tu'"'l;fi ['H
"J']i:iffi :fi ill',ii

I;;f;;;;il. 
rri"riru". over the yeT

s,it involved several canadian

;ilus.;rg.nir.ii-on, iN
nc, calD

E
, the D

efencc R
esearch T

ele'

com
m

unica,ion, E
rt.itiitt*"nt, N

A
S

A
, the C

anadian and U
'S

'

A
rm

ies, the U
.S

. aii rot." and N
avy, am

ong.othertl'!!"iida 
these

"*i"i i* i"a * ,t "i"r"fop*enr-of thc B
hIk B

rant series of rockets'

;itdil;;;"ttru, rt*i*J* 
sold and used throughout the $orld'

T
hc A

natorry of F
ailurc

T
he dccision to undertake rhe A

rrow
 program

 h.": not been Q
U

c$'

doned in canada, bui its abandonm
lr.t hur 6.*n w

idcly condcm
netl'

A
ccording to conr.niional w

isdom
, A

rrow
 w

a$ a rvcapon system
 rvell

ahead of its dm
e, and ir cancellation robbed the countty- ?f.the op'

portuniry. r,o establish an irriernational prc$ence in high'speecl
aeronauucs.r, T

he present analysis, the sim
ilar experiences in other

countri.r, and the ,irrr.t,.ring of *ore recent aircraft projects do not

rrM
. lrrojeechorvrki, *H

.ry F
iatco,' S

cim
cc F

ontm
 3, no. l/lt (1970)l 12-10'

pT
hc sR

C
 tega endcd in ict.r,tion for G

. v. B
ull w

hcn the com
P

any'w
ar finctl e total

of tt00,000 by canadirn rntl u.s. .our,, lftcr. plerttin[ guiltl'of illcgnl exponr uf

m
unirionr to $outh A

frice. sce "carc of D
r. Ilull R

crclr.i tit llittcr E
ttd," T

hc G
auttc'

M
ontrcal, M

arch 21. lgB
l'

, 
oR

. E
. B

arrington,..C
anatlian 

S
prcc A

ctiviticg in the P
art Q

uartcr C
cttturl," C

anadian

tlsrorw
utifI 

at ,dlp*. 
Jaunl&

,ll25, tro. 2 (l{)79): 155-69'
il$cc n. I abovc'

)
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support this assessm
ent and indicate that tlre A

rrorv tra$ a classic
cxilrnple of horv a country suclr as C

anacla should nul irpproaclr de*
vclopnlent, o[ sophisticated, advanced, ancl expcnsive tcclrrrology.

C
anada'$ vcnture into high-specd aeronautics w

as churacterir.ed by
tcclrnic:rl and m

anagerial incom
pctence, inept organiz.irt,ion, and

bureaucratic inefliciency. B
ut the failure of the enterpri.rc resuked

fnlnr a m
ore fundam

ental cause: the unrealistic goal of achieving
inclustrial and m

ilitary sovereignty and sel['-sufficiency in nrilitary avia-
tiun.'f'llrouglrout. 

the [$50s, C
anacliart clccision rllakcrs in tlrc nrilitary,

lxrlitical, and burenucratic donrairts allow
cd tltcrttsclvcs to bc sw

uyc.l t y
visions of prcstige and national pride. T

'hey failed aclequately t,o asse$s
and appreciate the resources, experience, 

and large m
arkets necrssary

to pay for research and developm
ent costs. [rroneously, the country's

record as a w
artim

e m
anufacturer of aircraft w

as regarde d as a signifi-
cnnt, foundation for original design w

ork. E
ven private ventures such

ls r\vro,*a new
 com

pany w
itlr im

ported talent ancl gcncrous govern-
rncur funding*badly nrisjudged thc cxtent of tlrc task beforc [hcm

.
T

lrc costl)' experim
ent w

as rootcd in a ptlo'ly cortceived rnilitary
strategy, w

hich rejectcd a joint role for the R
C

A
F

 and the LI.S
. A

ir
F

orce in favor of a separate R
C

A
F

 role in northern defense, T
he

operational requirem
ents that flow

ed from
 this im

perative yielded
spccilications for an extrem

ely com
plex w

eapon system
 (the A

rrow
), of

a perform
ance excecditg that of any aircraft then in production or

under developm
ent.'r (S

im
ilarly, off-the-shelf m

issiles and electronics
rvere not acce ptable.) T

he scale and conrplexity of the program
 florced

,,doption of m
ajor com

ponents from
 abroad. Indeed, eue n cluring the

inirial planning for thc A
rrow

, the use of a LJ.S
. arm

anlent systcm
 ancl

A
m

erican or B
ritish cngines w

as envisaged, thus deleating one of ttre
purposes of the progrs6*[o cstablish an inde pendent C

]anadian l)res-
ence. Ironically, efforts to rescue the A

rrow
 through foreign sales

"w
ere blocked by the very logic that led C

anada to build its ow
n aircrafr

in thc first place,"?r [n the U
nitcd K

ingdom
 and the U

nited $m
tes, as in

C
anada, depcnding on foreign sales for w

eapon$ w
a$ $een as a poten-

tial threat to national security, and cxporting know
-how

 and jobs in a
vital defense industry w

a$ not acceptable.
A

s in the case of the A
rrow

, unrealistic prernises w
e re at thc root of

the V
etvet G

love m
issile fiasco. T

he dcvelt)pm
cnt of an original nrissile

rvat considered ncccr$ary to cnsurc opcrrtirrrral fam
iliarity w

ith a new

trA
t noted by J. C

. F
loyd, A

vrc't vicc.prcritlctrt, 
cngittcct'itt1g, rr$lxtllriblc lur tlre

A
rrow

; "[hc C
F

.l05 w
ar. of ncccrsity, r conrrklcnrlile nrlvlttruttult or('r'r'(]lrttlnlxrnrry

uircralt,lntltlrcrcw
cngfew

rtporF
ortcttr...{otrw

hiclrtolurc..,rlcrilglr"(rr; 
lllulxrrc,

p. 847).
trD

ow
 (n. 9 rbove). p. {6.

r?,{:}f,q}::"
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rt'eapon typc." B
ut in light of the C

anadian forces' experience w
ith

forcign rvcapons in both w
orld w

ars, this w
as an obviously untenable

proposition, and an expcnsive and uncertain m
ethod of acquiring

m
issilc know

-how
. M

oreover, the clesire to keep the project sim
ple

(given lim
ited capabilities and resources) resulted in tcchnical spcc-

ifications'tlrat addressed the threat of the previous rather than the
future w

ar and thus scaled the fate of the V
elvet G

love as an obsolete
w

eapon even belore it w
as developed.

A
lthough m

anagcrial and technical incom
petence 

w
ere not the chief

cau$e$ of these various failures, they rvere neverthelcss m
uch in evi-

dence. t{either the R
C

A
F

 nor A
vro had any expcrience in the procure-

m
ent and cngineering rnanagem

ent of com
plex w

eapon $y$tem
s such

as thc A
rrow

; both underestim
ated 

thc im
pact of spccification and

cquipm
ent changes.?t A

s a rule, designing an aircraft on the basis o[ an
enginc still uncler devclopnlent is avoiderl; and yet tlris course u,as
klllurvetl by A

vl'o. O
n [w

tl occusionri (C
-102 utttl C

f-105), tlcsigrrs lracl
to be clr:rngccl dritsl,ic:rlly rvlrcn tlrc sclcctcrl ttrrlxrjcts w

crc rrrritvuil:tblc.
t requstrt clrangcs in tlre crrgirtc iurtl tlrc ilrnlilm

cnt sy$tcm
 irrtenclcd for

tlre C
F

-105 forccd expansion of the project w
ell beyond its planned

scope and contributed to an intolerable escalation of costs. T
he aerody-

nam
ic design of the C

-102 w
as obsolete, and the plane suffered from

rnany potcntially hazardou$ dcliciettcies (the A
ir T

ransport Iloard
concluded that years of w

ork w
ould be needed befbre a production

aircraft could be certified).'' P
rojcct Y

 (the "{lying $auccr") dem
on-

srrated an unhealthy tendency tow
ard unorthodoxy for ir ow

n sake
accom

panied by publicity that verged on science fiction, T
he available

resource$ and expertise w
ere not adequate to carry on m

issile develop-
m

ent.
O

nly in the ficld ofjet engines did A
vro achieve out$tanding succe$s.

A
vro'tr O

rendt, il $tate-of-the-art engine in the R
olls-R

oyce A
von class,

w
a$ produced in large num

bers and exported $ucce$sfully. T
he lro-

quoii, a large rupersonic turbojet, featured the application of ad-
vanced rnatcrials (m

ore titanium
 w

as used in its construction than in

'rG
oodrpccd (n. S

l above).
,.O

nly I ycar beforc thc cancellation an R
C

A
F

 officc w
lt tct up to coordinate rhe

A
rrow

 program
. A

i norcd latcr by the hcad of thc ncw
 officc, 

n', . . corting 
w

a.r dons by

rom
cbody. cquipm

cnt w
il punchased rorncplacc elre, contracu w

crc let etl reparat$ly . , ,
w

irhin the A
ir F

orcc in thc carly deys [project m
anagem

entJ 
rvar all parcelled out in

diffcrcnr directorar$ and w
itlr different pcoplc doing diffcrent thingu" (quotcd by D

ow

[n. I aboveJ, pp. I l0-l l].
'rD

ow
 (n. 9 abovc), P

' {9.

)

canada's E
ncountcr w

ith H
igh-spced A

cronautia ls5

|ny other engine at the tim
e) and developed a higher rhrust and had a

Iarger thrust-to-w
eight ratio than com

pering deligns.r.
. T

he E
overnm

ent's abandonm
ent of all A

w
o prdgram

s and its cleci-
sion to destroy all evidence dem

onstrated 
clearly ihrt (rhetoric nor-

w
ithstanding) ncither the politicians nor the m

ilitary unclersrood rhe
procest gf innovation and industrial strat:gy. lvlissile technology, rlrerr
in its early year$, had been heralded naively as a subsrirure for ilonncd
aircrali. rfhe larges! R

&
D

 invcstm
ent ever m

ade by the governm
enr

Y
as w

iped out overnight w
ith no attcm

pt to salvage iny prlt of ir. A
nd

the A
vro enterprise w

as view
ed, not in the conrexiof a b*rd industrial

$trategy, but, in the narrow
est of political, m

ilitary, and budgerar),
te rrn$.

C
anada's qxpelitqce in high-speeq aeronaudcs w

a$ no unique;
other countries w

hich ernbarked on sim
ilar policies after l g{S

 w
ere

cqually^ un$uccessful. A
r$entina, ftrr exam

ple, [r'i l 
I dcvelgp a m

ocl-
erll indcpcttclcnt, aircraft industry w

ith the hclp ul'u G
crm

ap rcarn
lrcadc.l t y D

r. K
trrt T

ank, fortner teclrnicnl clircctor of tlre F
ockc-\V

ulf
concern. A

s if anticipatingcvcnts in C
anada, T

ank's jer plane designs
w

ere nam
ed P

olqui*rneaning A
rrow

. B
ut the project w

at abandoied
in 1956, and the plant h,as converted to autom

obile m
anufacture. T

ank
m

oved to India that sam
e year to develop the H

F
 24 M

arut, a subsonic
lighter pow

ered by B
ritish engines produced under license. A

frer
som

e 140 H
F

 24s w
ere built, the developm

ent of indigenousjet aircraft
in India w

a$ also dircontinucd. In 1962, E
gypt attem

pted t6 enter the
field througl, ,E

-ticensing ofjet designs developed in S
pain by W

illy
M

esserschm
itt. 

T
hese projccts w

ere canccled in 1969, evln before the
first flight of a delta-w

ing fighter w
ith an E

gyptian engine. C
learly,

notions of sovereignty T
d national pride can providi a pow

erful
m

otivation tow
ard the achievem

ent of extraordinarily difficuit rechni-
cal tasks, as in the case of the u,S

. "M
an on the M

oon" A
pollo projecr.

B
ut suclr rnotivation done cannot ensure success; it m

usi be m
atjt cU

by adequatc resources and m
arkets.,,

trA
v{lr (n. 16 above), In 195? thc F

rcnch bccarne interertcd in rhe lroquoir for their
D

etrault'M
iregc IV

 figtrtcr but in view
 of the uncertain futurc of rhe A

rrow
 program

 did
not ordcr the enginc.

'?N
otw

ithgtending 
it1 part feilurtr, A

rgentina ir reported to be planning again (in the
w

ake of its 1982 dcf;rt in thc F
alkhndl) thc dcvclopm

cnt 
of com

bat.let airriafi ('.A
ircra[t

B
uildcr M

overT
ow

ardlC
om

brt$elw
,"A

urarionW
ccl.tf 

$pccc T
tchiolag I lg, no. { U

uly
25' l983ll 35*36).E

gypt, on thc other hand, is going into lim
ited prodrition of U

.S
. and

Y
t:, [uroryrn doignr ("E

${ry S
.!k, T

lhlology T
ransfcr," A

udation 
W

cch U
 $pcce

T
crhw

llr 
t Il, n9. 7 [A

ugust 15, I98S
l: 129*39). E

ven rom
c of the w

orld! m
osr trilfrfy

indurtrialircd 
rnd cconom

icelly pow
crfut countricr havc rerchcd rhe lim

iu of r6ourcc$
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A
m

ong the lesser pow
crr w

hich em
barked on independent high.

pced aircraft devclopm
ent after the w

ar, S
w

eden repre$ented a no-
rble exception. Its neutralist policy w

as successfully backed up by a
eliance on w

ar m
at€riel developed and produced dornestically, in-

luding advanced aircraft and m
issiles. F

urtherm
ore, extensive rc-

carch qnd te$t facilities w
cre provided to assist the industry. T

ne key to
iw

eden'E
 succe$s w

as the depth of its technological culture and the
xistence of a $trong ind ustry-governm

ent-u niversity part nershi p su p-
rcrted by a decisive and consistent policy.il N

evertheless, S
w

eden's
eliance on foreign cquipm

ent is increasing. Its latest com
bat plane, the

A
S

-S
9 G

rippcr, w
ill be equippcd w

ith A
m

erican engines and m
issiles.

In 1958, C
anada's independent air defense policy w

a$ super$eded by

'IO
R

A
D

, thcjoint U
nited $tates-C

anada 
continental air defense orga-

rization. O
nly then w

as the fallacy of the rationale behind the A
rrow

rnd other m
iliury project$ clearly exposed. U

nder N
O

R
A

D
, the inclu-

ion of special "C
anadian requirem

ents" in m
ilitary aircraft specifica-

ions lyas no longer relevant or necessary. N
either w

as a C
anadian

nsisrence on an indepcnde nt dom
estic supply of aircraft; the R

C
A

F
's

:quipm
ent needr becam

e part of the integrated requirem
ents of

{O
R

A
D

 and N
A

T
O

. If there is a lesson to be learncd from
 the

)erspective of the past tw
enty-five years, it is that the goals of rnilitary

rnd industrial sovereignty are no longer attainable in the increasingly
nterdependent and integrated w

orld of industrialized 
countries.

'\lthough "nations continue to act as though they w
ere sole m

asters of
lheir fatc," sophisticated technologies require a larger base than m

ost
;urtcr can provide.?e Increasingly, international m

ilitary alliances such
,rs I.{A

T
O

 and various transnational industrial operadons provide the
.ro$w

cr. T
hey offer both the diversificd industrial infrastructure

rreeded for advanced and com
plex projects and the large m

arket
rrceded to pa), very high rescarch and developm

ent co$ts.
P

articularly in aeronautics, international cooperation and coproduc-
tion have becom

e the norm
, E

xam
ples include the B

ritish-G
erm

E
n-

Italian T
ornado com

bat aircraft, the A
nglo*F

renclr Jaguar supersonic
fightcr trainer, the F

ranco-A
m

erican C
F

M
 pow

er plant, and F
ranco-

C
erm

an antiship and antitank m
issiles. In civil aviation, there is ttre

highly $uccessful A
irbus w

ide-body j*t, produced by a consortium
 of

and rnerkerr, W
itnes S

oviet, B
ritirh, and F

rench efforu to develop rupcrronic trant.
portr. T

hc $ovict T
u.l{{ never entcrcd regular servicc, w

hile thc A
nglo-F

rench 
C

on.

corde provcd a tcchnicel ruccert but rn cconom
ic dirastcr; only 16 production m

odclr
w

crc buitt, alrd t y I tlS
S

 thr ce A
ir l'rancc aircrirli w

crc bcirrg canuibalirctt lbr rpur"$ l)irt't$.

'*S
cc Lundlxrg (n. 4l al.rovc).

nT
hc quotc ir from

 E
. B

. S
kolnikoff, "T

echnology 
and the F

uturc G
row

th of lntcrnl.
donal O

rganirationl,' T
cchnolog 

R
w

icw
 73, no. I (1971): $8,..{7.

)
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F
rench, B

ritish, G
erm

an, and S
panish cornpanies and relying hcavily

on A
m

erican-m
ade 

com
ponents. A

m
ong the latcst exam

ples arc the
LJ,S

.-B
 ritish*W

est G
erntan*j apanese-I tali arr I nte rn atiu nal A

e ro E
 n-

gines V
2500 rurbofan and the F

uture E
trropean F

ighter A
ircraft,

scheduled to enter service in 1995 w
ith the air force$ of llritain, F

rance,
lvV

est G
erm

arl, Italy, and S
pain.

T
he lcsson for C

anada, as for m
any countries, is pl:"n: the kcy to

effective participation in the aerospace enterprise is indusrrial col-
laboration on an international level.to A

nd, idcally, such collaboration
should inrrolve C

anadian firm
s over the w

hole cycle of researclr, de-
vclopm

ent, m
anufacturing, and w

orldw
ide m

arketing for a com
po-

nent or range of products.
S

uch full-cycle w
orld m

andate responsibility has seldom
 been

achieved, S
ince the A

rrow
, C

anada has been lim
itcd largely to sporadic

lice nsed production of U
.S

. equipm
ent for the R

C
A

F
 or to the tirbrica-

tion of conrponents for A
m

erican aircraft com
panies. A

n exceprion
has bcert the operation of P

ratt &
 W

hitney C
anada Inc,, w

hich de-
velops and nranufhctures sm

all gas turbinc engincs frrr air, lancl, and
m

arine application. T
his C

anadian subsidiary has thc supporr o[ irs
giant parent (U

nited T
echnologies) and has sole responsibility for this

particular class of pow
er plants, for w

hich it has captured a large share
of the w

orld rnarket.ir
N

otw
ithstanding the lessons of the A

vro venture ancl ttre subsequenl
developm

ent of international cooperation in rtre air industry, the
C

anadian governm
ent again em

barked on an inde pendent jcr aircrafr
projecr in 1976. T

his tim
e, the com

pany w
as C

anadair Ltd" and the
project w

as the C
hallcngcr, 

a w
ide-body executive jet,*'O

riginally 
rhe

H
lndced, it ir through intcrnetionel collaboration that C

anadianr firsr bccam
e in.

volvcd in aeronautim
 

as m
crnbcn of thc A

crial E
xpcrim

ent A
sociarion errablirhrd in

1907 by A
lexander G

rrhrm
 B

cll, w
ho crm

c lrom
 S

cotland to C
anetla and rnoved ro rhc

U
nited $tatcr in 1872. T

he esocietion includrd tw
o C

enadianr, f . W
. B

al<
Iw

in end J. A
.

D
, M

cC
urdy, and tw

o A
nrericnnt, T

" E
. $clfridgc rnd G

. H
. C

urtisr; rhcy conrrructed
rsvcral hitcr, glidcrr, rnd m

an{arrying 
pow

cr-drivcn 
biphner and conductcd rcrt tlighu

near H
am

m
ondrport, 

N
"Y

., and B
addcck, N

ove S
cotia. T

he activiries of thc A
E

A
concluded w

ith thc dcvelopm
cnt in 190&

*9 of thc S
ilver D

art biplanc, in w
hich ltf cC

urdy
m

ade thc firrt pow
cred flight in C

anaA
a 0" H

. P
arkin, "T

he E
volution of rhc S

ilver l)arr,"
C

arudu,n A
ronautkalJourual S

. no. 2 [F
cbruary t959J: 39*{6; rec n. 22 ebove).

frS
ce C

. B
. W

rong, *T
he S

tory o[ P
ratt &

 l,t/hitncy A
ircraft of C

anada," C
ana/,ian

A
rrorw

utics and S
pau Jw

rnol25, tro, 2 (1979): l{2-52.
rS

ec A
vbtionW

ec* (f S
pacr T

cchw
log I18, no. 20 (M

ay 16, 1983): 63-69; I 18, no. 25
(Junc 20, 1983):2{*251 ll9, no. lS

 (S
cpternber 26. IgttS

): l2l*221 alrc. A
 llcprt 

by

S
rnatorJachA

urtdr snC
anadilirLtd.totfu 

$lcnding C
om

m
ittnonP

ublic rlraluntr andtothc
.tlauding C

snnnittsc on F
iw

uus,'frtdt aw
l E

tsnw
nic A

tthirr, [t irrirrcr ol' litutc, ( ]u.rtn . . . r. i?lc
?,ltl$5; uldJ, Luharicw

icr, *T
lrc A

rruw
; A

 (iunadiln ()lrjcct Lerli{rrr iu T
.rrltrr... i[r

6lobc and M
ait (T

oronto), F
ebruery 80. 198{, p. 7. C

anrdair Ltd. w
ar purchescd frorn

G
encral D

ynam
io C

o. in 1970 for I{6.0 m
illion.
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)t*;r,
developm

ent of the C
hallenger rva$ expected to cost $ t 06 m

illion, w
ith

l break-even point of 136 planes solcl (to be reached early in 1982). B
ur

once again unrealistic specilications could not be m
et: the plane w

as
rnuch heavicr, had a shorter rangc, ancl needed a longer runlvay than
:rnticipatcd. O

nce again, an unproved engine w
as sclccted and another

one substitutcd, A
nd 1,200 m

ajor m
odifications had to be m

acle. In
1983, the com

pany posted a loss of $1.4 billion, thc largest corporate
loss (in curl'ent dollars) ever rccordcd in C

anadil,'t antl the estim
ated

trreak-cverr point rose to 3S
g planes sold by 1992. A

$ this fauriliar
pattern ernerged, it scenred tlrat rtothing had been learned fronr thc
A

vro episode.u
A

pplied research activities suffered from
 the sam

e lack of realism
and com

pctence that m
arked the A

vro and V
elvet G

love projects.
G

iven thc fragrnentatiorr of 1's.sporrsibilities 
anrong organizations (cach

.icalously protecting its ovcrlapping interests), it is not, surprising tlrat
rhe m

agnitude of rcsearch ancl tcst support reqtrired by the aircraft
irrdust,ry w

:r.s not appreciatctl and program
s rvcrc not coorclinatcd,

either w
ith industry or am

ong the laboratories.tt T
he cancellation o[

the A
rrow

 w
as coincident w

ith the final approval of the 5-foot trisonic
w

ind tunnel, reflectirg the confused R
&

D
 scene in the 1950s. T

he
developm

ent of experim
e ntal facilitics w

as conducted independently
by the N

R
C

's H
igh S

peed A
erodynam

ics Labeiratorlr the D
R

B
's

*$$20 m
illion in 1958 dollars, i.c., an am

ount about equal to the cost of thc A
rrow

projcct.
H

sirniler difhculticr w
cnc cxperienced by de H

avilland A
ircraft of C

anada Ltd,, the
other aircraft com

prny ow
ncd by the C

arradian govcrnm
cnt (rincc 197{}. I}ecaure of

lrigh dcvclopm
ent 

cosu and few
 sales of its com

m
uter-type aircraft, betw

een 1982 and
I98{ de H

avilland requircd an infusion of 1500 m
illion in govcrnm

cnt fundr; a further
$l bitlion w

as ertinlated ncceltary to kecp the com
pany opcrating through 1988 (rcc

Jam
cr R

urk, "D
c llavilland W

oer M
ay C

ort $ I ltillion," T
hc G

lobc and M
ail (T

oronto),
A

pril 10, 198{, pp. l*2. R
ether than continue m

asive rubridization, thc C
anadian

fovcrnrncnt dccidcd in D
cccm

bcr 1985 to rcll tle H
avilland to B

ocing C
o. of S

eattlc,

lV
ashingror. onc of thc w

orld'r largcst acrospacc m
anufacturers. T

his m
ay result in an

operation sim
ilar to that of P

ratt &
 W

hitncy C
anada Inc., m

entioncd alrcvc, w
ith dc

H
evilland crrrying for B

*ing a global m
andate for thc dcvclopm

ent antl construction of
corn m

uter-type 
aircra ft,

rlT
hcrc problem

r w
crc tacklcd m

orc cflectivcly iri the U
nited S

tater ar a result of
ruch rtudier ar the above-m

entioned 
1945 von K

drrndn rcport for thc A
A

F
 (n. { abovc)

anr.l N
A

C
A

'r N
ational A

cronautical R
escarch P

olicy pm
posal of 1946, cndorsed by atl

tlrc agcncicr conccrncd (G
ouanm

tnl 
and A

ircra{t Indw
u1 C

ontur on N
ational A

cronoulicol
llulr,rch P

oliq. N
A

C
A

 P
resr R

clcare, A
pril l, l9{0; $cc alro, N

rtC
4 llrd A

w
tw

rl lleport
t917; Ilurtnrnrr [rr. 50 ltxrvcf, 11. 120]. Y

cnrs lltcr, w
lrcn the S

uvict $prrtril sprrrrctl urt
exlxrnrion ol'ilcro$purc R

&
D

, n new
 ilrrtittrtionll frnm

ew
ork 

w
;tr establirhctl tlrrorrglr llre

crcation. on ()clulxr t, lll$tl. of tlrc N
ltiolrnl A

crorruutics arttl S
plce A

tlurirristratiull,
w

triclr tooh ovcr frorn tlrc lorty-tlrrcc-ycar'-oltl N
A

0A
 and carrictl u ntuch brolder

ntandatc.

i'

canada's E
ncqunlcr w

ith H
igh-spccd A

cronautics lrg
C

A
R

D
E

 organization, and the D
R

B
-supported 

U
niversity of T

oronro
Institute o[ A

eroplIsicu. Jurisdictional dispures delayed tlre com
pte-

tion of m
ajor tc$t facilities, as in the case of the 5-foor rii; : tunncl.

U
pper'atrllosphere study projects w

ere duplicatecl ttrrough the sim
ul-

taneous developm
ent of tw

o differenr rechniqucs.
T

he deficient m
anagem

ent of applied researclr did not attogerlrer
prcvent w

ortlrw
hile developm

cnt.$ from
 occurringi rat,hcr, thcir

polential w
a$ not recognized and they w

ere not exptoited com
m

er-
cially. In thc case of the novel w

ind tunnel dcsign, the com
parison of

C
anada's handling of the rtecd for adequate aer"odl'nam

ic test facilities
to the LJ.S

" experience m
akes this very clear. In the U

nited S
tates an

industrial organization such as N
orth A

m
erican A

viatior, Inc., w
as

able to com
e up w

ith a novel solution (technically and econom
ically

appropriate) and have corporate m
anagem

ent "bry" the untried con-
cept, build and operatc a pilot m

odel, and design, Iabricar,e, and crecr
the-facility*all w

ithin five years. C
onfidence in teclrnicaljudgm

enr at
all levels, the constraints of a lim

itetl budgct, and pressiug necd fsr
acrodynam

ic data w
ere re$ponsible for the rem

ar"kablc pcrform
ance"

In C
anada, the opposite situation prevailed: hesitation and bureau-

cratic inefficiency lcd to delays and excessive costs. f :" .'therm
ore , no

attentpt w
as m

ade to exploir innovation: public funds w
erc used to

devclop technology but nothing w
as done to protecr it through pare n$

and to take it to the m
arketplace. Innovations in aeroballistics w

ere
sim

ilarly neglected" C
anadian governm

ent agencies failed ro exploit
the expertise acquircd through C

A
R

D
E

 and S
R

I/H
A

R
P

 acrivities and
Iater used by S

pace R
e$carch C

orporation. M
ore vigorous governm

enr
support for innovation in the design of guns and shells could havc lcd
to the establishrnent of a com

m
ercially viable industry, w

ith good
export potential (S

R
C

 saleg in 1979 cam
e close to $40 rrr'!1,o,r,.

C
anada's experience show

s that the probability of "spin-ol'f is sm
all

yh_en applied research is not linked to viable industrial activitf , particu-
Iarly if the w

ork is confined to governm
ent, 

establishm
enrs. A

irhough
C

anada's llovel w
ind tunnel dcsign w

as not com
rnercially exploited by

the govcrnm
ent, privatc cngineering consultanrs have ensured rhat

the dcsign expcriencc acquired in C
anada through the 5-foor tunnel

projcct w
ill not be com

plcrely lost. Indeed, it is bcing prescrved and
cxpanded and has led to the participation of C

anadian consulrants and
industry in m

any foreign w
ind tunnel projects. D

ilw
orrh, S

ecord,
M

eagher and A
ssociates (D

S
M

A
) ofT

oronto ha.r been rcsponsiblc for.
blow

dow
n tunnels of the N

A
E

 5-[oot type construcred in Intlia, R
o.

tttitttia, iutd Y
ugosluviu; Ior vilcuunt-opcl'iltc(l 

trlnriollic.strlrcr'sgrric
tutlnsls at D

R
E

V
, V

alcartier, Q
uebcc, arrd at fuji !lcavy Ir:rr,irrrics in

Japan; and for seycral w
ind tunnel dcsign slrlrircs lor N

A
'['O

 and





t ". .f .,{ :,. ,1 ,. 
,,

T

260 
Julfus Lrtfusiaficz

others. D
S

M
A

 holds a license for thc application of cryogenic rech.
niquet to blow

dow
n interrnittent tunnels. T

he firm
 hns also clcsigncd

low
.speed w

ind tunrtels in O
ttarva (N

A
E

, S
0 foot) and nutonrotivc w

in<
l

tunncls irr C
ntuttln (Irnpcrinl O

il), $w
cdcn (V

olvtl), C
erm

any (F
orcl),

tlre U
rriterl S

tirtes (C
lrrysler, A

m
oco, E

xxon), and E
ngl;rntl (llririslr

lrylnnd]. In a lrighly cornpetitive environnrent, D
S

M
A

 has gaincd arr
international reputation 

a$ a desigrrcr ot' rnodern aerodyuanric 
tcst"

facilities.
In addition to ir relevance to C

anadian aeronautics, the history of
the developm

ent of large interm
ittent w

ind tunnels recorded here is
m

orc gencrally rignificant a$ an exam
ple of the obstacles w

hich ofircrr
gct in the w

ay of innovation. It illustrates how
 institutionalized cn-

gineering conservatism
 can m

ake it difficult for experiencecl prncti.
tioners to adopt, or even m

crely consider, nontraditional approachcs.
In tlris cil$cr rleciules of exllericnce lirnitcd to continuous lvind tunncl
testing preventecl the largest and m

ost reputable aeronautical researclr
organizations-1hs 

N
A

C
A

 in the U
nited S

tates and the R
A

E
, in C

rear
B

ritain-from
 considering a short-duration technique. It w

as lefi ro
uninhibitcd new

com
ers, lacking the resource$ available to their peer$,

to com
e up w

ith novel solutions offering superior econom
y tnd

perform
ance.ru

T
he history of continuous versus interm

ittent w
ind tunnels w

as
rccnacted to an extent, in the 1970s, rvhen efforts w

ere m
ade to develop

technique$ for attaining the high R
eynolds num

bers requircd to sim
u-

Iate large aircraft and rocket aerodynam
ics at transonic speeds,';

A
gain, the bias tow

ard continuous florv operation m
ay have been a

factor in the rejection of the Ludw
ieg-tube and other short-run 

$y$-

tcm
$ and the selection of continuous, cr)rogenic w

ind tunnel design
for the nsw

 N
ational T

ransonic F
acility (N

T
F

) com
plcted in 1985 at

the N
A

S
A

 l"angley R
esearch C

enter.t'A
gain, those faced w

irh linrited

rE
xam

ple* of engineering conocrvatism
 in the devclopm

cnt of hypcrsonic rvind
tunnclr arc noted by Lukariew

icz (n. 47 above),
oS

ee, G
.S

,, J. Lukaricw
ice, "T

he N
eccl for D

cvcloping a H
igh R

eynoldr N
um

bcr
T

renrcnic l{ind T
unncl in the U

.S
.," A

stronaulks U
 A

cronautict g, no. { (1971): 64*70.
rln cryogcnic w

ind tunnelr ttagnation tem
pcraturcr dow

n to about t00 degrcm
 K

(-280 degrecr F
) arc obtaincd through evaporation of liquirl nitrogcn. O

pcrarion ar
ruch tem

pcraturel allow
r attainm

ent of m
uch higher R

eynoldr num
berr w

irh sm
allcr

drivc pow
cr than at norm

al ternperaturct, 
F

or exam
ple, at a prcssurc corrcrponding ro a

tcn-tccond run in tlrc N
R

C
 5'foot trisonic w

ind tunnel, a four-rim
er-largcr 

R
e,vnoldl

num
ber tpcr unit lcngth) ir obtained in the N

T
F

, at e sngnation tem
perarurc o[ I l0

dcgrccr K
. F

or a hirtory of tlrc cryogcnic w
ind tunnet devcloprnsnl, 

scc f.. C
. P

ullrurnus.
*T

hc largc $ccond G
tncrrtion 

of C
ryogcnic T

unntl r," A
rtronautks C

l A
ronautict 

I 9, no.
l0 (1981): tB

-51.

C
anada's E

ncounltr a,ilh t t igtrsperd A
erotrurrtics l(i I

ruliourccs and those $P
criencecl in short-duration 

tcsring optcd iu
intcrntittent-type facilities.t, 

c' 
r- --

'l-lte paradox of m
a.ior. organiartions, 

lrctive at the learling erlge ol'
tcchnology progress arrd yet teclrnolugically cor$ervirtivc,'iro,, lrccrr
ll()tctl b$lore. It, sccttts clcar that, r'csi.rtilii.* to clriulH

c is:rs rrruclr :r r,r.;rir
ot' llrttlliltt tlill.lll'c ils ilt'c irtvclrtivcltclrs arrd (:t.ciltivity.",

* l1h" D
ouglar A

ircr.rfr C
o. in the unired srares and oN

E
R

A
/C

E
R

T
 

in F
rancc; $ec

P
ollram

ur (n. B
B

 rbove).
x'scc. r.8., E

, E
, M

oriron , M
cr., M

uhincs, ard rtrodrnt T
im

cs(cam
bridgc, lLtarr., lg6s);

and J' Lulnriew
ict. *T

he Inrtitutionatiration ul' obsolerence,* in T
hc R

aitatq G
am

t
(T

ororrto, 19?6), pp, t{g-4i. 
}*r't}' 

,
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