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ALTITUDE TEST BED

During  my r ecen t  v i s i t  to  Α ο V» Roe , I was
asked  by Mr. Knowles whe the r  the N*A.E. had any p lana  fo r
bu i ld ing  an a l t i t ude  t e s t  bed fo r  Je t  eng inea  o He sa id
tha t  the ma t t e r  had been cons ide red  ea r l i e r  by Avro and
a rough des ign  e s t ima te  of $75 ,000  had been mentioned  0
In t he i r  p roposa l  i t  had been i n t ended  to cons t ruc t  a
s imp le  a l t i t ude  chamber  in which the eng ine  would be
mounted* At the d i s cha rge  end i t  was p roposed  to In j ec t
s team from the l a rge  Nobel powerhouse  and thus induce an
a i r  f low through the chambers  An expans ion  turbine  at  the
ent rance  would pe rmi t  the de s i r ed  dep re s s ion  to be ob t a ined  0«

Mr. Knowles cons ide red  tha t  the t ime was now
nea r  when such f ac i l i t i e s  would be of cons ide rab l e  va lue
to the Company. In r ep ly  to a ques t i on ,  he s t a t ed  tha t
p robab ly  one eng ine  t e s t  a year  might  be r equ i r ed  a t  the
p re sen t  time but tha t  the r e su l t s  of t h i s  t e s t  would be
impor tan t  to  them o

I po in t ed  out t ha t  the Engine  Labora to ry
was a l r eady  shor t  of s t a f f  to unde r t ake  I t s  p r e sen t  pro-
gramme and tha t  from pe r sona l  p r e f e r ence ,  I should l i ke
to avo id  the r e spons ib i l i t y  fo r  such equ ipment  un l e s s  the re
were a r ea l  need fo r  l t  o I ag reed  to d i s cus s  the ma t t e r
wi th  you.  >

Upon my re turn  I d i s cus sed  the p roposa l  wi th
S/L Br idg land  but  have not as yet hea rd  h i s  f i na l  comments*

I be l i eve  tha t  the re  i s ,  or w i l l  be ,  a need
fo r  such equipment  in the fu tu re ,  a l t hough  more a s su rance
should  be fo r thcoming  tha t  some use w i l l  be made of i t
by A o V. Roe or by the R*C o A.Fo be fo re  i t  is  bu l l t o

If i t  i s  dec ided  tha t  such equipment  i s  to be
cons t ruc t ed ,  I be l i eve  tha t  i t  shou ld  be bu i l t  by the N.A OE.
so tha t  the  f ac i l i t i e s  w i l l  be ava i l ab l e  to  the R .C .A .F .  and
to manufac tu re r s  of o the r  eng ines  used in Canada as we l l  as
to the N.AoEo In add i t i on ,  s t ud i e s  of the ope ra t i on  of any
je t  eng ines  and acces so r i e s  and e f f ec t s  of f ue l s  and l ub r i can t s
cou ld  be s t ud i ed  on such equ ipmen t*  F ina l ly ,  the i c ing  s tud -
ies  might  be ex t ended  If t e s t s  could  a l so  be done under
a l t i t ude  cond i t i onso
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If I t  Is  dec ided  tha t  such equ ipment  i s  to  be con-
s t ruc t ed  , s e r ious  cons ide ra t i on  should be g iven  to  the s i ze ,
capac i ty  and method of ope ra t i ng  such a t e s t  bed©

If an eng ine  Is mounted  In a ce l l  and pe rmi t t ed  to
exhaus t  d i r ec t l y  In to  the a tmosphe re ,  the a i r  In take  can
be t h ro t t l ed  and ’ ’ a l t i t ude”  cond i t i ons  may be s imu la t ed
somewhat in the compres so r .  However ,  the compres so r  In-
l e t  w i l l  be a t  a l t i t ude  cond i t i on  and the Je t  nozz l e  a t
sea l eve l  cond i t i ons .  Somewhere be tween  the In l e t  and
the j e t  nozz l e ,  p r e s su re s  w i l l  vary from one to the o the r
and ma tch ing  of turb ine  and compres so r  w i l l  be unce r t a in
and combust ion wi l l  d i f f e r  from tha t  ob ta ined  under  normal
ope ra t i ng  cond i t i ons .  This  s imp l i f i ed  form of ce l l  does
not f u l f i l l  the r equ i r emen t s©

Al t i t ude  t e s t  beds have been cons t ruc t ed  by Ro l l s -
Royce ,  Huckne l l ,  and they  have used je t  eng ines  as e j ec to r s
to Induce  a dep re s s ion  in the ce l l e  This  Is qu i t e  a good
ar rangement  for  them as they have ava i l ab l e  eng ines  and

. spa re s .  These are  not r ead i ly  ava i l ab l e  to  us and some
o the r  form of power would be r equ i r ed .  Steam nozz l e s
might  be used fo r  t h i s  pu rpose ,  pa r t i cu l a r ly  as the fue l

. r equ i r ed  fo r  s team gene ra t i on  need not be too expens ive©
However ,  from a ra ther  r ap id  examina t ion  of the p rob lem,
i t  i s  conc luded  tha t  the e f f i c i ency  of the s team e j ec to r
is  too low fo r  such an app l i ca t i on  and pumps would p rob -
ab ly  be r equ i r ed© This would have to be de t e rmined  l a t e r©

The deve lopment  and cons t ruc t ion  of a comple t e  a l -
t i t ude  t e s t  p l an t  fo r  an eng ine  such as Avro are  con templa t ing
for  deve lopmen t  a t  the p r e sen t  time is  a cons ide rab l e  un-
de r t ak ing .  A l t i t udes  of 20 ,000  or 40 ,000  f ee t  could be
cons ide red  as de s ign  r equ i r emen t s .  S imu la t i on  of a l t i t ude
cond i t i ons  Is  not comple t e  un l e s s  low tempera tures  are  a l so
ava i l ab l e© In th i s  r ega rd ,  wh i l e  Ottawa w in t e r  t empera tu re s
would be of some advan tage ,  they  a re  not su f f i c i en t ly  low
nor of long enough du ra t i on  to be very  e f f ec t i ve©

The des i r ed  capac i ty  wi l l  a l so  have an Important
bea r ing  on the requi rements  fo r  such a t e s t  bed© As no t ed
above ,  Avro a re  r epo r t ed  to be cons ide r ing  an engine wi th  a
thrus t  of 13 ,000  lb© Des igns  should  therefore  be su i t ab l e
for this engine  and ,  pos s ib ly ,  fo r  l a rge r  eng ines©

3
The fo l l owing  tab le  g ives  a rough idea of the

var ious  cons ide ra t i ons  which would have to be e s t ab l i shed
J· be fo re  des ign  cou ld  be s t a r t ed©
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TABLE I

P re l imina ry  Requirements  fo r  A l t i t ude  Tes t  Chamber

Al t i t ude Temp. Mass Re f r ige ra t i on Water fo r Pqwer fo r
Air Coo l ing Compres s ion
Flow Exhaust Exhaus t

F t . °C. lb./sec . BTU/fer . Ga 1/Hr . HP

Turbo - Je t  deve lop ing  20,,000 lb o thrus t  a t  sea l eve l .

40 ,000  -40 107 10 ,800 ,000  13 ,000  26 ,000

20 ,000  -30 206 17 ,700 ,000  24 p 800 19 ,700

Turbo - j e t  deve lop ing  15 ,000  lb« thrus t  a t  sea l eve l .

40 ,000  -40 80 8 ,100 ,000  10 ,000  19 ,200

20 ,000  -30 155 13 ,300 ,000  18 ,600  14 ,800

No r ea sonab le  cos t  e s t ima te  can be g iven  fo r  t h i s
equipment  a t  t h i s  s t age .  I t  can be no ted  tha t  p r e l imina ry
des ign  e s t ima te s  of $75 ,000  had been cons ide red  by Avro some
time ago» I t  may be assumed tha t  both eng ine  capac i ty  and
bu i ld ing  cos t s  have i nc rea sed  marked ly  s ince  t ha t  time and
no p rov i s ion  had been made for  r e f r i ge ra t i on  nor evacua t ion
pumps as the s team p l an t  a l r eady  ava i l ab l e  a t  Nobel was to
have been used fo r  the pu rpose  «

For d i s cus s ion  pu rposes ,  the fo l l owing  gene ra l  p ro -
posa l  might  be cons ide red :

l 0 The expans ion  tu rb ine  be ing  pu rchased  fo r  the
* ' Gas Dynamics Labora to ry  i s  r a t ed  a t  abou t  2 ,000

hor se -power ,  but  If i t  were used a t  the a i r  I n t ake
of an a l t i t ude  t e s t  bed ,  the work ing  cond i t i ons
and t empera tu res  might  pe rmi t  i t  to abso rb  up to
3 ,000  ho r se -power .

The cos t  of the tu rb ine  Is  e s t ima ted  a t  $75 ,000
but  If a second  un i t  were to be pu rchased  for
the a l t i t ude  t e s t  bed ,  the cos t  would p robably  be
reduced  to $50 ,000«

While the t u rb ine  be ing  In s t a l l ed  in  the Gas
Dynamics Sec t ion  is  be ing  made as f l ex ib l e  an

t i n s t a l l a t i on  as pos s ib l e ,  c e r t a in  changes  would
have to  be made each time the a l t i t ude  t e s t  c e l l
was usede This would en t a i l  a cons ide rab l e  lo s s
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of ope ra t i ng  time fo r  the  tu rb ine  and shou ld
not be recommended.

The expans ion  t u rb ine  would be de s igned  to
deve lop  power from the Incoming  a i r  and i t
i s  not l i ke ly  tha t  i t  cou ld  a l so  ob t a in  max-
imum a i r  t empera tu re  r educ t ion  through the
un i t .  Even if  t h i s  were ach i eved ,  i t  would
p rov ide  only  about  ha l f  the r e f r i ge ra t i on  r e -
qu i r emen t s  and p robab ly  cons ide rab ly  l e s s  than
th i s  amoun t ,  for  15 ,000  lb .  t h rus t  a t  -40°C e and
40 ,000  f ee t  ( t he  I .C .A .N .  t empera tu re  for  t h i s
a l t i t ude  is  - 56°C) .  Add i t i ona l  r e f r i ge ra t i on
would t he re fo re  be r equ i r ed .  No e s t ima te  of
cos t  fo r  t h i s  i s  ava i l ab l e  a t  t h i s  t ime .

The t e s t  c e l l  p rope r  would co r r e spond  roughly
with the p roposa l  t ha t  was cons ide red  by Avro
fo r  $75 ,000 .  However,  i t  is  an t i c ipa t ed  tha t
the s i ze  would be i nc rea sed  and tha t  cos t s  w i l l
have i nc rea sed  app rec i ab ly  s ince  tha t  t ime and
th i s  f i gu re  i s  cons ide red  to be hope l e s s ly  in -
adequa t e .

3 .

The b lower  or pump r equ i r ed  to evacua t e  the
t e s t  c e l l ,  even under  the minimum cond i t i ons
quo ted ,  would r equ i r e  abou t  19 ,000  ho r se -power
and t h i s  would i nc rea se  tc 26 ,000  ho r se -power
under  the more s eve re  des ign  cond i t i ons .

Of t h i s  power ,  some 3 ,000  might  be supp l i ed  by
the expans ion  turb ine  a t  the i n l e t  but the re-
ma inde r  would have to be supp l i ed  from ano the r
sou rce .

No e s t ima te  of cos t  f o r  the b lower  is  ava i l ab l e .

Recommendations

The des ign  and cons t ruc t ion  of an a l t i t ude  t e s t
bed should  r ece ive  very s e r ious  cons ide ra t i on  be fore  any
work on the p ro j ec t  is  i n i t i a t ed .  A compromise  i n s t a l -
l a t i on  p rov id ing  only  fo r  r educed  dens i t y  can g ive  some
data  but i t  w i l l  be i ncomple t e .  Ce r t a in  data are  ava i l -
ab le  on the pe r fo rmance  of gas tu rb ine  eng ines  under
f l i gh t  cond i t i ons  and i t  is  l i ke ly  t ha t ,  based upon

v
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these  r e su l t s ,  a c a l cu l a t i on  may be made which w i l l
be qu i te  as a ccu ra t e  as would be t e s t s  made unde r
compromise  cond i t i ons .  Reduced t empera tures  must be
cons ide red . )

The ope ra t i on  of such equipment  is  l i ke ly  to
be cos t l y ,  r equ i r ing  expe r i enced  s t a f f  and in view of the
a l t i t ude  t e s t  equipment  fo r  combus t ion  work be ing  in -

• s t a l l ed  by the Gas Dynamics Sec t ion ,  a much c l ea re r
e s t ima te  of the p roposed  use of the t e s t  bed shou ld
be ob t a ined  be fo re  any dec i s ion  is  r eached  r ega rd ing
the cons t  rue t i on  e


