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ABSTRACT 

T e s t s  w e r e  conduc ted  in t he  P r o p u l s i o n  Wind Tunne l ,  T r a n s o n i c  
(16T) of the  P r o p u l s i o n  Wind T u n n e l  F a c i l i t y  at  the  A r n o l d  E n g i n e e r i n g  
D e v e l o p m e n t  C e n t e r  to  d e t e r m i n e  the t e s t  s e c t i o n  t e m p e r a t u r e  d i s t r i -  
bu t ion  and  c a l i b r a t i o n  r e l a t i o n s h i p  to  a m e a n  n o z z l e  r e f e r e n c e  t e m p e r a -  
t u r e  whi le  u s i n g  a c r y o g e n i c  coo l ing  s y s t e m  to p r o d u c e  s t a g n a t i o n  t e m -  
p e r a t u r e s  f r o m  -30 to  30°F. Data  w e r e  ob ta ined  o v e r  t he  Mach n u m b e r  
r a n g e  0 . 2 0  ~ NI~<-_ 0 . 5 5  f o r  s u b s y n c h r o n o u s  o p e r a t i o n  and  0 .55  <= M® <= 1 .2  
f o r  s y n c h r o n o u s  o p e r a t i o n .  The  t e m p e r a t u r e  dev i a t i on  in  a 6- by  6 - f t  
c o r e  was  found to  be  l e s s  t h a n  ±8°F in  the  s t a g n a t i o n  t e m p e r a t u r e  r a n g e  
-30°F  <= T t <= 30°F.  It was  a l s o  d e t e r m i n e d  t h a t  a n  o f f se t  c a l i b r a t i o n  
f a c t o r  of - 2 ° F  m u s t  be app l i ed  to the  m e a n  nozz le  r e f e r e n c e  t e m p e r a t u r e  
to ob ta in  t h e  a v e r a g e  t e s t  s e c t i o n  t e m p e r a t u r e  in a 6- by  6-f t  c o r e .  

This document is subject to special export controls 
and each transmittal to foreisn governments or |oreisn 
nationals may be made only with prior approval of 
Arnold Engineering Development Center (AETS), 
Arnold Air Force Station, Tennessee 37389. 
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SECTION I 
INTRODUCTION 

The addi t ion of a c ryogen ic  cool ing sys tem,  in D e c e m b e r  1967, 
expanded the t e m p e r a t u r e  match ing  capab i l i t i e s  of the P r o p u l s i o n  
Wind Tunnel  F a c i l i t y  Tunnel  16T at the Arnold  Eng inee r ing  Develop-  
ment  Cen te r  (AEDC). A ca l i b r a t i on  was p e r f o r m e d  to d e t e r m i n e  the 
extended reg ion  of ma tched  t e m p e r a t u r e  and subsequent  r e l a t i o n s h i p s  
be tween tes t  sec t ion  t e m p e r a t u r e  and a mean  nozzle r e f e r e n c e  t e m p e r a -  
t u re  while using a c ryogen ic  cool ing s y s t e m  to' produce  s tagna t ion  t e m -  
p e r a t u r e s  f r o m  -30 to 30°F. 

A s e c o n d a r y  m i s s i o n  of the c a l i b r a t i o n  was the  development  of p ro -  
cedu re s  fo r  subsynchronous  ope ra t ion  of the c o m p r e s s o r  d r ive  to  r e l i a -  
b ly  ach ieve  s table  ope ra t ion  in the Mach number  range  0.2 % 1 ~  S 0 .55 
fo r  a l im i t ed  range  of t e s t  sec t ion  p r e s s u r e s .  

The r e s u l t s  of the c a l i b r a t i o n  us ing the c ryogen ic  cool ing s y s t e m  
and subsynchronous  ope ra t ion  of the c o m p r e s s o r  a r e  p r e s e n t e d  in th i s  
r e p o r t .  

SECTION II 
APPARATUS 

2.1 BASIC TUNNEL AND SUPPORT EQUIPMENT 

Tunnel  16T is a c0~ inuous  flow, c l o s e d - c i r c u i t  tunnel  with a Mach 
number  range  f r o m  0.55 to 1.60 while opera t ing  the tunne l  c o m p r e s s o r  
in the  synch ronous  mode (600 rpm) .  The Mach n u m b e r  range  can  be ex-  
tended by  ope ra t ing  in a subsynchronous  mode ( l ess  than  600 rpm).  The 
t u n n e l  is  capable  of opera t ing  in a s tagna t ion  p r e s s u r e  range  f r o m  approx i -  
ma t e ly  80 to 4000 psfa .  The s tagna t ion  t e m p e r a t u r e  range,  us ing  w a t e r  
in the  tunnel  cooler~ extends f r o m  a p p r o x i m a t e l y  80 to 160°F, depending 
on the t i m e  of y e a r .  This  range  can be extended, by use of c r y o g e n i c a l l y  
ch i l l ed  coolant  in the tunnel  coo le r  and in jec t ion  of l iquid a i r  into the  
tunnel  a i r s t r e a m ,  to  a p p r o x i m a t e l y  -30°F.  A s t r u c t u r a l  l im i t a t i on  on 
some tunne l  components  l im i t ed  the  t e s t  sec t ion  t e m p e r a t u r e  to -30°F.  

The r emovab l e  t e s t  s ec t ion  is 16 ft square  and 40 ft long. A 9-ft  
t a p e r e d  p o r o s i t y  sec t ion  connec ts  the t w o - d i m e n s i o n a l ,  so l id -p l a t e ,  
f lexible  nozzle  to the  porous  wall  t e s t  sec t ion .  The t e s t  section! wal ls  
have 60-deg inc l ined  holes  and a p o r o s i t y  of 6 pe rcen t .  P l enum suc t ion  
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f o r  Tunne l  16T i s  p r o v i d e d  b y  the  P l e n u m  E v a c u a t i o n  S y s t e m  (PES) ,  
and  a d d i t i o n a l  s u c t i o n  is  a v a i l a b l e  by  a d j u s t m e n t  of m o v a b l e  d i f f u s e r  
f l a p s .  

The l o c a t i o n  of T u n n e l  16T in the  P W T  c o m p l e x  is  shown in 
F i g .  1, Append ix  I. The  a s s o c i a t e d  c r y o g e n i c s  s y s t e m  is  a l s o  shown  
a d j a c e n t  to T u n n e l  1 ST in  t h i s  f i g u r e .  D e t a i l e d  i n f o r m a t i o n  on the  t u n -  
ne l  can  be found in  Ref s .  1 and 2. 

2.2 CRYOGENIC COOLING SYSTEM 

The T u n n e l  16T c r y o g e n i c  cool ing  s y s t e m  is  b a s i c a l l y  c o m p o s e d  
of a l iqu id  n i t r o g e n  s y s t e m  to  ch i l l  the  m i n e r a l  s p i r i t s  f o r  the  t u n n e l  
c o o l e r  and  a l iqu id  a i r  s y s t e m  f o r  d i r e c t  i n j e c t i o n  of c r y o g e n i c s  into t he  
t unne l  a i r s t r e a m .  A p h o t o g r a p h  of the  l iqu id  a i r  i n j e c t i o n  s p r a y  b a r s  
in the  t u n n e l  s t i l l i n g  c h a m b e r  i s  p r e s e n t e d  in  F i g .  2. The  s p r a y  b a r  
s y s t e m  is  r e m o v e d  when t h i s  t e s t i n g  c a p a b i l i t y  i s  not d e s i r e d ,  and r e i n -  
s t a l l e d  upon r e q u e s t .  

2~3 TEST APPARATUS 

T h e r m o c o u p l e s  u s e d  in  the t e m p e r a t u r e  c a l i b r a t i o n  w e r e  s h i e l d e d  
c o p p e r - c o n s t a n t a n  a l i g n e d  wi th  the  a i r s t r e a m .  The b a s i c  d i m e n s i o n s  
of a t y p i c a l  t h e r m o c o u p l e  a r e  g i v e n  in F ig .  3. 

Two t h e r m o c o u p l e  g r i d s  w e r e  bu i l t  f o r  the c a l i b r a t i o n .  Both  g r i d s  
w e r e  c o n s t r u c t e d  by  s a f e t y - w i r i n g  the  t h e r m o c o u p l e s  to  two s e t s  of 
p a r a l l e l  p r e s t r e s s e d  s t e e l  c a b l e s  l o c a t e d  in the  nozz l e  c o n t r a c t i o n  r e g i o n  
and  in  t he  t e s t  s e c t i o n  ( F i g s .  4 and 5). Two g r i d s  w e r e  n e e d e d  to ob ta in  
a t e s t  s e c t i o n  t e m p e r a t u r e  c a l i b r a t i o n  a s  a func t i on  of the  t e m p e r a t u r e  
in the  nozz l e  c o n t r a c t i o n  r eg ion .  T h i s  was  n e c e s s a r y  b e c a u s e  a r e f e r -  
ence  was  ne eded  to enab le  t e s t  cond i t i ons  to be a c c u r a t e l y  se t  in  the  t e s t  
s e c t i o n  a f t e r  the  t e s t  s e c t i o n  t h e r m o c o u p l e  g r i d  was  r e m o v e d .  The  geo -  
m e t r y  of t he  two g r i d s  is  shown in F i g .  6. P h o t o g r a p h s  of the  t u n n e l  in -  
s t a l l a t i o n s  a r e  shown  in  F ig .  7. 

In add i t i on  to  the  t h e r m o c o u p l e s ,  t o t a l  p r e s s u r e  p r o b e s  w e r e  m o u n t e d  
on the  two t h e r m o c o u p l e  g r i d s .  The  p r e s s u r e  p r o b e s  w e r e  m a d e  f r o m  
0. 125- in .  -OD by  0. 018- in .  - w a l l  s t a i n l e s s  s t e e l  tub ing .  One p robe  was  
m o u n t e d  on the  nozz l e  g r i d  and  f ive  w e r e  m o u n t e d  on the  t e s t  s e c t i o n  
g r i d .  

T h r e e  e l e c t r i c a l  c o u n t e r s  f o r  m e a s u r i n g  c o m p r e s s o r  s p e e d  capab l e  
of m e a s u r i n g  o n e - t h i r d  r p m  p e r  count  w e r e  l o c a t e d  in  the  c o m p r e s s o r  
m o n i t o r i n g  r o o m ,  in  the  c o m p r e s s o r  c o n t r o l  r o o m ,  and in  t he  16T con-  
t r o l  r o o m .  

2 
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SECTION Ih 
PROCEDURE 

3.1 SUBSYHCHRONOUS OPERA'I'ION 

The Tunne l  16T c o m p r e s s o r  is  n o r m a l l y  o p e r a t e d  in  a synch ro=  
nous m o d e  (i.  e . ,  c o m p r e s s o r  speed.= 600 r p m ) .  Mach n u m b e r  is  
n o r m a l l y  se t  by v a r y i n g  the  nozz l e  con tou r  and by c o n t r o l l i n g  the  t u n n e l  
p r e s s u r e  r a t i o  with s t a t o r  b lade  -~tdjustment. However ,  Mach n u m b e r s  
be low 0 .55  a r e  se t  by e m p l o y i n g  the  b a s i c  Mach 1 n o z z l e  c o n t o u r  and  by  
c o n t r o l l i n g  t u n n e l  p r e s s u r e  r a t i o  ( v a r y i n g  the  s p e e d  of the  w o u n d = r o t o r  
i nduc t ion  m o t o r s  u s e d  to d r ive  the  c o m p r e s s o r ) .  The  m o t o r  s p e e d  can  
be a c c u r a t e l y  c o n t r o l l e d  to  one= th i rd  r p m  in t h i s  s u b s y n c h r o n o u s  m o d e  
which  a l lows  Mach n u m b e r s  in the  r a n g e  0 .2  < M® < 0 .55  to  be  se t  wi th  
l i t t l e  m o r e  d i f f icu l ty  than  e n c o u n t e r e d  in n o r m a l  s y n c h r o n o u s  o p e r a t i o n .  

3.2 TEMPERATURE CALIBRATION PROCEDURE 

Dur ing  t he  t e m p e r a t u r e  c a l i b r a t i on ,  the  t e m p e r a t u r e  d i s t r i b u t i o n  
at s t a t i o n  12.2  in  the  t e s t  s e c t i o n  was s tud i ed  as  a func t ion  of the  d i s -  
t r i b u t i o n  at s t a t i on  - 6 4 . 2 5  in the  nozz l e  c o n t r a c t i o n  r eg ion .  The n o z -  
z le  g r i d  shown in F ig .  6a was  b r o k e n  up into two g roups  of t h e r m o -  
coup les  deno t ed  as  Tt, a and Tt, b. The  t e s t  s e c t i o n  g r i d  was a l s o  
b r o k e n  up into two g roups  to m e a s u r e  t e m p e r a t u r e s  d e s i g n a t e d  as  
Tt, 1 and  Tt,  2 as shown in F ig .  6b. Groups  Tt, 1 and Tt, a w e r e  s e -  
l e c t e d  so that  t h e r r n o c o u p l e s  f r o m  both  g roups  would  be c o n t a i n e d  in 
a p p r o x i m a t e l y  the  s a m e  s t r e a m  tube .  

When a g i v e n  Mach n u m b e r  and a l t i tude  w e r e  s e l e c t e d ,  the  c o r r e s -  
ponding  m a t c h e d  t e m p e r a t u r e  was  se t  by p a s s i n g  c h i l l e d  m i n e r a l  s p i r i t s  
t h r o u g h  the  t u n n e l  c o o l e r  and, if  n e c e s s a r y ,  by  i n j e c t i n g  l iqu id  a i r  in to  
the  t unne l  a i r s t r e a m .  Once the  m a t c h e d  t e m p e r a t u r e  was  se t ,  d i s t o r -  
t i o n  and c a l i b r a t i o n  p a r a m e t e r s  w e r e  d e t e r m i n e d .  Also ,  the  t o t a l  p r e s -  
s u r e  was  s t ud i ed  t o s e e  if t h e r e  was  an  a p p r e c i a b l e  p r e s s u r e  change  
f r o m  the  n o z z l e  to the  t e s t  s e c t i o n .  

3.3 DATA REDUCTION PROCEDURE 

Data ob t a ined  du r ing  the  c a l i b r a t i o n  w e r e  r e d u c e d  on l ine  us ing  a 
:Ray theon  520 c o m p u t e r  and  r e c o r d e d  on a l ine  p r i n t e r  in  the  Tunne l  16T 
c o n t r o l  r o o m .  The data  r e c o r d e d  inc luded  ind iv idua l  t e m p e r a t u r e  and 
p r e s s u r e  r e a d i n g s ,  t e m p e r a t u r e  and p r e s s u r e  d i f f e r e n t i a l s ,  and a v e r -  
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age  t e m p e r a t u r e s .  F o r  m o n i t o r i n g  p u r p o s e s  du r ing  o p e r a t i o n ,  a c a t h -  
ode ray  tube  {CRT) was u s e d  to d i sp l ay  the  &T b e t w e e n  the  m e a n  t e m -  
p e r a t u r e s  and the t e m p e r a t u r e  of the  ind iv idua l  t h e r m o c o u p l e s  of a 
s e l e c t e d  g roup .  

The c a l i b r a t i o n  f a c t o r  (6) was d e t e r m i n e d  by c o r r e l a t i n g  the  
t e m p e r a t u r e  f r o m  the  p e r m a n e n t l y  i n s t a l l e d  n o z z l e  g r i d  wi th  the  
t e m p e r a t u r e  f r o m  the  t e m p o r a r y  g r i d  in the  t e s t  s e c t i o n .  T e m p e r a -  
t u r e  va lue s  f r o m  t h e r m o c o u p l e  g roups  Tt, a and Tt, i w e r e  u s e d  to  
obtai 'n th i s  p a r a m e t e r  b e c a u s e  t h e y  r e p r e s e n t  the  t e m p e r a t u r e  of a 
6- by l l - f t  c o r e  in the n o z z l e  and a 6- by 6-f t  c o r e  in the  t e s t  s ec t i on ,  
r e s p e c t i v e l y .  C o r r e c t i o n s  fo r  Reyno lds  n u m b e r  and Mach n u m b e r  
e f f ec t s  (Appendix  H) w e r e  app l i ed  to the  m e a s u r e d  t e m p e r a t u r e s  b e -  
f o r e  8 was  d e t e r m i n e d .  The  t h e r m o c o u p l e s  of t he  a r r a y s  d e s i g n a t e d  
as Tt,  b and Tt, 2 w e r e  u s e d  to  deve lop  t he  data  p r e s e n t e d  in F ig .  8. 
T h e r m o c o u p l e s  of t he  type  u s e d  in t h i s  c a l i b r a t i o n  a r e  g e n e r a l l y  c o n -  
s i d e r e d  to have  a s y s t e m a t i c  e r r o r  of ±4°F. 

A c h e c k  m a d e  to  d e t e r m i n e  if t h e r e  was a to t a l  p r e s s u r e  l o s s  b e -  
t w e e n  the  n o z z l e  and  the  t e s t  s e c t i o n  as  a r e s u l t  of the  i n s t a l l a t i o n  of 
the  c r y o g e n i c  s p r a y s  r e v e a l e d  no p r e s s u r e  dev i a t i on  b e t w e e n  Pta and  
P t l ;  t h e r e f o r e ,  a p r e s s u r e  c o r r e c t i o n  was not r e q u i r e d  fo r  data  r e -  
d u c t i o n  p u r p o s e s .  

SECTION IV 
RESULTS AND DISCUSSION 

One of the  r e s u l t s  of p r i m a r y  i n t e r e s t  was  the  t e m p e r a t u r e  c a l i -  
b r a t i o n  p a r a m e t e r  l ink ing  the  n o z z l e  t e m p e r a t u r e  to the  t e s t  s e c t i o n  
t e m p e r a t u r e .  A f t e r  the  t h e r m o c o u p l e  c o r r e c t i o n s  w e r e  app l i ed  to the  
r aw  t e m p e r a t u r e  data, the  c a l i b r a t i o n  p a r a m e t e r  was d e t e r m i n e d  to  be  
-2°F .  T h e r e f o r e ,  to ob ta in  a g i v e n  t e s t  s e c t i o n  t e m p e r a t u r e ,  the  n o z z l e  
t e m p e r a t u r e  had to be  se t  two d e g r e e s  l o w e r  than  the  d e s i r e d  t e s t  
s e c t i o n  t e m p e r a t u r e .  T e m p e r a t u r e  could  be  c o n t r o l l e d  to  wi th in  ± I°F  of 
the  d e s i r e d  t e s t  s e c t i o n  t e m p e r a t u r e .  

T e m p e r a t u r e  p r o f i l e s  i l l u s t r a t i n g  the  t e m p e r a t u r e  d i s t r i b u t i o n  in  
the  n o z z l e  and t e s t  s e c t i o n  in the  f o r m  of i s o l i n e s  a r e  shown  in  F ig .  8. 
Al l  t e m p e r a t u r e s  have  b e e n  c o r r e c t e d  fo r  Mach  n u m b e r  and  R e y n o l d s  
n u m b e r  e f f e c t s .  The i s o l i n e  m e t h o d  of p r e s e n t a t i o n  was  s e l e c t e d  b e -  
c a u s e  it p r o v i d e s  a m e a n s  of p h y s i c a l l y  dep ic t ing  the  t e m p e r a t u r e  d i s t r i -  
bu t ion  in  the  t e s t  s e c t i o n  and  n o z z l e  as  a func t ion  of T t 1- D e v i a t i o n  in  
the  t e m p e r a t u r e  p r o f i l e s  of F ig .  8 was  found to  be  less '  t h a n  ±8°F f o r  a 
6- by 6-f t  t e s t  s e c t i o n  c o r e .  T h e r m o c o u p l e s  on c o r r e s p o n d i n g  s t r e a m  
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tubes in the con t r ac t i on  reg ion  produced s i m i l a r  r e su l t s ,  t h e r e b y  
al lowing a n e a r l y  one - to -one  c o r r e l a t i o n  to be made while t e s t ing  
without the t e s t  sec t ion  the rmocoup le  gr id .  

Ins t a l l a t ion  of the c ryogen ics  s y s t e m  extended the t e s t ing  capa -  
b i l i ty  of the PWT Tunnel  16T. Regions of matched  t e m p e r a t u r e  fo r  
s t anda rd  day condi t ions  a re  p r e sen t ed  in the opera t ing  envelope of 
Fig.  9. The l im i t s  indicated fo r  t e m p e r a t u r e  match ing  a r e  governed  
by exhaus t e r  capac i ty  for  synchronous  ope ra t ion  and po~ver l i m i t s  of 
the  wound r o t o r  induct ion mo to r s  fo r  subsynchronous  opera t ion .  Sub- 
synchronous  opera t ion  may  be t ime  l imi t ed  by the heat  capac i ty  of the 
l iquid r h e o s t a t s  used to con t ro l  the wound- ro to r  induct ion m o t o r s .  

The n o r m a l  opera t ing  envelope of Tunnel  16T (Ref. 1) extends 
f r o m  0.2  <_- M~ <_- 1.6.  However,  s ince  Fig.  9 was des igned to i l l u s -  
t r a t e  the t e m p e r a t u r e  matching  capab i l i t i e s  c r ea t ed  by the c ryogen ic s  
sys t em,  the  Mach number  range  was not extended beyond the r eg ion  
fo r  which ex t rapo la t ion  of data was cons ide red  r ea sonab l e .  

The Reynolds  number  envelope for  the extended matched  t e m p e r a -  
t u re  range  is p r e sen t ed  in Fig.  10. 

SECTION V 
CONCLUSIONS 

The fol lowing conc lus ions  were  made a f t e r  t e m p e r a t u r e  c a l i b r a t i o n  
of the  PWT Tunnel  16T with the c ryogen ic  cool ing s y s t e m  ins ta l l ed :  

1. A t e m p e r a t u r e  c a l i b r a t i on  f ac to r  of 8 -- -2°F mus t  be appl ied  
to the nozzle  t e m p e r a t u r e  to obtain the c o r r e c t  t e s t  sec t ion  
t e m p e r a t u r e .  

2. The t e m p e r a t u r e  devia t ion  in the t es t  sec t ion  was l e s s  than  
+SaF for  a 6- by 6-ft  co re .  An approx ima te  one - to -one  c o r r e -  
la t ion  was found to exis t  be tween the t e s t  sec t ion  t e m p e r a t u r e  
devia t ion  and the  devia t ion  of the t e m p e r a t u r e s  in the nozzle  
con t r ac t ion  reg ion  so that  the nozzle  p a r a m e t e r  could be used 
to p red ic t  t e s t  sec t ion  condi t ions  when t e s t ing  without the  t e s t  
sec t ion  t he rmocoup le  gr id .  

3. T e m p e r a t u r e  con t ro l  can be held  within +I°F of the d e s i r e d  t e s t  
s ec t ion  t e m p e r a t u r e .  

4. Subsynchronous  opera t ion  of Tunnel  16T is f eas ib le  and p roduc-  
t ive .  
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APPENDIX II 

THERMOCOUPLE CORRECTIONS 

It has been established that corrections should be applied t o  

t h e r m o c o u p l e  data fo r  Mach n u m b e r  and  Reyno lds  n u m b e r  (Re) e f -  
f ec t s  on t h e r m o c o u p l e  g e o m e t r y .  C o r r e c t i o n  f a c t o r s  a r e  d i s c u s s e d  
at l eng th  in  Ref.  3 f o r  C h r o m e 1 ® - A l u m e l  ® t h e r r n o c o u p l e s .  H o w e v e r ,  
s i n c e  the  p h y s i c a l  g e o m e t r y  of the  sub jec t  t h e r m o c o u p l e s  is  s i m i l a r  
to p r o b e  n u m b e r  6 in  Ref.  3, and the  c o r r e c t i o n s  a r e  a func t ion  of 
M= and Re and not the  type  of t h e r m o c o u p l e  w i r e  used ,  t h e s e  c o r r e c -  
t i ons  can  be  va l id ly  app l i ed  to  the  c o p p e r - c o n s t a n t a n  t h e r m o c o u p l e s  
u s e d  in t h i s  s tudy .  

To e s t a b l i s h  and  apply  the  c o r r e c t i o n s ,  def ine :  

T t - r 
A - ¢ I I -  1 

T t 

where T t = True total temperature, °Pt 

T, = Measured gas temperature. °R 

'A = A (Moo , Re)recovery" factor 

B e f o r e  the  c o r r e c t i o n s  can  be app l i ed  to the  t h e r m o c o u p l e s ,  a 
r e f e r e n c e  r e c o v e r y - c o r r e c t i o n  f ac to r ,  Ao, m u s t  be e s t a b l i s h e d .  Th i s  
was  p r o v i d e d  in Ref.  3 and is  shown  in F ig .  I I - l .  Hav ing  e s t a b l i s h e d  
A o fo r  the  p robe ,  A is  d i r e c t l y  a v a i l a b l e  f r o m  Fig .  II-2,  a l so  e x t r a c t e d  
f r o m  Ref.  3. Solving Eq. ( I f - l )  f o r  T t y i e l d s  the  t r u e  to ta l  t e m p e r a t u r e  
of the gas  as a func t ion  of m e a s u r e d  gas t e m p e r a t u r e  and r e c o v e r y  f a c t o r .  
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