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SUMMARY 

Measurements  of  the  mean  flow  properties  of  transitional  and  turbulent 
boundary  layers  in  helium on 4O and 5O wedges  have  been  made  for  flows  with 
edge  Mach  numbers  from 9.5 to 11.3, ratios  of  wall  temperature  to  total  tem- 
perature  of 0.4 to 0.95, and  maximum  length  Reynolds  numbers of 100 x 1 06- 
The  data  include  pitot  and  total-temperature  surveys  and  measurements of heat 
transfer  and  surface  shear.  In  addition,  with  the  assumption of  local  similar- 
ity,  turbulence  quantities  such  as  the  mixing  length  were  derived  from  the  mean 
flow  profiles.  Low  Reynolds  number  and  precursor  transition  effects  were  sig- 
nificant  factors  at  these  test  conditions  and  were  included  in  finite-difference 
boundary-layer  predictions. 

The  skin-friction  data  could  be  reasonably  well  predicted;  however,  heat- 
transfer  and  total-temperature  ,survey  data at  a  wall  temperature  slightly  above 
the  adiabatic  wall  value  could  not.  Peaks  in  the  distributions  of  wall  heat- 
ing,  surface  shear,  and  surface  pressure  did  not  occur  at  the  same  locations, 
the  discrepancy  being  a  function  of  the  ratio  of  wall  temperature  to  total 
temperature. 

INTRODUCTION 

The  optimum  structural  and  aerodynamic  design  of  hypersonic  aircraft  will 
rely  on  accurate  predictions  of  the  mean  flow  characteristics  of  transitional 
and  turbulent  boundary  layers  at  flight  conditions.  The  prediction of these 
characteristics  at  Mach  numbers  above 5 is  uncertain  in  many  cases.  For  exam- 
ple, the  widely  used  methods  of  Spalding  and  Chi  (ref. 1 )  and  Van  Driest 
(ref. 2) for  predicting  turbulent  flat-plate  skin  friction  differ  by 10 percent 
at  Mach 11 in  helium  at  Tw/Tt = 0.3. Unfortunately,  the  difference  increases 
as  the  ratio  of  wall  temperature  to  total  temperature  Tw/Tt  decreases,  and  it 
is  the  cold  wall  conditions  which  are  of  practical  interest  at  high  Mach  num- 
bers. Future  vehicle  design  codes  will  probably  utilize  finite-difference 
boundary-layer  predictive  methods  to  determine  boundary-layer  induced  effects 
on  the  flow  field  as  well as to  determine  shear  drag  and  heating  loads.  Only 
finite-difference  methods,  compared  with  integral  methods,  offer  the  potential 
to  expand  into  fully  three-dimensional  field  calculations.  (See ref. 3.) 

In the  finite-difference  calculation  of  turbulent  boundary  layers,  assump- 
tions  must  be  made  for  closure of the equations-  Various  degrees  of  complexity 
in  the  resulting  algorithm  depend on the  type  of  assumptions  made for closure. 
(See  refs, 4 and 5.) The  simplest  method  utilizing  mean  field  closure  relates 
the  turbulent  shear  stress  to  the  mean  velocity  field  through  either a mixing 
length or eddy  viscosity  model (ref. 6) and  turbulent  heat  flux  to  the  turbu- 
lent  shear  stress  through  the  turbulent  Prandtl  number.  Thus,  the  mixing 
length,  viscosity,  and  turbulent  Prandtl  number  must  be  specified.  Mixing 
length  and  eddy  viscosity  distributions  through  turbulent  boundary  layers  have 
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been  found  to  be  almost  invariant  functions of y/6 at  high  Reynolds  numbers 
from  incompressible  to  supersonic  flow.  In  the  initial  stages  of  turbulent 
flow  the  turbulence  length  scales  are  functions  of  the  local  Reynolds  number 
even  for  incompressible  flow  (ref. 7). This  phenomenon,  known  as  the  "low 
Reynolds  number  effect,"  becomes of increasing  importance at high  Mach  numbers 
where  large  extents  of  transitional  and low  Reynolds  number  flow  can  exist. 
Reference 8 demonstrates  that  the  outer  mixing  length  variation  can  be blcoadly 
classified  into  "nozzle  flows"  and  "flat  plate  flows,"  that  is,  turbulent  flows 
having  a  previous  history of large  negative  pressure  gradient,  and  those  with- 
out  such  a  history. For each  type  the  effect of  compressibility  on  the  corre- 
lation  with  Reynolds  number  does  not  appear  to  be  too  large. 

Similarly,  at  low  Reynolds  numbers,  the  turbulent  Prandtl  number  has  been 
shown  to  be  a  function of the  Reynolds  number.  (See  refs - 9 and 1 0. ) At  low 
speeds  and  high  Reynolds  numbers  in  air,  the  commonly  assumed  turbulent  Prandtl 
number  of 0.9 works  well;  however,  supersonic  flat-plate  flow  and  total- 
temperature  profiles  could  not  be  predicted  by  use of  a  constant  turbulent 
Prandtl  number  in  reference 9. 

In  addition  to  possible  Mach  number  influences  on  low  Reynolds  number 
effects  for  mixing  length  and  turbulent  Prandtl'number,  transition  itself  may 
not  occur  in  the  same  way  at  high  Mach  numbers  as at  low  Mach  numbers.  Distur- 
bances  indicative of boundary-layer  transition  occur  near  the  outer  edge of the 
boundary  layer  in  high-speed  flow  (ref. 1 1 )  and  spread  toward  the  surface  at  a 
shallow  angle (ref. 1 2 ) .  At  the  surface  the  heat-transfer  rate  begins  to  devi- 
ate  from  laminar  heat  transfer  near  where  the  disturbances  reach  the  surface 
(ref. 1 3 ) .  Inclusion of this  "precursor  transition  effect"  was  shown  in  refer- 
ences 1 4  and 1 5  to  improve  agreement  between  calculated  and  measured  boundary- 
layer  properties.  Most  boundary-layer  prediction  schemes do  not  incorporate 
this  effect  since  little  data  exist  on  which  to  model it. 

Finally,  intermittency  factors  in  compressible  flow,  both  streamwise  in 
the  transition  region  and  normal  to  the  flow  in  the  turbulent  region,  have 
seldom  been  measured.  A  measurement  at  Mach 7 in  reference 1 6  has  shown  that 
streamwise  intermittency  is  similar  to  the  incompressible  distribution  which 
is  used  in  many  finite-difference  prediction  methods  (e-g.,  ref. 5). Intermit- 
tency  normal  to  the  surface  at  Mach 9.37 is  shown  to  be  very  different  from  the 
incompressible  distribution  in  reference 17. The  effect of surface  normal 
intermittency  on  mean  flow  quantities  calculated  by  a  finite-difference 
solution  is  examined  in  this  report. 

The  experiments  described  in  this  report  were  undertaken  to  better  define 
the  effects  discussed  previously  in  a  highly  compressible  (high  Mach  number) 
boundary  layer  at  high  length  Reynolds  numbers.  This  was  accomplished  by  com- 
paring  mean  flow  data  from  transitional  and  turbulent  boundary-layer  flow  with 
finite-difference  calculations  in  which  each  effect  could  be  incorporated  inde- 
pendently.  Measurements  were  made  in  a  boundary  layer  having  a  nominal  edge 
Mach  number of 1 0  on  sharp  flat  plates  at 4O and 5O incidence  to  the  flow. 
Ratios  of  wall  temperature  to  total  temperature  ranged  from 0.4 to 1 at  a  maxi- 
mum  length  Reynolds  number of 100  x i o6 .  Data  from  two  separate  investigations, 
reported  in  part  in  references 1 5  and 18, have  been  compiled  and  tabulated, 
together  with  additional  data  which  could  not  be  included  in  those  references 



because of space l i m i t a t i o n s .  I n  terms of t h e   d e n s i t y   v a r i a t i o n  across t h e  
boundary   l aye r ,   t he  Mach 1 0  he l ium  boundary   l ayer   cor responds  to an a i r  bound- 
a r y   l a y e r  a t  Mach 13.   (See  ref .  19.)  

The f o l l o w i n g   b o u n d a r y - l a y e r   c h a r a c t e r i s t i c s  were measured:   sur face   hea t -  
t r a n s f e r   d i s t r i b u t i o n s ,   p r e s s u r e   d i s t r i b u t i o n s ,   s k i n   f r i c t i o n   ( d i r e c t  measure- 
men t s   by   sk in - f r i c t ion   ba l ance ) ,  p i to t  surveys,   and total-temperature s u r v e y s  
a t  s e v e r a l   s t a t i o n s   a l o n g   t h e  models. In   add i t ion ,   mix ing   l eng th ,   eddy   v i scos -  
i t y ,   a n d   t u r b u l e n t   P r a n d t l  number d i s t r i b u t i o n s  were der ived   f rom  the   da ta   by  
assuming local  s i m i l a r i t y .  

Appendix A d i s c u s s e s   t h e   i n c r e a s e   i n  wall p re s su re   measu red   benea th   t he  
t i p  o f   su rvey  probes as t h e   p r o b e s   a p p r o a c h e d   t h e  wall. The magnitude  of  rar- 
e f a c t i o n   e f f e c t s  on p i to t -p re s su re   boundary - l aye r   su rvey  data was i n v e s t i g a t e d  
by  Leonard  Weinstein  and  included as appendix B to t h i s  report. N o  r a r e f a c t i o n  
c o r r e c t i o n  was n e c e s s a r y   f o r   t h e   p r e s e n t   d a t a .  

SYMBOLS 

c o n s t a n t   i n   e q u a t i o n  ( 3 )  

local s k i n - f r i c t i o n   c o e f f i c i e n t ,  2Tw/peue2 

s p e c i f i c   h e a t  a t  c o n s t a n t  pressure 

probe diameter 

T t  - T, 

T t , e  - Tw 

- - 

g r a d i e n t   q u a n t i t i e s   d e f i n e d   i n   e q u a t i o n  (11 )  

to t a l   e n t h a l p y  

probe t i p  t h i c k n e s s  

i n t e g r a l   q u a n t i t i e s   d e f i n e d   i n   e q u a t i o n  (11 )  

slope of   mix ing   length  a t  wall 

mixing   length  

Mach number 

v e l o c i t y   p r o f i l e   e x p o n e n t  

molecular P r a n d t l  number 

static t u r b u l e n t   P r a n d t l  number 
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Ns t 

P 

Ps 

Q 

9 

R 

Rp 

RT 
S 

T 

Tsuppor t 

Twire 

U 

U* 

UT 

X I Y  

X T  

XT, e 

Y+ 

r 
Y 

6 

&P 

6, 

4 

Stanton number , qw/Peuecp(Taw - Tw) 

pressure 

s t a t i c  probe pressure 

total  heat-transfer  rate,  see  equation (10) 

heat-transfer  rate 

Reynolds number 

Reynolds number based on x a t  peak value of recovery  factor 

Reynolds number based on to t a l  temperature and probe  thickness 

Reynolds analogy factor 

temperature 

temperature of needles  supporting  fine  wire on total-temperature 
probe 

temperature of fine wire of total-temperature probe 

velocity 

generalized  velocity,  see  equation (2)  

shear  velocity, (Tw/Pw) ' I2 

model coordinates,  see  figure (2 )  

beginning of transition from q measurements 

peak heating  location 

YUT 

VW 

- " 

intermittency 

r a t io  of specific  heat 

derived  boundary-layer  thickness 

p i to t  boundary-layer  thickness 

velocity boundary-layer  thickness 



d i sp lacemen t   t h i ckness ,  s,” (l - E) dy 

eddy v i  scos i t y  

r e c o v e r y   f a c t o r  

momentum t h i c k n e s s ,  r6 E(, - k, dy 

m o l e c u l a r   v i s c o s i t y  

k i n e m a t i c   v i s c o s i t y  

d e n s i t y  

shear  stress 

S u b s c r i p t s :  

aw a d i a b a t i c   w a l l   v a l u e  

e a t  edge of boundary   l ayer  

L laminar   va lue  

max  maximum v a l u e  

min minimum va lue  

T t u r b u l e n t   v a l u e  

t t o t a l   v a l u e  

W wall va lue  

X * Y  based on x , y   c o o r d i n a t e s  

5 
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1 free-stream v a l u e  

2  value  behind  model  shock wave 

0 based  on momentum t h i c k n e s s  

Pr imes   denote  a q u a n t i t y   t r a n s f o r m e d  to equ iva len t   i ncompress ib l e   va lue .  

EXPERIMENTAL  APPARATUS AND TECHNIQUES 

F a c i l i t y   a n d   T e s t   C o n d i t i o n s  

T e s t s  were r u n   i n   t h e  Mach 20 l e g   o f   t h e   h i g h   R e y n o l d s  number helium  tun- 
n e l   c o m p l e x ,   d e s c r i b e d   i n   d e t a i l   i n   r e f e r e n c e  20. The f ree-s t ream Mach number 
var ies   f rom  16 .3  to  18.5 as a f u n c t i o n   o f   t h e   t u n n e l   s t a g n a t i o n   p r e s s u r e   a n d  
l o c a t i o n   i n   t h e  test s e c t i o n .  The Mach number g r a d i e n t   i n   t h e  test s e c t i o n  
r e g i o n  is 0.125 per meter, a n d   t h e   i n v i s c i d  core s i z e  is approximate ly  40 cm 
in   d iameter .   Tunnel   run  time is approximately  5  sec, i n c l u d i n g   a n   i n i t i a l  
1 sec of s t a r t i n g   t r a n s i e n t s .   D u r i n g   s t a r t i n g   t r a n s i e n t s   t h e   s t a g n a t i o n  pres- 
s u r e  rises smoothly to t h e   d e s i r e d   l e v e l   w i t h  l i t t l e  or no overshoot .  The 
t o t a l  temperature   momentar i ly   peaks a t  about  370 K a n d   d e c r e a s e s   r a p i d l y  to 
s l i g h t l y   a b o v e   t h e   i n i t i a l   t e m p e r a t u r e   i n   t h e   s t o r a g e   t a n k s .  It t h e n   d e c r e a s e s  
l i n e a r l y  as t h e   r e s e r v o i r   h e l i u m  is d e p l e t e d .   T o t a l   t e m p e r a t u r e  for t h e  tests 
was approximately  305 K. Free-st ream  uni t   Reynolds   numbers   ranged  f rom 
9.8 x 1 O6 to 46.0 x 1 O6 p e r  meter , o b t a i n e d   b y   o p e r a t i n g   a t   s t a g n a t i o n  
pressures from  2760 t o  1 3  800 kPa. 

Fo r   t he  f i r s t  series of tests t h e   l e a d i n g   e d g e  of t h e  model was l o c a t e d  
12.7 c m  b e l o w   t h e   t u n n e l   c e n t e r   l i n e   a n d  42.5 cm downstream  of   the  nozzle  tes t  
s e c t i o n   j o i n t .  An estimate o f   t h e  Mach number a t  the   l ead ing   edge   o f   t he   mode l  
was made from t h e   t u n n e l   c a l i b r a t i o n  of r e f e r e n c e  20 and   checked   aga ins t   t he  
Mach number which was o b t a i n e d  from t h e  r a t io  of p i t o t   p r e s s u r e   m e a s u r e d   o n   t h e  
mode l   cen te r   l i ne   be low  the   l ead ing   edge  to t h e   t u n n e l   s t a g n a t i o n   p r e s s u r e .  
Estimated  and  measured Mach numbers are shown i n   f i g u r e  1 to b e   i n   e x c e l l e n t  
agreement ;   thus ,   the   model   b lockage   d id   no t  a l ter  the   f r ee - s t r eam flow. For   the  
second series of tests the   model   l ead ing   edge  was 10 .2  c m  b e l o w   t h e   t u n n e l  ten- 
ter l i n e   a n d  17.1 c m  from t h e   n o z z l e  test s e c t i o n   j o i n t .  

Models 

Data were ob ta ined   on  t w o  models,  designated  "model  1  and  "model 2"  shown 
i n   t h e   s k e t c h e s  of f i g u r e  2. Model 1 was used to  s t u d y   t h e   c h a r a c t e r i s t i c s   o f  
t r a n s i t i o n a l   a n d   t u r b u l e n t   b o u n d a r y   l a y e r s  a t  n e a r - a d i a b a t i c  wall c o n d i t i o n s .  
The r e s u l t s   f r o m   t h e   i n v e s t i g a t i o n   o f   m o d e l   1   c l e a r l y   d e m o n s t r a t e d   t h e   n e e d  for 
a d d i t i o n a l   d a t a  a t  c o l d  wall cond i t ions .   The re fo re ,  to i n v e s t i g a t e   t h e   e f f e c t  
of Tw/Tt,  model  2 was des igned  t o  b e   c o o l e d   i n t e r n a l l y   w i t h   l i q u i d   n i t r o g e n .  

Model 1 was a s h a r p  f l a t  plate  a t  5O i n c i d e n c e  to t h e  flow, 101 -5 cm wide 
by  236 cm long.   The  leading-edge  thickness  was 0.01 3 c m  w i t h   t h e   u n d e r s i d e  
beveled a t  17O. The top s u r f a c e   c o n s i s t e d  of t y p e   3 4 7   s t a i n l e s s - s t e e l  p la tes  

6 



0.476 c m  th i ck   suppor t ed   by   an   a luminum  f r ame   moun ted   on   s ix   f l oo r   s t ru t s .   (See  
f i g s .   2 ( a )   a n d   2 ( b ) . )   I n t e r c h a n g e a b l e   s e c t i o n s   a l o n g   t h e  model c e n t e r   l i n e   c o n -  
t a i n e d   t h e   i n s t r u m e n t a t i o n .  End plates were r e q u i r e d  to  p r e v e n t  flow d i v e r g e n c e  
over t h e   u p p e r   s u r f a c e  of t h e  model s i n c e   t h e  ra t io  of wedge to f ree-s t ream 
s ta t ic  p r e s s u r e  was approximate ly  7.5. The  end p l a t e s  were 12.9 c m  h igh  a t  t h e  
base of t h e  model, a n d   l o c a t e d  30.5 c m  from and para l le l  to the   mode l   cen te r  
l i n e .  From oi l - f low  measurements   wi th   end  plates a t t a c h e d ,   n o   d i s c e r n i b l e   s u r -  
f a c e  flow d i v e r g e n c e  was p r e s e n t   o v e r   t h e  15.24-cm-wide i n s t r u m e n t a t i o n  strip. 
Without  end plates,  d i v e r g e n c e   a n g l e s  of up to 2 0  were measured .   Skin- f r ic t ion  
b a l a n c e s  were f i t t e d  to a n   i n t e r c h a n g e a b l e   s u r f a c e  plate  a t  s t a t i o n s  74.2,  99.6, 
1 25.0,  and 21 1 .2 c m  f r o m   t h e   l e a d i n g   e d g e   o f   t h e  model. 

Model 2, shown i n   f i g u r e  2 (c) , was a f l a t  plate a t  4O i n c i d e n c e  61 c m  by 
229 c m  and  having a s h a r p   l e a d i n g   e d g e  of 0.1-nun maximum t h i c k n e s s .  It  was 
c o n s t r u c t e d  of t y p e   3 4 7   s t a i n l e s s  steel to w i t h s t a n d   c r y o g e n i c  temperatures and 
a n   i n t e r n a l   p r e s s u r e  of 410  kPa. I t  c o n s i s t e d  of t h r e e   s e c t i o n s :   t h e   l e a d i n g  
edge, a forebody,   and   an   a f te rbody  wi th  two   chambers   a long   t he   cen te r   l i ne   i n  
t he   fo rebody   and   a f t e rbody   s ec t ions   wh ich   con ta ined   t he   i n s t rumen ta t ion .  A 
mani fo ld   unde r   t he   mode l   d i s t r ibu ted   l i qu id   n i t rogen  to e a c h   s e c t i o n   a n d  
e x h a u s t e d   g a s e o u s   n i t r o g e n   o u t s i d e   t h e   t u n n e l .  The model was s e a l e d   w i t h  
annea led   coppe r   and   s t a in l e s s - s t ee l   O- r ings  to p reven t   con tamina t ion  of t h e  
test  g a s   w i t h   n i t r o g e n .  

End plates  extended to the  h e i g h t   o f   t h e  calculated i n v i s c i d   s h o c k  to 
d iminish   end  effects o v e r   t h e   s u r f a c e .  O i l - f l o w  tests a t  n e a r - a d i a b a t i c   w a l l  
c o n d i t i o n s  showed t h a t  t h e  flow was two-dimensional   over   the  center   instrumenta-  
t i o n  s t r i p  and most of  t h e  surface for t h e  range  of  free-stream tes t  c o n d i t i o n s  
cove red   i n  t he  i n v e s t i g a t i o n .  Small c o r n e r  effects were observed  a t  the  junc- 
ture of  t h e  end plates and   t he  model s u r f a c e .  

Mean f low  su rveys   and   sk in - f r i c t ion   measu remen t s  were made a t  seven 
center - l ine   s ta t ions :   50 .5 ,   75 .9 ,   101   -3 ,   136 .9  (131 - 2   f o r   s k i n   f r i c t i o n ) ,  
165.1,  190.5,  and 21 5 . 9  c m  from t h e  l ead ing   edge .   Add i t iona l   su rveys  were 
made  35.6 c m  f rom  the   l ead ing   edge  .. 

Heat-Transfer  Measurements 

S u r f a c e   h e a t i n g  rates on  both  models  were measured  by  using  thermocouples 
and   s t anda rd   t h in - sk in  calorimeter assumptions.   (See ref. 21 .) The surface 
material for both  models was t y p e   3 4 7   s t a i n l e s s  s teel  having a s p e c i f i c   h e a t  
o f  458.1 J/kg-K a t  311 K and a d e n s i t y  of 7.9 g/cm3 a t  room tempera ture .  The 
v a r i a t i o n  of t h e s e  properties wi th   t empera tu re ,   t aken  from re fe rence   22 ,  was 
u s e d   i n   t h e   d a t a   r e d u c t i o n   p r o g r a m .  

The s k i n   t h i c k n e s s   o n  model 1 v a r i e d  from 0.0152 to 0.0160 cm, a n d   h e a t i n g  
rates ranged  f rom  near   zero to a maximum of about  0,159 W/cm2. The l o w  h e a t i n g  
rates were due to t h e  small t h e r m a l   p o t e n t i a l   o v e r   t h e  model; i n   f a c t ,  Taw 
approached T, i n   c e r t a i n   r e g i o n s   o f   t r a n s i t i o n a l  flow as t h e   r e c o v e r y   f a c t o r  
changed from the   l amina r  to t h e   t u r b u l e n t   v a l u e .   S c a t t e r   i n   t h e  data is a t t r i b -  
u t e d  to the   i nhe ren t   i naccuracy   i nvo lved   i n   measu r ing  l o w  h e a t i n g  rates by t h e  
thin-skin  method. The  36-gage  iron-constantan  thermocouples  used to i n s t r u m e n t  

7 



t he   mode l   p roduced   neg l ig ib l e   conduc t ion  errors: c a l c u l a t i o n s  of spanwise  and 
chordwise   conduct ion  errors a l s o  showed t h e s e  to b e   n e g l i g i b l e .  

On model 2 t h e   s k i n   t h i c k n e s s  was approximate ly  0.051 cm with  30-gage  iron- 
constantan  thermocouples   spot-welded to the  underside.   Thermocouple   conduct ion 
errors were c a l c u l a t e d  to  b e   i n s i g n i f i c a n t ,   a n d   t h e  error due t o  t h e  local non- 
u n i f o r m i t y   i n   s u r f a c e  temperature c a u s e d   b y   t h e   t h i n   s k i n  was e s t i m a t e d  to be 
less t h a n  1 percent .   For  some c o l d  wall cases to  b e   p r e s e n t e d   t h e   d i s t r i b u t i o n  
of Tw/Tt was nonuniform:  however,  the  magnitude of s u r f a c e   c o n d u c t i o n  errors 
due to  the   nonun i fo rmi ty  was n o t   e s t i m a t e d   f o r   e a c h  case. 

Pressure  Measurements  

A v a r i e t y   o f   p r e s s u r e - m e a s u r i n g   d e v i c e s  was used to  cover   the   wide   range  of 
pressures e n c o u n t e r e d   i n   t h e   i n v e s t i g a t i o n .   T u n n e l   s t a g n a t i o n  pressures were 
measured   w i th   bonded   s t r a in -gage   t r ansduce r s   accu ra t e  to  0.25 p e r c e n t  of f u l l -  
scale output .  A range  of t r a n s d u c e r s  was u s e d   t h a t   g a v e   s t a g n a t i o n  pressures 
a c c u r a t e  to b e t t e r   t h a n  1 p e r c e n t .  

Model s u r f a c e   p r e s s u r e s  were measured   w i th   va r i ab le   capac i t ance   t r ansduce r s  
having a manufac tu re r ' s   quo ted   accu racy  of 0 - 5  p e r c e n t  of t h e   r e a d i n g .  Static- 
pressure p r o b e   d a t a  were taken   wi th  a m i n i a t u r e   v a r i a b l e   c a p a c i t a n c e   t r a n s d u c e r  
accurate to 0.5 p e r c e n t  of its r a t e d   f u l l   s c a l e   o f  6.9 kPa. 

P i t o t  pressures were measured  with two t y p e s   o f   t r a n s d u c e r s ,  a m i n i a t u r e  
" in t eg ra t ed   s enso r"   t r ansduce r   and   an   unbonded   s t r a in -gage   t r ansduce r  of l o w  
i n t e r n a l  volume. Combined n o n l i n e a r i t y   a n d   h y s t e r e s i s  of t h e   i n t e g r a t e d   s e n s o r  
t r a n s d u c e r  was 1 p e r c e n t   o f  i ts l i s t e d   f u l l   r a n g e  of 34.5 kPa. I t  is e s t i m a t e d  
t h a t   h y s t e r e s i s  was the  dominant  source of error i n   t h i s   t r a n s d u c e r   a n d   p r o d u c e d  
a maximum error i n  pressure measurement of 350 Pa.  The  unbonded s t r a i n - g a g e  
t r a n s d u c e r  was a c c u r a t e  to  0.5 p e r c e n t  of its f u l l - s c a l e  o u t p u t  of  172.4 kPa. 

The i n t e g r a t e d   s e n s o r   t r a n s d u c e r  was found to  b e   e x t r e m e l y   s e n s i t i v e  t o  
tempera ture   change   whereas   the   s t ra in-gage   t ransducer  was not .   For   surveys  on 
model 2 w i t h   a n   i n t e g r a t e d   s e n s o r   t r a n s d u c e r ,   t h e   t r a n s d u c e r  was main ta ined  a t  
306 K ? 3 K by  wrapping   the   t ransducer   wi th   p la t inum  res i s tance  wire to form a 
h e a t e r .  The h e a t e r  was c o n t r o l l e d   a u t o m a t i c a l l y   b y   u s e  of a thermocouple  bonded 
to t h e   t r a n s d u c e r .  

Skin-Frict ion  Measurements  

S k i n   f r i c t i o n  was measu red   w i th   commer ica l ly   ava i l ab le   f l oa t ing   e l emen t  
ba l ances   o f   t he   s e l f -nu l l ing   t ype .  The d r a g   e l e m e n t s  were 0.94 cm i n   d i a m e t e r  
surrounded  by a gap  of 0.064 mm. P r i o r  to t h e   s k i n - f r i c t i o n  tests, measure- 
ments of t r a n s i e n t  pressures o n   t h e   s u r f a c e  of model 1 d u r i n g   t u n n e l   s t a r t   a n d  
shutdown  showed t h e   l o a d s  to  be well w i t h i n   t h e  safe o p e r a t i n g   r a n g e  of t h e  
balances.  The b a l a n c e s  were c a l i b r a t e d  before and a f te r  a series of runs,   and 
t h e   c h a n g e   i n   s e n s i t i v i t y  was no more than  0.05 p e r c e n t ;   t h u s ,   t h e   o u t p u t  of 
t h e   b a l a n c e s   d i d   n o t   c h a n g e  from run to  run. The b a l a n c e s  were c a r e f u l l y  
f i t t e d  to  i n t e r c h a n g e a b l e   i n s t r u m e n t a t i o n  plates  (see f i g .  2 (a) ) so t h a t   t h e y  
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were no  more  than 0.03 mm be low  the   su r f ace .  The error on the  measured force 
due to p r o t r u s i o n   a n d   g a p   s i z e  is e s t i m a t e d  to be less t h a n  5 pe rcen t ,   based  
o n   f i g u r e  7 o f   r e f e r e n c e  23. 

On model 2 b a l a n c e s  were r e q u i r e d  to o p e r a t e  a t  c r y o g e n i c   t e m p e r a t u r e  as 
well a s   u n d e r   t u n n e l  vacuum. T h e   o p e r a t i o n   a n d   c a l i b r a t i o n  of s e v e r a l   b a l a n c e s  
were checked   in  a vacuum  chamber a t  a p r e s s u r e   o f  670 Pa a n d   n e a r   l i q u i d   n i t r o -  
gen temperature. Two b a l a n c e s  were found to b e   s u i t a b l e  for use a t  t h e s e  con- 
d i t i o n s .   A f t e r   c a l i b r a t i o n ,   t h e  balances were c a r e f u l l y   f i t t e d  to cases which 
were i n s t a l l e d  i n  t h e   i n s t r u m e n t a t i o n   c h a m b e r s  as shown i n   f i g u r e  3. 

Before each cold wall run, model 2 was cooled to l i q u i d   n i t r o g e n  tempera- 
t u r e  (-77 K) i n   t h e   t u n n e l  a t  a pressure   be tween 1000 and 2800 Pa. A s l i g h t  
haze  formed  on  the surface of the   model  a t  these   cond i t ions .   The  model surface 
i n   t h e   v i c i n i t y  of t h e   s k i n - f r i c t i o n   b a l a n c e  was kept free of haze by a j e t  o f  
pure helium. (See f i g .  3. )  P r i o r  to the   run ,   t he  j e t  mechanism was r e t r a c t e d  
to a v o i d   f l o w - f i e l d   i n t e r f e r e n c e .   I n t e r m e d i a t e  Tw/Tt r u n s  were made  by let-  
t i n g   t h e  model warm up  uniformly to t h e   d e s i r e d   t e m p e r a t u r e .  

Survey  Probes 

Surveys  on  model 1 were made by  mounting  the  probe  on a pneumatic mecha- 
n i sm  unde r   t he   mode l   w i th   t he   p robe   ex tend ing   t h rough   t he   su r f ace  of t h e  model. 
F i g u r e  4 shows the  mounting  arrangement .   Transducers  were l o c a t e d  as close as  
p r a c t i c a l  to t h e   t i p   o f   t h e   p r o b e  to m i n i m i z e   p r e s s u r e   l a g   e f f e c t s   ( a b o u t  
20.3 cm). A pressure t r a n s d u c e r  was a lso mounted  under  the  model  in a s h i e l d e d  
i n s t r u m e n t a t i o n   c h a n n e l  to measu re   su r f ace  pressures b e n e a t h   t h e  t i p  of t h e  
probes. 

B e c a u s e   o f   t h e   r a t h e r   l a r g e   i n c r e a s e s   i n   s u r f a c e   p r e s s u r e   o n  model 1 a s  
the   p robes   approached   the  wall, t h e   s u r v e y   p r o b e s  for model 2 were mounted  on 
a mechanism  above t h e   m o d e l   w i t h   t h e  stem of   t he   p robe   ex tend ing   upward   i n s t ead  
of t h r o u g h   t h e   s u r f a c e  of t h e  mode l .   P robe   e f f ec t s   on   t he  wall  p r e s s u r e ,   d i s -  
cussed   i n   append ix  A, were found to  be   approximate ly   the  same for both  mounting 
arrangements.  The p r o b e s  were mounted  on a hydrau l i c   mechan i sm  au tomat i ca l ly  
c o n t r o l l e d  to s u r v e y   t h e   b o u n d a r y   l a y e r   i n  a series o f  steps. The s t e p p i n g  
rate f requency   and   dwel l  time a t  each step cou ld   be   i ndependen t ly   con t ro l l ed  to  
survey  a d e s i r e d   h e i g h t   w i t h i n   t h e   a v a i l a b l e   r u n  time. It was f o u n d   t h a t   v e r y  
h i g h   s t e p p i n g  rates w i t h   s h o r t  dwell times could  be  used. The data were 
reco rded   con t inuous ly  a t  40 frames per second per channel   and ,  for some e a r l y  
su rveys ,   da t a   po in t s   be tween  steps were d i sca rded .   In  l a te r  s u r v e y s  a l l  data 
p o i n t s  were r e t a i n e d ;   t h u s ,  some plots were g i v e n   t h e   a p p e a r a n c e  of a "noisy" 
electrical s i g n a l .   T h i s  is due to probe movements wi th  a small b u t   f i n i t e  
p r e s s u r e   l a g  time. 

The p r o b e   p o s i t i o n  for b o t h  models was measured  with a p o t e n t i o m e t e r  speci- 
f i e d  to be l i n e a r   w i t h i n  0.2 p e r c e n t  of its maximum t r a v e l  of 16.5 cm. C a l i b r a -  
t i o n s   o v e r  a l i m i t e d   r a n g e  of travel f u r t h e r   r e d u c e d   t h i s  error. On model 2 
with   the   p robe   mounted  above the  model ,  errors due to movement of t h e   s u r v e y  
mechanism  under  run  loads were minimized  by  using a f o u l   i n d i c a t i o n  when a nee- 
d l e   a t t a c h e d  to the   p robe   t ouched   t he   su r f ace .  The maximum error i n   h e i g h t  mea- 

9 



surement occurred because  of the  error  involved i n  measuring the  height  of  the 
probe a t  foul. T h i s  error is estimated  to be about 0.013 cm. 

Pi tot  probes.- A sketch of t h e  p i to t  probe used on model 1 is shown i n  fig- 
ure  5(a). A flattened  t ip  rather than a round t i p  of the same height was used 
t o  provide a larger  face  area and t h u s  minimize pressure  lag  effects. Surveys 
at   different  traverse speeds showed  no discernible  lag  effects, and data were 
recorded  while  the  probe  traversed  the boundary layer a t  a constant slow  speed. 

The  same probe was i n i t i a l l y  used on model 2 to determine whether mounting 
the probe above the model instead of  through the  surface  (as  for model 1 )  would 
decrease probe interference  effects. When it was found that  the  effects were 
about  the same i n  both  cases,  smaller  probes  designed  to  reduce  probe  interfer- 
ence effects  were tested. A probe  having a c i rcular   or i f ice  diameter of 0.51 nun 
was the  smallest which could be tested  without  excessive  pressure  lag  effects. 
A sketch of t h i s  probe is shown i n  figure 5 (b) .  T h i s  probe  decreased  the  pres- 
sure  r ise  at   the  wall  by almost a factor of 2. 

It  was anticipated  that  pitot  pressure  readings might be influenced by rar- 
efaction  effects i n  the boundary layer  close  to  the model wall.  Accordingly, 
a study of these  effects was  made by Leonard Weinstein and is included i n  
appendix B of t h i s  report. For the  range of conditions covered by the  present 
data,  the  rarefaction  corrections of appendix B were significant only  €or  the 
Rl/m = 7.8 x 1 O6 case of model 1 deep w i t h i n  the boundary layer .) For t h i s  
reason no rarefaction  corrections were  made to  the  data. 

Static-pressure probe.- I n  reference  5, it is shown that i n  a turbulent 
boundary layer  at  Mach 10,  the  wall  pressure  should be about 1 0  percent  higher 
than  the edge static  pressure.  An attempt was  made to  measure the  s ta t ic-  
pressure  distribution through  the boundary layer on  model 1 by u s i n g  the flow- 
alined  cone-cylinder  probe shown i n  f igure  5(a).  The probe had a 42.5O half- 
angle  conical t i p  attached  to a cylindrical  afterbody i n  which four  orifices 
were drilled  circumferentially  to minimize pressure  lag  effects. 

Pressure measurements on simple  bodies, i f  l i t t l e   a f f ec t ed  by self-induced 
viscous  effects, can be nondimensionalized by the  local  pitot  pressure  to 
uniquely  determine  the  local Mach  number and t h u s  the  local  static  pressure. 
On a cone or wedge small enough to  survey  the boundary layer,   orifices would 
have  been prohibitively small for  the run time of the helium tunnel. A cone- 
cylinder probe  having a 42.5O half-angle cone t i p  was chosen based on the 
results of reference 24, where it was  shown that  the  pressure on the  cylindrical 
afterbody 3.8  diameters downstream  of the t i p  is almost  independent of Reynolds 
number. Inviscid  calculations by the method of characterist ics were used to 
relate  ps/pt,2  to Mi as shown i n  figure 6. Since errors i n  machining probes 
of t h i s  size  are  likely,  calculations were made for noses  of 40° and 42.5O to 
estimate  the  effect which a 2.5O variation i n  the cone t i p  would  have on the 
calibration curve.  Analysis of the  presscre measured a t  the  outer edge of the 
boundary layer showed the 400  inviscid  calibration  curve  to be  more nearly  cor- 
rect  for  the probe used i n  these  surveys. 

The calibration  curve of figure 6 shows that  for a constant  error i n  the 
ra t io  ps/pt,2, the  error i n  indicated Mach  number increases  as MI increases. 
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A t  a Mach number of 10 for t h i s  probe i n   h e l i u m ,  a +2-percent  error i n   p s / p t , 2  
r e s u l t s   i n  a 5-5-percent error i n  Mach number and a corresponding  5-9-percent 
error i n  s ta t ic  p r e s s u r e .  Also, above Mach 4, t he  t i p  geometry  becomes of 
inc reas ing   impor t ance  as t h e  Mach number i n c r e a s e s .  

Tota l - tempera ture  probes.- To ta l - t empera tu re   su rveys  were made on model 1 
a t  s t a t i o n  4 u s i n g  a s h i e l d e d   f i n e  wire r e s i s t a n c e  probe d e s c r i b e d   i n  refer- 
ence 25. S e e   f i g u r e   5 ( a )  for a s k e t c h  of t h e  probe. The probe  was calibrated 
in   t he   3 - inch  Mach 20 c a l i b r a t i o n   a p p a r a t u s  a t  the   Langley   Research   Center  
hype r son ic   he l ium  tunne l   and   i n  a l o w  d e n s i t y   s u p e r s o n i c   n o z z l e   u s i n g   t h e   t e c h -  
n i q u e s   d e s c r i b e d   i n   r e f e r e n c e  25. The r e s u l t i n g   c a l i b r a t i o n  is shown i n   f i g -  
u r e  7. The f a i r e d   c u r v e   u s e d   f o r   d a t a   r e d u c t i o n  was w i t h i n  8 p e r c e n t  of t h e  
c a l i b r a t e d   d a t a ,   e x c e p t   f o r   o n e   p o i n t   w h i c h  w a s  e v i d e n t l y   i n  error. Data from 
t h e   p r o b e   d u r i n g  a s u r v e y   c o n s i s t e d   o f   t h e  wire r e s i s t a n c e ,   w h i c h  was conver ted  
to t empera tu re ,   and   t he   t empera tu re  of one   suppor t   needle ,   which  was measured 
wi th  a thermocouple. I t  was n e c e s s a r y  to c o m b i n e   t h e   f i n e  wire d a t a   w i t h  a 
p i t o t   s u r v e y  a t  t h e  same cond i t ions   wh ich ,   w i th   t he   a s sumpt ion  of c o n s t a n t  
s t a t i c   p r e s s u r e   t h r o u g h   t h e   b o u n d a r y   l a y e r ,   p r o v i d e d  Mach number and total-  
p r e s s u r e   d i s t r i b u t i o n s   t h r o u g h   t h e   b o u n d a r y   l a y e r .   W i t h   t h e  Mach number, 
t o t a l  p r e s s u r e ,  wire tempera ture ,   and   suppor t   t empera ture  known a t  a p o i n t ,  
t h e  unknown true to t a l  temperature was o b t a i n e d   f r o m   t h e   f a i r i n g   o f   f i g u r e  7 
by i t e r a t i o n .  The t o t a l  tempera ture  a t  t h e   e d g e  of t h e  boundary   l ayer  a t  t h e  
same x- loca t ion  as t h e   s u r v e y  probe was measured  with a c o n v e n t i o n a l   s h i e l d e d  
thermocouple  probe of 0.32-cm o u t s i d e  diameter. 

For model 2 t h e   t o t a l - t e m p e r a t u r e  probe shown i n   f i g u r e  5 (b)  was used. 
T h i s   p r o b e ,   d e s c r i b e d   i n   r e f e r e n c e  26, d i f f e red   f rom  the   p robe   u sed   on  mode1 1 
i n   t h a t   t h e   s e n s i n g   e l e m e n t  was a coiled t u n g s t e n  wire wi th  a length- to-diameter  
r a t i o  of approx ima te ly   800   wh ich   e f f ec t ive ly   e l imina ted   end  loss c o r r e c t i o n s .  A 
t u n n e l   c a l i b r a t i o n   c o v e r i n g  a range of Mach numbers  and  Reynolds  numbers,  neces- 
s a r y  for t h e  sh ie lded  s t r a i g h t  wire probe,  was not  needed. Oven c a l i b r a t i o n s  
r e l a t i n g  wire r e s i s t a n c e  to temperature were used i n   r e d u c i n g   t h e  data. A cur -  
r e n t  of approximate ly  l ma was used to  measure wire r e s i s t a n c e   w i t h o u t   a p p r e c i -  
a b l y   h e a t i n g   t h e  wire. The t o t a l  temperature a t   t h e   e d g e   o f   t h e   b o u n d a r y   l a y e r  
was measured  with a similar coi led-wire   p robe   having  a t i p  t h i c k n e s s   o f  0.1 mm. 
The time c o n s t a n t   f o r   t h e  coiled-wire probe was much s m a l l e r   t h a n   t h a t   f o r  a 
sh ie lded   thermocouple   p robe ,  a s i g n i f i c a n t  factor which w i l l  be d i s c u s s e d   i n  
t h e   p r e s e n t a t i o n   o f   t h e  total-temperature da ta .  

RESULTS AND DISCUSSION 

Sch l i e ren   Pho tographs  

Spa rk   s ch l i e ren   pho tographs  of a loo h a l f - a n g l e   c o n e   i n   t h e   t u n n e l   u s e d  
f o r   t h e   p r e s e n t   i n v e s t i g a t i o n  showed d i s t i n c t   t u r b u l e n t   " b u r s t s "   o c c u r r i n g  
b e f o r e   h e a t - t r a n s f e r   d a t a   i n d i c a t e d   t r a n s i t i o n  (ref. 2 7 ) ,   w h e r e a s   s c h l i e r e n s  
on a 2.870 c o n e   i n   t h e  same t u n n e l  showed o n l y  a wavy boundary - l aye r   s t ruc tu re  
a h e a d   o f   t r a n s i t i o n   w i t h   n o   b u r s t s  (ref. 28) .   For   the  100 cone,   the   boundary-  
l aye r   edge  Mach number was 7.6; for t h e  2.87O cone, it was about  14. S c h l i e r e n  
photographs were made to  de te rmine   whe the r   bu r s t s   cou ld   be  detected a t  t h e  pres- 
en t   boundary- layer   edge  Mach numbers of 1 0  to 11. Spark s c h l i e r e n   p h o t o g r a p h s  
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of model 1 wi th   end  plates removed are shown i n   f i g u r e  8 for a range  of free- 
stream  Reynolds  numbers  frolil 5.48 x 1 O6 to 42.33 x 1 O6 per meter. The spark 
d u r a t i o n  of 1/4  microsecond stopped large-scale d i s t u r b a n c e s  moving a t  t h e  
free-stream v e l o c i t y  of 1758 m/sec. 

The i n t e r p r e t a t i o n  of s c h l i e r e n s   o n  a two-dimensional  body is d i f f e r e n t  
from tha t   on   an   ax isymmetr ic  body. For t h e  wedge t h e   s c h l i e r e n   p r e s e n t s   a n  
i n t e g r a t e d   v i e w   i n   t h e   s p a n w i s e   d i r e c t i o n ,   w h e r e a s   f o r  a cone,   the   view is  a 
v e r t i c a l   s e c t i o n  of the   f l ow field.  L a r g e - s c a l e   d i s t u r b a n c e s  are v is ib le  i n  
the   pho tographs  of f i g u r e  8; however, it has   been   conc luded   t ha t   t hey  are due 
to an  interact ion  between  the  model   shock wave and  the  tunnel-wal l   boundary 
l a y e r .  N o  f e a t u r e s   w h i c h  could be i d e n t i f i e d  as b u r s t s  were d e t e c t e d   i n   t h e  
p re sen t   pho tographs .  The width of model 1 was 101 - 5  cm w h e r e a s   t h e   i n v i s c i d  
core s i z e  is approximately  50.8 cm. The  shock  system  of   the model extended 
well i n to   t he   t unne l -wa l l   boundary   l aye r .   Sch l i e ren   pho tographs  of model 2 
were taken;   however ,   they are s i m i l a r  to t h e   p h o t o g r a p h s   o f   f i g u r e  8 and are 
no t   p re sen ted .  

Tabula ted  Data 

Since  the  amount  of t a b u l a t e d  data p r e s e n t e d   i n   t h i s  report is l a r g e ,  a 
b r i e f   d e s c r i p t i o n   o f   t h e   o r g a n i z a t i o n   o f   t a b l e s  1 t o  6 is g iven .   In  table  1 
t h e  data from subsequent  tables a r e  referred to by case number, r a t h e r   t h a n  
r u n  number. I n   t a b l e s  2 to 5 c a s e s  composed of one or two r u n s  are l is ted i n  
a log ica l   s equence   de t e rmined  by t h e  test c o n d i t i o n s .   C o n t e n t s   o f   t h e   t a b l e s  
are a s   f o l l o w s :  

Combined-data test cases.- P i to t   su rvey ,   t o t a l - t empera tu re   su rvey ,   sk in  
f r i c t i o n ,  a n d   s u r f a c e   p r e s s u r e  data o b t a i n e d   a t   a p p r o x i m a t e l y   t h e  same f r e e -  
stream un i t   Reyno lds  number were combined to produce a test case. For model 1 
f i v e  test c a s e s   a r e  listed i n   p a r t  (a) o f  table  1 a t  nominal Rl/m from 
9.8 X l o 6  to  44.9 x l o6 .  For model 2, t h r e e  test cases are listed i n   p a r t  (b)  
of table  1 a t  R l /m = 46 x l o 6  f o r  Tw/Tt = 0.4,  0.5,  and  0.95.  Included i n  
table 1 a r e   t h e   i n t e g r a l   t h i c k n e s s e s  6 and 6* as well as 6, and 6, for 
e a c h   p r o f i l e .  

H e a t - t r a n s f e r   d a t a . -   T u n n e l   s t a g n a t i o n   c o n d i t i o n s  for models 1 and 2 are 
summarized i n  par t  (a) of t a b l e  2. Part (b)  of t a b l e  2 lists va lues   o f  q, 
Tw, and Tw/Tt a t  each   thermocouple   loca t ion  for b o t h  models. 

S k i n - f r i c t i o n  data.- For model 1,   measurements  are l i s t e d   i n   t a b l e  3 a t  
f o u r   s t a t i o n s  for f ive   f r ee - s t r eam test c o n d i t i o n s .  For model 2 t h e   d a t a  are 
l i s t e d  a t  one free-stream test  c o n d i t i o n   f o r  Tw/Tt = 0.92,  0.5,  and 0.35. 
Two a d d i t i o n a l   m e a s u r e m e n t s   a t   s t a t i o n  8 are l i s t ed  f o r  Re,x = 150 X l o 6  
and Tw/Tt = 0.92 and 0.35. 

Surface-pressure  - ~~ - data . -  . Surface-pressure   da ta   on   model  1 are l i s t e d   i n  
par t  (a) of tab le  4, nondimensional ized  by  the free-stream s t a t i c  pressure. 
S u r f a c e   p r e s s u r e s  were i n t e r p o l a t e d  from t h e s e  data for t a b l e  1 a t  t h e  test 
c o n d i t i o n s  of table  1. Data on  model 2 are l i s t e d   i n  par t  ( b )   o f   t a b l e  4 for 
R l / m  from 14.1 x l o 6  to 46.2 x l o 6  and Tw/Tt = 0.99  and  0.35. 
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P i t o t - p r e s s u r e   d a t a . -   P a r t  (a)  o f   t a b l e  5 is a summary of t u n n e l   s t a g n a -  
t i o n  chamber   condi t ions a t  w h i c h   t h e   l i s t i n g s   o f  part  (b)  of t h e  t a b l e  were 
taken.   For   the  model  2 l i s t i n g s   i n  par t  ( b ) ,   t h e   l i s t i n g s   c o n s i s t   o f   m e a s u r e d  
p i t o t  p r e s s u r e s   c o r r e c t e d  to a n o m i n a l   c o n s t a n t   t u n n e l   s t a g n a t i o n   p r e s s u r e .  
Each p o i n t   h a s   b e e n   m u l t i p l i e d   b y   t h e  r a t i o  of  p t  ( in   kPa) / l3   789 .6 .  

To ta l - t empera tu re   da t a . -   Pa r t  (a) of t a b l e  6 is a summary of s t a g n a t i o n  
c h a m b e r   c o n d i t i o n s   f o r   t h e   l i s t i n g s  of par t  ( b ) .   I n  pa r t  (b) t h e   p o i n t  a t  
which t h e  wa l l  p r e s s u r e  r ise began is marked for t h e   d a t a  of model 7 .  For 
model 2 t h e   s u r v e y  data a t  s t a t i o n  1,  Tw/Tt = 0.5 con ta ined  large d i s -  
c r epanc ie s   and  were d i s c a r d e d .  

Free-Stream  and Local Flow Properties 

S ince   mode l   b lockage   d id   no t  a l t e r  t h e  f ree-s t ream Mach number,  measurement 
o f   t h e   t u n n e l   s t a g n a t i o n   p r e s s u r e   u n i q u e l y   d e t e r m i n e d   t h e  free-stream Mach num- 
b e r .   R e a l - g a s   c o r r e c t i o n  factors from r e f e r e n c e  29 were u s e d   i n   c o n j u n c t i o n  
w i t h   t h e   i d e a l   g a s   r e l a t i o n s  of r e f e r e n c e  30 to calculate  t h e  properties of t h e  
flaw. For Reynolds number c a l c u l a t i o n s ,   t h e   l a w - t e m p e r a t u r e   q u a n t u m   e f f e c t   o n  
t h e  molecular v i s c o s i t y   o f   h e l i u m  was inc luded .   Reference  31 shows t h a t   b e l a w  
about  8 K, t h e  power-law v i s c o s i t y - t e m p e r a t u r e   r e l a t i o n  is i n a c c u r a t e .  The 
f o l l a w i n g   e q u a t i o n  was found to p r e d i c t   t h e  law temperature da ta  p r e s e n t e d   i n  
r e f e r e n c e   3 1 ,   w h i l e   a p p r o a c h i n g   t h e  power-law r e l a t i o n  a t  temperatures above 
8 K :  

~1 .647 
p = 5.,,,i T + 0.83 ) (1  1 

w h e r e   t h e   u n i t  for ll is micro poise and f o r  T is ke lv ins .   Equat ion  (1) was 
u s e d   i n   t h e  da ta  r e d u c t i o n   e x c e p t  as n o t e d   i n   t a b l e s  1 and  3. V a l u e s  of T t  
q u o t e d   i n   t h i s  report are as  m e a s u r e d   i n   t h e  free stream and r e q u i r e   n o  real- 
gas   co r rec t ions .   S t agna t ion   chamber  t o t a l  p r e s s u r e s   s h o u l d   b e   c o r r e c t e d   b y  t h e  
factors of r e f e r e n c e  29. 

Accurate d e t e r m i n a t i o n  of the   boundary- layer   edge  flow properties is d i f f i -  
c u l t  a t  hypersonic   wind- tunnel   condi t ions   on   s lender  bodies s i n c e  t h e  " i n v i s c i d "  
f l a w   e x t e r n a l  to t h e   b o u n d a r y   l a y e r  is r o t a t i o n a l .  For t h e  free-stream Mach 
number - Reynolds number e n v i r o n m e n t   e n c o u n t e r e d   i n   t h e s e   i n v e s t i g a t i o n s ,   t h e  
boundary   l aye r   on  a s l e n d e r  body is th ick   enough to  induce   l a rge   shock   cu rva -  
ture a t  t h e   n o s e  of t h e  body. A s  a r e s u l t ,   t h e  Mach number as well as   total  
and s t a t i c  p r e s s u r e s  a t  t h e  edge of the   boundary   l aye r   va ry   a long   t he   body ,  and 
f i n i t e   v o r t i c i t y  ex is t s  a t  t h e   e d g e   o f   t h e   b o u n d a r y   l a y e r .  Near t h e   l e a d i n g  
edge w h e r e   t h e   s h o c k   c u r v a t u r e  is v e r y   s t r o n g ,  it is d i f f i c u l t  to d i s t i n g u i s h  
a b o u n d a r y - l a y e r   e d g e   s i n c e   t h e   b o u n d a r y   l a y e r   m e r g e s   w i t h   t h e   s h o c k   l a y e r .  
Similar problems i n   d e f i n i n g   t h e   b o u n d a r y - l a y e r  edge on a f l a t  plate  a t  Mach  20 
are d i s c u s s e d   i n   r e f e r e n c e  32. 

Determina t ion  of t h e  Mach number  must be made by   independent ly   measur ing  
two q u a n t i t i e s   s u c h  as t h e  p i t o t  p r e s s u r e   a n d   t h e  s ta t ic  pressure .   Unfor tun-  
a t e l y ,  it was n o t   p o s s i b l e  to  o b t a i n  accurate s t a t i c - p r e s s u r e   b o u n d a r y - l a y e r  
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s u r v e y s  a t  t h e   p r e s e n t  t es t  cond i t ions .   The re  are i n d i c a t i o n s   t h a t   t h e  s ta t ic  
pressure a t  t h e  wall may be  about  1 0  p e r c e n t   h i g h e r   t h a n   t h a t  a t  the   edge  of 
t h e   b o u n d a r y   l a y e r   i n   t h e  case of h i g h - s p e e d   t u r b u l e n t   f l a t - p l a t e   b o u n d a r y  
layers (see  ref. 5); h o w e v e r ,   t h e   e x a c t   d i s t r i b u t i o n  of p r e s s u r e   t h r o u g h   t h e  
boundary   l ayer  is n o t   a c c u r a t e l y  known a t  p re sen t .   Wi thou t  accurate static- 
pressure measurements,   the  measured wall pressure was assumed to be c o n s t a n t  
t h r o u g h o u t   t h e   b o u n d a r y   l a y e r   i n   t h e   r e d u c t i o n  of t h e   p r e s e n t   d a t a  - a tech-  
n i q u e   i n   g e n e r a l  u s e  f o r  p i to t  boundary-layer   reduct ion.  

I n   t h e   p r e s e n t   a n a l y s i s   t h e  Mach number a n d   a n   e f f e c t i v e  local t o t a l  pres- 
s u r e  a t  the   edge  of the   boundary   l ayer  were c a l c u l a t e d  from t h e   e x p e r i m e n t a l  
v a l u e  of p i to t  p r e s s u r e  a t  the   boundary- layer   edge   and   the  local s u r f a c e   s t a t i c  
pressure u s i n g   t h e   i d e a l   g a s   r e l a t i o n s  for he l ium  f rom  r e fe rence  30. The edge 
of the   boundary   l aye r  was found by p l o t t i n g  p i to t  pressure a g a i n s t  y and 
de te rmin ing   t he   po in t   where   dev ia t ion  from the   shock- l aye r   p i to t -p re s su re   decay  
occurred .  The t r e n d   c h a r a c t e r i s t i c  of the   shock- l aye r   p i to t -p re s su re   decay  was 
e s t a b l i s h e d   f r o m   c h a r a c t e r i s t i c s   c a l c u l a t i o n s  of t h e   f l o w   f i e l d .  

I n   o r d e r  t o  estimate t h e   v a r i a t i o n s   i n   b o u n d a r y - l a y e r   e d g e   c o n d i t i o n s   w i t h  
x which  could  be  expected  on  the  model 1 tests, i n v i s c i d   c a l c u l a t i o n s  by t h e  
method of c h a r a c t e r i s t i c s  were made for t h e   f l o w   f i e l d s   c o r r e s p o n d i n g  to  t h e  
h i g h e s t   a n d  lowest tes t  un i t   Reyno lds   numbers .   S ince   t he   ca l cu la t ions  were 
made before   f low  f ie ld   surveys   had   been   comple ted ,   the   boundary- layer   edge   con-  
d i t i o n s  were e s t i m a t e d   b y   f i n d i n g   a n   e f f e c t i v e   s u r f a c e  wedge angle  which  would 
g i v e  a s u r f a c e   p r e s s u r e  equal to  the   averaged   measured   sur face   p ressure .  The 
boundary-layer  edge Mach numbers  and  Reynolds  numbers were c a l c u l a t e d   f r o m  
o b l i q u e   s h o c k   r e l a t i o n s   u s i n g   t h i s   e f f e c t i v e  wedge angle .   Boundary-layer   dis-  
p l acemen t   t h i cknesses ,   ca l cu la t ed  by t h e   f i n i t e - d i f f e r e n c e  method  of   reference 6 
by  assuming  dp/dx = 0,  were added to t h e  5O wedge s u r f a c e .  The r e s u l t i n g  coor- 
d i n a t e s  were used as body  inputs  to the   me thod   o f   cha rac t e r i s t i c s   p rog ram 
d e s c r i b e d   i n   r e f e r e n c e  33. Some d e t a i l s  of t h e   c a l c u l a t e d   f l o w   f i e l d s  for free- 
stream uni t   Reynolds   numbers  of 34.5 X 1 O6 and 7.8 X 1 O6 a r e  shown i n   f i g u r e  9. 
Note t h e   l a r g e   e x p a n s i o n  of t h e   y - c o o r d i n a t e   r e l a t i v e  to the   x -coord ina te .  

I n   t h e   f l o w - f i e l d  cross s e c t i o n  shown i n   f i g u r e  9 ,  a s h o c k   i n f l e c t i o n   p o i n t  
caused by t h e   s e l f - i n d u c e d   b l u n t n e s s   ( t h e   b l a s t  wave e f f e c t ,  see r e f .  2 4 )  pro- 
duces a p o i n t   o f  minimum e n t r o p y   a t   t h e   s h o c k ,   a n d  resu l t s  i n  a l i n e  of maximum 
local  t o t a l  p r e s s u r e   w i t h i n   t h e   f l o w   f i e l d   a l m o s t  para l le l  to  the   edge  of t h e  
d isp lacement   th ickness .  The l i n e  of maximum t o t a l  pressure a p p e a r e d   a s  a d i s -  
t i n c t  peak i n  p i to t  p r e s s u r e   i n   t h e   b o u n d a r y - l a y e r   s u r v e y s .   I n   t h e   l a m i n a r  
r eg ion   nea r   t he   l ead ing   edge ,   t he   y - loca t ion   o f   t he  peak p i to t  p r e s s u r e  is well 
above   the   d i sp lacement   th ickness ;   however ,   fa r   downst ream it is engul fed  by t h e  
g rowing   boundary   l aye r   and   even tua l ly   d i sappea r s .   Ano the r   f ea tu re  is t h e   l i n e  
of minimum flow d e f l e c t i o n   a n g l e   w i t h i n   t h e   f l o w   f i e l d .  The v i s c o u s - i n v i s c i d  
i n t e r a c t i o n   p r o d u c e s  a f a v o r a b l e   p r e s s u r e   g r a d i e n t   n e a r   t h e   b e g i n n i n g   o f   t r a n -  
s i t i o n .   W i t h i n   t h e   t r a n s i t i o n   r e g i o n ,  A *  dec reases   because  of t h e   r a p i d  
f i l l i n g  o u t  o f   t he   ve loc i ty   p ro f i l e   and   t hen   r e sumes   g rowth   i n   t he   t u rbu len t  
f l o w .  The expans ion   o f   t he  outer flow  followed  by a compression is e v i d e n t   i n  
ca l cu la t ed   and   measu red   su r f ace  pressure d i s t r i b u t i o n s  to b e   p r e s e n t e d   i n  a 
fo l lowing   s ec t ion .  A consequence of the  expansion-compression process is t h a t  
Mach l i n e s   t e n d  to coalesce n e a r   t h e   l i n e   o f  minimum f l o w   d e f l e c t i o n .   F o r   t h e  
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lowest Reynolds number case, a shock wi th in  the flow field  limited  the down- 
stream extent  to which calculations could be  made. 

I n  order  to  define t h e  mean flow properties of the boundary layer, it was 
necessary to combine a large amount  of data. Since t h e  t o t a l  temperature of the 
tunnel and the model wall  temperature w i t h  no cooling depended on the ambient 
temperature,  variations i n  Tw/Tt occurred from run to run. Pi tot  and total-  
temperature  surveys were  combined w i t h  wall  pressure, s k i n  f r ic t ion,  and heat- 
transfer  data by these  procedures. 

Model 1 . -  Static-pressure survey data on t h i s  model  were  found to  contain 
probe interference  errors and  were discarded. For the  final  data  reduction, 
surface  pressures measured a t  each probe t ip  location were plotted  as a func- 
tion of tunnel  stagnation  pressure. A wall  pressure  corresponding  to  the tun- 
nel  stagnation  pressure a t  which p i to t  surveys were taken was interpolated from 
a plot and used as the local  static  pressure. 

The local boundary-layer edge Mach numbers  and Reynolds numbers varied 
w i t h  x a t  a constant nominal free-stream Mach  number (or  equivalently, nomi- 
nal  tunnel  stagnation  pressure). Local boundary-layer edge properties,  listed 
i n  table 1 ,  were used to reduce surface  shear  data  to  skin-friction  coeffi- 
cients. Average Mach numbers  and  Reynolds  numbers representative of the edge 
conditions a t  the five nominal test  stagnation  pressures  are  as  follows: 

.~ 

P t ,  kPa 

2.76 X I 03 

5.45 

7 .93  

10 .48  

13.1 0 

M1 

16 .88  

17 .38  

17 .60  

17.70 

18 .05  

R1 /m 

9.80  x l o 6  

18 .86  

27.49 

36.32 

44.87 

Me 

9 .5  

9 . 7  

9 . 7  

1 0 . 0  

10.1 

Re/m 

9.62  x 106 

18 .75  

27.50 

37.06 

46.57 

Model 2.- Pitot  pressures were corrected  to a stagnation  pressure of 
13 790 kPa. Surface  pressures were  measured a t  hot and cold  wall  conditions: 
however, the  variation of pw w i t h  Tw/Tt was found t o  be so s l i g h t  that  a 
single  local  value of h/p1 was used a t  each station  for  al l   values of Tw/Tt. 
Total-temperature  surveys were  combined w i t h  pitot  surveys  at s l i g h t l y  different  
values of Tw/Tt. The values of Tw/Tt quoted i n  table 1 are  for  the  total- 
temperature  surveys. Local values of  qw  were required a t  each survey location 
to determine Reynolds analogy factors and as  inputs  for  the  calculation of tur- 
bulent  Prandtl numbers. A t  each survey location, qw/Tt from t h e  heat-transfer 
data were plotted  as  functions of Tw/Tt a t  a nominal R1 /m = 46 x 1 06. Values 
of qw/Tt were interpolated from these  plots  at  the  value of Tw/Tt for t h e  
survey. Skin-friction coefficients were  weak functions of Tw/Tt and &: 
therefore,  directly measured values of cf were used. 
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As f o r  model 1 ,   t h e  local edge c o n d i t i o n s   o b t a i n e d  from t h e   s u r v e y  data 
are l i s t e d   i n  table 1.  Nominal test cond i t ions   and   ave rage  test c o n d i t i o n s  for 
which most d a t a  were t a k e n  are as follows: 

pt = 1 3  790  kPa 

Me = 11.3 

Tw/Tt = 0.40,  0-51,  and  0.95 

R1/m = 46 x 1 O 6  

%/m = 54 x 106 

C a l c u l a t e d   d i s p l a c e m e n t   t h i c k n e s s e s  were found to  b e   i n s e n s i t i v e  t o  t h e  
c h o i c e  of 6 ;  however, momentum t h i c k n e s s e s  were v e r y   s e n s i t i v e ,   e s p e c i a l l y  a t  
t h e  most upstream s u r v e y   s t a t i o n s .   T h u s ,   i n  some i n s t a n c e s  when 6 may be 
somewhat a r b i t r a r y ,   a n   i n v i s c i d   c o n t r i b u t i o n   c a n   b e   p r e s e n t   i n   t h e   i n t e g r a t e d  
v a l u e s  of 8 i n  table  1 ,   depend ing   on   t he   va lue  of 6 u s e d   i n   t h e   d a t a  
reduct ion .  

H e a t - T r a n s f e r   D i s t r i b u t i o n s  

MeaSUKementS o f   s u r f a c e   h e a t i n 2  ra tes  were made on model 1 a t  f ree-s t ream 
unit   Reynolds  numbers from 9.9 x 1 0  to 43.2 x l o 6  a t  Tw/Tt = 0.94,  and  on 
model 2 f o r   v a r i a b l e  R1/m and Tw/Tt. B a s e d   o n   t h e   r e s u l t s  of these  measure-  
m e n t s ,   s t a t i o n s  were s e l e c t e d   f o r   s u r v e y i n g   t h e   b o u n d a r y   l a y e r .  The data are 
l i s t e d   i n  table 2. 

Heating rates on model 1 are shown i n   f i g u r e   1 0 .  A n e g a t i v e   h e a t i n g  rate 
-q d e n o t e s   h e a t   t r a n s f e r  from t h e   s u r f a c e  to  t h e  flow, caused by t h e  wall 
t e m p e r a t u r e   b e i n g   h i g h e r   t h a n   t h e  adiabatic wall temperature .  The d a t a  were 
not   reduced  to S tan ton   numbers   s ince   t he   r ecove ry   f ac to r  was n o t  known i n  
t r a n s i t i o n a l   a n d   t u r b u l e n t   f l o w  for t h e   p r e s e n t   c o n d i t i o n s .  A t  a typical 
Tw/Tt = 0.94, a +percent  error i n   r e c o v e r y   f a c t o r   w o u l d   r e s u l t   i n  a 73-percent 
error i n   S t a n t o n  number. 

The h o t  wall d a t a   c h a r a c t e r i s t i c a l l y  show a h e a t i n g - r a t e   d e c r e a s e  below 
t h e   l a m i n a r   v a l u e   i n   t h e   t r a n s i t i o n   r e g i o n ,   a n  effect which  has  been  measured 
for h o t  wall h e a t   t r a n s f e r   o n  a 1 Oo wedge i n   r e f e r e n c e  34 and  on  s lender   cones 
i n   r e f e r e n c e   3 5 ,   a n d   h a s   b e e n   a t t r i b u t e d  to  a r a p i d   i n c r e a s e   i n   t h e   r e c o v e r y  
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factor i n   t h e   t r a n s i t i o n   r e g i o n ,   R e f e r e n c e  36 shows t h a t   t h e   r e c o v e r y  fac- 
tor peaks i n   t h e   t r a n s i t i o n   r e g i o n   b e f o r e   d e c a y i n g  to t h e   t u r b u l e n t   l e v e l  
downstream, 

Heat ing  ra tes  on  model 2 are p r e s e n t e d   i n   f i g u r e   1 1 ,  A t  Rl /m about  
40 x 1 O6 a n d   v a r i a b l e  wall tempera ture   ( f igs .   11  (a) to 11 ( f ) )  , no  laminar  
h e a t i n g   r e g i o n  was measured ,   w i th   t he   poss ib l e   excep t ion  of t h e   h o t  wall case 
(Tw/Tt = 0.92)  shown i n   f i g u r e  11 ( f ) ,  A t  Rl/m about  20 x l o 6 ,  perhaps  a 
s h o r t   l e n g t h   o f   l a m i n a r   h e a t i n g   c a n   b e   d i s c e r n e d  i n  f i g u r e s  91 (9) and  11  (h) . 
I n   f i g u r e s   1 0   a n d   1 1   t h e   p o i n t  of maximum h e a t i n g  X T , ~  for each   run  is 
marked   w i th   t he   excep t ion   o f   f i gu res  1 O(h) , 1 0  (i),  and  11 ('t) where peak 
t u r b u l e n t   h e a t i n g  was not   reached   on   the   models .  

Transi t ion  Reynolds   numbers   based  on X T , ~  are shown i n   f i g u r e   1 2   a l o n g  
w i t h   d a t a  a t  a lower edge Mach number from r e f e r e n c e  34, Two s a l i e n t   p o i n t s  
are e v i d e n t  for t h e   p r e s e n t   d a t a :   t h e  Tw/Tt = 1 data of model 2 show a d e f i -  
n i t e   i n c r e a s e   i n   t r a n s i t i o n   R e y n o l d s  number o v e r   c o l d  wall t r a n s i t i o n  a t  t h e  
same edge  unit   Reynolds  number;   and  the peak h e a t i n g   t r a n s i t i o n   R e y n o l d s  num- 
be r s   on  model. 2 ( 4 O  wedge) are lower than   those   on   model  1 (50  wedge). 

The effect  of wall tempera ture  on hype r son ic   t r ans i t i on   has   been   examined  
i n   r e f e r e n c e s  37 and 38. I n   b o t h   r e f e r e n c e s ,   a n   i n c r e a s e   i n   t r a n s i t i o n   R e y n o l d s  
number was measured when Tw was g r e a t e r   t h a n  Taw. For Tw < Taw, a s t a b i l i z -  
i n g   e f f e c t   i n   t r a n s i t i o n  was  found as Tw/Tt decreased a t  Me = 6.8 i n  refer- 
ence 37. A t  Me above   8 .8 ,   wal l   cool ing  was found to have l i t t l e ,  i f   a n y ,  
e f f e c t  on t r a n s i t i o n   i n   r e f e r e n c e  38. No c l e a r l y   d e f i n e d   t r e n d   c a n   b e  d i s -  
c e r n e d   i n   t h e   r e s e n t   d a t a  a t  R l / m  PJ 40 x 1 O 6  ( f i g s ,   1 1  (a)  to 11 ( e ) )  or a t  
Rl/m PJ 20 x 1 Og ( f ig s .   11  (9) to 11 (1) ) ; however ,   there  is some u n c e r t a i n t y   i n  
t h e  locat ion of X T , ~ .  

The uni t   Reynolds  number e f f e c t  on p e a k  heating  Reynolds  numbers is t h e  
same for t h e   p r e s e n t   d a t a   a n d   t h e  1 Oo wedge d a t a  of r e f e r e n c e  34,  as shown i n  
f i g u r e   1 2 .   S l e n d e r   c o n e   t r a n s i t i o n   e x h i b i t s  a smaller un i t   Reyno lds  number 
effect  in   t he   Lang ley   h igh   Reyno lds  number h e l i u m   t u n n e l   c o m p l e x   ( f a c i l i t y  for 
p resen t   da t a )   t han   i n   t he   22 - inch   ae rodynamics   l eg  of Langley  hypersonic   hel ium 
t u n n e l   f a c i l i t y   ( f a c i l i t y  for data of  ref. 341 ,   an   e f fec t   which   has   been  a t t r i b -  
u ted  to t h e   f a c t   t h a t   t h e  free-stream d i s t u r b a n c e   l e v e l s  are d i f f e r e n t   f u n c t i o n s  
of t h e  free-stream un i t   Reyno lds  number i n   t h e  two t u n n e l s .   I n   r e f e r e n c e   3 5  
measured free-stream n o i s e   l e v e l s   a n d   t h e i r   r e l a t i o n  to  c o n e   t r a n s i t i o n   i n   t h e  
two t u n n e l s  are d i s c u s s e d .  The r e a s o n   f o r   t h e   d i f f e r e n c e s   i n   c o n e   a n d  wedge 
t r a n s i t i o n   b e h a v i o r   i n   t h e  t w o  t u n n e l s  is n o t  known a t  p r e s e n t ,   n o r  is it clear 
why t r a n s i t i o n   o n   m o d e l  1 (5O wedge)   should  be  higher   than  that   on model 2 (4O 
wedge), The l ead ing -edge   t h i ckness  was measured  on model 1 and  found to be 
0.127 mm a f t e r   t h e   h e a t - t r a n s f e r  tests, After r emach in ing   t he   l ead ing   edge  to 
0,076 mm, check   runs  showed  no  change i n   t h e   t r a n s i t i o n   l o c a t i o n .  The l e a d i n g  
edge  on  model 2 was 0,076 mm, whereas   t ha t   on   t he  l o o  wedge of r e f e r e n c e  34  was 
0,051 mm, Bluntness   Reynolds   numbers ,   based  on  the free-stream un i t   Reyno lds  
numbers ,   shou ld   no t   have   been   g rea t ly   d i f f e ren t   i n  a l l  t h r e e  cases. 
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S u r f a c e - P r e s s u r e   D i s t r i b u t i o n s  

For model 1 t h e   s u r f a c e   p r e s s u r e s   a l o n g   a n   e q u i v a l e n t  body (d*  added to 
t h e  5 0  wedge- s u r f a c e )  were a v a i l a b l e  from the  method of c h a r a c t e r i s t i c s   s o l u t i o n  
d i scussed   p rev ious ly .   These  pressures, assumed to be t h e  pressures on   t he  s u r -  
face of t h e  model, are plotted i n   f i g u r e  13 .  A d ip  i n   t h e   p r e s s u r e   d i s t r i b u -  
t i on  o c c u r s  as 6"  decreases i n   t h e   t r a n s i t i o n   r e g i o n .  It  is followed by  an 
i n c r e a s e  to a p e a k  pressure   caused   by   compress ion  of t h e  flow as 6* grows 
r a p i d l y   t h r o u g h   t h e   t r a n s i t i o n   r e g i o n .  

D e t a i l e d   m e a s u r e m e n t s   o f   t h e   s u r f a c e   p r e s s u r e   o n  model 2 a t  Tw/Tt = 0 .99  
and 0.3 to 0 . 4  c o n f i r m i n g   t h e   t r e n d   o f   t h e   t h e o r e t i c a l   c a l c u l a t i o n s  are s h a m  
i n   f i g u r e  14.  The d a t a  for R1/m from 4 6 . 2  x l o 6  to 14.1 x l o 6  ( f i g .  14)  show 
t h a t  a t  a l l  test  u n i t   R e y n o l d s   n u m b e r s ,   t h e   d i f f e r e n c e s   i n   b o t h   t h e   l e v e l  and 
p o s i t i o n   o f   t h e  p/p1 d i s t r i b u t i o n   b e t w e e n   h o t   a n d   c o l d   w a l l   c o n d i t i o n s  are 
smal l .  

Also shown i n   f i g u r e  14 are t h e   l o c a t i o n s  of p e a k  h e a t i n g  from f i g u r e  1 1  , 
d e s i g n a t e d   w i t h   a n   a r r o w   a n d   m a r k e d   w i t h   t h e   f i g u r e  number from which t h e  loca- 
t i o n  was r e a d .   F o r   t h e   c a s e s  so marked, t h e   l o c a t i o n   o f  peak h e a t i n g   o c c u r s  
ups t r eam  o f   t he  peak i n   s u r f   a c e  pressure a t  Tw/Tt = 0 . 4 .  When  Tw/Tt p: 1 ,  t h e  
l o c a t i o n   o f  p e a k  h e a t i n g  m o v e s   d o w n s t r e a m ,   c o i n c i d i n g   w i t h   t h e   p e a k   p r e s s u r e   a t  
Rl/m = 40 .8  x l o 6 .  The correspondence  between peak hea t ing   and  peak p r e s s u r e  
l o c a t i o n s   f o r  Tw/Tt - 1 is n o t  as c lear  a t  Rl /m = 19.9 x l o 6 ;  however, t h e  
l o c a t i o n   o f  X T , ~  is u n c e r t a i n ,  as c a n  be s e e n   i n   f i g u r e  1 1  ( m )  . 

S k i n - F r i c t i o n  Data 

On model 1 sk in - f r i c t ion   measu remen t s  were made a t  l o c a t i o n s  74.24 ,  
99 .64 ,   125 .04 ,  and 211.50 cm f r o m   t h e   l e a d i n g   e d g e .  Data a t  f i v e   d i f f e r e n t  
uni t   Reynolds   numbers  for t h e   f o u r  t es t  l o c a t i o n s  are shown i n   f i g u r e  1 5 ( a ) .  
A b a s e l i n e  dp/dx = 0 l a m i n a r   s k i n - f r i c t i o n   c a l c u l a t i o n  (method  of   ref .  39) 
is shown for  Reynolds  numbers  between 4 x l o 6  and 40 x l o 6 .  A t  s t a t i o n  1 for 
each test un i t   Reyno lds   number ,   t ha t  is, t h e  most n e a r l y   l a m i n a r   d a t a   p o i n t s ,  
t h e   m e a s u r e d   s k i n - f r i c t i o n   c o e f f i c i e n t s  are h i g h e r   t h a n   t h e   f l a t - p l a t e   l a m i n a r  
values .   The effect  of   se l f - induced  pressure g r a d i e n t s   o n   s k i n   f r i c t i o n  was cal- 
c u l a t e d   b y   u s e  of t h e  weak  i n t e r a c t i o n  T' method o f   r e f e r e n c e  40 for t h e  pres- 
sure d i s t r i b u t i o n   a n d   t h e  method  of   re fe rence  41 for c o r r e c t i n g   h y p e r s o n i c   f l a t -  
p l a t e   s k i n   f r i c t i o n  for p r e s s u r e   g r a d i e n t   e f f e c t s .   C a l c u l a t i o n s  made f o r   t h e  
f i v e  test Reyno lds   numbers   merged   i n to   t he   s ing le   l i ne  shown i n   t h e   f i g u r e .  
The e f fec t  of f i n i t e   v o r t i c i t y   e x t e r n a l  to t h e   b o u n d a r y   l a y e r   h a s   b e e n  shown 
i n   r e f e r e n c e  42 to i n c r e a s e   s k i n   f r i c t i o n .   S i n c e   b o t h   e f f e c t s  are p r e s e n t  a t  
t h e   p r e s e n t  t es t  c o n d i t i o n s ,   t h e   s t a t i o n  1 d a t a   p o i n t s  may n o t  be unreasonably  
h i g h .   F o r   c o m p a r i s o n   o f   s k i n - f r i c t i o n   d a t a   w i t h   t u r b u l e n t   t h e o r y ,   t h e   t h e o r y  of 
Spalding  and  Chi  from r e f e r e n c e  1 is shown for   t rans i t ion   Reynolds   numbers   based  
on a l e n g t h   o f  8Q p e r c e n t  of X T , ~ ,  a s  recommended i n   r e f e r e n c e  43. Peak hea t -  
i n g   v a l u e s  from f i g u r e  10 are a lso shown i n   t h e   f i g u r e .  

On model 2 sk in - f r i c t ion   measu remen t s  were made a t  l o c a t i o n s  5 0 . 5 ,   7 5 . 9 ,  
101 .3 ,   131 .2 ,   165 .1 ,   190 .5 ,  and 215.9 cm from the   l ead ing   edge .   Because  of 
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p h y s i c a l   c o n s t r a i n t s   t h e   b a l a n c e s   c o u l d   n o t   b e   m o u n t e d  a t  s t a t i o n  1 (35.6 cm 
from the   l ead ing   edge ) ,   and   t he   ba l ance   had  to b e   i n s t a l l e d  a t  t h e   f i f t h  bound- 
a r y  layer s u r v e y   s t a t i o n   u p s t r e a m  5.7 cm. Data  taken a t  one   nominal   un i t  
Reynolds number a n d   t h r e e   v a l u e s  of Tw/Tt are shown i n   f i g u r e   1 5  (b) . Addi- 
t i o n a l   d a t a  were o b t a i n e d  a t  s t a t i o n  8 by  running a t  Rl/m = 73.7 x 1 O6 for 
Tw/Tt = 0.35 and 0 92. Boundary-layer   edge  condi t ions were e x t r a p o l a t e d  from 
t h e   d a t a  a t  lower s t a g n a t i o n   p r e s s u r e s   s i n c e   n o   s u r v e y s  were made a t  t h i s  test 
c o n d i t i o n .  The most upstream m e a s u r e d   s k i n - f r i c t i o n   p o i n t  a t  each   un i t   Reyno lds  
number a p p e a r s  to b e   t r a n s i t i o n a l ,  as might   be  expected from t h e   h e a t - t r a n s f e r  
d a t a  of f i g u r e  11. A s  i n   f i g u r e   1 5 ( a ) ,   t h e   l a m i n a r  f la t -plate  t h e o r y  of refer- 
ence 39 is shown for Me = 11  and Tw/Tt = 0.3  and 0.9 a l o n g   w i t h   t h e   e f f e c t  
of induced pressures o n   s k i n   f r i c t i o n  a t  Tw/Tt = 0.9 by the  method of refer- 
e n c e s  40 and 41. The t u r b u l e n t   s k i n - f r i c t i o n   t h e o r i e s  of r e f e r e n c e s  1 and 2 
(wi th  Y = 5/3) are shown for Tw/Tt = 0.3, and of r e f e r e n c e  1 f o r  Tw/Tt = 0.9 
s i n c e   b o t h   t h e o r i e s   g i v e   a b o u t   t h e  same r e s u l t s  a t  n e a r - a d i a b a t i c  wall 
c o n d i t i o n s .  

Both   the  model 1 da t a   and   t he   mode l  2 d a t a   a p p e a r  lower t h e n   t u r b u l e n t  
t h e o r y  when plotted a g a i n s t   l e n g t h   R e y n o l d s  number in   f i gu re   15 .   T rans fo rmed  
to incompress ib l e   va lues   and   p lo t t ed  as a f u n c t i o n  of R e ,  t h e   t u r b u l e n t   d a t a  
a g r e e  well wi th   the   incompress ib le   Karman-Schoenherr   sk in- f r ic t ion   equat ion  
(see r e f .   4 4 ) ,   a s  shown i n   f i g u r e   1 6 .  The Spa ld ing -Ch i   t r ans fo rma t ion  factors 
of r e f e r e n c e  1 were used to calculate t h e  theoretical c u r v e  shown i n   f i g u r e s   1 5  
and  16;  however, when t h e   d a t a   a r e  plotted as a f u n c t i o n  of R e ,  it is not   nec-  
e s s a r y  to s p e c i f y  a v i r t u a l   o r i g i n  for t h e   t u r b u l e n t   b o u n d a r y   l a y e r .  

Mean V e l o c i t y   P r o f i l e s  

A s  p r e v i o u s l y   s t a t e d ,   v e l o c i t y   p r o f i l e s  were c a l c u l a t e d  from p i t o t   s u r v e y  
d a t a  by assuming  cons tan t  s t a t i c  pressure through  the   boundary   l ayer .   In   addi -  
t i o n  to the   a s sumpt ion   o f   cons t an t  s tatic p r e s s u r e   t h r o u g h  the  boundary   l ayer ,  
t h e   t o t a l   t e m p e r a t u r e   m u s t   b e  known to c a l c u l a t e  a v e l o c i t y  p rof i le  from a Mach 
number profile.. To ta l - t empera tu re   p ro f i l e s   on  model 1 were measured  only a t  
s t a t i o n  4 i n   t u r b u l e n t   f l o w .  The profiles were d i f f e r e n t  from t h e   l i n e a r  Crocco 
r e l a t i o n  typical of most f l a t - p l a t e   d a t a   a n d  were also d i f f e ren t   f rom  the   qua -  
d r a t i c   r e l a t i o n   t y p i c a l  of n o z z l e  wall data. (See ref. 45.) A t  t h e   s l i g h t l y  
h o t   w a l l   c o n d i t i o n s  of model 1 ,  it was f o u n d   i n   r e f e r e n c e   1 5   t h a t   t h e   p r o f i l e  
parameters  were n o t   s e n s i t i v e  to  t h e   c h o i c e  of a s s u m e d   t o t a l - t e m p e r a t u r e   d i s t r i -  
b u t i o n .   I n t e g r a l   v a l u e s  of 6* and 8 r e d u c e d   b y   u s i n g   b o t h   t h e   l i n e a r  Crocco 
r e l a t i o n   a n d   a n  assumed c o n s t a n t  t o t a l  tempera ture  showed o n l y   s l i g h t   d i f f e r -  
e n c e s ,   I n   t h i s  report the  model  1 v e l o c i t y   p r o f i l e s  were reduced   by   us ing   the  
l i n e a r  Crocco r e l a t i o n ;   t h e   r e a s o n  for u s i n g   t h i s   r e l a t i o n  is d i s c u s s e d   i n  a 
l a t e r   s e c t i o n .  The in t eg ra l   boundary - l aye r  properties l i s t e d   i n   t a b l e  1 were 
ob ta ined   by   t h i s   me thod .  

For many y e a r s ,  attempts have  been made to r e d u c e   t u r b u l e n t   c o m p r e s s i b l e  
profiles to a n   e q u i v a l e n t   i n c o m p r e s s i b l e  form. Van Driest i n   r e f e r e n c e   4 6 ,  
app ly ing   t he   mix ing   l eng th   hypo thes i s   i n  compressible f l o w ,  d e r i v e d  a compres- 
sible l a w  of t h e  wall. b i s e  and McDonald a p p l i e d   t h e  compressible law o f   t h e  
wall i n   r e f e r e n c e  47 to c a l c u l a t e   g e n e r a l i z e d   v e l o c i t i e s  by u s i n g   t h e  Crocco 
e n e r g y   r e l a t i o n ,   I n  i ts most g e n e r a l  form, t h e   g e n e r a l i z e d   v e l o c i t y  is 
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G e n e r a l i z e d   v e l o c i t y  defects were examined i n   r e f e r e n c e  47 €or Mach numbers i n  
the   range   1 .47  to  4.93 a t  a d i a b a t i c  wall c o n d i t i o n s   a n d  were found to  correlate 
wi th   an   i ncompress ib l e   ve loc i ty   de fec t .  A t  Mach 5 w i t h   h e a t   t r a n s f e r ,   t h e  cor- 
r e l a t i o n  was poor, t h e   d e g r e e   o f   d i s c r e p a n c y   b e i n g  a f u n c t i o n  of Tw/Tt. I n  
r e f e r e n c e  48 t h e  complete wall-wake  region was examined   fo r   i soene rge t i c   t u rbu -  
l e n t   b o u n d a r y   l a y e r s  a t  Mach numbers as h i g h  as 3 . 7 8 ,   a n d   g e n e r a l i z e d   v e l o c i t i e s  
were found to  e f f e c t i v e l y   r e d u c e   t h e   d a t a  to incompress ib le  form. I n  refer- 
ence 49 Danberg  examined 45 a d i a b a t i c  wall p r o f i l e s  a t  Mach numbers from 2 to 6 
and Re from 2300 to 7500. He c o n c l u d e d   t h a t   t h e   d a t a   c o u l d   b e   a d e q u a t e l y  f i t  
to  t h e   l a w   o f   t h e   w a l l   i n   t h e   f o r m  

U t  1 

w i t h  k = 0.43. H i s  g e n e r a l i z e d   v e l o c i t y  was a r b i t r a r i l y   d e f i n e d  t o  b e   t h a t  of 
e q u a t i o n  ( 2 )  a n d   t h e   c o n s t a n t s  were found by a b e s t   f i t  to da ta   t echn ique .  

Mean v e l o c i t y   p r o f i l e s   o n   m o d e l  1 reduced to  g e n e r a l i z e d   v e l o c i t i e s   f o r  
t h e   f i v e   d i f f e r e n t  t es t  cases l i s t e d   i n   t a b l e  1 are shown i n   f i g u r e  17. I n  
t h i s   f i g u r e ,   p r o f i l e s   a t   e a c h   o f   t h e   f o u r   s u r v e y   s t a t i o n s   d e m o n s t r a t e   t h e  t ran-  
s i t i o n  from  near-laminar to tu rbu len t   f l ow.  The p r o f i l e s  a t  s t a t i o n  4 appear  
to  be   t u rbu len t   even  a t  t h e  lowest Reynolds  numbers. 

The incompress ib le  law of   t he  wall (eq. ( 3 ) ) ,  is also shown f o r  two v a l u e s  
of k ,  0.4 and  0.43,  and a v a l u e   o f  C of  5.5. Although 0.4 is t h e  most u s u a l  
va lue   o f  k to b e   f o u n d   i n   t h e   l i t e r a t u r e ,  a v a l u e   o f  0.43 was more r e p r e s e n t a -  
t i v e  of t h e   p r e s e n t   d a t a ,   i n   a g r e e m e n t   w i t h   t h e  resul ts  o f   r e f e r e n c e  49. Some 
authors   have  found k to be a f u n c t i o n   o f   t h e  local Reynolds  number;  however, 
t h i s   h a s   b e e n   d i s p u t e d   b y   o t h e r s ,   a n d   t h e   c o n s e n s u s   a p p e a r s  t o  b e   t h a t  k is a 
u n i v e r s a l   c o n s t a n t .   ( S e e   r e f .  5.) T u r b u l e n t  profiles on  model 1 are compared 
w i t h   e q u a t i o n   ( 3 )   i n   f i g u r e   1 8 .  The  good  agreement   with  the  incompressible  law 
of t h e   w a l l   s u g g e s t s   t h a t   s k i n   f r i c t i o n   c o u l d   b e   f o u n d   f r o m   v e l o c i t y   p r o f i l e s  by 
f i t t i n g   g e n e r a l i z e d   v e l o c i t i e s  to  t h e  law o f   t h e  wall by a t r i a l - a n d - e r r o r  pro- 
cedure,   where 

Cf Pe 
( 4 )  

This   p rocedure  was fo l lowed  in   re fe rence   18   where   in fer red   and   measured   va lues  
o f   t h e   s k i n   f r i c t i o n   o n   m o d e l  2 were compared. It  was f o u n d   t h a t  a t  h o t  wall 
c o n d i t i o n s ,   t h e   d i f f e r e n c e   i n   m e a s u r e d   a n d   i n f e r r e d   s k i n   f r i c t i o n  was small, 
b u t  as Tw/Tt d e c r e a s e d ,   t h e   d i f f e r e n c e   i n c r e a s e d .   I n f e r r e d   s k i n - f r i c t i o n  
v a l u e s  were a lways   h igher   than   measured   va lues  i n  t u r b u l e n t  flow. Measured 
t o t a l - t e m p e r a t u r e   d i s t r i b u t i o n s  were u s e d   i n   r e f e r e n c e   1 8  to f i n d  u . * 
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Despite  the  fact  that  skin-friction  values  inferred from velocity  profiles 
are i n  error  at  cold  wall  conditions,  the  velocity  profile can be reduced to 
incompressible form. Selected  turbulent  profiles on model 2 plotted i n  the law- 
of-the-wall form using  inferred  skin-friction  values  are shown i n  figure 19. 

Total-Temperature Profiles 

Total-temperature profiles on  model 1 were measured a t   s ta t ion  4 (turbulent 
flow) a t  four  free-stream u n i t  Reynolds numbers. The fine-wire  resistance probe 
used for t h e  surveys  (see  fig. 5 (a) ) had a tip  thickness  of 0.1 6 cm,  s l ight ly  
larger  than  the 0.10-cm-thick p i to t  probe used on t h i s  model. Figure 20 shows 
t h e  measured total-temperature  distributions nondimensionalized by the measured 
boundary-layer edge t o t a l  temperature  plotted  as a function of y/$. A s  the 
probe  approached the  wall,  the  total  temperature dropped below t h e  measured wall 
temperature and then began to  increase.  Closer  to t h e  wall, t h e  indicated  total 
temperature  again  decreased,  the  decrease  beginning near where the  wall  pressure 
measured beneath the   t i p  of the  probe began to  increase. The second decrease i n  
to ta l  temperature  appears to be  an erroneous  result and may be due to  the probe 
not being aspirated  properly. Shown i n  figure 20 and also marked i n  the  data 
l i s t i ng  of table 6 are  the  values of Tw/Tt,e and y / s   a t  which the  wall 
pressure f i r s t  began to   r ise .  N o  indication of  an overshoot i n  T t  above Tt,e 
can be discerned i n  the  data. 

On model 2 a shielded  coiled-wire  probe was used for  total-temperature 
surveys at  eight  stations  for  three nominal values of Tw/Tt. The data a t  
s ta t ion 1 (Tw/Tt = 0.5) were found to  contain  large  errors and  were discarded. 
Preliminary measurements of T t , e  were made by using a conventional  shielded 
thermocouple probe,  and,  as  for  the model 1 data, no overshoot i n  T t  a t  above 
adiabatic  wall  conditions was measured. By u s i n g  a coiled-wire  probe  for Tt,e, 
an overshoot was measured; t h i s  overshoot  should  occur when Tw > Taw. The 
absence of  an overshoot i n  T t  when the thermocouple  probe was used to measure 
Tt,e was attributed  to  the  relatively  large  thermal  inertia of the  shielded 
thermocouple  probe compared w i t h  the  thermal inertia of the  coiled-wire probe. 
I t  was apparently of c r i t i c a l  importance to  record T t  w i t h i n  the boundary 
layer  at  the same instant  that T t , e  was recorded. 

Total-temperature  data on model 2 a t   s ta t ion  5 are shown i n  figure 21 w i t h  
the  value of s f r m  corresponding pitot  surveys marked. Total  temperatures 
are  presented i n  terms of FT or ( T t  - T w ) / ( T t , e  - Tw) . A small b u t  f i n i t e  
overshoot  appears  for  the Tw/Tt = 0.94  case i n  figure 2 1 ( c ) .  A t  above- 
adiabatic  wall  conditions, FT becomes negative  near y = 0; however, i n  t h e  
data  reduction,  points thought to be influenced by probe interference  effects 
were discarded and t h e  f i r s t  good data  point was faired  to FT = 0 a t  y = 0. 

The total-temperature  data of models 1 and 2 as  functions of u/ue are 
shown i n  figure 22. For comparison the  relations which are  often used i n  t u r b u -  
l en t  flow for  theoretical  predictions and data  reduction  are shown, 



and 

Much t u r b u l e n t  f l a t -p la te  d a t a   f o l l o w   t h e   l i n e a r   r e l a t i o n ,   w h e r e a s   n o z z l e  wall 
d a t a   t e n d  to follow t h e   q u a d r a t i c   r e l a t i o n .   ( S e e   r e f s .  45 and  50. ) In   supe r -  
s o n i c   a n d   h y p e r s o n i c   f l o w   l a r g e   d e p a r t u r e s  from b o t h   r e l a t i o n s   o c c u r ,   e s p e c i a l l y  
a t  n e a r - a d i a b a t i c  wall c o n d i t i o n s .  The d a t a  of model 1 and   da t a  from r e f e r -  
ence  51 on a n o z z l e  wall a t  M1 = 20 a g r e e   i n   t h e   o u t e r  flow, a s   s e e n   i n   f i g -  
ure 2 2 ( a ) .  The t h e o r y  of r e f e r e n c e  52 is a l s o  shown by   use  of a n   e f f e c t i v e  
t u r b u l e n t   P r a n d t l  number of 0.9 and a v e l o c i t y   p r o f i l e   e x p o n e n t   o f  10 ( v a l u e s  ’ 

t y p i c a l   o f   t h e   p r e s e n t   d a t a ) .   A l t h o u g h   t h i s   m e t h o d   d o e s   n o t   p r e d i c t   t h e   p r e s e n t  
data a c c u r a t e l y ,  i t  predicts the   t r ends   and   wou ld  more c l o s e l y   a p p r o a c h   t h e   d a t a  
if a l o w e r   v a l u e   o f   t h e   e f f e c t i v e   P r a n d t l   n u m b e r ,  or a h i g h e r   v a l u e   o f   t h e  
v e l o c i t y   e x p o n e n t  were used. As Tw approaches  Taw, errors i n   t h e  measurement 
of Tt,  TtIer  and Tw a r e   i n c r e a s i n g l y   m a g n i f i e d  when p r e s e n t e d   i n  terms of 
FT. F o r   t h e   p r e s e n t   d a t a ,   t h e   c o r r e l a t i o n   i n   t h e   o u t e r   d a t a   a t   d i f f e r e n t  t es t  
c o n d i t i o n s   i m p l i e s   t h a t   m e a s u r e m e n t  errors a r e   n o t   l a r g e .  The data o f  model 2 
shown i n   f i g u r e  22 ( b )   a r e   s i m i l a r  to t h e   d a t a   o f  model 1 a t  Tw/Tt = 0.9.  A t  
c o l d   w a l l   c o n d i t i o n s ,   t h e   d a t a  follow t h e   l i n e a r   r e l a t i o n   o f   e q u a t i o n   ( 5 a )  
e x c e p t  for p o i n t s   n e a r   t h e  wall which may c o n t a i n   p r o b e   i n t e r f e r e n c e  errors.  

I t  has  been shown i n   r e f e r e n c e  9 t h a t   t h e  T t  d i s t r i b u t i o n   i n   f l a t - p l a t e  
t u rbu len t   boundary   l aye r s   f rom Me = 2.5 to Me = 4.5 cou ld   be   p red ic t ed   by  
use   o f  a t u r b u l e n t   P r a n d t l  number der ived   by  a mixing-length  approach €or t h e  
e d d y   c o n d u c t i v i t y .   F i n i t e - d i f f e r e n c e   c a l c u l a t i o n s  by t h e  method o f   r e f e r e n c e   5 3  
were made u s i n g   t h e  N p r ,  t d i s t r i b u t i o n  of r e f e r e n c e  9 and a similar N p r , t  
d i s t r i b u t i o n  from r e f e r e n c e  10 ,  and n e i t h e r   p r e d i c t e d   t h e   p r e s e n t   d a t a .   I n   f i g -  
u r e  23 t h e   r e s u l t i n g   T t   d i s t r i b u t i o n   u s i n g   t h e  N p r , t  f r o m   r e f e r e n c e  10 is 
compared  with a p r o f i l e  from a laminar  similar s o l u t i o n   b y  the  m e t h d   d e s c r i b e d  
i n   r e f e r e n c e   3 9 .  A s l i g h t   d i p   i n  FT a p p e a r s   i n   t h e   t u r b u l e n t   p r o f i l e   n e a r  
t h e  outer edge of t h e   b o u n d a r y   l a y e r ,   w h i l e   t h e   o v e r s h o o t   i n  T t  a b o v e   T t I e  
h a s  moved t o w a r d   t h e   w a l l .  

A f a c t o r   w h i c h   a f f e c t s   T t   d i s t r i b u t i o n s  is t h e  local uneven   addi t ion  or 
removal  of  energy from t h e   b o u n d a r y   l a y e r ,   t h a t  is, t h e   h i s t o r y   e f f e c t   d u e  t o  
nonuniform  wal l  temperature. I n   r e f e r e n c e  54 the   removal  of e n e r g y   n e a r   t h e  
lead ing   edge   of  a model  has  been shown t o  s t r o n g l y   a f f e c t   t h e   p r o f i l e   m e a s u r e d  
downstream  and to pers is t  f o r   e x t r e m e l y   l o n g   d i s t a n c e s .  A t  t h e   s l i g h t l y   h o t  
wall c o n d i t i o n s   o f   t h e   p r e s e n t  tests, some n o n u n i f o r m i t y   i n  Tw was p r e s e n t ;  
however, it was t y p i c a l l y  small, as c a n   b e   s e e n   i n   t h e   d a t a   l i s t i n g   o f   t a b l e  2. 
In   hype r son ic  flow t h e   d e g r e e  of n o n u n i f o r m i t y   i n  Tw r e q u i r e d  t o  p r o d u c e   s i g -  
n i f i c a n t   e f f e c t s   i n   T t  prof i les  is n o t  known. O t h e r   d a t a   a t   n e a r - a d i a b a t i c  
w a l l   c o n d i t i o n s   f r o m   r e f e r e n c e s  55 and 56 e x h i b i t i n g   t h e  same t r e n d s   a s   t h e  
p r e s e n t   d a t a  are shown i n   f i g u r e  24. 

S i n c e   t h e   p r e s e n t   h o t   w a l l   d a t a   c o u l d   n o t   b e   p r e d i c t e d ,   t h e   p r o f i l e   d a t a  
on  model 1 a t  s t a t i o n s  1 , 2,  and 3 were r e d u c e d   b y   a s s u m i n g   t h e   l i n e a r   r e l a t i o n  
of e q u a t i o n s   ( 5 ) .  I t  has   been shown i n   r e f e r e n c e  15 t h a t   a t   n e a r - a d i a b a t i c  wall  
c o n d i t i o n s ,   t h e   e x a c t   f o r m   o f   t h e   T t   d i s t r i b u t i o n   u s e d   i n   r e d u c i n g   d a t a  is n o t  
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a s i g n i f i c a n t   f a c t o r   i n   d e t e r m i n i n g   t h e   v e l o c i t y   p r o f i l e  or in t eg ra t ed   boundary -  
l aye r   p rope r t i e s .   Fo r   cons i s t ency ,   and   because   t he   p re sen t   co ld  wall d a t a  fol- 
l o w  t h e   l i n e a r   r e l a t i o n ,  a l l  d a t a   l i s t e d   i n   t a b l e  1 were reduced  the  same way. 
In   t he   fo l lowing  cases the  measured T t  p r o f i l e s  were used i n  d a t a   r e d u c t i o n :  
f o r   r e d u c i n g  some p r o f i l e s  to  incompress ib l e   fo rm  th rough   gene ra l i zed   ve loc i -  
ties, for p r e s e n t i n g  FT - ( u / u e )   r e l a t i o n s ,   a n d   f o r   d e r i v i n g  Npr , t  d i s t r i -  
bu t ions   f rom  the  data. 

S t a t i c - P r e s s u r e   S u r v e y s  

On model 1 an   a t t empt  to  measure   the  static-pressure d i s t r i b u t i o n   t h r o u g h  
the   boundary   l ayer  was made by us ing   the   cone-cyl inder   p robe  shown i n   f i g -  
u r e  5 (a) - Details o f   t h e   p r o b e   c o n s t r u c t i o n   a n d   c a l i b r a t i o n  as  well as t h e  
r eason   fo r   u s ing   t h i s   t ype   o f   p robe   have   been   d i scussed   p rev ious ly .  Mach num- 
b e r s   r e d u c e d   b y   u s i n g   t h e   s t a t i c - p r e s s u r e   p r o b e   a n d   p i t o t - p r o b e   d a t a  are shown 
i n   f i g u r e  25 a long   w i th   t he  wall p r e s s u r e  measured b e n e a t h   t h e   t i p  of t h e  
static-pressure probe as it t raversed   the   boundary   l ayer .   For   compar ison ,  Mach 
numbers are shown reduced f r o m   t h e   p i t o t   d a t a  by assuming a c o n s t a n t  s ta t ic  
p res su re   t h rough   t he   boundary   l aye r  equal to t h e   u n d i s t u r b e d   v a l u e  of pw. 

B e l o w  the   edge   o f   t he   boundary   l aye r   no ted   i n   f i gu re  25, t h e  wall p r e s s u r e  
inc reased  as the   p robe   approached   t he  wall ,  reached a peak  value,   and  then 
dec reased .   Wi th in   t he   wa l l  pressure rise r e g i o n ,   t h e  Mach numbers   indicated 
by t h e   P i t o t - s t a t i c   p r o b e   r e d u c t i o n   r a p i d l y   i n c r e a s e d  t o  a l e v e l   a b o v e   t h a t   i n  
t he   shock   l aye r .   S ince   t he   p i to t   da t a   r educed   fo r  a c o n s t a n t  s ta t ic  p r e s s u r e  
do n o t   i n d i c a t e  a similar b e h a v i o r ,   t h e   b l u n t   p r o b e  data are assumed t o  b e   i n  
error. 

Also shown i n   f i g u r e  25 is t h e  Mach number d i s t r i b u t i o n  a t  t h i s   l o c a t i o n  
from t h e  f l o w   f i e l d   c a l c u l a t i o n s  by t h e  method of  characterist ics ( ref .  3 3 ) .  
The c o n s t a n t - s t a t i c - p r e s s u r e  Mach number r e d u c t i o n   a g r e e s  well w i t h   t h e   t h e o r e t -  
ical  d i s t r i b u t i o n ;  however ,   t he   s t a t i c -p res su re   p robe -p i to t   p robe   r educ t ion  
g i v e s  a Mach number about  1 0  p e r c e n t  l o w .  Edge Mach numbers a t  other s t a t i o n s  
u s u a l l y   a g r e e d   w i t h i n   a b o u t  2 to 5 percent ;   however ,  the  p r e s s u r e  rise a t  t h e  
wall and r a p i d   d e p a r t u r e  from t h e  t r u e  Mach number d i s t r i b u t i o n  were n o t  as 
pronounced as f o r   t h e  case presented .  

The four s t a t i c  o r i f i c e s  on the   p robe  were a l i n e d   t o p  to bot tom  and   s ide  
to  s i d e  so t h a t  flow s e p a r a t i o n   b e n e a t h   t h e   p r o b e   w o u l d   h a v e   s t r o n g l y   a f f e c t e d  
t h e   b o t t o m   o r i f i c e .  A t h r e e - h o l e   c o n f i g u r a t i o n   w i t h   n o   o r i f i c e   o n   t h e   b o t t o m  
would  have  been a be t t e r   a r r angemen t .  

Reynolds  Analogy  and  Recovery  Factor 

Engineer ing  estimates o f   s k i n   f r i c t i o n  are sometimes requi red   f rom  hea t -  
t r ans fe r   measu remen t s ,  or c o n v e r s e l y ,   t h e   p r e d i c t i o n  of h e a t i n g   l o a d s  may be 
r equ i r ed   based   on   ca l cu la t ed  or measured   sk in   f r ic t ion ,   This   can   be   done   by  
applying  Reynolds   analogy 
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where 

and 

S i n c e   t h e   S t a n t o n  number is  a f u n c t i o n   o f   t h e   a d i a b a t i c  wall temperature ,   which,  
i n   t u r n ,  is a f u n c t i o n  of t h e   r e c o v e r y   f a c t o r ,   b o t h   r e c o v e r y  factor and  Reynolds 
analogy factor m u s t  be known with some c o n f i d e n c e  i f  a c c u r a t e   p r e d i c t i o n s  are 
t o  be made. 

The unce r t a in ty   i n   Reyno lds   ana logy  factor is r e f l e c t e d  as an error i n  
t h e   d e s i r e d   v a l u e   o f  NSt or cf. The u n c e r t a i n t y   i n   r e c o v e r y   f a c t o r   c a n   p r o -  
duce l a r g e  errors i n  NSt a s  Tw approaches Taw. A t  Tw = Taw, t h e   S t a n t o n  
number is  n o t   d e f i n e d ,   a l t h o u g h  it should  approach a l i m i t i n g   v a l u e  as Tw 
approaches Taw from e i t h e r   h i g h e r  or lower v a l u e s .   I n   a d d i t i o n ,  as Tw 
approaches Taw, q approaches  zero,   and errors in   the   measurement   o f  q can 
become large.   Thus,  NSt as a measure of h e a t i n g  ra te  may b e   s u b j e c t  to l a r g e  
errors a t  Tw near  Taw. 

The s h o r t   r u n  time o f   t he  Mach  20 l e g  of the  Langley  high  Reynolds number 
he l ium  tunne l s   p reven ted  a d i r ec t   measu remen t   o f  Taw b y   r u n n i n g   u n t i l   t h e  
mode l   r eached   equ i l ib r ium  t empera tu re .   In s t ead ,  Taw was found by p l o t t i n g  
q/Tt as a f u n c t i o n  of Tw/Tt as i l l u s t r a t e d   i n   f i g u r e  26. When  Tw = Taw, 
q = 0. This  method  can be used as long  as t h e   t r a n s i t i o n   l o c t i o n  is n o t  a 
s t r o n g   f u n c t i o n  of Tw/Tt ,   which   the   p resent   hea t - t ransfer   da ta  show to  b e   t r u e .  
The h e a t - t r a n s f e r   d a t a   f r o m  parts (a)  to (m)  o f   f i g u r e  11,  f o r   f r e e - s t r e a m   u n i t  
Reynolds  numbers  of  about 40 x l o 6  and 20 x 1 O 6  over  a range   of  Tw/Tt were 
used to determine  q/Tt  a t  t h e   e i g h t   s u r v e y   l o c a t i o n s  of model 2. 

I n   f i g u r e  27 r e c o v e r y   f a c t o r s  are compared   wi th   da ta   f rom  re ference  36 a t  
Me = 6.8 on a l o o  ha l f -angle  wedge in  helium. The d a t a  are p l o t t e d  as a func- 
t i o n  of Reynolds number based   on   d i s t ance   f rom  the  p e a k  i n   r e c o v e r y  factor,  
which, for t h e   p r e s e n t   d a t a ,   c o r r e s p o n d s   c l o s e l y  to  t h e  peak h e a t i n g   l o c a t i o n  
a t  c o l d  wall c o n d i t i o n s .  The s q u a r e  root of t h e   P r a n d t l  number (Npr  = 0.688 
for helium) sometimes used   fo r   t he   l amina r   r ecove ry   f ac to r ,   and   t he   cube  root 
of t h e   P r a n d t l  number u s e d   f o r   t h e   t u r b u l e n t   r e c o v e r y  factor are also shown. 
The p r e s e n t   r e c o v e r y  factors are lower than   those  for t h e   d a t a   o f   r e f e r e n c e   3 6 ,  
whereas   the  length  Reynolds   numbers  are much h i g h e r .  The p e a k   r e c o v e r y   f a c t o r  
is t h e  same i n   b o t h  sets of  data, approximately 0.92. 

By u s i n g   t h e   r e c o v e r y   f a c t o r s  shown in   f i gu re   27 ,   S t an ton   numbers  a t  sta- 
t i o n s  2 to 8 were c a l c u l a t e d  from t h e   h e a t - t r a n s f e r   d a t a  to determine  Reynolds  
ana logy   f ac to r s   wh ich  are shown i n   f i g u r e  28 f o r   t h r e e   n o m i n a l   v a l u e s  of Tw/Tt 
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and a nominal %/m of  54 x 106. The  data  at x = 50.5 cm are  in  transitional 
flow,  as  is  evident  from  the  skin-friction  data  shown  in  figure  15(b) - 

DERIVED  TURBULENCE  PARAMETERS 

It  was  concluded  in  reference 15 that  the  accurate  prediction  of  the  mea- 
sured  mean  flow  properties  could  not  be  made  in  the  turbulent  boundary  layer 
immediately  following  transition,  that  is,  the  region of  low  Reynolds  number 
effects.  (See  ref. 8 . )  In  an  effort to  better  understand  the  reason of the 
discrepancy  between  experimental  results  and  predictions  by  finite-difference 
calculations,  turbulence  parameters  which  are  inputs  to  finite-difference  calcu- 
lation  methods  were  derived  from  the  turbulent  mean  profiles of  model  2  at  sta- 
tions  5  to 8.  The  skin-friction  data  of  figure 15(b) show  that  these  locations 
are in  turbulent  flow. The  derived  quantities  consist  of  the  mixing-length, 
turbulent  Prandtl  number,  and  eddy  viscosity  distributions  through  the  boundary 
layer. 

The  derivation  of  these  turbulent  quantities  requires  either  a  sufficient 
quantity of data  to  accurately  define  derivatives  of  the  mean  flow  velocity  and 
temperature  in  the  streamwise  direction  or  the  assumption  that  the  profiles  are 
similar. The  four  surveys  in  the  turbulent  region  of  the  boundary  layer on 
model  2  were  not  sufficient  to  accurately  determine  these  streamwise  deriva- 
tives;  therefore,  the  similarity  assumption  was  applied.  Similarity  of  the 
velocity  and  temperature  profiles  in  terms of y/6 occurs  at  sufficiently  large 
Reynolds  numbers  that  most  of  the  profile  is  the  wakelike  outer  portion.  At 
6' = 1000, departure  from  the  law of the  wall  occurs  at  y+  near  100  (see 
fig.  19);  thus,  approximately 90 percent of the  profile  is  similar.  Values of 
6' for  the  turbulent  data of model  2  lie  between 500 and 1000, 

The  following  equations  for  two-dimensional  flow,  derived  by  assuming  local 
similarity  (see  refs. 57 and 58), were  used  to  calculate  the  total  shear  stress 
and  energy  flux  distributions  through  the  boundary  layer: 

where 



6 d  d6 

To c a l c u l a t e   m i x i n g   l e n g t h s ,   e d d y   v i s c o s i t i e s ,   a n d   t u r b u l e n t   P r a n d t l   n u m b e r s ,  
t h e   f o l l o w i n g   r e l a t i o n s   f o r   s h e a r  stress a n d   h e a t   f l u x  were used: 

For   shear  stress, 

where 

The t o t a l  s h e a r  stress T is found  by  quadrature  from equa t ion  ( 9 ) ,  TL is 
obta ined   f rom  the   input  similar p r o f i l e ,   a n d  TT is t h e   d i f f e r e n c e   b e t w e e n  'I 
and TL. Values of & and 2 are found from TT. 

For h e a t   f l u x ,  

where 

The t o t a l  h e a t   f l u x  Q is found from e q u a t i o n  ( l o ) ,  QL is o b t a i n e d  from t h e  
inpu t  similar prof i le ,  and QT is t h e   d i f f e r e n c e   b e t w e e n  Q and Qr,. With 
TT, Qa, and u known,  qT is found  f rom  equat ion (1 3 c ) .  The s t a t i c  t u r b u l e n t  
P r a n d t l  number Npr, t  is found  by   the   fo l lowing   equat ion:  
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Mass-flow and  dynamic-pressure   g rad ien t  
e v a l u a t e d  by a s s u m i n g   i s e n t r o p i c  flow a t   t h e  
g r a d i e n t s   a r e  related t o  t h e   s t a t i c - p r e s s u r e  
e q u a t i o n s  : 

Also  

terms i n   e q u a t i o n s  (9 )  and (1  0) are 
edge of the  boundary  layer .   The 
g r a d i e n t  term by t h e   f o l l o w i n g  

For the p r e s e n t   d a t a ,  as for other high-speed  data ,  the  v e l o c i t y   e d g e  13, 
and   the  p i to t  edge of the   boundary   l ayer  $ d o   n o t   c o i n c i d e .  (See refs. 58 
and  59, for example.)   In the  p r e s e n t   d a t a  a t  t h e  most ups t r eam  su rvey   s t a t ion ,  
t h e   t h i c k n e s s e s  d i f f e r  (see t a b l e  1 )  a n d   s u g g e s t   t h a t   t h e   d i f f e r e n c e  may be a 
f e a t u r e   o f   t h e   i n i t i a l   l a m i n a r   b o u n d a r y   l a y e r .  The flow f i e l d  n e a r   t h e   l e a d i n g  
e d g e   c o n t a i n s  t w o  mechanisms  which  might   produce  different   thicknesses:  t h e  
f a v o r a b l e   p r e s s u r e   g r a d i e n t   ( n e g l e c t i n g   t h e   i m m e d i a t e   t i p   r e g i o n )   w h i c h   p e r s i s t s  
u n t i l   t r a n s i t i o n   o c c u r s ;   a n d   v o r t i c i t y   i n  t h e   s h o c k  layer   p roduced  by t h e  6*- 
induced  shock  curvature.   Laminar similar s o l u t i o n s   u s i n g  t h e  e q u a t i o n s  of 
r e fe rence   39 ,  a 0 ,647   v i scos i ty- tempera ture  power law, and a P r a n d t l  number of 
0.688 for helium show t h a t  a t  Me = 11, = 0.91 to 0.94 for Tw/Tt = 0.3 
to 0.9 a n d ,   i n   g e n e r a l ,   a s  Me increase?/$,/$-, -+ 1. The e f f e c t  of f a v o r a b l e  
p r e s s u r e   g r a d i e n t s   o n  similar s o l u t i o n s  was examined,  and it was f o u n d   t h a t  
i n c r e a s i n g   t h e   s i m i l a r i t y  pressure g rad ien t   pa rame te r  for f a v o r a b l e   p r e s s u r e  
g r a d i e n t s  (see ref. 39) s l i g h t l y   d e c r e a s e d  6,/$; however, it could no t   accoun t  
f o r   t h e  l o w  ra t ios  o b s e r v e d   i n  t h e  p r e s e n t   d a t a .  The o t h e r  most p r o b a b l e   c a u s e  
of t h e   d i f f e r e n c e   i n   t h i c k n e s s e s  is f i n i t e   v o r t i c i t y   e x t e r n a l  to the   boundary  
l aye r   caused  by viscous- induced  shock  curvature .   This   has   been  suggested  in  
r e f e r e n c e  60 as t h e   c a u s e  of a similar e f f e c t   i n   t h e  data of Fischer   and  
Maddalon’ from r e f e r e n c e  59. 

When a d i f f e rence   be tween  6, and 6, occurs, n e i t h e r   t h i c k n e s s  is a 
correct s i m i l a r i t y  parameter s i n c e   t h e  t o t a l  temperature, d e n s i t y ,   a n d   v e l o c i t y  
t h i c k n e s s e s   d o   n o t   c o i n c i d e .  For example, when the   tu rbulence   model ing   parame-  
ters were d e r i v e d  from t h e   p r e s e n t a t i o n  data by u s i n g  $ as t h e   s i m i l a r i t y  
t h i c k n e s s ,  T/T” f rom  equat ion  (9)   went  to ze ro   abou t   ha l fway   t h rough   t he  
boundary   l aye r   and   t he rea f t e r  became negat ive .   Wi th  6, as t h e   s i m i l a r i t y  
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t h i c k n e s s  T/Tw approached   zero  a t  t h e   o u t e r   e d g e  of the   boundary   l aye r .  Note 
t h a t   t h e   g r a d i e n t  terms G1 and G2 c o n t a i n  6 e x p l i c i t l y .  

S i n c e   t h e  prof i les  a r e   n o t   t r u l y  similar, a s u i t a b l y   d e r i v e d   t h i c k n e s s  
must be used to i n s u r e   t h a t   t h e  momentum a n d   h e a t   f l u x   b a l a n c e s   t h r o u g h   t h e  
boundary   l ayer  are r e t a i n e d   a n d   t h a t   c a l c u l a t e d   n e g a t i v e   s h e a r  stresses d o   n o t  
appear i n   t h e  outer r e g i o n  of the   boundary   l ayer .   There   can  be two such   t h i ck -  
nesses, one for s h e a r  stress and one for h e a t   f l u x .   O n l y   t h e   s h e a r  stress 
t h i c k n e s s  6 was c o n s i d e r e d   h e r e ,   a l t h o u g h   t h e  same th i ckness   p roduced  reason- 
a b l e   m a t c h e s   i n   i n t e g r a t e d   h e a t   f l u x   w i t h   m e a s u r e d   s u r f a c e   v a l u e s ,   e x c e p t  for 
t h e   h o t   w a l l  cases. 

The 6 to  b e   u s e d   i n   t h e   s i m i l a r i t y   e q u a t i o n s  was t a k e n  to be 
t h e   v a l u e   o f  y beyond  which  there was a n   i n s i g n i f i c a n t   c o n t r i b u t i o n  to  
t h e   v a l u e   o f   t h e  momentum t h i c k n e s s .   T h i s   p o i n t  was found by p l o t t i n g  [L" - :) dy]/. a g a i n s t   l / y ,   a s  shown i n   f i g u r e  29. As y 

P e u e  ue ~ 

I 

i n c r e a s e s   w i t h o u t  limit, b o t h   t h e   o r d i n a t e   a n d   a b s c i s s a   a p p r o a c h   z e r o .   I n i t i a l  
d e v i a t i o n   o f   t h e   i n t e g r a t e d   q u a n t i t y  from a s t r a i g h t   l i n e   t h r o u g h   t h e   o r i g i n ,  
a l though somewhat a r b i t r a r y ,  was taken  to be 6. The r e s u l t i n g   v a l u e s ,   w h i c h  
l i e  b e t w e e n   t h e   v e l o c i t y   a n d   p i t o t   t h i c k n e s s e s ,   a r e   l i s t e d   i n   t a b l e  1. 

The  power-law v e l o c i t y   p r o f i l e  is c o r r e c t l y   s c a l e d  by 6, r a t h e r   t h a n  by 6, 
when t h e r e  are s i g n i f i c a n t   d i f f e r e n c e s   i n   t h e  two t h i c k n e s s e s .  V a l u e s  of N 
d e r i v e d   f o r   t h e   p r e s e n t   d a t a   a r e  listed in. t a b l e  1 - 

Examples   o f   mix ing - l eng th   and   eddy   v i scos i ty   d i s t r ibu t ions   de r ived  from 
t h e  s i m i l a r i t y   r e l a t i o n s   a n d  mean p r o f i l e   d a t a  are shown i n   f i g u r e  30. I n   f i g -  
u r e   3 0 ( a )   r e p r e s e n t a t i v e   m i x i n g - l e n g t h   d i s t r i b u t i o n s   a r e   c o m p a r e d   w i t h   t h e  
i n c o m p r e s s i b l e   d i s t r i b u t i o n ,   t h a t  is, k = 0.4 and (l/6),,,ax = 0.09. (See 
r e f .  54.) The de r ived   mix ing   l eng ths   and   t he   y -coord ina te   a r e  shown nondimen- 
s i o n a l i z e d  by 6,. I f  6, had been   used   ins tead   of  6u ,  t h e   s h a p e  of t h e  
m i x i n g - l e n g t h   d i s t r i b u t i o n s  shown would  not   change;   however ,   the   values   of  2/dP 
would  be  below t h e   i n c o m p r e s s i b l e   d i s t r i b u t i o n .  If t h e   d e r i v e d  6 had  been 
u s e d o   t h e   o v e r a l l   l e v e l   o f  l / 6  would  have  been s l i g h t l y  lower than   t he  incom- 
p r e s s i b l e ,   b u t   n o t  as l o w  a s  it would be i f  6p were used.  Thus,   the  mixing 
l e n g t h  scale a p p e a r s  to be  determined by t h e   v e l o c i t y   f i e l d   f r o m   i n c o m p r e s s i b l e  
flow tu t h e   p r e s e n t   h y p e r s o n i c   c o n d i t i o n s .   S i g n i f i c a n t   i n c r e a s e s  i n  1/6, i n  
t h e   o u t e r   r e g i o n  of the   boundary   l ayer   occur  as 6," d e c r e a s e s .   T h i s   t r e n d  is 
t y p i c a l   o f   f l a t p l a t e   t u r b u l e n t   b o u n d a r y   l a y e r s ,   a l t h o u g h   n o t   o f   n o z z l e  wall 
boundary  layers .   (See ref. 8.) Values  o f '  ( l /6)max  f rom  reference 57 d e r i v e d  
from mean flow profiles are c o m p a r e d   w i t h   t h e   p r e s e n t   d a t a   a n d   t h e   f a i r e d   c u r v e  
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of r e f e r e n c e  14  i n   f i g u r e   3 0 ( b ) .  The scatter i n   t h e  data s u g g e s t s   t h a t  
parameters o t h e r   t h a n  6,' might also be n e c e s s a r y   i n   c o r r e l a t i n g  (Z/6u)max- 

Eddy v i s c o s i t y   d i s t r i b u t i o n s  also i n c r e a s e   i n   l e v e l  as h' decreases. 
The p r e s e n t  data are shown i n   f i g u r e   3 0 ( c )   a l o n g   w i t h   a n   i n c o m p r e s s i b l e   c a l c u -  
lated e d d y   v i s c o s i t y   d i s t r i b u t i o n  from r e f e r e n c e  47. The  eddy viscosities are 
nondimensional ized  by 61*, a parameter de te rmined   on ly   f rom  the   ve loc i ty  f i e ld  
which  has  been shown to remove c o m p r e s s i b i l i t y  effects up to Mach 5 i n  refer- 
ence  47. The d i s t r i b u t i o n s  are p l o t t e d  as f u n c t i o n s  of y/6,, and it can  be 
s e e n   t h a t   t h e  p e a k  i n   e a c h   d i s t r i b u t i o n  is a t  a smaller y/6, t h a n   t h a t  of t h e  
i n c o m p r e s s i b l e   d i s t r i b u t i o n .   S i n c e  € should   approach   zero  when y approaches  
z e r o ,   t h e  correct similari ty th i ckness   w i th   wh ich  to nondimens iona l ize  y i n  
t h e   p r e s e n t   d a t a   s h o u l d  be t h e   d e r i v e d  6. A s  for t h e   m i x i n g   l e n g t h s ,   t h e  peak 
v a l u e s  of n o n d i m e n s i o n a l   e d d y   v i s c o s i t i e s   i n c r e a s e  as 6,' dec reases .  

T o t a l   s h e a r  stress p r o f i l e s  for t h e   p r e s e n t   d a t a  are shown i n   f i g u r e  31 
a long   w i th  a c u r v e  of t h e  i n c o m p r e s s i b l e   d a t a  of r e f e r e n c e  61. The p r e s e n t  
results are h ighe r   t han  the  incompress ib l e   r e su l t s ;   however ,   t hey  are i n  gen- 
e r a l  agreement   with  the  body of data p r e s e n t e d   i n   r e f e r e n c e   6 2 ,   w h i c h   t e n d  to 
l i e  on or s l i g h t l y   a b o v e   t h e   i n c o m p r e s s i b l e   c u r v e  a t  h i g h e r   v a l u e s  of y/6. 
The d e r i v e d   s i m i l a r i t y   t h i c k n e s s  6 h a s   b e e n   u s e d   i n   p l o t t i n g   t h e   p r e s e n t  
shea r  stress d i s t r i b u t i o n s .  

Turbulent  PPrandtl  number d i s t r i b u t i o n s  were found  f rom  equat ion  (14) by 
t h e  method p r e v i o u s l y   o u t l i n e d .   F a i r i n g s  of t h e   p r e s e n t  data are shown i n  f i g -  
u r e  32 a long   w i th   expe r imen ta l  f la t -plate  d a t a   f r o m  Mach 2.5  and 4.5 from r e f -  
e r e n c e  9. A l l  d a t a  are cha rac t e r i zed   by  a peak n e a r   t h e  wall, decaying  to an  
almost c o n s t a n t   v a l u e   a b o v e  a y+ value of abou t  100, p r o b a b l y   i n   t h e  wake  
r eg ion  for t h e   p r e s e n t  profiles. (See f i g .  19.) N o  t r e n d   e i t h e r   i n   t h e  loca- 
t i o n  of t h e  p e a k  v a l u e  of N p r  , t ,  t h e   l e v e l  of t h e  peak, or t h e   l e v e l   i n   t h e  
o u t e r   r e g i o n  is obvious  f rom  the data shown i n   f i g u r e  32. T h e o r e t i c a l  predic- 
t i o n s  from r e f e r e n c e s  9 and 10,  also shown i n   t h e  f i gu re ,  i n c r e a s e  toward t h e  
wall. The accu racy  of the   expe r imen ta l  N p r , t  d i s t r i b u t i o n s   d e c r e a s e   w i t h  
d e c r e a s i n g   y +   b e c a u s e   o f   p o s s i b l e   p r o b e   i n t e r f e r e n c e  effects n e a r   t h e  wall. 
The p r e s e n t  data c a n n o t   r e s o l v e   t h e   q u e s t i o n  of w h e t h e r   t h e   t u r b u l e n t   P r a n d t l  
number a c t u a l l y  decreases w i t h i n   t h e   s u b l a y e r   a n d   b u f f e r   r e g i o n .  

COMPARISONS W I T H  FINITE-DIFFERENCE CALCULATIONS 

Data on model 1 a t  Rl/m = 44.9 x 1 O 6  were compared w i t h   f i n i t e - d i f f e r e n c e  
c a l c u l a t i o n s   i n   w h i c h  low Reynolds number e f f e c t s ,  precursor t r a n s i t i o n  effects, 
a n d   v a r i o u s   i n t e r m i t t e n c y   d i s t r i b u t i o n s   c o u l d  be inco rpora t ed .  The f i n i t e -  
d i f f e r e n c e  program was t h a t   u s e d   f o r   t h e   c a l c u l a t i o n s  of r e f e r e n c e  14, adapted  
from t h e  mean f i e l d   c l o s u r e   s o l u t i o n   o f   r e f e r e n c e  54 u t i l i z i n g   p h y s i c a l   r a t h e r  
t han   t r ans fo rmed   coord ina te s  to more e a s i l y   h a n d l e   p r e c u r s o r   t r a n s i t i o n   e f f e c t s .  
Measured   su r f ace   p re s su res  were used as i n p u t s  for de r iv ing   t he   boundary - l aye r  
edge c o n d i t i o n s .   C a l c u l a t i o n s  made wi th   and   w i thou t   t he   expe r imen ta l   va lues   o f  
dp/dx i n   t h e   e q u a t i o q s  for s h e a r  stress showed t h e s e   e f f e c t s  to be i n s i g n i f i  
can t .  A m i x i n g   l e n g t h   p r o p o r t i o n a l  to y/6 was u s e d   i n   c a l c u l a t i n g   t h e   t u r b u -  
l e n t   s h e a r  stress th roughou t   t he   boundary   l aye r ,   r a the r   t han   t he   two- l aye r  
mixing-length-eddy  viscosi ty   model  (see r e f .   6 )  , and a s ta t ic  t u r b u l e n t   P r a n d t l  
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number  related  the  turbulent  heat  flux  to  the  turbulent  shear  stress.  The 
transition  region  was  calculated  by  using  the  incompressible  longitudinal 
intermittency  relation of Dawhan  and  Narasimha  from  reference 63. Details  of 
the  transition  calculation  can  be  found  in  reference 6 where  high-speed  turbu- 
lent  boundary-layer  data  have  been  successfully  predicted.  (See  also  ref. 64.) 
Data  at  Mach 7 from  reference 16 tend  to  confirm  the  agreement of compressible 
and  incompressible  flow  longitudinal  intermittency  distributions. 

First,  the  variation  of  intermittency  normal  to  the  surface ry was  exam- 
ined  to  determine  how  the  calculated  values of the  skin-friction  coefficient 
would  be  affected  at  the  present  test  conditions.  In  incompressible  flow,  ref- 
erence 63 shows  that  the  variation  in ry has  little  effect  on  mean  flow  prop- 
erties. To determine  the  effect  that  it  might  have  in  hypersonic  flow,  calcula- 
tions  were  made  with  various ry distributions  for k = 0.4, (l/6)max = 0.09, 
and  Npr, = 0.9. For  one  calculation ry = 1 was  used;  for  another  calcula- 
tion  the  measured  incompressible  distribution  from  reference 65, described  by 
the  following  equation  was  used: 

In  reference 62 Sandborn  compared  incompressible  measurements 
sonic  measurements  of  Laderman  and  Demetriades  and  found  them 
ent. Ths hypersonic ry, shown  in  figure 33 and  described  by 
equation,  was  used  for  the  third  calculation: 

ry = erft6 $) 

ry = 0.5i - erf[lO(; - 0.97)l) 

with  the  hyper- 
to be  very  differ- 
the  following 

0.7) 0-7! 

The  results  obtained  by  using  the  various  intermittency  distributions  are  com- 
pared  with  the  cf  data of  model 1 in  figure 34. 

The  beginning of transition  was  input  at  x = 86.4 cm, based  on  the  begin- 
ning of the  heat-transfer  rise  shown  in  figure lO(a). The  end of transition 
(rx = 0.99) was  at x = 7 65 cm,  corresponding  to  the  heat-transfer  peak.  It 
can be seen  that  the  effect of ry on  skin  friction  is  not  large  at  these  con- 
ditions.  The  hypersonic  distribution  described  by  equations (18)  produces 
results  intermediate  in  value  between  that of the  incompressible  relation  and 
that of ry = 1. The major  discrepancy  in  results  between  equations (17)  and 
(18) occurs  upstream  in  the  transition  region.  Since  this  comparison was  not 
conclusive in  showing  the  hypersonic  intermittency  to  be  more  nearly  correct 
at  the  present  test  conditions,  the  widely  used  incompressible 
tion (17) was  retained  for  calculations  made  to  examine low Reyno r41 ds from number equa- and 
precursor  transition  effects. 
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Next ,   t he  effect of t h e   i n c r e a s e   i n   t h e   o u t e r   m i x i n g   l e n g t h  a t  low Reynolds 
numbers was examined .   In   f igure  35 the  model 1 s k i n - f r i c t i o n  data are compared 
w i t h   p r e d i c t i o n s :  (a) in   which  (2/6)mx was h e l d   f i x e d  a t  0 .09 ,  ( b )   u s i n g   t h e  
d a t a   f a i r i n g  of r e f e r e n c e  1 4  (see f i g .   3 0 ( b ) ) ,   a n d  (c) i n  which  the  method of 
P l e t c h e r  as a p p l i e d   i n   r e f e r e n c e  66 was used. 

It  is e v i d e n t   t h a t   i n c l u s i o n  of t h e  l o w  Reynolds number e f f e c t  is ext remely  
impor tan t  for t h i s  tes t  c o n d i t i o n .   T h r o u g h o u t   t h e   t r a n s i t i o n   r e g i o n   a n d   i n t o  
t h e   f u l l y   t u r b u l e n t   r e g i o n ,   t h e   c a l c u l a t e d  cf i n c l u d i n g  l o w  Reynolds number 
effects is much l a r g e r   t h a n   t h a t   r e s u l t i n g  from a f i x e d   ( e q u i l i b r i u m )   v a l u e  of 
(Z/6)max.  The range  of 6' t a k e n   f r o m   t h e   c a l c u l a t i o n s  is shown a t  s e v e r a l  
p o i n t s   i n   f i g u r e  35, t h e  lower of t w o  v a l u e s   b e i n g  from t h e   c a l c u l a t i o n   w i t h  
f i x e d  (ir/b)max- P l e t c h e r ' s  method  produces better ag reemen t   w i th   t he   p re sen t  
d a t a   t h a n   t h e   c o r r e l a t i o n  of r e f e r e n c e  1 4 ;  however,   the data p o i n t  a t  120 c m  
is n o t   p r e d i c t e d   b y   e i t h e r  method. I n  order for t h e   c a l c u l a t i o n s  to a g r e e   w i t h  
data,  t r a n s i t i o n  would  have to  be moved ups t ream.   Accord ingly ,   p recursor   t ran-  
s i t i o n   e f f e c t s  were examined   by   us ing   P le tcher ' s  l o w  Reynolds number effect on 
t h e  outer mixing   length   and   the   incompress ib le  ry d i s t r i b u t i o n .  

An estimate o f   t he  effect which precursor t r a n s i t i o n   h a s   o n   c a l c u l a t e d  
s k i n   f r i c t i o n  was made by  using two t r a n s i t i o n   m o d e l s .  The most o f t e n   u s e d  
t r a n s i t i o n   m o d e l ,   d e s c r i b e d   i n   r e f e r e n c e  6 ,  assumes  the local i n t e r m i t t e n c y  
to b e   t h e   p r o d u c t   o f   t h e   x - i n t e r m i t t e n c y   m u l t i p l i e d   b y   t h e   y - i n t e r m i t t e n c y -  
The p r e c u r s o r   m o d e l   a s s u m e s   t h a t   t u r b u l e n c e   o r i g i n a t e s  a t  a p o i n t  away from 
t h e   s u r f a c e   a n d   s p r e a d s  a t  sha l low  ang le s   t oward   bo th   t he  surface a n d   t h e   o u t e r  
edge.  (See  ref.  1 4 . )  A t  a g iven   x -pos i t i on   w i th in   t he   p recu r so r   r eg ion   t he  
t u r b u l e n t   s h e a r  is c a l c u l a t e d   o n l y   i n s i d e   t h e   b o u n d s  of t h e   s p r e a d i n g   r e g i o n ,  
as shown i n   t h e   s k e t c h   o f   f i g u r e  36. I n   o r d e r  to s e p a r a t e   t h e   p r e c u r s o r   t r a n s i -  
t i o n   e f f e c t   f r o m  l o w  Reynolds number e f f e c t s ,   t h r e e   c a l c u l a t i o n s  were made by 
us ing   the   average   edge   condi t ions   measured   on   model  1 a t  R2/m = 44.9 x l o 6 -   I n  
a l l  t h r e e   c a l c u l a t i o n s   t h e   P l e t c h e r  low Reynolds number v a r i a t i o n  of (2/6)max 
w i t h  6+, a va lue   o f  k = 0.4,  and ry from e q u a t i o n  (1 7 )  were used.  The  input 
prof i le  was laminar   and was calculated by t h e  method  of   re fe rence  39. 

T r a n s i t i o n   f o r   t h e  f i r s t  c a l c u l a t i o n  was assumed to b e g i n   a t  x = 86 .4  c m  
based   on   t he   hea t - t r ans fe r  r ise  l o c a t i o n  shown i n   f i g u r e  1 0  ( a ) .  For the   s econd  
c a l c u l a t i o n  precursor t r a n s i t i o n  was assumed a t  x = 61 cm by  us ing   the  crite- 
r i o n  from r e f e r e n c e  1 4  t h a t  precursor t r a n s i t i o n   s h o u l d   b e g i n  a t  about  70 per- 
c e n t  of t h e   h e a t - t r a n s f e r   i n d i c a t e d   t r a n s i t i o n .  Precursor t r a n s i t i o n  was i n i t i -  
ated a t  the   he igh t   i n   t he   l amina r   boundary   l aye r   where   Rouse ' s   pa rame te r  w a s  a 
maximum. (See   re f .  6 7 . )  T h e   s p r e a d i n g   a n g l e   c a l c u l a t e d   f r o m   t h i s   p o i n t  to t h e  
s u r f a c e  a t  x = 86 .4  c m  is 1.36O, i n   a g r e e m e n t   w i t h   t h e  data c o m p i l e d   i n  refer- 
ence 12. A f i n a l   c a l c u l a t i o n  was made f o r   t r a n s i t i o n   i n i t i a t i n g  a t  x = 61 c m  
to  ma tch   t he   x - in t e rmi t t ency  of t h e   p r e c u r s o r   c a l c u l a t i o n .  The r e s u l t s  of t h e s e  
t h r e e   c a l c u l a t i o n s  are shown i n   f i g u r e  36 a l o n g   w i t h   s k i n - f r i c t i o n   m e a s u r e m e n t s  
on model 1 . 

It is e v i d e n t   t h a t  for t h e  case c o n s i d e r e d ,   t h e   t r a n s i t i o n   i n p u t  to t h e  
f i n i t e - d i f f e r e n c e   c a l c u l a t i o n   s h o u l d   b e   t a k e n   u p s t r e a m  of t h e   h e a t - t r a n s f e r  
i n d i c a t e d   t r a n s i t i o n .  I t  is also e v i d e n t   t h a t   t h e  effect of s p r e a d i n g  is n o t  
l a r g e   i n   t h i s  case. The p r e c u r s o r   s p r e a d i n g  effect d e l a y s   t h e   s k i n - f r i c t i o n  
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rise  slightly  and  steepens  it  when  it  does  occur.  Downstream  of  transition  the 
effect  is  insignificant. 

The prediction of heating  rates at  near-adiabatic wall1 conditions,  unlike 
skin-friction  predictions,  was  found  to  be  sensitive  to all  parameters examined. 
By using  low  Reynolds  number  and  precursor  transition  effects  for  the  best 
agreement  with cf data  and  with  a ry from  equation (17) , several  turbulent 
Prandtl  number  distributions  were  incorporated  into  the  finite-difference  pro- 
gram. The  turbulent  Prandtl  numbers  examined  included  the  theoretical  distribu- 
tions  of  Cebeci (ref. 10) and  Meier  and  Rotta  (ref.  9),  the  empirical  relation 
of  Shang  (ref.  68),  the  experimental  distribution of  reference 10, and  a 
Npr,t = 0.9. The  theoretical  distributions of references 9 and IO, derived as 
functions  of  y+,  are  shown in figure  37(a) as  functions  of y/6 for  three  Val- 
ues of 6' to  compare  with  the  data  envelope  of  reference 68. At low  values 
of 6' the  overall  levels of both  the  reference  9  and  reference 1 0  distribu- 
tions  are  well  above  the  data  envelope of Shang. A fairing of the  experimental 
data  of  reference 9 for  flat  plates  at  Mach  numbers  from 2.5 to 4.5  is compared 
with  the  theoretical  distributions  in  figure  37  (b) . The  only  significant  dif- 
ference  between  the  experimental  distribution  and  the  theoretical  distributions 
is  the  fact  that  the  experimental  distribution  peaks  at  a y+ about 30 and  then 
decreases  toward  Npr,t - - 1 as  y+  decreases,  whereas  for  the  theoretical 
distributions,  Npr,t  continually  increases  as  y+  decreases. 

With  these  five  static  turbulent  Prandtl  number  variations  input  to  the 
finite-difference  boundary-layer  program,  wide  variations  in  calculated q Val- 
ues  were  obtained,  as  shown  in  figure  38.  The  value of 6' at  x = 85 cm was 
approximately 21 0 and  made  making  the  Npr,  t  distributions of  Cebeci and  Meier 
and  Rotta  greater  than 1 throughout  the  inner 25 percent  of  the  boundary  layer 
at  this  location.  (See  fig.  37(b) .) Values  of  q  calculated by  using  both 
distributions  change  from  negative  to  positive  before  the  end  of  transition  is 
reached.  Both  a constant  Npr,t = 0.9 and  the  Shang  average  produce  the  cor- 
rect  trends  in  the  negative  heat-transfer  rate,  although  not  the  correct  level. 
The  experimental  distribution  of  Meier  and  Rotta  produces  a  q  intermediate  in 
value  between  the  empirical  distributions  and  the  theoretical  distributions. 

None  of the Nprtt distributions  predicted  the  large  deficit  in  the  Crocco 
function  characteristic of the Tt  profiles  at  hot wal l  conditions  shown in  fig- 
ure 22. The  Npr,t = 0.9 produced  a Croccs function  always  above  the  linear 
relation  in  the  outer  part  of  the  boundary  layer,  whereas  the  other  distr  ibu- 
tions  produced  a  dip  near  the  outer  edge  similar  to  that of the  data  but  far 
less in  magnitude.  (See  fig.  23.)  In view of the  wide  disparity  in q calcu- 
lated  by  the  different  methods,  no  further  attempt  was  made  to  predict  heat 
transfer  rates. 

A  best  fit  prediction  of  the  skin-friction  data on  model 2 was  made  by 
locating  the  initiation of precursor  transition at 34 cm, the  point  where 
precursor  spreading  reaches  the  wall  at 48 cm, and  the  end of transition 
(rx = 0.99) at 89 cm. The  calculations  are  compared  with  the  data of  model 2 
in  figure  39  by  using  the  same  transition  locations  for  both  hot  and  cold  wall 
cases.  The  calculations  contain  low  Reynolds  number  and  precursor  transition 
effects, Nprlt - - 0.9, k = 0.4, the  experimental  pressure  distribution,  and 
both incmpressible (eq.  (17))  and  hypersonic  (eqs. (18) ) ry distributions. 
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The effect of ry is small, e x c e p t  for t h e  cold wall  case a t  high  Reynolds 
numbers.  The h o t  wall data are u n d e r p r e d i c t e d  by a b o u t  8 to 1 0  p e r c e n t   i n   t h e  
t u r b u l e n t   r e g   i o n .  

Allowing k to v a r y  as a f u n c t i o n  of the  Reynolds  number, as some a u t h o r s  
have   sugges ted ,   might   improve   the   p red ic t ion  of t h e   p r e s e n t  data. The consensus  
a t  p r e s e n t  is t h a t  k is i n v a r i a n t  for f la t -plate  f lows  (see r e f .  5 ) ,  and its 
v a r i a t i o n   w i t h  6+ was not   examined  here .  It is e v i d e n t   t h a t   t h e   p r e s e n t  data 
a t  = 9.5 to 11.3 a n d   r e l a t i v e l y  low v a l u e s  of 6' p r o v i d e   d i f f i c u l t  test 
cases for p red ic t ive   me thods .  

CONCLUDING REMARKS 

Extensive  measurements  of s u r f a c e   p r e s s u r e ,   h e a t   t r a n s f e r ,  local  s u r f a c e  
s h e a r  stresses, and p i to t  and   t o t a l - t empera tu re   su rveys   have   been  made i n   t r a n -  
s i t i o n a l  and   tu rbulen t   boundary   l ayers  a t  edge Mach numbers  near 1U i n   he l ium.  
The d a t a  were o b t a i n e d   o n  two sharp f la t -plate  models a t  a n g l e s  of 4O and 5O to 
t h e   f l o w   f o r   r a t i o s   o f  wall tempera ture  to t o t a l  tempera ture  from a b o u t  0.3 
to 1 and maximum length  Reynolds  numbers  of  about 11 0 x 1 06. A d d i t i o n a l   s k i n  
f r i c t i o n   d a t a  were o b t a i n e d  a t  a length   Reynolds  number of a b o u t  150 X 1 U6. 
The d a t a  were compared   wi th   ca lcu la t ions   f rom a mean f i e l d   c l o s u r e   f i n i t e -  
d i f fe rence   boundary- layer   method to e x a m i n e   t h e   m a g n i t u d e   o f   p r e c u r s o r   t r a n s i -  
t i o n ,  l o w  Reynolds number e f f e c t s ,   a n d   t h e  effects of incompressible  and  hyper- 
s o n i c   s u r f a c e   n o r m a l   i n t e r m i t t e n c y   d i s t r i b u t i o n s  a t  t h e   p r e s e n t  test  c o n d i t i o n s .  

A n a l y s i s  of t h e   d a t a  has shown t h a t   t h e   p r e s e n t   b o u n d a r y   l a y e r s ,   e v e n  a t  
length  Reynolds   numbers   as   high as 1 00 x IO6 are s u b j e c t  to s t r o n g  low Reynolds 
number a m p l i f i c a t i o n  of t h e  outer l a y e r  scales (mixing   lengths   and   eddy  v i scos i -  
t ies) .  I n   a d d i t i o n ,  it was found t h a t  peak   va lues  of h e a t i n g ,   s k i n   f r i c t i o n ,  
a n d   s u r f a c e   p r e s s u r e  do n o t   c o i n c i d e ,   t h e   d i s p a r i t y   b e i n g  a f u n c t i o n  of t h e  
r a t io  of wall tempera ture  to  t o t a l  tempera ture .  

Local s i m i l a r i t y  was assumed i n  order to d e r i v e   t u r b u l e n t   m i x i n g   l e n g t h s ,  
eddy   v i scos i t i e s ,   and   P rand t l   numbers   f rom  the   p re sen t   da t a .  Because t h e   t h e r -  
mal, or p i t o t ,   b o u n d a r y   l a y e r  was t h i c k e r   t h a n   t h e   v e l o c i t y   b o u n d a r y   l a y e r ,   t h e  
c a l c u l a t e d   s h e a r  stress was found to  approach   ze ro   be fo re   t he   edge   o f   t he  bound- 
a r y   l a y e r  was r e a c h e d   u n l e s s  a de r ived   boundary - l aye r   t h i ckness  was used   i n  non- 
d i m e n s i o n a l i z i n g   t h e  t o t a l  t empera tu re   and   ve loc i ty  profiles.  The d e r i v e d  
t h i c k n e s s  was i n t e r m e d i a t e   i n   v a l u e   b e t w e e n   t h e   v e l o c i t y   a n d  p i to t  t h i c k n e s s  
of the   boundary   l ayer .  

The p r e s e n t   s k i n - f r i c t i o n   d a t a   c o u l d  be a d e q u a t e l y   p r e d i c t e d   f r o m   f i n i t e -  
d i f f e r e n c e   c a l c u l a t i o n s   o n l y  i f  l o w  Reynolds number e f f e c t s   a n d   p r e c u r s o r   t r a n -  
s i t i o n  effects were included.   Heat ing rates a n d   t o t a l - t e m p e r a t u r e   p r o f i l e s  a t  
above-adiaba t ic  wall c o n d i t i o n s   c o u l d   n o t  be p r e d i c t e d .  

Langley  Research  Center  
Na t iona l   Aeronau t i c s   and   Space   Admin i s t r a t ion  
Hampton, VA 23665 
June  13,  1978 
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PROBE  EFFECTS ON W A L L  PRESSURE 

Measurement of t h e  wall p r e s s u r e   b e n e a t h   t h e  t i p  of the   survey   probes   on  
model 1 was made as t h e  probes t r a v e r s e d   t h e   b o u n d a r y   l a y e r .  Wall pressures 
are shown i n  f igure 40 as a f u n c t i o n  of y/8p for the  probe.   Values  of rx 
were estimated by the  method of r e f e r e n c e  63 by assuming rx = 0 a t  XT and 
rx = 0.99 a t  X T , ~  from t h e   h e a t - t r a n s f e r   d a t a  of f i g u r e  10. I n   p a r t  (a) of 
f i g u r e  10 data a t  3 d i f f e r e n t   v a l u e s  of rx i l l u s t r a t e   t h e   e f f e c t   w h i c h   t h e  
"degree of t u r b u l e n c e "   h a d   o n   t h e   c h a r a c t e r i s t i c   s h a p e  of t h e   p r e s s u r e  rise. 
For   the  most n e a r l y   l a m i n a r  case, t h e   p r e s s u r e  rise peaked when t h e   p r o b e  was 
s l i g h t l y  less than   ha l fway   t h rough   t he   boundary   l aye r   and   t hen   dec reased  as t h e  
probe  approached  the wall. For   the most n e a r l y   t u r b u l e n t  case, t h e   p r e s s u r e  
inc reased   mono ton ica l ly  as the   p robe   approached   t he  wall. I n   p a r t   ( b )  of f i g -  
ure 10 ,  d a t a  a t  approximate ly   the  same v a l u e  of rx are shown f o r   d i f f e r e n t  
unit   Reynolds  numbers.  A s  t h e   u n i t   R e y n o l d s  number i n c r e a s e d ,  h/8 decreased  
a n d   t h e   l e v e l   o f   t h e  pressure peak   i nc reased   acco rd ing ly .  

The  phenomenon  which  produced t h e   i n c r e a s e   i n   w a l l   p r e s s u r e  was   no t   de t e r -  
mined,   a l though it might   have  been  f low  separat ion  between  the  probe  and  the 
w a l l ,   a s   h a s   b e e n   o b s e r v e d   i n   r e f e r e n c e  69 a t  Me = 1.72 fo r   l amina r  flow. A 
factor which   poss ib ly   could   have   cont r ibu ted  to a s e p a r a t i o n   b e n e a t h   t h e   p r o b e  
was the   mount ing   a r rangement   whereby   the   p robe   suppor t   ex tended  down th rough   t he  
s u r f a c e   o f   t h e   m o d e l ,   a s  shown i n   f i g u r e  4. Because of t h i s ,   t h e   s u p p o r t   f o r  
the   survey   probes   used   on   model  2 ex tended   up   i n to   t he   shock   l aye r .  

When s u r v e y s  were begun  on  model 2, t h e  probe was p o s i t i o n e d  a t  s t a t i o n  2, 
50.5 cm f rom  the  leading  edge  of   the  model ,  to check   fo r  probe i n t e r f e r e n c e  
e f f e c t s .  Runs were made a t  a %/m = 54 x lo6 w i t h  no wall cool ing ,  A t  t h i s  
c o n d i t i o n   t h e   b o u n d a r y   l a y e r  was i n   a n   e a r l y   t r a n s i t i o n   s t a t e  as can   be   s een   i n  
t h e  data o f   f i g u r e s  1 1  ( f )  , 14, and 15 (b) .  The probe  was c o n s t r u c t e d   o f  0.23-cm 
o u t s i d e   d i a m e t e r   t u b i n g   f l a t t e n e d  to a t i p  h e i g h t   o f  0.96 mm, having  approxi-  
mate ly   the  same dimensions as t h e  p i to t  probe  used  for   model  1 surveys.  The 
wall pressure rise m e a s u r e d   b e n e a t h   t h e   t i p   o f   t h e   p r o b e  was approx ima te ly   t he  
same as tha t   on   model  1 a t  corresponding  edge  condi t ions:   thus ,   mounting  through 
t h e   s u r f a c e  was no worse than   mount ing   above   the   boundary   l ayer .  

A check was made to see whe the r   v i sua l   ev idence  of p r o b e   i n t e r f e r e n c e  
such as boundary- layer   th ickening  or f l o w   s e p a r a t i o n   b e n e a t h   t h e   p r o b e   c o u l d  
be   obse rved   i n   s ch l i e ren   pho tographs  as the   p robe   t r ave r sed   t he   boundary   l aye r .  
Two frames  from a v i d e o   t a p e   r e c o r d   o f  a s c h l i e r e n  are shown i n   f i g u r e  41. I n  
f i g u r e  41 ( a ) ,  where  the  probe is a t  about  twice the   boundary - l aye r   he igh t ,   t he  
shock from the   p robe  is d i s t i n c t .  A t  t he   ou te r   edge   o f   t he   boundary   l aye r  
( f i g ,  41 (b ) ) ,   t he   shock   benea th   t he   p robe   d i sappea r s  as it p e n e t r a t e s   t h e  
boundary  layer .  A s  t he   p robe   descended   f a r the r ,   no   shock  was v i s i b l e   b e n e a t h  
t h e   p r o b e ,   p o s s i b l y   b e c a u s e   o f   d e c r e a s e d   s c h l i e r e n   s e n s i t i v i t y  as t h e   d e n s i t y  
wi th in   t he   boundary   l aye r   dec reased ,  The dark  band para l le l  to  t h e   s u r f a c e  of 
the  model  may be d i s t u r b a n c e s  a t  t h e   e d g e s  of the   mode l   o r ig ina t ing   nea r   t he  
lead ing   edge .  
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It is e v i d e n t   t h a t   t h e  probe t i p  produces a s t r o n g   d i s t u r b a n c e   w i t h i n   t h e  
boundary   l ayer   impinging   on   the  surface downstream of t h e  t i p  of the   p robe .  As 
the   probe  descends,   the   impingement  area moves f o r w a r d ,   d i s t u r b i n g   t h e   p r e s s u r e  
benea th   t he  t i p  to a g r e a t e r   d e g r e e .   I n   a n  early t r a n s i t i o n a l   b o u n d a r y   l a y e r ,  
t h e   d e n s i t y  or mass f l o w  may become so l o w  t h a t  below a c e r t a i n   h e i g h t   t h e  probe 
d i s t u r b a n c e   b e g i n s  to l e s s e n   a n d  creates t h e   t y p e  of p r e s s u r e  rise shown i n   f i g -  
u r e  40. I n  a t u r b u l e n t   b o u n d a r y   l a y e r ,   t h e  mean flow properties are s u c h   t h a t  
t h e   d i s t u r b a n c e   i n c r e a s e s   u n t i l   t h e   w a l l  is reached. 

I n   o r d e r  to  keep the   shock  from t h e  probe t i p  weak ,  an   ax isymmetr ic   des ign  
having as small a t i p  t h i c k n e s s  as p o s s i b l e   w i t h o u t   i n t r o d u c i n g   s i g n i f i c a n t  
p r e s s u r e   l a g   e f f e c t s  was t r i e d .   T h i s   c o n f i g u r a t i o n   w h i c h  was used for t h e   s u r -  
veys  on model 2 is shown i n   f i g u r e   5 ( b ) .  A s c h l i e r e n  record o f   t h i s   p r o b e  
showed  no d i sce rn ib l e   shock ,   even  outside the   boundary   l ayer ,   and   on ly  a s l i g h t  
i n c r e a s e   i n   p r e s s u r e   b e n e a t h   t h e  t i p  of t h e  probe d u r i n g  a boundary-layer 
t r a v e r s e .  

The effect o f   f i n i t e   p r o b e   s i z e   o n   t h e   y - d i s p l a c e m e n t  of t h e  Mach number 
p rof i le  i n   t u r b u l e n t   b o u n d a r y   l a y e r s  is shown to  be a s t r o n g   f u n c t i o n  of t h e  
local Mach number i n   r e f e r e n c e  70, based on t h e   a n a l y s i s   o f   d a t a  a t  Me = 4.6. 
There is n o   q u e s t i o n   t h a t  there is a s t r o n g  effect of a t  least  the   edge  Mach 
number  on p r o f i l e   d i s t o r t i o n  for a f i x e d   v a l u e  of h/6;  however, it is n o t  pos- 
sible to e x t r a p o l a t e   t h e  data of r e f e r e n c e  70 to t h e  p r e s e n t  test c o n d i t i o n s .  

D i s tu rbances   i n  the  w a l l   p r e s s u r e   t e n d  to be small when t h e  probe is above 
6,, t h a t  is, above  y/6p = 0.5 i n   f i g u r e  40. Peak d i s t u r b a n c e s  o c c u r  when t h e  
probe  is wi th in   t he   ve loc i ty   boundary   l aye r ,   wh ich   sugges t s  t ha t  the v e l o c i t y  
g r a d i e n t  may b e   p r i m a r i l y   r e s p o n s i b l e  for the errors  incur red   because  of f i n i t e  
p r o b e   s i z e .  If t h i s  is t r u e ,   c o r r e l a t i o n s  of p robe   e f f ec t s   based   on   t he   ve loc -  
i t y   t h i c k n e s s  of the  boundary  layer   would appear to be more c o n s i s t e n t   t h a n   t h a t  
b a s e d   o n   t h e   p i t o t   t h i c k n e s s ,   e s p e c i a l l y  a t  h i g h  Mach numbers. I t  is e v i d e n t  
t h a t   a d d i t i o n a l   h i g h  Mach number data o n   p r o b e   i n t e r f e r e n c e  are r e q u i r e d   b e f o r e  
t h e   p r e s e n t  data can be corrected wi th   any   degree  of conf idence .   Fo r   t h i s  rea- 
son,  no f u r t h e r  attempt was made to  estimate errors i n  y or to correct t h e  
p r e s e n t   d a t a .  
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PITOT PRESSURE  CORRECTIONS I N  RAREFIED  HELIUM  FLOW 

Leonard M. Weins te in  
Langley  Research Center 

The  symbols  used for t h e   c o r r e c t i o n s  made i n  rarefied hel ium  f low are as 
f o l l o w s  : 

h probe t i p  t h i c k n e s s  

M Mach number 

NKn Knudsen  number 

P pressure 

PP 

RT Reynolds number based on probe  t i p  th i ckness   and  t o t a l  temperature 

p i t o t  pressure 

T tempera ture  

TP probe   tempera ture  

P d e n s i t y  

S u b s c r i p t s :  

1 l o c a l   v a l u e  

m measured  value 

R Rayle igh   va lue  

T s t a g n a t i o n   v a l u e  

00 f r ee - s t r eam  va lue  

1 I 2  upstream  and  behind a normal   shock ,   respec t ive ly  

F r e q u e n t l y ,   i n   h y p e r s o n i c  flow s t u d i e s   t h e   d e n s i t y   l e v e l s  are so low t h a t  
the  measured p i to t  p r e s s u r e  may be   d i f f e ren t   f rom  the   Ray le igh ,  or continuum, 
i m p a c t   p r e s s u r e .   S t u d i e s   i n   a i r   a n d   n i t r o g e n   i n   r e f e r e n c e s  71 and  72 i l l u s t r a t e  
the   t r ends   and   magn i tudes  of t h e s e   d i f f e r e n c e s ,   a n d   i n   r e f e r e n c e   7 3  a possible 
e x p l a n a t i o n  of t h e  phenomena is given. It was e x p e c t e d   t h a t  similar effects 
would occur i n   h e l i u m ,   a n d   e x a c t   q u a n t i t a t i v e  corrections were needed to a p p l y  
to  d a t a   o b t a i n e d   i n   h y p e r s o n i c   h e l i u m   t u n n e l s .  
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Wi th   dec reas ing   dens i ty   t he   p re s su re   measu red   by  p i to t  p robes  f i r s t  d r o p s  
below the   Rayle igh   va lue   and   then  rises to over  twice t h e   R a y l e i g h   v a l u e   i n  
free molecule   f low.  (See refs. 71 and  72.)  The i n i t i a l  d rop   has   been  shown 

to be a f u n c t i o n  of t h e  parameter [%(p2/p1)1/2]-1 i n   r e f e r e n c e s  71 and  73, 
whereas, t h e  r i se  is more correctly correlated by t h e  Knudsen  number. It  w i l l  
be shown t h a t  €or t h e   d a t a  of t h i s  report, t h e   d e n s i t y  is so h i g h   t h a t   t h e  mea- 
s u r e d   p r e s s u r e   n e v e r  rises above   the   Rayle igh   pressure .   Thus ,   on ly   the  corre- 

l a t i n g  parameter [ ~ + ( p z / p I )  1 q - l  is examined  here. Probe geometry is known 
to  a f f e c t   t h e   m e a s u r e d   p r e s s u r e   l e v e l  (ref. 71);   however ,  for t h e   p r e s e n t   s t u d y ,  
a s i n g l e  probe geometry typical of t h e   t y p e  "c" probe o f   r e f e r e n c e  71 was used. 

I n   o r d e r  to estimate t h e   r a n g e   o f  [%(pz/p1) /2] -' a g a i n s t  MI  which 
would   be   encountered   in   surveying   boundary   l ayers   in  a M, = 1 9  he l ium  tunnel ,  
t h e   v a r i a t i o n  of t h e s e  parameters th rough   t he   boundary   l aye r  of a 5.9O wedge 
and   th rough  the   tunnel -wal l   boundary   l ayer  was c a l c u l a t e d  by  assuming a t u n n e l  
s t a g n a t i o n   p r e s s u r e  of 6.9 MPa. A l s o  t h e  wall to t o t a l - t e m p e r a t u r e  r a t i o  was 
assumed to be one for b o t h   t h e   t u n n e l  wall and wedge boundary-layer  f l o w ,  and 
TT was assumed to  be   cons t an t   t h rough   t he   boundary   l aye r s .   Cond i t ions  a t  t h e  
edge of the   boundary   l ayer   on   the  wedge were c a l c u l a t e d  from t h e   i n v i s c i d  
o b l i q u e   s h o c k   r e l a t i o n s   g i v e n   i n   r e f e r e n c e  30.  The r e s u l t s  are shown i n   f i g -  

u r e  42. Note t h a t  larger v a l u e s   o f   t h e  parameter [&(pz/p1) /2]-1 correspond 
to  lower Mach numbers. 

Measurements were made i n  a M, = 20 h e l i u m   c a l i b r a t i o n   t u n n e l .   P i t o t  
probes from  0.013 to  0-318 cm h igh  were examined w i t h  a width-height  r a t i o  of 
about  4, e x c e p t   f o r  t h e  smallest a n d   l a r g e s t  probes which were 1 0  and 1 ,  respec- 
t i v e l y .  Test c o n d i t i o n s  are g i v e n   i n   t h e   f o l l o w i n g  table:  

. . " 

? ? T , l r  Pa " ~[ M, 1 /2] -1 

3 . 4  x l o 2  to 3 . 4  x l o 4  

2 . 4  x l o 4  to 1 . 0 3  x l o 7  

. "  . . ~. 

The r e s u l t s   o f   t h e s e  tests are g i v e n   i n   f i g u r e  43. The range  of 

C% (P2A31) ll2]-' e x c e e d s   t h e  typical cases o f   f i g u r e  42, a n d ,   i n  f ac t ,  t h e  
lower M, range   cor responds  to  l a r g e r   v a l u e s  of t h e  parameter. T h i s   r e s u l t s  

i n  a r e p r e s e n t a t i v e   v a r i a t i o n  of [i+(pz/p,) ll2]-' w i th  Mach number compared 
wi th  probable s u r v e y   v a l u e s .   T h u s ,   t h e   f a i r i n g   g i v e n   b y   t h e   s o l i d   l i n e   i n   f i g -  
ure   43  is p robab ly   t he  best to u s e  i f  d a t a  are c o r r e c t e d .  The fac t  t h a t   t h e  
probe was cooled  by f l o w  to Tp/Tt = 0.85 cou ld   change   t he  pi tot  pressure 
(ref. 711, so a probe hea ted  to T d T t  = 1 was also examined.  The r e s u l t s  
shown  by the sol id  s y m b o l s   i n   f i g u r e   4 3   i n d i c a t e   t h a t   t h i s   e f f e c t  is n o t  impor- 
t a n t   h e r e .  
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Stat ion1 x, cm I p t ,  1, kPa 1 Me 
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99.6 1.062 
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211.2 1.076 10.00 

1  74.2 -779 
2 99.6 .765 
3  125.0 -779 
4  211.2 .E14 
1  74.2 .531 
2 99.6 -531 
3  125.0 -531 
4  211.2 -558 
1  74.2 -276 
2 99.6 -255 
3  125.0 .255 
4  211.2 .290 

TABLE 1 .- COMBINED DATA TEST CASES 

( a )  Model 1 a t  Tw/Tt = 0.94; nominal Tt  = 305.6 K 

41 - 0 2  x 1 O 6  
38.02  2 
43.34 3 
48.93 4 
32.60 5 
30.26 6 
33.17 7 
37.90 

"- "_ "_ 
"- "_ 
"- 

8 1 
9.85 25.45 
9.74  23.40 
9.77 23.88 
9.85 28.41 
9.73 17.57 
9.57 16.23 
9.69 16.69 
9.76 19.76 
9.32  8.31 
8.94 7.53 
9.70 8.54 
9.16  9.06 

9 
1 0  
11 
1 2  
1 3  
1 4  
1 5  
16  
17  
18 
19 
20 

"- 
"- "_ 

2 
-" "_ "_ 

3 "_ "_ 
-" 
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-872 3.060 2.032 
.900 3.358 2.032 
-979 2.476 4.064 
-749  1.279 2.032 
-725 2.983 2.032 
-739 3.629 2.286 
-739 2.779 4.064 
-591 1 -344 2.286 
.576 2.655 2.286 
-577 3.788 2.540 
,632 3.075 4.064 
.420  1.538 2.286 I 
-420 2.299 2:540 , 

-410 3.440 3.048 
-456 3.384 5.080 
-228 2.023 2.540 
-248 2.236 2.794 
.214 2.586 3.048 
-249 4.413 5.080 

0.874 ~ 0.8056'  0.9827 
1.039 -8656 1  .0851 
1.339  1.0099  1.3256 
2.692 2.0755 2.7102 

-904  -8367 1.0030 
1.067 -8512  1.0942 
1.389  1.0351  1.3637 
2.850 2.1201 2.8905 
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1.21 4 -9931  1.2832 
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1  .321 
1.727 
3.376 
1 -598 
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2.007 
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.9957 1.1 923 
1.1 209  1.451  4 
1.3668  1.5024 

, 2.51 59 3.441 7 
1.3391 1.7419 
1  .5931 2.3099 
1.6784 2.3650 
2.6251 3.9776 

x 4 1231 
4  028 

5  741 
13  252 
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3  308 
4  521 

1 0  947 
2 904 
3 000 
3 659 

' 8 760 
2 094 
2 354 
2  505 
6  795 
1  447 
1  737 
2 019 
3  620 

aBased on power law  tempera ture-v iscos i ty   re la t ion .  
b In t e rpo la t ed  from p lo t t ed   da t a .  
CLinear  Crocco Tt  r e l a t i o n  assumed. 



TABLE 1 .- Concluded 

(b) Model 2 a t   p t ,  1 = 13 790 kPa 

Tt Pitot case T t  survey pw, S k i n   f r i c t i o n  6p 6, 6 6*, 0,  
S ta t ion  x, an K Me Re/m ,Tw/Tt  fran t a b l e  5 case   fran kPa case from p i t o t ,   v e l o c i t y ,   d e r i v e d ,  an cm R e  N 

(a ,   b)   (b)   table  6 (c) t a b l e  3 cm cm an (dl  (dl  (dl ___" 
1 
2 
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4 
5 
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7 
8 
1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
4 
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0.62 
-90 

1.00 
1.44 
1.74 2.03 
2.46 2.1 2 
2.39 3.39 
2.70 2.99 

"" 

"" 

"" 

"" 

-55 - 66 
-97 

"" "_ 
"" 

1.17 "- 
1.79 1.96 
1.98 2.1 2 
1.98 2.54 
2.67 2.42 
-58 
-74 
-99 

"" 

"- 
"" 

1.18 "" 

1.66 2.03 
1.93 2.1 2 
2.39 2.54 
2.81 I 2.82 

35.6  294.4 11.1 59.4 x 
50.5  312.8  11.2  46.0 
75.9  316.7  11.0  47.8 

101.3  313.9  11.0  51.6 
136.9  314.4 11.1 52.3 
165.1  320.0  11.2  51.9 
190.5 310:6  11.4  55.4 
215.9  310.6  11.6  57.8 
35.6  286.1 11.1 61.6 
50.5  310.6  11.3  47.7 
75.9  311.1 11.1 51.7 

101.3  310.6  10.9  50.7 
136.9  316.7  11.2  52.9 
165.1 311.7  11.2  52.4 
190.5  318.9  11.5  54.9 
215.9 322.8  11.5  53.2 
35.6  288.3  10.9  48.6 
50.5  304.4  11.3  49.4 
75.9 307.8  11.2  54.3 

101.3  307.2  10.9  51.2 
136.9  313.9  11.2  53.2 
1165.1  312.8111.2/52.7 

lo6 0.987 21 
-948 22 
.946  23 
-933 24 
.935  25 
.925  26 
* 957 27 
.950  28 
* 379 29 
-429 ' 30 
-521 31 
.370 ~ 32 
-400 33 
.387  34 
-392 35 
.343  36 
.534  37 
-557 , 38 
-588, 39 
.468 40 
-508 I 41 
-488 42 
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6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

"_ 

0.665 
-636 
-728 
.757 
.754 
.732 
-71 7 
-71 1 
.665 
-636 
.728 
.757 
.754 
.732 
-71 7 
.711 
-665 
-636 
-728 
-757 
.754 
.732 

" 

21 
22 
23 
24 
25 
26 
27 
" 

29 
30 
31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

" 

1.03 
1.27 
1.91 
2.40 
2.96 
3.18 
4.00 
4.57 
.90 

1 .14 
1.78 
1.80 
2.50 
2.74 
3.50 
3.63 

1.27 
-90 

2.03 
2.00 
2.82 
2.67 

190.5 
21  5.9 

317.2 
11.8  320.6 

41  26 .717  43 54.9 -473 11.5 
3.94 42 -71 1 27 44 -463 
4.00 

60.1 
I 

ahleaswed in free  stream. Nu real   gas   correct ion  required.  
bFrom total-temperature  survey  data. 
CInterpolated  fran  plotted  data.  
dLinear  Crocco Tt assumed. 

0.54  4.7 x 10-3 2.32 X 103 ---- 
-76 8.2  3.77 
-74 10.9 5.21 

1.18  1.6 x 8.33 
1.49  1.9 1.01 X 104 10.0 
1.73 2.1 1-10 12.0 
2.18  2.6  1.43 
2.39  2.8 

9.0 
1.61  9.0 

.46  6.3 x 10-3 3.22 x lo3 ---- 

.49  7.0  3.32 

.79  10.0  5.15 

.85  1.9 x 10-29.49 

"" 

"" 

"" 

"" 

"" 

"" 

1.15  2.6 1.35 X 104 11.0 
1.39  2.6 1.38 1 1  .o 
1.68  2.5 1.36  10.0 
1.80  3.1 1.63  10.0 

-58 7.3  3.63 "" 

-81 9.9 

-43 7.7 x 10-3 3.73 X 103 ---- 

.96  1.3 x 10-2j6:78 
5.37 iII-; 

1.30, 2.1 1 09 X 104 11.0 

1 .80 10.0 



TABLE  2.- flEAT-TRANSFER DATA 

(a) Data summary 

Case I 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14  
1 5  
1 6  
1 7  
1 8  
19  
20 
21 
22 
23 
24 
25 
26 
27 * 

28 
29 

Mode 1 

~ .. 

1 

T 

~" ~" 

2 

. 

I ~ 

Run 

11 
1 2  
1 3  
1 7  
1 5  
18 
20 
21 
22 

- 

8 
19  
20 
44 
24 
26 
16  

9 
21 
23 
45 
25 
29 
11 
1 3  
1 4  
1 5  
17  
18 
30 

T e s t  8 

1 3  238.0 
11 859.1 
10  583.5 

9 225.2 
7  929.0 
6  543.2 
5 433.1 
4 054.1 
2  709.7 

T e s t  

1 3  238.0 
13 389.7 
1 3  417.3 
1 3  141.5 
1 3  327.6 
1 3  244.9 

6  691.4 
6 550.1 
6 619.0 
6 688.0 
6  515.6 
6 550.1 
6 494.9 

11 997.0 
1 0  721.4 

9  383.8 
8 053.1 
5 671.0 
4  240.3 
4 067.9 

34 

T t r  K 

305.9 
299.3 
297.6 
301.8 
298.2 
299.2 
296.9 
298.7 
298.2 

299.8 
303.0 
304.3 
303.4 
297.0 
300.4 
294.3 
309.8 
302.2 
31 0.0 
305.5 
303.4 
304.8 
299.8 
291 - 5  
288.2 
287.6 
291.7 
291 - 9  
305.4 

I M1 

18.05 
18.0 
17.85 
17.77 
17.65 
17.51 
17.31 
17.13 
16.85 

18.04 
18.04 
18.04 
18.02 
18.04 
18.02 
17.55 
17.55 
17.55 
17.55 
17.54 
17.55 
17.54 
17.95 
17.90 
17.80 
17.68 
17.44 
17.22 
17.26 

43.18 x 106 
39.91 
36.24 
31.07 
27.31 
22.63 
19.25 
14.43 

9.86 
- 

44.65 x l o 6  
44.28 
44.17 
43.47 
45.38 
44.43 
23.1 9 
21.57 
22.53 
22.01 
21 -88 
22 .) 21 
21 -89 
40.44 
37.64 
33.66 
29.1 6 
20.42 
15.48 
13.92 

46 



TABLE 2.- Continued 

(b) Case 1 : test 8, 

x, em 

20 065 
23 083 
27.00 
3 0  18 
3 3  . 35 
36.53 
39 70  
42 88 
58.75 
6 1   0 9 3  
65.10 
68 e 2 8  
7 1   - 4 5  
74.63 
8 0  98 
84.15 
90.50 
96.85 

100.03 
106.38 
109 55 
1 1 2  73 
114.63 
1 2 2  25 
125.43 
131.78 
134 095 
138.13 
141.30 
144.48 
147.65 
150.83 
1 6 0  35 
163 53 
1 6 6  7 0  
173 05 
1 7 6  023 
182.58 
185.75 
188 93 
192 10 
195.28 
201.63 
207.98 
2 1 1  1 5  
2 14.33 
217.50 
220  0 68 
223.85 

9, W/cm2 

- 0  1074 E + O O  
-.1067E+00 
-.1030E+00 
-09643E-01 
-09243E-01 
-08698E-01 
-08079E-01 
-.8180E-01 
- 0  7065 E - 0 1  
-.7224E-01 
-07388E-01 
- a  7491  E-01 
-06938E-01 
-.6252E-01 
-06583E-01 
-04694E-01 
- 0  497OE-01 
-04834E-01 
-.4059E-01 
-.6407E-01 
-.8155E"O1 
-09330E-01 
-09188E-01 
-.1121E+00 
-.1107E+00 
-.1336E+00 
-*1401E+00 
-*1394E+00 
- 0  1492E+00 
-.1425E+00 
-.1462E+00 
- 0  1394E+00 
- 0  1370E+00 
-.1469E+GO 
- 0  1 5 5 1 € * 0 0  
-.1503E+00 
- .1357€+00 
- 0  1226€+00 
-.1433E+00 
-.1475E+00 
- 0  1455 E+OO 
-i 1266E+00 
- * 1 2 0 3 € + 0 0  
-.1059E+00 
-.1254€+00 
- 0  1 4 4 2 € + 0 0  
-.1459€+00 
-.1299E+00 
-.1412E+00 

run 11 , MI 

Twr K 

289 01 
289 11 
289.00 
289 0 9  
289 0 7  
289.30 
289.29 
289 1 6  
289.47 
289.64 
289 36 
289 59 
289.63 
289 73 
289.81 
290.35 
290.  46 
290 85 
291 24 
2 9 1  5 4  
2 9 1  32 
2 9 1  46 
2 9 1  3 0  
2 9 1  0 4 1  
2 9 1  24 
290.82 
290 47 
290.23 
290.18 
290  006 
290 08 
290 0 9  
290.25 
289.96 
289.81 
290.04 
290.07 
290 35 
290.19 
289 93 
289.82 
290 0 4  
290 1 7  
290 29  
290.08 
289.84 
289 58 
289.86 
2 8P 8 3 

= 18.05 

Tw/Tt 

0915 
915 
915 
915 

0 915 
916 
916 
915 
916 

0917 
916 
917 
917 

e917 
917 
919 
919 

0921 
9 2 2  
9 2 3  
922 
923 
922 
922 
922 

- 9 2 1  
920 
919 
919 

0918 
918 
918 
919 
918 
917 
918 
918 
919 
919 
918 
917 
918 
919 

a919 
918 
918 
917 
918 
918 
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TABLE 2. - Continued 

(c) Case 2: test 8, run 12, M1 

x, cm 

20  65 
23.83 
27.00 
30.10 
3 3  . 35 
36.53 
39 70 
42.88 
58.75 
61.93 
65 10 
68.28 
7 1  45 
74  63 
80.98 
84.15 
90.50 
96 85 

100.03 
106.38 
109  55 
112.73 
114.63 
1 2 2  2 5  
1 2 5  43 
131.70 
134.95 
138.13 
1 4 1  30 
144 048 
1 4 7  65 
150.83 
1 6 0  35 
163 53 
166.70 
173.05 
176.23 
182.58 
185.75 
188  9 3  
1 9 2  10 
19'5 0 2 8  
2 0 1  63 
207.98 
2 1 1  1 5  
214  33 
217.50 
220.68 
223  085 

9, W/cm2 

-.1150E+00 
-.1129E+00 
- * l l l l E + O O  
- 0  1025 E+OO 
-.1010E+00 
-.9853E-01 
-.9271E-01 
-08829E-01 
- 0  8087E-01 
-08499E-01 
-.8414E-01 
-.8324E-01 
-08497E-01 
-.7189E-O1 
- *8091E-01 -. 5655E-01 
-.6272E-01 
-05955E-01 
-05613E-01 
- 0  7097E-01 
-.8397€-01 
-.9070E-01 
-09337E-01 
- 0  1149E+00 
-.1151E+00 
- *1383E+00 
-01503 E + O O  
-.1537E+00 
- 0  1570E+00 
-.1551€+00 
-.1580E+00 
-.1506E+00 
- 8  1462  E+OO 
- 0  1568 E +00 
-.1614€+00 
-.1504E+06 
-.1496E+00 
- 0  13706+00 
-.1561€+00 
- 0  1549E +00 
-.1489E+00 
-.1480E+00 
- *1326E+00 
-.1228E+00 
-.1416E+00 
-.1461E+00 
-.1526€+00 
-.1413€+00 
-.1439€+00 

Twr K 

288 09 
288.24 
288 1 8  
288.31 
288 36  
280.62 
280.64 
288.49 
288 84 
288  097 
280 69  
288.91 
288 98  
289.05 
209.02 
209  077 
289.52 
289.67 
290 rn 0 7  
290.  18 
289  095 
290 04  
209.00 
289.93 
289 7 9  
289.43 
289  009 
280  093 
288 80 
280 69 
208  072 
280.72 
208 0 8 1  
208 5 3  
208.33 
208.53 
200 62 
288 99  
288  068 
200 44 
280.27 
280 60 
288.70 
289.02 
208 69 
2 0 8  36  
288 1 4  
200 48 
280 39  

= 18.0 

Tw/Tt 

. 934 . 935 . 9 3 4  . 935 
0935 

936  
9 3 6  . 935 
936  . 937  
9 3 6  

0937 
.937 . 937 
0937 . 939 
0939 
0939 

940  
9 4 1  
9 4 0  
9 4 0  
940  
940  
9 4 0  
938 . 9 3 7  . 937  

rn 936  
936 
9 3 6  
936  

0936 . 935 
0935 . 935  

936  . 937  
e936 . 935 . 935 

936  
936  . 937 
936  

0935 . 9 3 4  . 935 . 935 
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TABLE 2.-  Continued 

3: test 8, run 13, MI 

qr  W/cm2 

-01117E+00 
-ollO4€+00 
-01063E+00 
- 0  1031€+00 
-09617E-01 
-09552E-01 
-0t3929E-01 
-.8299€-01 
- 0  7740E-01 
-07871E-01 
-08281E-01 
- 0  8293E-01 

7998 E-01 
-07500E-01 
-07667E-01 
-05362E-01 
-07040E-01 
-05035E-01 
-04841E-01 
- e  6718E-01 
- 0  7103E-01 
-07635E-01 
-07699E-01 
-09789E-01 
- 0  1003 E+OO 
-.1211E+00 
-01371E+00 
-*1325€+00 
-01396E+00 
- 0  1368€+00 
-01428€+00 
-01360€+00 
-01376€+00 
-01459E+00 
- 0  1518E+00 
-0 1504E+00 
- a  1397E+00 -. 1268E+00 
-0l412E+00 
-01435E+00 
-01445E+00 
-*  1382€+00 
- 0  1240 E+OO 
-01161E+00 
-01306€+00 
-.1387€+00 
- 0  1463€+00 
-01333€+00 
-81353E+00 

= 17.85 

Tw/Tt 

941 
0 941 
0941 
942 

0 942 
942 

0 942 
942 

0 943 
943 

0 942 
0 Y43 
0943 
944 

.943 
0 946 
0 945 
e 945 
0946 
0 947 
0 946 
947 

0 946 
0 946 
0 946 
0 945 
944 

0 943 
0 942 
0 942 
942 

0 942 
0 942 
941 

0 941 
0 941 
0 942 
963 

0 942 
0 941 
0 941 
0 942 
942 
9 4 3  

0 942 
e 941 
0 940 
941 

0 941 
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TABLE 2.- Continued 

(e) Case 4: test 8, 

x, cm 

20.65 
23083 
27.00 
30.18 
33 w35 
36.53 
39 w 70 
42 w88 
58.75 
6 1  w 93 
6 5  10 
68 w28 
7 1  w 45 
74.63 
8 0  w98 
84.15 
90  w 5 0  
96 w85 

100 03 
1 0 6  w 3 8  
109.55 
112 73 
114.63 
1 2 2  25 
125.43 
1 3 1  78 
134 w95 
138 w 1 3  
141.30 
144.48 
147.65 
150.83 
1 6 0  w 35 
163 w 53 
1 6 6  w 7 0  
1 7 3  05 
176 w23 
182  58 
185 w 75 
188.93 
192 10 
195 .28 
2 0 1  . 63 
207.98 
211.15 
214.33 
217 w 5 0  
220.68 
223  85 

9, W/cm2 

-w9317E-01 
-.9134E-01 
-.8729E-01 
-w8669E-01 
-.8203E-01 
-w8246E-01 
-.7776E-01 
-.7518E-01 
dw6896E-01 
-w6725E-01 
- e  7 8 1 l E - 0 1  
-w7221E-01 
-w6624E-01 
-05778E-01 
Ww5993E-01 
-.4459E-01 
- *  5215E-01 
- 0  3945 E - 0 1  
-.3633E-01 
- e  43  77E-01 
-w4591E-01 
-.5244E-01 
-w5651E-01 
-07074E-01 
-w6851E-01 
-w9291E-01 
-w1076€+00 
-w1064E+00 
-w1108E+00 
-*1115E+00 
- w  l l 4 1 E + 0 0  
-w1117E+00 
-w1129E+00 
-.1278E+00 
- w  1326€+00 
- w  1 2 7 1  E+OO 
-.1191E+00 
-.1102E+00 
-.1281E+00 
- w  1252E*00 
- w  1257E+00 
-w1135Et00 
-w1049E+00 
-w9660E-01 
-e1092E+00 
-.1225E+00 
-w1266E+00 
-.1141E+QO 
-w1242€+00 

run  17, M1 

Tw, K 

289 w 30 
289 45 
289.38 
289 w 5 1  
289 w 49 
289 w75 
289 w 79 
289.68 
289.90 
290 0 8  
289.96 
2 9 0  w 08 
290 20 
290 w 22 
290.24 
2 9 1  w 06 
290 78 
290 w 9 7  
2 9 1  w 2 1  
2 9 1  w 4 9  
2 9 1  w 36 
2 9 1  w 6 1  
2910  57 
2 9 1  65 
2 9 1  w 48 
2 9 1  37 
2 9 1  w 22 
2 9 1  w 03 
290 w 98 
290  e94 
290 w 9 4  
290.91 
2 9 1  w 01 
290.88 
290.71 
290.83 
290.81 
2 9 1  w 03 
290.84 
290 w 6 9  
290 w 62 
290.88 
290.99 
2 9 1  w 0 9  
290.93 
290 w 76 
290.53 
29Q.80 
290 w 79 

= 17.77 

Tw/Tt 

936 
w936 
w936 

936 
w 936 
w937 
w 937 
w 937 
w938 
w 938 
938 
938 

.939 
w 939 
w 939 

9 4 1  
w 9 4 1  

9 4 1  
942 

w 943 
w942 . 943 
w 943 . 943 
w 943 
w 942 
w942 
w941 
9 4 1  
9 4 1  

w 9 4 1  
w941 
961 

w 9 4 1  
w 9 4 0  
w941 
w 9 4 1  
w941 
w 9 4 1  

940 
9 4 0  

w 9 4 1  
w 9 4 1  
w 942 
w 9 4 1  
w 9 4 0  
w 940 
w 9 4 1  
w 9 4 1  
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( f )  Case 

x, cm 

20.65 
23.83 
27 . 00 
30.18 
33.35 
36.53 
39.70 
42.88 
58  075 
6 1  9 3  
65 1 0  
6 8   0 2 8  
71  45 
7 4  6 3  
8 0  98 
84.15 
9 0  5 0  
9 6  8 5  

100.03  
106 38 
109.   55  
112.73  
114.63  
1 2 2  25 
1 2 5  43 
1 3 1  7 8  
134.95 
1 3 8  1 3  
1 4 1  30 
144.48  
147.65 
150.83  
160.35  
163.53  
1 6 6  070 
173.05 
176.23  
1 8 2  5 8  
185.75 
188  093 
1 9 2  1 0  
1 9 5   - 2 8  
2 0 1  6 3  
207.98 
211.15 
2 14 .33  
217.50 
220.68 
223.85 

TABLE 2 . -  Continued 

5: test 8, run 15, MI 

9, W/cm2 

- .1055E+00 
- 0 9 9 1 6 E - 0 1  
- 0  1 0 4 1 E + 0 0  
- 0 9 8 2 7 E - 0 1  
-.9131E-01 
- .8852E-01 
- .8581E-01 
- 0  7 6 6 9  E-0 1 
- 0 7 7 8 5 E - 0 1  
- 0  7493E-01 
- .7220E-01 -. 7608  E-01 
- 0  7376E-01 
- .6895E-01 
- e  7173E-01 
- 0 4 8 6 6 E - 0 1  
- e  5929E-01 
- * 5 6 3 9 E - 0 1  
- 0 4 8 6 1 E - 0 1  
- 0 4 9 9 6 E - 0 1  
- e  4529E-01 
- 0 4 4 7 1 E - 0 1  
- * 4 3 8 6 E - 0 1  
- 0 5 4 1 2 E - 0 1  
- 0 5 1 2 9 E - 0 1  
-0  7582E-01 
- 0 8 4 7 7 E - 0 1  
- .9002E-01 
- 0 9 9 4 6 E - 0 1  
- .1076E+00 
- .1060E+00 
- .1041E+00 
- 0  1 0 8 0 E + 0 0  
- 0  1 1 6 8  E+OO 
- 0  1 2 0 3 € + 0 0  
- .1224€+00 
- .1164E+00 
- *  1 1 2 4 E + 0 0  
- .1219E+00 
- .1221E+00 
- ~ 1 2 0 1 E + 0 0  
- .1187E+00 
- .1074E+00 
- * 9 5 1 7 E - 0 1  
- .1099E+00 
- .1179E+00 
- 0  1 2 1 8 E + 0 0  
- . l l l ? E + 0 0  
- * 1 1 8 2 E + 0 0  

Tw, K 

2 8 8  . 2 7  
2 8 8  37 
2 8 8  43 
288 5 3  
288 0 52 
288 7 3  
288 7 3  
2 8 8  5 1  
288 6 6  
288.73 
288 4 1  
288.62 
2 8 8 . 6 4  
288 6 9  
288  e62 
2 8 9  57  
288 . 83 
288 e 8 0  
289.15 
289.43 
289 2 1  
289.44 
2 8 9  39 
289 5 9  
289.56 
289.46 
289.27  
289.02  
288 9 7  
2 8 8  094 
288.86  
288 . 7 9  
288.83 
288 63  
288.42  
2 8 8  - 5 6  
288.58 
2 8 8  84 
288  069 
288  4 6  
2 8 8  33 
288.63 
288 6 4  
288.77 
288 57  
2 8 8  40 
288.23  
288 4 2  
288 38 

= 17.65 

Tw/Tt 

9 4 6  
9 4 6  
9 4 6  
9 4 6  
9 4 6  . 9 4 7  . 9 4 7  
9 4 6  . 9 4 7  . 947 
9 4 6  . 9 4 7  . 9 4 7  . 9 4 7  . 947 

0950 . 9 4 7  . 9 4 7  . 948 . 9 4 9  . 9 4 9  . 9 4 9  . 9 4 9  
9 5 0  
9 5 0  . 9 4 9  . 9 4 9  

9 4 8  . 9 4 8  . 9 4 7  . 947 . 9 4 7  
.947 

9 4 6  
9 4 6  . 947 . 9 4 7  . 9 4 7  
9 4 6  
9 4 6  . 9 4 7  . 9 4 7  . 9 4 7  
9 4 6  
9 4 6  . 9 4 5  
9 4 6  
9 4 6  

.94a 
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TABLE 2.- Cont inued 

(9) Case 6: test 8, run  18, M1 

x, cm 

20 6 5  
23.83 
27.00 
30 1 8  
33.35 
36.53 
39  070 
42.88 
58 . 7 5  
6 1  093 
6 5  1 0  
68.28 
71.45 
74.63 
80  098 
84.15 
90 50 
96.85 

1 0 0 . 0 3  
1 0 6  38 
109.55 
112.73 
114.63  
1 2 2   - 2 5  
125 43 
131.78  
134.95 
1 3 8  1 3  
141.30  
144.48 
1 4 7  6 5  
1 5 0  8 3  
1 6 0  35 
1 6 3  5 3  
1 6 6 . 7 0  
173.05 
176.23  
1 8 2  058 
1 8 5  075 
1 8 8  93 
192.10  
195.28 
2 0 1  63 
207.98 
2 1 1 . 1 5  
2 14 .   33  
217.50 
220 068 
223.85 

q, Wcm2 

- .1030E+00 
- 0  1005E +00 
-.9960E-01 
-.9440E-01 
- .8734E-01 
- 0  8490E-01 
-.8239E-01 
- 0  8207E-01 
- 0  7173E-01 
- 0 7 0 1 3 E - 0 1  
-07227E-01 
- 0  7169E-01 
- .6911E-01 
-06124E-01 
-06062E-01 
-04737E-01 
- 0  56446-01 
-.4508E-01 
-04464E-01 
- .4287E-01 
-.4120E-01 
- .3831€-01 
- 0  3407E-01 
-03983E-01 
-03548E-01 
- .5718E-01 
- .5953E-01 
- .6431E-01 
- 0 7 4 1 4 E - 0 1  
-07446E-01 
" 8 2 5 7 E - 0 1  
- .7951€-01 
-084366-01 
- .9477E-01 
- .1039E+00 
- 0  1 0 2 8  E+OO 
- .1007E+00 
- .9319E-01 
- .1025E+00 
- .1027E+00 
- . 1 0 4 0 € + 0 0  
- . 1 0 0 5 € + 0 0  
- .9125€-01 
- 0 8 0 6 1 E - 0 1  
- 0 9 5 9 2 E - 0 1  
- .1041€+00 
- .1054E+00 
- . 9 9 1 4 € - 0 1  
- .1044E+00 

T,, K 

288 4 9  
288 6 4  
2 8 8  6 1  
288.69 
288 65 
2 8 8  8 4  
2 8 0  8 7  
288  072 
2 8 8  7 4  
288 89  
288.63 
288 078 
288  083 
2 8 8 . 8 1  
2 8 8  7 4  
289.48 
288.97 
289 0 0 0  
2 8 9  1 8  
2 8 9  37 
289.23 
2 8 9  47 
289.42 
209 6 5  
289 57 
289 7 2  
289.47 
289.32 
289.32 
2 8 9  23  
289 26 
2 8 9  1 5  
2 8 9  1 6  
289 0 3  
288.90 
288  090 
288.93 
289.09 
288 8 8  
288.74 
288 6 6  
288 . 88 
288.94  
2 8 9  07  
288 89  
288 7 7  
288 55  
280.77 
2 0 8  77 

= 17.51 

T d T t  

9 4 6  . 947 
0946 . 9 4 7  . 947 . 9 4 7  
0947 
0947 . 9 4 7  
e947 . 947 
0947 
0947 . 9 4 7  . 947 . 9 4 9  . 9 4 8  . 9 4 8  
0948 . 9 4 9  . 9 4 8  . 9 4 9  . 9 4 9  

9 5 0  
9 50 
9 5 0  

0949 . 9 4 9  
.949 
0948 . 9 4 9  . 9 4 8  

948 . 9 4 8  . 9 4 7  . 9 4 7  . 9 4 7  . 9 4 8  . 947 . 9 4 7  . 947 . 9 4 7  . 9 4 8  . 948 . 9 4 7  . 9 4 7  
9 4 6  

0947 . 9 4 7  
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TABLE 2.- Continued 

(h) Case 7: test 8, run 20, M1 

x, cm 

2 0  65 
23 83 
270 00 
30 1 8  
33.35 
36.53 
39 70 
42.88 
58 075 
61.93 
65 10 
68 28 
7 1  045 
74.63 
80.96 
84.15 
9 0  50 
96.85 

100.03 
1 0 6  0 3 8  
1 0 9 0  55 
112 73  
1 1 4 0 6 3  
122 025 
125.43 
1 3 1 0 7 8  
134.95 
138 1 3  
1 4 1  30  
1 4 4  48 
147.65 
1 5 0 0 8 3  
160.35 
1 6 3 0 5 3  
1 6 6 0 7 0  
173.05 
176.23 
182.58 
185.75 
188  093 
192.10 
1 9 5 0 2 8  
2 0 1  63 
207 98 
211.15 
214.33 
217.50 
220 68 
223 85 

9, Wcm2 

-.9862E-01 
-09291E-01 
-09414E-01 
-08858E-01 
- 0  8 7 7 l E - 0 1  
-08241E-01 
-.8031E-O1 
-.7832E-01 
-06543E-01 

6605 E-01 
-.7267€-01 
-.6624€-01 
-.6270E-01 
-06366E-01 
- 0  6148E-01 
-*4441€-01 
- *5226E-01 
-04644E-01 
-04290E-01 
-.4179€-01 
e. 3667E-01 
-*3996E-01 
-03547E-01 
-03720E-01 
-02681E-01 
-04239E-01 
- 0  4711E-01 
- 0  5022 E - 0 1  
- 0  5946E-01 
- e  6037E-01 
-.6601E-01 
-.64266-01 
-06679E-01 
-07953E-01 
-08707E-01 
-.9142E-01 
-08624E-01 
-08274E-01 
-09158E-01 
-09788 E-01  
-09528E-01 
-.9088E-01 
-08532E-01 
- 0  7957E-01 
-.9045€-01 
-09562E-01 
-09971E-01 
-09058E-01 
-09274E-01 

Tw, K 

287 9 9  
288 1 6  
288.15 
288 28  
268  0 3 0  
288 50 
2 8 8 0 5 1  
288 39 
288 46 
288.62 
288 40 
288 50 
2 8 8 0 4 9  
288 0 56 
288.47 
za9.26 
288.68 
280  064 
2 8 8 . 8 4  
289 e 0 6  
288 86 
289 19 
289.13 
289 37 
289.33 
289.46 
2 8 9 0 3 1  
289 I 5  
289.13 
289.03 
289.07 
288 94 
288.86 
288 74  
288.59 
288.  58 
288.59 
288 75 
2 8 8 0 5 3  
288 39 
288  027 
288 48 
288.51 
28807C 
288.53 
288  032 
288 0 1 4  
288 32 
288 18 

= 17.31 

Tw/Tt 

. 954 . 955 
0955 
.955 . 955 
0956 

956 
0 9 5 5  

956 
956 

0955 
9 5 6  

0956 
956 
956 
958 

0 956 
956 

0957 
0958 . 957 

958 
9 5 8  . 959 . 9 5 9  . 959 . 959 
9 5 8  

0 958 
958 
958 

0 957 
957 

.957 
0 956 
0956 
e 9 5 6  
0 957 

956 
0955 . 955 
0 9 5 6  

956 . 957 
0 956 
0955 . 955 

955 
.955 
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TABLE 2.- Continued 

(i) Case 8: test 8 ,  run 21, M1 

x, cm 

20.65 
23.83 
27.00 
30 18 
33.35 
36 053 
39 7 0  
42  088 
5 8  075 
6 1  093 
65.10 
68 028 
7 1  45 
74.63 
80.98 
84.15 
90.50 
96 85 

100 03 
106.38 
1 0 9  55 
112  073 
114.63 
122 025 
125 43 
131.78 
134.95 
130.13 
1 4 1  30 
1 4 4  48 
1 4 7  65 
150.83  
160.35 
163 53 
1 6 6  70 
173 005 
176.23 
182 .58  
185.75 
188  093 
192.10 
195 028 
2 0 1  63 
207.98 
211.15 
214.33 
217 50 
220.68 
223 085 

q, Wcm2 

-08922E-01 
-.8591€-01 
-.8621E-01 
- 0  7993E-0 1 
-.7676E-01 
-.7124E-01 
-07375E-01 
-.6863€-01 
-*5907E-01 
-05766E-01 
-06229E-01 
-.5832E-01 
-.5826€-01 
- 0  5369E-01 
-.5162€-01 
-04027E-01 
-.4607€-01 
-.4523E-01 
-.3811E-01 
- 0  3766E-01 
-.4032€-01 
-03178E-01 
-.2800E-01 
-03377E-01 
-.3329E-01 
-02797E-01 
- 0  3722 E - Q l  
-.3501E-01 
-03959E-01 
-04324E-01 
-04039E-01 
- 0  4106E-01 
-04726E-01 
-04842E-01 
- 0  5497E-01 
-.5984E-01 
-.5919E-01 
-.5775E-01 
- 0  6601  E-01 
-.6601€-01 
- 0  7045E-01 
-06606E-01 
-06792E-01 
-05998E-01 
-.7072E-01 
-.7540E-01 
-.783CE-01 
- 0  7623E-Ql  
- 0  7561E-01 

Tw, K 

289.20 
289 34 
289.38 
289 46 
289.47 
289.64 
289 7 1  
289.58 
289 74  
289.87 
289.63 
289.74 
289.79 
289.83 
289 74  
290 1 8  
289 07 
289 8 1  
289 93 
290 07 
289 96 
290 11 
290.02 
290 34 
290 39 
290.58 
290 57 
290.39 
290 045 
290.65 
290 45 
290.37 
290.37 
290.22 
290.09 
290.08 
290 05 
290 1 2  
289 97 
289 78 
289.69 
289 e 79 
289 83 
289 9 1  
289 77  
209 62 
289 46 
289.62 
289.47 

= 17.13 

TwlTt 

956 . 957 
0957 . 9 5 7  . 957 

958 . 958 
958 

0958 
959 
958 . 958 
958 . 958 

e 958 
9 60 . 959 
958 

.959 . 959 
0959 

959 . 959 
960 
960 
9 6 1  
9 6 1  
960 
960 
960 
960 
960 
960 
960 . 959 

0959 . 959 . 959 
0959 

958 
0998 

958 
958 . 959 

0958 
958 

0957 
958 . 957 
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TABLE 2.- Continued 

(j> Case 9: test 8 ,  run 22, MI 

qt W/cm2 

-0778OE-01 
- 0  7 6 7 9 6 - 0 1  
- 0 7 5 9 8 E - 0 1  
- 0 7 0 8 6 E - 0 1  
- 0 6 8 2 0 E - 0 1  
- 0 6 8 5 2 E - 0 1  
- 0 6 2 8 9 E - 0 1  
- 0  6 109E-01 
- 0 5 1 8 9 E - 0 1  
- 0  5103E-01 
- 0 5 3 0 2 E - 0 1  
- 0 4 5 9 2 E - 0 1  
- . 4 8 6 7 € - 0 1  
-04483E-01  
-04437E-01  
- 0  3680E-01 
- 0 4 0 0 7 E - 0 1  
- 0  4112E-01 
- .3280E-01  
- . 3 7 9 2 E - 0 1  
- 0 3 4 2 5 E - 0 1  
-03260E-01  
- 0  3292E-01 
- . 2 8 3 5 € - 0 1  
- .2340E-01  
-02992E-01 
- 0 3 1 4 7 E - 0 1  
- 0 2 5 9 3 E - 0 1  
- 0 2 9 9 6 E - 0 1  
- 0  3 196  E-01 
-02578E-01  
- 0  2985E-01 
- 0 2 1 2 9 E - 0 1  
- 0  2817E-01 
- 0 3 0 0 2 E - 0 1  
- 0 3 4 1 6 E - 0 1  
- 0 3 3 3 9 E - 0 1  
- 0 3 5 6 3 E - 0 1  
- 0 3 7 2 8 E - 0 1  
- 0 3 6 7 4 E - 0 1  
- 0  3637E-01 
- 0 3 7 4 4 E - 0 1  
- . 3 6 7 4 € - 0 1  
- 0 3 3 6 8 E - 0 1  
-04097E-01 
- 0 4 6 5 0 E - 0 1  
- 0  4845E-01 
- 0 4 9 4 7 E - 0 1  
- 0  4806E-01 

= 16.85 

Tw& 

0 9 6 3  
0 9 6 3  
0 9 6 3  
0 9 6 4  
0 9 6 4  
0 9 6 5  
0965  
0 9 6 4  

9 6 5  
0 9 6 5  
0 9 6 4  

9 6 5  
9 6 5  

0 9 6 5  
0 9 6 5  
0 9 6 6  
0 9 6 5  
0 9 6 5  

9 6 5  
0 9 6 6  

9 6 5  
9 6 5  

0 9 6 5  
0 9 6 6  
0 9 6 6  
0 9 6 7  
0 9 6 6  
0 9 6 6  
0 9 6 6  

9 6 6  
0 9 6 6  
0 9 6 7  
0 9 6 7  
0 9 6 7  
0 9 6 7  

9 6 7  
0967  
0 9 6 7  

9 6 7  
0 9 6 6  
0 9 6 6  
0 9 6 6  
9 6 6  

0 9 6 6  
0 9 6 6  
0 9 6 5  
0 9 6 5  

9 6 5  
0 9 6 5  
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TABLE 2 . -  Continued 

(k) Case 10:  test 34, 

x, cm 

42  033 
4s  077 
49.20 
52  064 
56 0 0 8  
59.52 
6 2  095 
66.39 
69.83 
73   027  
76.71 
80.14 
83.58 
87.02 
90   045 
9 3  8 9  
97.33 

1 0 0  7 7  
104  820 
107.64 
111.08 
112 003 
114.52 
117.95 
119.67 
121.39 
124.83 
1 2 8  026 
131.70 
1 3 2   0 4 0  
135.14 
154.94 
156.65 
158   037  
160.09 
161.81 
163.53 
165 025 
166   097  
1 6 8   0 6 9  
170.40 
172  812 
173.84 
175 0 5 6  
177.28 
179 000  
180.72 
182.44 
184.16 

9, Wcm2 

.4100E+00 

.5108E+00 

.6008E+00 
7119E+00 

.8154E+00 

.9750€+00 

.9918€+00 

.1224E+01 

.1269€+01 

.1260E+01 
1343E+Ol  

.1264€+01 

.1303E+01 

.1226€+01 

.1169E+01 
1 2 3 6 € + 0 1  

.1248E+01 

. l l 7 8 E + O 1  

.1158E+01 

.1139€+01 

.1148€+01 
1085E+O 1 

.9917E+00 
1 0 8 9 € + 0 1  

.1014E+01 

.8103E+00 

.9151E+00 
7496E+00 

.8023E+00 
7666€+00 

.8405E+00 

.7899E+00 

.7524E+00 
7069E+00 
7644€+00 
7468E+00 

.7695E+00 

.7638E+00 

.69846+00 

.7659E+00 

.7129E+00 

.7430€+00 

.7523€+00 

.7385€+00 
0725  1E+00 
.6905E+00 
.6932E+00 
.7018E+00 
.7179E+00 

run 8, M1 

Tw, K 

124.70 
124.70 
123.51 
122   091  
122.62 
122.91 
121.13 
1 2 2  091 
123.81 
123.51 
124.40 
122.02 
123.21 
122 032 
122.02 
124.10 
123.81 
124.10 
123.51 
125 -00  
125.59 
125  059 
127.38 
125 05'9 
122 32 
132.73 
129.76 
134.52 
133.92 
130.35 
135.11 
138.98 
137.20 
136.31 
137.79 
137.20 
135 7 1  
135.11 
134  022 
134.52 
132 1 4  
132.73 
131.25 
132.14 
1 3 0  006 
129.46 
1 2 9  1 6  
129.76 
128.27 

= 18.04 

Tw/Tt 

e402 
0402 
0 3 9 8  

396 . 395 
396 
3 9 1  
396 . 399 . 398 
4 0 1  . 393 . 397 

.394 . 393 
400 . 399 
400 

0398 
403 
405 
405 

0 4 1 1  
405 

0394 
042  8 
0 4 1 8  
0434 

432 
420 

0436 
0448 
442 
440 . 444 
442 

,438 
436 

0433 . 434 
426 
428 

0 4 2 3  
426 

0419 
417 

8417 
0418 
414 
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x, cm 

185  087 
189.31 
191.03 
1 9 2  075 
194.46 
196.18 
197.90 
199.62 
201.34 
203.06 
204.78 
206.50 
2 0 8  e 2 2  
2 0 9  093 
211.63 
213.37 
215 009 
216.81 
218 05 3 
220.25 
221.97 
223.69 

TABLE 2.- Continued 

(k) Concluded 

9, Wcm2 

.6947E+00 

.5537E+00 

.5871E+00 

.7485E+00 

.6261E+00 

.7228E+00 

.7185E+00 
76  71E+00 

.6853E+00 

.6553E+00 

.6421E+00 

.6172E+00 

.6060E+00 

.6485E+00 

.6115E+00 
76  19E +00 

.6674E+00 

.6355E+00 

.7465E+00 

.7648E+00 
7070E+00 
7174E+00 

Twr K 

128.57 
164  e88 
121.42 
126.48 
125.29 
125 29  
123.81 
126.78 
124.70 
123.81 
122.02 
124.40 
127.67 
124.40 
122.62 
124.70 
124.40 
1 2 1  1 3  
121.72 
123.21 
122.32 
123.81 

Tw/Tt 

e415 
0532 
392 
408 

0404 
404 . 399 
409 . 402 . 399 . 393 . 4 0 1  

e412 
4 0 1  . 395 
402 
0401 

3 9 1  . 393 . 397 . 394 . 399 
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TABLE 2.- Continued 

(1) case 

x, cm 

42   033  
45  077 
49.20 
52.64 
56  e 0 8  
59.52 
6 2   0 9 5  
66  e39 
69.83 
7 3  e2 7 
76 .71  
80.14 
83.58 
87.02 
9 0  45 
93 089 
97.33 

100.77 
104.20 
107   e64  
111.08 
1 1 2  m03 
1 1 4  e52 
117.95 
119.67 
121.39 
124.83 
128.26 
1 3 1  070 
132.40 
1 3 5   e 1 4  
154.94 
1 5 6  065 
158.37 
160.09  
1 6 1 . 8 1  
163.53 
1 6 5   0 2 5  
1 6 6   0 9 7  
168.69  
170   e40  
172  e12 
173.84 
175  e56 
177.28 
1 7 9  000 
1 8 0  7 2  
182.44 
184.16 

,-. - 11 : t e s t  34, 

9, W c m 2  

.2844€+00 
355  1E+00 

e4426E+00 
e5422E+00 
.6535E+00 
.7554E+00 
m?594E+00 
.9306E+00 
. 9 4 8 9 € + 0 0  
.9295E+00 
.1022E+01 
.9314E+00 
m9649E+00 
.9337E+00 
.8866E+00 
.9162E+00 
0 8 9 4 1 E + 0 0  
e8854E+00 
.8695E+00 
* 8 2 7 3 E + 0 0  
.8444E+00 
.7971E+00 

8 100E+00 
.8205E+00 
.7677E+00 
.7065E+00 
.7588E+00 
06 1 5  4E+00 
.6844E+Q0 
.5955E+00 
.6063E+00 
.3792E+00 
.3575E+O0 
b3945E+00 
.4144€+00 
.4074E+00 
.437OE+00 
.4511E+00 
.4816E+00 
.5101E+00 
.5152E+00 
.5421E+00 
.5667E+00 
.5607E+00 
* 5 6 9 5 E + 0 0  
e5514E400 

5 7 1  3E +00 
.5750E+00 
0 5  82  l E + 0 0  

run 19, MI 

Tw, K 

146.55 
146   e24  
144.67 
1 4 3 . 1 1  
142.17 
141.23 
139.35 
139.66  
139.98  
139.04  
139.35 
137.47 
1 3 8  0 7 2  
137.16 
137.47  
1 3 9 . 3 5  
139.66  
140.29  
1 4 0 . 9 1  
143.11  
144.67  
146.86 
145  093 
145.61  
142.17  
151.07  
150   e94  
156.26 
156  e26 
1 5 5   0 6 3  
160.02  
1 8 9  e 7 7  
1 8 9 . 1 4  
187.57 
1 8 6  e 0 1  
1 8 6   0 0 1  
1 8 4  e 75 
182.25 
178.18 
178.49 
1 7 5   0 9 9  
173.48 
169.10 
169.72 
167.85 
1 6 5  e 0 3  
162   e21  
162.52 
161.27 

= 18.04 

Tw& 

4 6 8  
467 

0462 
e457 . 454 
0 4 5 1  . 445 
0 4 4 6  
0447 
e444 
e445 
e439 
e443 
0438 . 4 3 9  . 445 

446 . 448 
450 . 457 
462 
4 6 9  
466 
465 

0454 
0 4 8 5  
e 482 
0499 
e499 . 497 
0 5 1 1  

6 0 6  
e604 
0599 
e594 
e594 
e 5 9 0  
e582 
0 5 6 9  
- 5 7 0  

562 
0554 

5 4 0  
e542 
e536 
0527 

518 
0519 
e515 
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x, cm 

185  087 
189.31 
191 0 0 3  
192 75 
194 46 
196.18 
197.90 
199.62 
201 034 
203 0 0 6  
204.78 
206.50 
208.22 
209.93 
211.63 
213.37 
215 009 
216.81 
218.53 
220.25 
221.97 
223 069 

TABLE 2.- Continued 

(1)  Concluded ’ 

9, W/cm2 

.5736E+00 

.46356+00 

.5355€+00 

.6285E+00 

.537OE+00 

.5996E+OO 

.5997E+00 

.6460E+00 

.5634E+00 

.5502€+00 
495 1E +00 
.5086€+00 
.5490E+00 
.5062€+00 
.4787E+00 
.6039E+00 
.5609E+00 
.5404E+00 
.5586E+00 
.5696E+00 
.5577E+OO 
.5129E+00 

Twr K 

159 70 
186.63 
153.75 
155.32 
152.81 
154.69 
155 032 
154.69 
152.50 
154.07 
154.69 
154.38 
154.07 
155.01 
155 095 
156.26 
155 001 
155.32 
156.57 
156.57 
135 063 
157.82 

Tw/Tt 
0510 
0596 
0491 
0496 . 488 
0494 
496 . 494 
0487 
492 . 494 . 493 
492 

0 495 . 498 . 499 . 495 
496 
0500 
500 . 497 
0504 
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TABLE 2.- Continued 

(m) case 

x, cm 

42.33 
45  077 
49  020 
52   064  
56 0 0 8  
59  052 
62   095  
66 39 
69.83 
73 02 7 
76 07 1 
80.14 
83.58 
87.02 
90.45 
93.89 
9 7  033 

100 0 7 7  
1 0 4  e20 
107.64 
111.08 
112 e03 
114  -52  
117.95 
119.67 
1 2 1   0 3 9  
124.83 
128   026  
131.70 
132 a40 
135  014 
154.94 
156   065  
158   037  
160.09 
1 6 1  0 8  1 
163 .5 3 
165 025 
1 6 6   0 9 7  
168.69 
170.4Q 
172.12 
173.84 
175.56 
177.28 
1 7 9  000 
180.72 
1 4 2 0 4 4  
184.16 

. .  - 12: test 34, 

9, Wcm2 

.2051E+00 

.2750€+00 

.3349E+00 

.4319E+00 

.5238E+00 

.6167€+00 

.616OE+00 

.7739€+00 

.8087€+00 
.8017€+00 
e852  1€+00 
.7690E+00 
.7958€+00 
.7594€+00 
.7112€+00 
.7408€+00 

7309E+00 
7033E+00 
7012E+00 

.6858€+00 

. f 032€+00  

.6396€+00 

.6564€+00 

.6619E+00 

.6288€+00 

.5538€+00 

.6192€+00 

.4763E+00 

.4996E+00 

.4956E+00 

.5027E+00 

.2631€+00 

.2609€+00 

.2575E+Q0 

.2660€+00 
2 745€+00 

.2856E+00 
300 8E +00 

.3033€+00 

.3383E+00 

.3293E+00 

.3552€+00 

.3759€+00 

.3681€+00 

.3771€+00 

.3631€+00 

.3836E+00 

. 3 8 8 9 € + 0 0  

.4079€+00 

run 20, M1 

Tw, K 

179.27 
178.95 
176.72 
175.13 
173.21 
171  e62 
1 6 9  38 
lb9.70 
169.38 
168.75 
168 075 
167.79 
169.06 
168.75 
169.38 
170 098 
170  098 
171.62 
171.62 
172.57 
172.89 
174.17 
173.53 
172 89 
170.66 
177.04 
176.08 
181.19 
183.10 
180.23 
187.57 
213.72 
212.77 
213.09 
212.77 
2 12 0 4 5  
211.17 
209.90 
207.66 
207  002 
205.75 
204.47 
201.28 
201.28 
199.69 
197.45 
194.58 
194.90 
193.31 

= 18.04 

Tw& 

5 7 1  
570 

0563 
8558 
8552 
8547 
e540 
8541 

540 
8538 
0538 
8535 . 539 
0538 
8 5 4 0  
8545 
0545 
0547 
8547 

550 
8551 
8555 
0553 

5 5 1  . 544 
564 

e561 
8577 . 583 . 574 
e 598 
.681 
8678 
0679 
0678 
e677 
e673 
e669 
e662 
660 

8656 
0651 
8641 
e641 
a636 
8629 
0620 

6 2 1  
06 16 

60 



x, cm 

1 8 5   0 8 7  
189.31 
1 9 1   0 0 3  
192.73 
194.46 
196 18 
197.90 
199 e62 
201.34 
203.06 
204.78 
206  0 5 0  
2 0 8  022 
2 0 9  e93 
211.63 
213.37 
2 15  e09 
216.81 
218.53 
220  025 
221.97 
223   069  

TABLE 2.- Continued 

(m) Concluded 

qr W/cm2 

.4090E+00 

.3263E+00 

.3567E+00 

.4232E+00 

.3389E+00 

.4069E+00 

.4441E+00 

.4186E+00 

.3667E+00 

.3632E+00 

.3948E+00 

. 3 8 2 5 € + 0 0  

.3106E+00 
392  3E+00 
3 770E +00 

.4069E+00 

.3675E+00 

.3695E+00 

.3834E+00 

.4022€+00 

.3810E+00 
3848E+00 

Tw, K 

191.71 
2 11 017 
186.61 
186.93 
185 065 
185 0 3 3  
184.38 
185  097 
186.29 
185  065 
183.42 
187.88 
192.99 
188.84 
185.65 
186.93 
187.57 
184.38 

8 7 . 0 8  
184.06 
184.38 
184.70 

Tw/Tt 

0 6 1 1  
0673 
0595 
0596 

5 9 1  
590 

e587 
e592 . 594 
0 5 9 1  
0584  . 599 
0615 
0 602 
0 5 9 1  

596 
0598 
0587 
a277 
0586 
e587 
0588 
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TABLE 2.- Continued 

(n) case 

x, cm 

42  e33 
45 e77 
49  e20 
52 e 6  4 
56 e 0 8  
59.52 
6 2  e95 
66  e39 
6 9  e83 
73.27 
76.71 
80.14 
83  e58 
87  e02 
90 e 4  5 
93.89 
97.33 

100e77 
104.20 
107.64 
111 e 0 8  
112.03 
114052  
117.95 
119  e6 7 
121.39 
124.83 
128  e26 
131.70 
132 e 4 0  
135  e14 
154  e94 
156 e65 
158  e37 
160  e09 
1 6 1  e 8  1 
163 e5 3 
165 e25 
166.97 
168 e 6  9 
170 e40 
172  e12 
173.84 
175  e56 
177.28 
119.00 
180.12 
182 e 4 4  
184  e16 

. .  - 13: test 34, 

9, W/cm2 

,1090E+00 
e1541E+00 
e1967€+00 
e2672E+00 
e 3399E+00 
e3904E+00 
e4206E+00 
e5132E+00 
e5278E+00 
m5288€+00 
e5550E+00 
e5150E+00 
e5119€+00 
04912E+00 
e4558E+00 
e4682E+00 
e4653E+00 
e4336E+00 
e4401E+00 
e4148E+00 
e4175E+00 
e3791E+00 
e3921E+00 
e4060€+00 
e3825E+00 
e2982€+00 
e3371E+00 
e2354E+00 
e2611E+00 
e2815E+00 
e2334E+00 
e 1911E+00 
e1939E+OO 
e2058€+00 
e2037E+00 
e2007E+00 
e1951E+00 
e2063Ei00 
e1967E+00 
e2118€+00 
e2098€+00 
e2267E+00 
e2203E+00 
e2064E+00 
e2303E+00 
e2163E+00 
e2311E+00 
e2258€*00 
e2272E+00 

run  44,  M1 

Tw, K 

204.90 
205 e 84 
205 e2 1 
204.99 
204  e27 
203.33 
201.46 
201.77 
201.14 
200.20 
199.89 
198 e95 
199.58 
199.26 
199.58 
200.52 
201.14 
2 0 1  e 77 
202.08 
203 e02 
203.33 
204.59 
204.27 
204.27 
202 e 7 1  
208 e03 
208.03 
212.11 
214.30 
212 e 11 
217.43 
224  e01 
224.33 
224.95 
225.27 
226.21 
225 e 89  
225.89 
224 e 95 
225.58 
224.95 
224.64 
223  e39 
224.01 
222.76 
222.45 
221.19 
221  e51 
219.94 

= 18.02 

Tw/Tt 

e654 
e 657 
e655 
e654 
e652 
e 649 
e643 
e644 
e642 
e639 
e638 
e635 
e637 
e636 
e637 
e640 

642 
e644 
e645 
0648 
e649 
e653 
0652 
e652 
e647 
e 664 
e 664 
e677 
e 684 
e677 
e694 

715 
e 716 

718 
e719 
e 722 
e721 
e721 
e 718 
e 720 
e718 
e 717 
e 713 
e715 
e 711 
e710 
c 706 
e 707 
e 702 
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x, cm 

185 a 8  7 
189.31  
191.03 
192 75 
194 m46 
196.18 
197.90 
199 e62 
201.34 
203  a06 
204.78 
206  .50 
208.22 
209  093 
2 11 a63 
213.37 
2 15  e09 
216.81 
218.53 
220.25 
221.97 
223.69 

TABLE 2.- Continued 

(n) Concluded 

q, W/cm2 

.2364€+00 
1940€+00 

.2277€+00 

.2290E+00 

.2052E+00 
1938€+00  

.2259E+00 

.2406€+00 
m2087€+00 
. l 8 l l E + 0 0  
.S 196E+00 

1355E+00 
.1682E+00 
.1546E+00 
.1700€+00 
.2162€+00 
.2092E+00 
.2175€+00 
*2248E+00 
.2264E+00 
.2278E+00 
.2375€+00 

Twr K 

219.94 
234.35 
215.55 
217.43 
217.75 
2 17  e43 
2 15 a24 
217.12 
218.69 
2 18  e69 
217.43 
221  02 
221.82 
222  013 
219.63 
219.94 
219.63 
2 17.12 
214.93 
216.18 
215.55 
214.93 

Tw/Tt . 102 . 748 
a688 
694 

e695 
e694 
e687 
0693 
m698 
a698 
-694 

708 
708 
709 
7 0 1  
702 
7 0 1  

0693 
0686 

690 
-688  
a686 
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TABLE 2.- Continued 

(0) Case 14:  test  34, run 24,  M1 

x, cm 

42.33 
45 077 
49  020 
5 2  064 
56.08 
59.52 
62   095 
66 0 3 9  
69.83 
73  027 
76  071 
80.14 
83 0 5 8  
87  e02 
90.45 
93  089 
97.33 

100  77  
104.20 
107.64 
111.08 
112  003 
114.52 
117.95 
119.67 
1 2 1   0 3 9  
124.83 
128  026 
131.70 
132  0 4 0  
135  014 
154.94 
156.65 
158   037  
160   009  
161.81 
163  05 3 
165  025 
166  097 
168   069  
170.40 
172  012 
173.84 
175  056 
177.28 
179.00 
180.72 
182  044 
184 16  

q, W/cm* 

1805E-02 
4 38 7E-0 1 

0756 3E-0 1 
. l l 7 4 E + 0 0  

1477E+00 
.1931E+00 
.2081E+00 
.2540E+00 
.2518E+00 
.2492E+00 
.2469E+00 
.2507E+00 
.2620E+00 
.2456E+00 
.2298E+00 
.2335E+00 
.2174E+00 
.2119€+00 
.1990E+00 
.1926E+00 
.1944E+00 

1716E+00 
1592E+00 

.1740€+00 
1862E+00 

.1183€+00 

.1530E+00 
9815 E-0 1 

.1185E+00 
1298E+00 

.1168E+00 
05951E-01 
o5650E-01 
05505E-01 

4982E-0 1 
o4531E-01 
04253E-01 
04506E-01 
03925E-01 
05 149E-01 
05443E-01 
060446-01 
e6257E-01 
06239E-01 
05303E-01 
05112E-03 

72 8 4E-0 1 
073206-01 
08105E-01 

Twr K 

238.85 
239.46 
239.46 
239.77 
239.77 
239.46 
238.54 
238.23 
237.93 
237.00 
236.39 
235.16 
234.86 
234.24 
233.93 
233.93 
233.93 
233.93 
2 33  093 
2 34 055 
234.86 
235.78 
235.47 
235.16 
233.93 
237.31 
237.00 
238.85 
239.46 
239.15 
241.00 
248.36 
248.98 
249.28 
249.59 
250.51 
250.51 
250.51 
250.21 
250.51 
250.51 
250  02 1 
249.28 
249.59 
249.28 
248.67 
247.44 
247.75 
247.44 

= 18.04 

TdTt . 778 
780 
780 

0 7 8 1  
- 7 8 1  
780 . 777  
776 . 775 
772 
770 
766 

0 765 
a763 
0762 

762 
762 
762 
762 
764 
765 
768 
767 
766 
762 . 773 
772 . 778 
780 . 779 
785 
809 

0811 
812 

e813 
0816 

816 
0 816 
0815 

816 
816 

0815 . 812 
0813 . 812 

810 
806 
807 
806 
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x, cm 

185.87 
189.31 
191.03 
192 e75 
194.46 
1 9 6   e l 8  
197  e 9 0  
199.62 
201e34 
203 e06 
204.78 
206.50 
208.22 
209.93 
2 11 e63 
213.37 
2 15  e09 
216 .81  
218.53 
220 e25 
221.97 
223  e69 

TABLE 2. - Continued 

(0 )  Concluded 

q r  w/cm2 

e8062E-01 
e6977E-01 
e 9 173E-0 1 
e 9 31  OE-01 
e9361E-01 
e1032E+00 
e8202E-01 
e9848E-01 
e9820E-01 
e 1095E+00 
e8669E-01 
e9400E-01 
e8206E-01 
e1021E+00 
e 90  11E-0 1 
e9376E-01 
e 9906E-0 1 
e1241E+Q0 
e 9 797E-0 1 
e1211E+00 
e 1145E+00 
e9945E-01 

T w r  K 

246.83 
255.12 
244.99 
244.68 
243.45 
243 e 14 
243.45 
243.76 
242.22 
242.22 
242.22 
242.22 
241.61 
241.92 
241.92 
241.00 
240.38 
240.07 
239.77 
239.77 
239.15 
239.46 

T d T t  

e 804 
e831 
e 798 
e 797 
e793 
e 792 
e 793 
e 794 
e 789 
e 789 
e 789 
e 789 
e 787 
e788 
e 788 
e 785 
e783 
e782 
e 7 8 1  
e 7 8 1  
e 779 
e780 
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TABLE 2 . -  Continued 

(PI Case 

x, cm 

42  033 
45 . 7 7  
49   020  
32   064  
56 00 8 
59.52 
6 2  095 
66039 
69.83 
73 0 2 7  
76  e71 
60.14 
8 3 0 5 8  
87.02 
90 045 
93  089 
97.33 

100.77 
104   020  
107.64 
111.08 
112  003 
114.52 
117.95 
1 1 9 0 6 7  
121.39 
1 2 6 0 8 3  
128.26 
131.70 
1 3 2 0 4 0  
135.14 
154.94 
156  065 
158.37 
160.09 
161.81 
1 6 3  0 5 3  
165  025 
166  a97 
1 6 8   0 6 9  
170.40 
172  a12 
173.84 
175  056 
1 7 7  02 8 
1 7 9  000 
180.72 
182.44 
184.16 

15:  test 34, 

q, W/cm2 

-07224E-01 
-06509E-01 
-.5520E-01 
-044576-01 
-03284E-01 
-01134E-01 

05244E-02 
19756-02 

-08955E-02 
-01357E-01 
- 0  406  1E-01 
-03642E-01 
-06107E-01 
-06346E-01 
-08164E-01 
-09695E-01 
-.1076E+00 
- 0  1168E+00 
-.1160E+00 
-.1186E+00 
-.1184E+00 
- 0  1173€+00 
-.1274E+00 
- 0  1150E+00 
-09224E-01 
-.1491E+00 
-01261E+00 
-.1484E+00 
-.1285E+00 
-.1135E+00 
-.1312E+00 
-.1081E+00 
-09365E-01 
-07543E-01 
- . l l t 2 E + 0 0  
-.1098E+00 
-.1168E+00 
-09480E-OL 
-.9615E-01 
-.1120E+00 
-.1053E+00 
-09855E-01 
-.1012E+00 
-01105E+00 
-.1062E+00 
-09899E-01 
-09805E-01 
-.1007E+00 
-.1049E+00 

run 26, M1 

Tw, K 

283.79 
283.79 
284.10 
284.10 
284.72 
284.10 
284.41 
284.41 
284.41 
284.41 
284.41 
284.41 
284.41 
284.10 
284.10 
284.10 
284.10 
284.10 
284 10 
284.10 
284.10 
284.10 
284.10 
284.10 
284.10 
284.41 
284.10 
284.41 
284.10 
2 8 4  10 
284 1 0  
284.10 
284 10 
284.10 
284.41 
284.41 
2 8 4 0 4 1  
284.41 
284.41 
284.41 
284.41 
284.41 
284.41 
284.41 
2 8 4 0 4 1  
284.41 
284.41 
284.41 
284 010 

= 1 8 . 0 2  

Tw/Tt 

0915 
915 
916 
916 

0 9 1 8  
916 

0 9 1 7  
917 
917 

0917 
917 

0917 
0 9 1 7  

916 
0916 

916 
916 
916 

e916 
916 
916 

e916 
916 

0916 
916 

0 9 1 7  
0916 
0 9 1 7  

916 
0 9 1 6  
0 916 
916 
916 
916 

0 9 1 7  
0917 

917 
917 

0917 
0 9 1 7  
917 

- 9 1 7  
0917 
0 9 1 7  
0917 
0 9 1 7  
0917 
917 
916 
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x, cm 

185  e87 
189.31 
191.03 
192 e75 
194  e46 
196 e18 
197.90 
199.62 
201.34 
203.06 
204.78 
206 e50 
208  e22 
209  e93 
211.63 
213.37 
2 15  e09 
216  e81 
218.53 
220.25 
221.97 
223.69 

TABLE 2.- Continued 

(p) Concluded 

qr 

-e9999E-01 
-07391E-01 
-e7123E-01 
-.9703E-01 
-e7543E-01 
- e  96 17E-0 1 
-e1088E+00 
- e  1019E+08 
-e7892€-01 
-e7175€-01 
-e1045E+00 
-e8383€-01 
-e9533€-01 
-e7755€-01 
-e1003€+00 
-e9103€-01 
-e6186€-01 
-07141E-01 
-e1004€+00 
me8467E-01 
- .7669€-01 
-e8850€-01 

Twr K 
284.41 
285  e34 
284.41 
284 e 10  
204eP0 
284 e10 
284.41 
284.10 
204e10 
283.79 
283  e79 
283  e79 
283 e 79 
283.79 
284.10 
283.79 
283.79 
283.79 
283.79 
203.79 
283.79 
283.79 

TdTt 
e917 
e 920 
e917 
e916 
e916 
e 916 
e 917 
e916 
e916 
e915 
e 9x5 
0915 
e 915 
e915 
e916 
e 915 
e 915 
e915 
e915 
e915 
e 915 
e915 
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TABLE 2. - Continued 

(91 Lase 

x, cm 

42  033 
45  077 
49 020 
52  064 
56 0 0 8  
59.52 
62  095 
66 0 3 9  
69.83 
73  -27 
76  071 
80.14 
83.58 
87  002 
90.45 
93  089 
97.33 

100.77 
104.20 
107 06 4 
111.08 
112 003 
114.52 
117.95 
119.67 
121.39 
124 08 3 
128  -26 
131.70 
132  040 
135.14 
154.94 
156  065 
158   037  
160  009 
161.81 
163.53 
165 025 
166  097 
168  069 
170  040 
172 12 
173 08 4 
175  056 
177  02 8 
179.00 
180.72 
1 8 2  044 
184.16 

,-, "" 16:  test 34, run 1 6,  M1 

Twr K 

108.57 
109.17 
108.27 
107.67 
107.37 
107.07 
106.47 
107.37 
107.67 
107.97 
108.57 
107.97 
109.17 
109 1 7  
109.47 
111 026 
111.56 
112.46 
112.76 
113.66 
114.56 
114.56 
115.46 
114.26 
113.06 
118.76 
116.66 
119.96 
119.96 
118.76 
120.56 
109.47 
108 027 
108 87  
110.66 
110.36 
108 87 
110.07 
111.26 
111.26 
107.97 
110.96 
111.26 
111 026 
108.87 
110.36 
112.76 
112.16 
109.47 

= 17.55 

Tw/Tt 

362 
364 
3 6 1  

0359 
0358 . 357 
0355 
-358 
0359 

360 
362 
360 
364 
364 
365 

0371 
e372 . 375 
376 

0379 
0382 

382 . 385 
381 

0377 
396 . 389 
400 

0400 
396 

,402 
365 

0361 
363 
369 
368 . 363 
367 

0371 
- 3 7 1  

360 
370 
3 7 1  
371 
363 
368 

a376 
.374 

365 
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x, cm 

1 8 5  08 7 
189.31 
1 9 1   0 0 3  
1 9 2  075 
194  046 
196   018  
1 9 7   0 9 0  
199.62 
201.34 
203   006  
2 0 4 . 7 8  
206.50 
208 022  
2 0 9  0 9 3  
2 11 0 6 3  
213.37 
213.09 
216.81 
218.53 
220.25  
221.97 
223.69 

TABLE 2.- Continued 

(9) Concluded 

qr W/cm2 

.5396E+00 

.4043E+OO 

.+266€+00 

.5196E+00 

.4033€+00 
4995 E+OO 

.5033E+00 

.5192E+00 
4411E+00 

.4328€+00 

.4460€+00 

.4274E+00 

.3965E+00 

.4328E+00 

.4152E+00 

.479ZE+08 

.4379E+00 

.4217E+00 

.4542E+00 

.4580E+00 

.434OE+OO 

.4360€+00 

Tw, K 

112.46 
152.65 
108.57 
113.06 
115 1 6  
116.06 
113 006 
115.46 
118 16 
116.66 
114.86 
120.26 
124.76 
121.76 
119.36 
120.26 
120.26 
116.66 
114.86 
116.06 
115.46 
115 0 4 6  

Tw/Tt . 375 
e509 

362 . 377 
384 
387 . 377 
385 . 394 
389 

e383 
0 4 0 1  
-416 

406 
.398 

4 0 1  
- 4 0 1  
e 389 
0383 

387 
385 . 385 
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TABLE 2. - Continued 

(r )  Case 1 7 :  test 34, 

x, cm 

42.33 
45  a77 
49  a20 
52  a64 
56.08 
59.52 
6 2  a95 
66 a 3 9  
69.83 
73  e27 
76   a71  
80.14 
83.38 
87.02 
9 0  a45 
93 0 8 9  
97.33 

1 0 0  7 7  
104.20 
1 0 7  a 6  4 
111 e 0 8  
112.03 
114.52 
117.95 
119.67 
121.39 
1 2 4  a 8  3 
128.26 
1 3 1  a 7 0  
132.40 
135  a14 
154.94 
1 5 6  a65 
158.37 
160 a09 
161.81 
163.53 
165  025 
166  a97 
168  a69 
170.40 
172.12 
173.84 
175 a56 
177.28 
1 7 9  a 0 0  
1 8 0  a72 
182.44 
184.16 

9, Wcm2 

m1271E+00 
a1463E+00 
.1652E+00 
.1526E+00 

1447E+00 
a1616E+00 

1623E+00 
195  7E+00 

.2166E+00 
*2367E+00 
a2751E+00 
e2945E+00 
a3353E+00 
*3516E+00 
.3610E+00 
a4190E+00 
.44286+00 
.4292E+00 
.4245E+00 
.4459E+00 
.4322E+00 
a3957E+00 
.3858E.+00 
a4030E+00 

3840E+00 
a3432E+00 

3  910E +00 
*3258E+00 
.3604E+00 
*3531E+00 
a3868E+O0 
.4110E+00 
a3952E+00 
.354OE+00 
a3757E+00 
36  77E+00 

.3811E+00 
*3646E+00 
.3419E+00 
.3587E+00 
a3478E+00 
.3544E+00 
*3537E+00 
*3386E+00 
.3533€+00 
*3243E+00 
.3269E+00 
a3290E+00 
a3296E+00 

run 9, M1 

Tw, K 

177.09 
176.46 
175.20 
173.94 
1 7 3  a 0 0  
172.05 
1 7 1  11 
170.48 
110.48 
169.84 
170.16 
169.84 
170.48 
170.79 
171.74 
173.31 
174.57 
175.83 
177.09 
118.98 
180.24 
181.50 
181.19 
180.87 
178.67 
183.08 
182.13 
184.02 
183.71 
184.02 
183.08 
171.11 
171.11 
171.74 
1 7 4  a26 
173.94 
173  a63 
174.89 
176.15 
115.83 
174.89 
176.78 
177.72 
177.41 
176.46 
177.41 
178.67 
178.35 
177.41 

70 

= 17.55 

Tw/Tt 

562 
560 

a556 
a552 
e549 
a 546 
a543 
a541 
a541 
a539 
a 5 4 0  
a539 
a541 

542 
545 

a550 
e554 
e 558 

562 
a 568 
a572 
a576 
a575 
a574 
a567 
a581 
a578 
584 

a583 
- 5 8 4  
a581 
a543 
a543 
a545 
a553 
e552 
0551 
a555 
a559 
a558 
a555 
a561 
a 564 
a563 

560 
a563 
a567 
566 

a563 



x, cm 

1 8 5  007 
189.31 
191 003 
192.75 
194.46 
196  018 
197.90 
199.62 
2 0 1   0 3 4  
203 006 
204.78 
206.50  
208  022 
209.93 
211.63 
213.37 
213.09 
216.81 
218.53 
220 025 
221.97 
223  069 

TABLE 2.- Continued 

(r )  Concluded 

q, w / a 2  
.3190€+00 
.2637E+00 
.2648E+00 
.3049E+00 
.2343E+00 
.2821€+00 
02 998E +00 
.3069E+00 
.2491E+00 
m2526Et00 
.2510€+00 
0 2 4 3 2 E t 0 0  
m2174Et00 
.2647E+00 
.2458E+00 
.2669E+00 
.2236E+00 
.2216E+00 
.2412E+00 
.2427E+00 
.2168E+00 
.2261E+00 

Twr K 

178.98 
203  025 
177.41 
180.56 
181.82 
183.08 
181.19 
181.82 
184 066 
184.34 
183.71 
186.55 
190.64 
187.81 
186.23 
188.44 
190.01 
187.81 
186.86 
189.07 
190.96 
190.33 

Tw/Tt 

0568  
0645 
0563 
573 

0577 
0581 . 575 
0577 
0586 . 585 . 583 

592 
e605 
0596 
0591 . 598 

603 
596 

8593 
a 6 0 0  
-606 

604 

71 



TABLE 2.- Continued 

I .  I 18:  test 34, (SI case 

x, cm 

42  e33 
45  077 
49 0 2 0  
32 064 
56 0 0 8  
59.52 
62 095 
66.39 
69.83 
73 0 2 7  
76  071 
80.14 
83 0 5 8  
87.02 
90  045 
93   089 
9 7  033 

1 0 0   0 7 7  
104.20 
107.64 
111.08 
112  e03 
1 1 4  e 5 2  
117.95 
119.67 
121.39 
124.83 
128  e26 
131.70 
132 0 4 0  
135  014 
154  094 
156 065 
158   037  
160   009  
161.81  
163 05 3 
165 025 
166 0 9 7  
168.69 
170 40 
172.12 
173  084 
175 056  
177.28 
1 7 9  000 
180 72 
182  044 
184.16 

9, Wcm2 

1088E+00 
l l 7 4 E + 0 0  

.1244E+00 
1300E +00 
1502E+00 

.1560E+00 
1650E+00 

.2109E+00 

.2332E+00 

.2498E+00 

.3063E+00 

.3225E+00 

.3707E+00 

.3849E+00 
3962E +00 

.4312€+00 

.4409E+00 

.4302E+00 

.4321E+00 

.4344€+00 

.4265E+00 

.3928E+OO 

.3978E+00 

.4116€+00 

.3845€+00 

.3187E+00 

.3495E+00 
02 774E+00 
.2828€+00 
.2843E+00 
.2962E+00 

1790E +00 
.1841€+00 
.1779E+00 
.1766E+00 
.1867E+00 

1893E+00 
.2057E+00 
.1961E+00 
.2077E+00 
.2141E+OO 
.2207E+00 
.2272E+00 
.2323E+00 
.2350E+00 
.2238E*00 
.2373E+00 
.2349E+00 
.2490E+00 

run 21, M1 = 17.55 

Tw, K 

177.92 
171.30 
175.76 
173.92 
172.38 
170.22 
168 38 
167.76 
167.14 
166.84 
166.84 
166.53 
167.76 
168  007 
168   068  
170.22 
1 7 1  15 
172.07 
172   068  
174.22 
175.15 
178.53 
176.38 
176.69 
173.92 
180.69 
181.61 
186.54 
189.61 
187.77 
193.92 
208.70 
208.70 
209.01 
209.01 
209.01 
208.39 
207  78 
206.24 
205 093 
204.39 
203.77 
201.00 
2 0 1  3 1  
2 00 008 
198  054 
196.39 
196 3 9  
194 85 

Tw/Tt 

578 
0576 
0 5 7 1  
0565 
0560 
0553 
0547 
0545 
0543 
-542 
0542 
e541 
0545 
0546 
0 5 4 8  
0553 
0556 
0559 
0 5 6 1  

566 
0 5 6 9  
0580 
0573 
0574 

565 
e587 
0590  
606 

e616 
0610 

630 
a678 
0678 
0 679 
0 679 
a679 
0677 
0675 
06  70 
e669 
0664 
0662 
0653 
0 654 
0630 
645 

0638 
638 

0633 

72 

I 



x, cm 

185 e 8  7 
189.31 
1 9 1  a03 
192.75 
194  e46 
196  18 
197.90 
199.62 
201.34 
203 a06 
204 a 7 8  
206 - 5 0  
208 e22 
209.93 
2 11 e 6 3  
213.37 
2 15  a09 
216.81  
218.53 
220 -25  
221.97 
223.69 

TABLE 2.- Continued 

(s) Concluded 

q r  w/m2 

.2480E+00 
1996E+00 

.2256E+00 

.2496E+00 

.2230E+00 

.2452€+00 

.2540E+00 

.2560E+00 

.2196E+00 

.2146E+00 

.2314E+00 
2 0 9 1  E +00 
1691E+00 

*2197E+00 
.2071€+00 
.2349E+00 
.2177E+00 
.2169E+00 
.2327€+00 
.2403E+00 
.2308E+BO 
.2273E+00 

Twr K 

194.23 
213.32 
190.23 
190.85 
190  85 
190.83 
189.00 
190.54 
192.39 
192.08 
190.23 
195.46 
199.77 
196 39 
193.31 
193.62 
194.23 
190.54 
188.08 
189.31 
189 00 
188   069  

Tw/Tt 

a631 
693 

a618 
620 
620 
620 

e614 
e619 

625 
6 2 4  

-618  
06 35 
649  

e638 
628 
629 

a631 
-619  
e611 

615 
e614 
9613 

73 



TABLE 2. - Continued 

(tl case 

x, cm 

42.33 
45 077 
49  020 
52   064  
56.08 
59.52 
6 2  095 
66 0 3 9  
69.83 
73.27 
76.71 
80.14 
83.58 
87.02 
90  045 
93  089 
97.33 

100.77 
104.20 
107.64 
111 008 
112   003  
114.52 
117.95 
119.67 
121.39 
124.83 
128.26 
1 3 1  070 
132  040 
135.14 
154.94 
156  065 
158  a37 
160  009 
1 6 1   0 8 1  
163.53 
165.25 
166 09 7 
168.69 
1 7 0  040 
172  012 
173   084  
175.56 
177.28 
179.00 
180 072 
182.44 
184.16 

,. . - 
19: test  34, 

9, W/cm2 

3 134f-0 1 
02168E-01 
02831E-01 
03655E-01 

4 14 3E-0 1 
04514E-01 
06837E-01 
08228E-01 
.1016€+00 
.1427€+00 

1439E+00 
1652E+00 
1934E+00 

.2058E+00 

.2160E+00 

.2357E+00 

.2448E+00 

.2498€+00 

.2526€+00 

.2503E+00 

.2598E+00 

.2657€+00 

.2514E+00 

.26626+00 

.2436E+00 

.2176E+00 

.2927E+00 

.2327€+00 

.2692E+00 

.2821€+00 

.2988E+00 

.1943E+00 

.1953€+00 

.1765E+00 

.1865E+00 

.1835€+00 
1874E+00 

.1798E+00 

.1764E+00 . 1820E+00 

.1781E+00 

.1878E+00 

.1834E+00 

.1810E+00 

.1854E+00 

.1739€+00 

.1738€+00 

.1781E+00 

.1779E+00 

run 23, MI 

Twr K 

220.82 
221.77 
222.08 
222.08 
222 008 
221.77 
221.14 
221.14 
220.82 
220.82 
220.51 
220.19 
219.88 
219.56 
216.93 
218.61 
217.67 
217.04 
215.46 
214.51 
211.99 
209.78 
211.99 
2 10.10 
211.67 
210.10 
207.26 
207.57 
205  037 
203.16 
204.42 
214.51 
214.51 
215.78 
216.41 
217.04 
216.72 
217.67 
217.67 
217.98 
217.35 
217.98 
217.67 
217.98 
217.04 
217.04 
2 17.  35 
217.04 
216.09 

= 17.55 

TwlTt 

700 
703 

0704 
704 
704 
703 
701  

0 7 0 1  
700 
700 
699 

0698 
0 697 
696 

0 694 
0693 
0 6 9 0  
06 88 
0683 

680 
0672 
0665 
0672 
0 666 
6 7 1  

0 666 
0657 
0658 
0651 
0644 

648 
0680 
0680 
06 84 
0686 
0688  

687 
690 

0690 
0691 
0 689 
0 6 9 1  

690 
691 

0688 
0688 
0689 
0688 
0 685 

74 



x ,  c m  

185  e87 
189.31 
1 9 1  e03 
192 e75 
194  e46 
196.18 
197.90 
199.62 
2 0 1  e 34 
203 e06 
2 0 4  e 78 
206 e50 
208 e22 
209  e93 
2 1 1  e63 
213.37 
2 15  e09 
216.81 
218.53 
220.25 
221.97 
223  e69 

TABLE 2.- Continued 

(t  1 Concluded 

9 r  w m 2  

e1851EMO 
e1563E+00 
e 1738E+00 
e1754E+00 
e1575E+00 
e 176 9E +00 
e18326+00 

1933E+00 
e1754€+00 
ol704E+00 
e1769E+00 
e1819E+00 
01333E+00 
e 1824€+00 
e1862E+00 
e1941E+00 
e 1694€+00 
e1653E+00 
e1701€+00 
e1799€+00 
e l 7 8 l E + 0 0  
elb83E+00 

Tw, K 

216.09 
2 30  e92 
213  e57 
2 14 e 2 0  
213.88 
212.31 
212.31 
2 13  025 
212.31 
211.04 
209.78 
209.78 
211.67 
209  e 1 5  
208 e20 
209  e78 
211.04 
209.15 
208.64 
210.10 
211004  
211004  

Tw/Tt 

e 685 
e 732 

677 
679 

e 678 
e673 
e673 
e676 
e 673 
e 669  
e 665 
e665 
e671 
e663 
e660 
e 665 
e 669 
0663 
e662 
e 666 
e 669  
e 669 

75 



TABLE 2.- Continued 

(u) Case 20: test 34, 

x, cm 

42  033 
45  . 7 7  
49  020 
52.64 
56.08 
59.52 
62  095 
66  e39 
69.83 
73.27 
76.71 
80.14 
83.58 
87  002 
90 045 
93.89 
97.33 

100.77 
104.20 
107.64 
111 0 0 8  
112.03 
114852 
117.95 
119.67 
121.39 
124.83 
128  826 
131.70 
132  e40 
135   014  
154  094 
156.65 
158.37 
160.09 
1 6 1  e 8  1 
163  05 3 
1 6 5  025 
166   097  
1 6 8  069 
170.40 
172.12 
173.84 
175  056 
177.28 
1 7 9  0 0 0  
180 072 
182 044 
184  016 

q, Wcm2 

04833E-01 
04774E-01 
o5891E-01 
06657E-01 
08095E-01 
09700E-01 

1076E+00 
12 8 3E +00 
1436E+40 
1642E +00 

.1888E+00 

.2119E+00 

.2410E+00 

.2431E+00 
e2622E+00 
.2743€+00 
.2782E+00 
.2785E+00 
.2754E+00 
.2636E+00 
025  19E+00 
.2108E+00 
.2202€+00 
.2177E+00 
.2485€+00 

1790E+00 
.2004€+00 
.1586E+00 
.1675E+00 
.1466E+00 
.1889€+00 

1538E+00 
.1543E+00 

1424E+00 
.1237E+00 
.1429E+00 

1299E+00 
.1428E+00 
.1361E+00 
.1492E+00 
.1528E+00 
.1473€+00 
.1397€+00 
.1512E+00 

1509E+00 
1504E+00 

.1494E+00 
15  36E+00 

.1529E+00 

run 45, MI 

Twr K 

206 10 
206.72 
206  041 
206 10 
205  e17 
204.55 
202 99 
202.68 
202  037 
201.44 
201.13 
200.82 
201.44 
201.44 
202   006  
202   099  
203.92 
204.86 
206 1 0  
207 003 
208 . 28 
211.39 
209.83 
210.45 
207.66 
213.25 
214.49 
218.22 
221.33 
217.60 
221   095  
222 058  
223.20 
223.82 
224.13 
225 006 
225.06 
225  037 
225.06 
225.37 
224.75 
225 006  
224.13 
224.44 
223.31 
223.20 
222.58 
222  889 
2 2 1   0 6 4  

= 17.54 

Tw& 

663 
0665 
-664 

663 
a660 
0 6 5 8  
e653 
0652 
e651 
0648 
647 

0646 
648 

-648 
650  
653 

0656 
e659 
0663 
666 

0670 
a680 

675 
0 6 7 7  
0668 
686 
690 
702 
712 
700 
714 
716 

e718 
720 

0 7 2 1  
724 
724 
725 . 7.24 
725 

e 723 
724 
7 2 1  
722 
719 
718 
716 

e717 
713 

76 



x, cm 

185   087  
189.31 
191.03 
1 9 2  075 
194   046  
196   018  
197.90 
199.62 
201.34 
2 0 3  006 
204 078 
206.50 
208  022 
209.93 
211.63 
213.37 
215  009 
216.81 
218.53 
220  02 5 
221.97 
223   069  

TABLE 2.- Continued 

(u) Concluded 

9, W/cm2 

0 .  
1260€+00 

.1473E+00 

.1524E+00 

.1270E+00 
1544€+00 
1 5 2 2 € + 0 0  

.1446E+00 

.1286€+00 
1290€+00 
1268E+00 

.1122E+00 

.1014E+00 
a1357E+00 
.1331€+00 

l l l O E + O O  
1280€+00 

.1346€+00 
.1346E+00 
.1478E+00 
.1475E+00 

136 7 E  +00 

Twr K 

222.27 
236.88 
219.47 
221.33 
221.64 
2 2 1  95 
220.09 
221.33 
222.27 
223.20 
222 .a9 
226.00 
225 006 
225.37 
223.51 
224.13 
223.20 
222.27 
220.71 
221.64 
2 2 1  002 
220.71 

Tw/Tt 

715 
762 
706 

0712 
713 . 714 
7 0 8  

0712 
rn 715 
0718 

717 
727 
724 

0725 
0 7 1 9  
0721 
a718 

715 
710 

0713 
0 7 1 1  

710 

77 



(v) Case 

x, cm 

42  033 
45  077 
49.20 
52   064 
56 00 8 
59.52 
62.95 
66   039 
69.83 
73  02 7 
76  e71 
80.14 
83.58 
87.02 
90  045 
93  089 
97.33 

100.77 
104.20 
107.64 
111.08 
112.03 
114  052  
117.95 
119 06 7 
121.39 
124.83 
128 026 
131.70 
132   040  
135 014 
154.94 
156  065 
158.37 
160.09 
1 6 1  08 1 
163.53 
165 023 
166 097  
168   069  
170.40 
172.12 
173.84 
175  e56 
177.28 
179.00 
180.72 
182  044 
184.16 

TABLE 2.- Continued 

21 : test 34, 

q, W m 2  

108 3E-0 1 
1269E-01 

o1031E-01 
01591E-01 

1714E-01 
o2856E-01 

446 3E-0 1 
o5079E-01 
06018E-01 
07713E-01 
o9944E-01 
09659E-01 

132OE+00 
.1437E+00 
.1478E+00 
.1543E+00 
.1771E+00 
.1524E+00 
.1598E+00 
.1585E+00 
.1492E+00 

13 74E +00 
.134OE+00 
.1459E+00 

1478E+00 
.1073E+00 
.1240E+00 

8 736E-0 1 
.1024E+00 

1120E+00 
.1042E+00 
06818E-01 
07316E-01 
o4541E-01 
.6086E-01 
05828E-01 
o5569E-01 
06518E-03 
06  15 4E-0 1 
o6085E-01 
.487OE-O1 
06844E-01 
o7086E-01 
05759E-01 

5 80 3E-0 1 
o6759E-01 
o7355E-01 

70 19E-0 1 
07524E-01 

run 25, M1 

Tw, K 

239.37 
239.99 
239.99 
239.99 
239.68 
239.37 
238.44 
238.14 
237.52 
236.59 
235   097  
235.36 
235.05 
234.71 
234.43 
234.74 
2 34  074 
235.05 
235  e36 
2 35  097 
236.59 
237.83 
237.21 
237.21 
2 3.5 . 9 7 
2 39 006 
239.06 
240.61 
241.22 
240.92 
242.46 
247.71 
248  002 
2 4 8  033 
248  095 
249.56 
249.87 
249.87 
249.56 
249 87  
250 18 
249.87 
249.25 
249.56 
249.25 
248.64 
248.02 
248.02 
247.71 

= 1 7 . 5 5  

T d T t  '. 775 . 777 . 777 . 777 
776 . 775 
772 
771  
769 
766 
764 
762 
761 
760 . 759 
760 
760 
7 6 1  
762 
764 
766 
770 
768 
768 
764 . 774 . 774 . 779 
7 8 1  
780 

0785 
802 
803 
804 
806 
808 
809 

0809 
808 
809 
810 
809 
807 
808 
807 . 805 

0803 
803 
802 

78 



x, c m  

1 8 5   0 8 7  
1 8 9   0 3 1  
1 9 1 . 0 3  
1 9 2   0 7 5  
1 9 4 . 4 6  
1 9 6   0 1 8  
1 9 7   0 9 0  
1 9 9   0 6 2  
2 0 1 . 3 4  
2 0 3   0 0 6  
204 7 8  
2 0 6 . 5 0  
208   022  
2 0 9   0 9 3  
2 1 1 . 6 3  
2 1 3 . 3 7  
2 1 5   0 0 9  
2 1 6 . 8 1  
2 1 8   0 5 3  
2 2 0   0 2 5  
2 2 1 . 9 7  
2 2 3 . 6 9  

TABLE 2. - Continued 

(v) Concluded 

9, w m 2  

. ~ ~ o ~ E - o I  
7 2  80E-0 1 

6 75  8E-0 1 
08305E-01  
07485E-01  

6 4 0 8  E-0 1 
07156E-01  

862 OE-0 1 
7045E-01  

0 7 6 5 6 E - 0 1  
72  47E-0 1 

07587E-01  
70  10E-0 1 

0 8 3 5 0 E - 0 1  
0 6 7 1 7 E - 0 1  
0 8 6 2 7 E - 0 1  
o7910E-01 

8 16 OE-0 1 
o6298E-01 
0 6 6 9 7 E - 0 1  
0 9 0 4 7 E - 0 1  
0 7 5 5 5 E - 0 1  

Tw, K 

2 4 7 . 4 0  
255 74  
2 4 5  86 
245  86 
2 1 4 . 9 3  
2 4 4 . 6 2  
2 4 4   0 9 3  
2 4 4 . 9 3  
2 4 4 . 0 0  
2 4 4 . 0 0  
2 4 3 . 7 0  
2 4 4 . 3 1  
243 .70  
2 4 3 . 7 0  
2 4 3 . 3 9  
2 4 3 . 0 8  
2 4 2 . 4 6  
242  15 
2 4 1 . 8 4  
2 4 1 . 8 4  
2 4 1 . 3 3  
2 4 1 . 5 3  

T d T t  

e801  
0828 

796 
7 9 6  . 7 9 3  
7 9 2  . 7 9 3  . 7 9 3  
7 9 0  
7 9 0  

0789 
7 9 1  . 7 8 9  . 7 8 9  . 7 8 8  . 787 . 785  . 7 8 4  . 7 8 3  

0783 
782  
7 8 2  
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TABLE 2. - C o n t i n u e d  

(w) Case 22: t e s t  34, 

x, cm 

42 0 33 
45 . 7 7  
49.20 
52.64 
56 0 0 8  
59.52 
62 095 
66   039  
69.83 
73  a27 
76.71 
80.14 
8 3  058 
87   002 
90  045 
93.89 
97.33 

100.77 
104.20 
107.64 
111.08 
112 003 
114.52 
117  095 
119.67 
121.39 
124.83 
128   026  
131.70 
132  040 
135  e14 
154 0 9 4  
156.65 
158   037  
160.09 
161.81 
163   053  
165.25 
166   097  
168   069  
170.40 
172  012 
173.84 
175  056 
177.28 
179 m00 
180.72 
182.44 
184 016 

9 r  Wcm2 

-m4417E-01 
-05266E-01 
-06962E-01 
-05253E-01 
-.4365E-01 
-05046E-01 
-.4147E-01 
-04002E-01 
-.3001E-01 
-02447E-01 
- 0  1196E-01 
-09125E-02 
-.1286E-01 
-08819E-02 
-07786E-02 
-.1011E-01 
-04767E-02 
-.1317E-O2 

o7684E-02 
-01429E-01 
-01836E-01 
-02471E-01 
-02906E-01 
-02  806E-0 1 
-01149E-01 
-05397E-01 
-04133E-01 
-.6346E-01 
-04104E-01 
-03637E-01 
-05489E-01 
-05281E-01 
-05257E-01 
-03047E-01 
-05405E-01 
-04826E-01 
-05659E-01 
-.4308E-01 
-04554E-01 
-m5650E-01 
-05989E-01 
-.5815E-01 
-05832E-01 
-05438E-01 
-04039E-01 
-04302E-01 
-05573E-01 
-04846E-01 
-062806-01 

run 29, I41 

Tw, K 

286.55 
2 86  055 
286.55 
286.55 

1286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.55 
286.35 
286.55 
286.55 
286.55 
286.55 
286087 
286.55 
286.55 
287.18 
286.87 
286.87 
286.87 
286.87 
286.87 
286.87 
286.87 
286.87 
286.87 
287.18 
286.87 
286.87 
286.87 
286.87 
286.87 
286.87 
287.18 
287.18 
286.87 
286.87 
286.87 
287.18 
286.87 

= 17.54 

Tw/Tt 

924 
924 
924 
924 
924 
924 
924 

0 9 2 4  
924 
924 

0924 
924 

0924 
924 
924 
924 

e924 
924 
924 
924 
924 
924 
925 
924 
924 
926 
925 
925 

0925 
925 
925 
925 
925 
925 

0925 
926 
925 
925 
925 
925 
925 
925 
926 
926 
925 
925 
925 
926 
925 
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x, cm 

185 a87 
169.31 
191 a03 
192 a75 
194.46 
196  018 
197.90 
199 062 
201.34 
203 a06 
204.78 
206 a50 
208 022 
209.93 
211 a63 
213.37 
215 a09 
216 a81 
218.53 
220.25 
221 a97 
223.69 

TABLE 2 .  - Continued 

(w) Concluded 

Twr K 
287.18 
288043 
286087 
287.18 
286 a 87 
287.18 
286 87 
286.87 
286.87 
286.24 
286.24 
286.55 
286.24 
286.24 
286.24 
216.24 
286.55 
286.24 
286.24 
286 24 
286.24 
286.24 

W T t  
926 
930 
a925 
a 926 
a 925 
a 926 
rn 925 
a 925 
a925 
923 
e923 
924 

a 923 
a923 
923 
0923 
a924 
a 923 
923 

0923 
0923 
a 923 
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TABLE 2.- Continued 

(x) Case 23:  test  34, 

x, cm 

42 0 3 3  
45  077 
49.20 
52   064  
56 0 0 8  
59.52 
62   095 
66 039  
69  083 
73.27 
76.71 
80 14  
83 058 
87  002 
90  045 
93  089 
9 7  033 

100 77 
104.20 
107.64 
111 008 
112  003 
114.52 
111 095 
119.67 
121.39 
124.83 
128.26 
1 3 1  070 
132.40 
135  014 
154.94 
156.65 
158.37 
160  809 
1 6 1   0 8 1  
163.53 
165  025 
166  097 
168  a69 
170 0 4 0  
112 . 12 
173.84 
175 0 5 6  
117  02  8 
179.00 
180 072 
182 0 4 4  
184.16 

9, W/cm2 

3 156E+00 
3 779E +00 

.4298E+00 

.4851E+00 

.5876€+00 

.7190E+00 
7598€+00 
1006E+01 

.1123€+01  

.1160€+01 
a1285E+01 
.1209E+01 

1278E+01 
a 1211E+01 
.1137€+01  
.1212€+01 

1199E+01 
.1163E+01 
.1139€+01 
.1133E+01 
.1150E+01 
.1086€+01 
.1076E+01 
.1108E+01 

1009€+01  
.9386€+00 
a1053E+01 
a8977€+00 

102 3E+O 1 
.9628E+00 
.1056E+01 
.9890€+00 
.9275E+00 
.9085E+00 
.9360E+00 
.9006E+00 
.98bOE+00 
.9409€+00 

8 7 1  7E +00 
.9470E+00 
.9281E+00 
.9529E+00 
.9529E+00 
.9429€+00 
.9434E+00 
.8385€+00 
.8791E+00 
.9052E+00 
.9369E+00 

run 11,  M1 

Tw, K 

114.64 
114.95 
113.40 
112   048  
112  a48 
111.55 
110.62 
112.48 
114.02 
114.02 
115.57 
114  002 
115.88 
114.95 
114.95 
117.11 
117.42 
118.04 
118.04 
119.58 
119.89 
118.04 
120a51  
118.35 
117.42 
124.22 
119.89 
123.91 
1 2 1  013 
120.51  
122.06 
118.35 
116.18 
115.57 
116.80 
116.49 
114.95 
114.64 
113.40 
114.64 
111.86 
113.40 
111 086 
113.71 
111.55 
111.55 
112.17 
113  a09 
111.24 

= 17.95 

Tw& 
3 7 1  

a 372 
367 
364 
364 
3 6 1  
358 
364 . 369 

0369  . 374 
369 . 375 
372 
372 

0379 
a380 
0382 

382 
a387 
a 388 

382 
a 390 
0383 
a 380 
8402 . 388 
a 401  

392 
390 . 395 . 383 

a376 . 374 . 378 . 377 
372 

0 3 7 1  
367 

0 3 7 1  
362 
367 

a 362 
0368 
e361 
0 3 6 1  
0 363 
0 366 

360 
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x, cm 

185 0 8  7 
189.31 
191 003 
192.75 
194.46 
196 18 
197   090  
199.62 
2 0 1   0 3 4  
203  006 
204  078 
206 a 5 0  
208  022 
209 0 9 3  
211.63 
213.37 
215.09 
216 08 1 
218.53 
220.25 
221.97 
223  a69 

TABLE 2. - Continued 

(x) Concluded 

q, W/cm2 

.9062E+00 

.7091E+00 
712  7E+00 

.8851E+00 
7308E+00 
.8920E+00 
.6900E+00 
.9177E+00 
.8059E+00 
.7976E+00 

7374E+00 
.6421€+00 

7497E+00 
.8696E+00 

7 0 7 3 € + 0 0  
.9402E+00 

8099E+00 
7492E+00 

.8465E+00 

.8233E+00 

.7914E+00 

.8090€+00 

Tw, K 

112.48 
154.19 
105  099 
111.55 
110.93 
112.79 
111.24 
112.79 
112.17 
111.24 
111.24 
110.93 
117.11 
115.57 
112.17 
113.09 
111.55 
108.77 
109.39 
110.00 
109.70 
111.24 

T d T t  

. 364 . 499 
0343 

3 6 1  . 359 
0365 

360 
365 
363 
360 . 360 . 3 5 9  

0379 . 374 
,363 

366 
361  

a352 
0354 

356 
0355  
0 360 
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(y) Case 

x, cm 

42  033 
45 . 7 7  
49  020 
52.64 
56 808 
59.52 
6 2   - 9 5  
66  039 
6 9  m83 
73.27 
76  071 
80.14 
83.58 
87  002 
90 045 
93  089 
97  033 

100 7 7  
104.20 
107.64 
111.08 
112   003  
114  052 
117.95 
119.67 
12 1.39 
124.83 
128   026  
131.70 
132.40 
135   014  
154.94 
156.65 
158.57 
160 009 
161.81 
163.53 
165  025 
146   097  
168.69 
170.40 
172  1 2  
173 084 
175  056 
177.28 
179.00 
180.72 
1 8 2   0 4 4  
184.16 

TABLE 2.- Continued 

24: test 34, 

q, W/cm2 

.3145E+00 

.3694E+00 

.4215E+00 
489 7E +00 

85 782E+00 
.6648E+00 
.6960E+00 
.9294€+00 
.1020E+01 
.1049E+01 
m1173E+01 
.1098E+01 
.1164E+Ol 
.1115E+01 
.105OE+Ol 
. l l l 6 E + 0 1  
.1105E+01 

1049E+Ol  
.104OE+Ol 
.1011E+01 
.1026€+01 
.9674€+00 
09780E +00 
.9886E+00 
.9120E+00 
.8541E+00 
.9577E+00 
.8002E+00 
.8312E+00 
.6389E+00 
.8202E+00 
.8435E+00 
.8019E+00 
.7588E+00 
.8292E+00 
.8144E+OC 
.8394E+00 
.8124E+00 
.7686E+00 
.8 39 7E +00 
.8149E+00 
.8438E+00 
.8449€+00 
.8303€+00 
.8287E+00 
.7800E+OO 
.7859E+00 

7964€+00 
.8080E+00 

run 1 3, M1 

Twr  K 

107.64 
107.94 
107.03 
106.43 
106.73 
106  43 
105.52 
107.64 
108.85 
109.46 
110.67 
109.16 
110.97 
110.07 
110.67 
112.79 
112  079 
113.40 
113.70 
115.22 
115.83 
115.22 
117.04 
115.22 
113.40 
121.28 
118.25 
123  10  
120.98 
120.37 
122.19 
120.98 
118.56 
117.04 
118.25 
1 1 7  004 
115 022 
114.92 
114.01 
114.31 
112.19 
113.10 
111.88 
113.70 
112.49 
112.19 
112.19 
113.70 
112.79 

= 17.90 

Tw/Tt . 359 
360 

8357 . 355 
356 . 355 
352 . 359 

0363 
365 
369 
364 
370 

0367 
0369 . 374 
e376 . 378 . 379 
8385 . 387 
8385 
0 3 9 1  . 385 . 378 

405 . 395 
0411 

404 
402 
0408 
404 
396 

e391  . 395 
3 9 1  

.385 
8383 

380 
0381  . 374 . 377 . 373 . 379 . 375 . 374 . 374 
8379 

376 
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x, cm 

185.87 
189.31 
191.03 
192   075  
1 9 4   0 4 6  
196.18 
197.90 
199.62 
201.34 
203 006  
204.78 
206  050  
208.22 
2 0 9  093 
2 11 063 
213.37 
2 15  a09 
216.81 
2 18   053 
220 a25 
221.97 
223 069 

TABLE 2 . -  Continued 

(y) Concluded 

9, w/cm2 

.7835€*00 

.6047E+00 

.6250E+00 
745  1E+00 

.6269E+00 

.7297E+OO 

.7166E+00 

.7565E+OO 

.6690E+00 

.6204E+00 

.5420E+00 

.5371€+00 

.6213E+00 

.5740E+00 

.5424E+00 
a 7517E+00 
*6778E+00 
.6551€+00 
.6950E+00 

7104E+00 
.6601€+00 
m6810E+00 

Tw, K 

114.01 
155.55 
110.37 
114.31 
112.49 
116.74 
116.13 
115.83 
115.22 
117.34 
118.56 
120.68 
120  007 
122   050  
122.19 
121.59 
117.34 
117.65 
118  056 
117.65 
115.52 
118.25 

Tw/Tt 
0380 
0519  
e368 

3 8 1  
0375 

390 . 388 
L387 . 385 

392 
396 

0403  
0401 

409 . 408 
406 
392 . 393 
396 . 393 

0386  . 395 
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TABLE 2.- Continued 

( 2 )  Case 25: test  34, 

x, em 

42.33 
45  077 
49  020 
52  064 
56.08 
59.52 
62 095 
66 039 
6 9  - 8 3  
73 02 7 
76  071 
80.14 
8 3  058 
87.02 
90  -65 
93.89 
97   -33  

100.77 
104  020 
107.64 
111.08 
112 003 
1 1 4  052 
117.95 
119.67 
121.39 
124.83 
128  026 
131.70 
132.40 
135.14 
154.94 
156.65 
158.37 
160.09 
1 6 1  08 1 
163.53 
165 0 2 5  
166 -97  
1 6 8   0 6 9  
170   040  
172   -12  
173.04 
175  056 
177.28 
1 7 9  000 
180.72 
102.44 
184.16 

9, W/cm2 

.2572E+00 

.3150E+00 

.3023E+00 

.3545€+00 

.3983E+00 
a4770E+OO 
.4993E+00 
.6423E+00 
.7299E+00 
.793CE+00 
.9213E+00 
.8841E+00 
*9819E+00 

9  307E +00 
.8939€+00 
.9624E+00 
.9540E+00 
.9121E+00 
.9081€+00 
.6730E+00 
.8978E+00 
.8417E+00 
.8290E+00 

8566E+00 
.7797€+00 
.6287E+00 
.7205E+00 
.5714€+00 
.6009€+00 
.4965E+00 
.6145E+00 
.7583€+00 
.7293E+00 

7010E+00 
.4608E+00 
.7329E+00 
.7582€+00 
.7354E+00 
.6890E+00 
a7479E+00 

7187E+00 
7419E+00 

.7530E+00 

.7367€+00 

.7275E+00 

.6955E+00 

.6916E+00 

.6998E+00 
7056E+00 

run 14, M1 

Tw, K 

115.38 
115 098 
115.08 
114.49 
114.19 
113.59 
112 70 
114.19 
114.70 
115.38 
116.27 
115.38 
116.87 
116.57 
117.17 
119.26 
119.55 
1 2 0  75 
121.34 
122.83 
123.73 
124.62 
124.92 
124.03 
122  024 
129.39 
127.90 
131.78 
1 3 1  a48 
131.78 
132.08 
122.24 
120.45 
119.85 
121.04 
120.45 
119.26 
119.26 
118.36 
119.26 
117.17 
118.36 
116.87 
118.96 
118.06 
117.77 
117.77 
119.55 
118.96 

= 17.80 

Tw/Tt 

390 
392 

0389 . 387 
6 386 . 384 
0 3 8 1  

386 
0388 

390 
0393 

390 
396 

0395 . 397 
0404 
a 405 
0409 
0 4 1 1  
0416 
0 4 1 9  
a 422 
0423 

420 
414 

0438 
0433 
446 . 445 
446 . 447 

0414 
408 

0406 
410 
408 

0404 
404 

0 4 0 1  
404 

a397 
4 0 1  

0396 
0 4 0 3  
400 . 399 . 399 
405 

0403 
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x, cm 

1 8 5   e 8 7  
189   a31  
1 9 1  a 0 3  
192 .75  
1 9 4 . 4 6  
196 .18  
1 9 7 . 9 0  
1 9 9   0 6 2  
2 0 1 . 3 4  
2 0 3  006 
2 0 4 . 7 8  
2 0 6 . 5 0  
2 0 8 . 2 2  
2 0 9 . 9 3  
2 1 1 . 6 3  
2 1 3 . 3 7  
2 1 5  0 0 9  
216   081  
2 1 8  0 5  3 
220  .25 
221 .97  
2 2 3   0 6 9  

TABLE 2. - Continued 

( 2 )  Concluded 

Twr K 

119 .89  
1 5 9 . 8 0  
1 1 7 . 7 7  
1 2 1 . 0 4  
1 1 9 . 2 6  
1 2 4  9 2  
124.03  
123  013 
1 2 3 . 1 3  
1 2 6 . 7 1  
128  . 8 0  
1 3 1 . 1 8  
1 2 9 . 6 9  
1 3 2   0 9 7  
1 3 2 . 9 7  
1 3 0 . 8 8  
1 2 5 . 8 1  
1 2 7 . 0 1  
127 .90  
1 2 6   0 4 1  
123 .43  
1 2 6  7 1  

Tw/Tt 
406 

0 5 4 1  . 3 9 9  
e410  
0 4 0 4  

423  
m420 
0 4 1 7  
0 4 1 7  

4 2 9  
e436 . 444  
.439  

4SO 
450  . 443 

e426 
0 4 3 0  
.433 
e428 
0 4 1 8  
e429  
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TABLE 2.-  Continued 

( a a )  Case 26: t e s t  34, 

x, cm 

42  e33 
45  077 
49  020 
52  064 
56  0 0 8  
5 9 . 5 2  
6 2   0 9 5  
6 6   0 3 9  
6 9 . 8 3  
7 3  02 7 
7 6  07 1 
8 0 . 1 4  
83  0 5 8  
8 7 . 0 2  
90  a45 
93   089  
9 7 . 3 3  

1 0 0 . 7 7  
1 0 4 . 2 0  
1 0 7 . 6 4  
1 1 1 . 0 8  
1 1 2   0 0 3  
1 1 4   0 5  2 
117 .95  
1 1 9 . 6 7  
1 2 1 . 3 9  
1 2 4 . 8 3  
1 2 8   0 2 6  
1 3 1 . 7 0  
1 3 2   0 4 0  
135   e14  
1 5 4 . 9 4  
156.65  
1 5 8 . 3 7  
1 6 0   0 0 9  
1 6 1  0 8  1 
1 6 3 . 5 3  
165  e25 
1 6 6   0 9  7 
1 6 8 . 6 9  
1 7 0 . 4 0  
1 7 2 . 1 2  
1 7 3 . 8 4  
175 056 
177 .28  
1 7 9  000 
180.72 
1 8 2 . 4 4  
184 .16  

9, w/cm2 

. 2334E+00  

.2576E+Q0 
0 2  5 3 3E +00 
.2906E+OO 
.3014E+00  
. 3 4 0 7 € + 0 0  
.3578E+00  
.4507E+00  
0 5  1 1  B E  +00 
. 5 6 3 6 € + 0 0  
.6569E+00  
.6619E+00 
.7559E+00 
.7563E+00 
. 7 3 9 2 € + 0 0  
.7307E+00 
.6895E+OQ 
.6491E+00  
.6526E+00  
e62  34E+00 
.6238E+00  
.6062E+00  
.6006E+OO 
. 6 1 3 l E + 0 0  
.5848E+00  
.5274E+00 
.5827E+00  
. 4 8 2 1 € + 0 0  
.5126E+00  
.4571E+00  
. 5 1 8 5 € + 0 0  
.6679E+00 
.6409E+00 
.6061E+00  
.6363E+00  
.6421E+00 
.6599E+00 
.6370E+00 
.6003E+00 
.6482E+00  
.6283E+00 
. 6 4 0 8 € + 0 0  
.6337E+00 
.6339E+00 
.6343E+00 
.5812E+00 
.6036E+00  
.6132E+QQ 

5 9 8  7E +00 

run 15, MI = 17.68 

Tw, K 

1 2 3 . 3 3  
1 2 3 . 9 2  
1 2 2 . 7 3  
1 2 2 . 1 4  
1 2 1 . 8 4  
1 2 0 . 9 6  
1 2 0 . 0 7  
121 .25  
1 2 1 . 5 5  
1 2 2 . 1 4  
123   003  
1 2 2  44 
1 2 4 . 2 2  
1 2 4 . 2 2  
1 2 5  . 11 
1 2 7 . 1 8  
1 2 8 . 0 7  
1 2 9 . 2 6  
129 .85  
1 3 1 . 3 3  
1 3 2 . 2 2  
133   070  
1 3 3 . 4 1  
1 3 2 . 8 1  
1 3 1 . 0 4  
1 3 7 . 2 6  
1 3 6 . 3 7  
1 3 9 . 6 3  
1 3 9 . 9 3  
1 4 1  1 1  
140 .23  
1 2 5  11 
123 .92  
1 2 3   0 6 2  
1 2 4 . 5 1  
1 2 4 . 5 1  
123 .62  
1 2 4 . 2 2  
1 2 3 . 3 3  
1 2 4 . 2 2  
1 2 2   0 7 3  
1 2 4 . 2 2  
1 2 2 . 7 3  
124   e81  
1 2 4 . 2 2  
1 2 4 0 2 2  
1 2 3 . 9 2  
125  070 
1 2 5  040 

Tw/Tt 

419  
4 2 1  

e417 
415 

0414  
0 4 1 1  
408  
412 

e413 
0415 
0418 
0 4 1 6  
0 4 2 2  

422 
425 

0433 
e436 
0 4 4 0  

442 . 447 
0 4 5 0  . 455 . 454 

452 
0 4 4 6  
0 4 6 7  
0464 . 475 

476 
480  

,477 
- 4 2 5  
0 4 2  1 

420  
423  
423 . 420 

0 4 2 2  
e419  
0 4 2 2  
0 4 1 7  

422 
0 4 1 7  

424 
422 

e422 
0 4 2 1  
0 4 2 7  

426 

88 



x, cm 

1 8 5  88 7 
1 8 9 . 3 1  
1 9 1 . 0 3  
1 9 2 . 7 5  
1 9 4 . 4 6  
196 018 
1 9 7 . 9 0  
1 9 9 . 6 2  
2 0 1   0 3 4  
2 0 3   0 0 6  
2 0 4 . 7 8  
2 0 6 . 5 0  
208  a22 
2 0 9 . 9 3  
2 11 0 6 3  
2 1 3 . 3 7  
2 15  009 
2 16 081 
218  053 
220 25 
2 2 1 . 9 7  
2 2 3 . 6 9  

TABLE 2 .- Continued 

(aa) Concluded 

q, W/cm2 

. 5 9 4 6 € + 0 0  

. 4 0 2 1 € + 0 0  

.4625E+00  
a,4990E+00 
.4678E+00 
.4676E+00 
.4714E+00  
.4885E+00  
.4481E+00  

3930E+60  
.3605E+00 
. 3 5 6 3 € + 0 0  

3874E+00  
. 3 6 7 5 € + 0 0  
. 3 5 4 7 € + 0 0  

46 2 7E + 0 0  
.4263E+00 
.4060E+00  
.4350E+00  
.4500E+00  
.4318E+00  
.4266E+00  

Twr K 

1 2 6 . 5 9  
1 6 3 . 9 4  
1 2 5 . 1 1  
1 2 8 . 0 7  
1 2 6 . 5 9  
1 3 2 . 2 2  
1 3 1 . 0 4  
130 .15  
1 3 0 . 4 4  
1 3 4 . 3 0  
1 3 6 . 9 6  
1 3 9 . 3 4  
1 3 6 . 9 6  
1 4 1 . 4 1  
1 4 1 . 7 1  
1 3 8 . 7 4  
1 3 3 . 4 1  
1 3 5 . 1 9  
135  078 
1 3 4 . 3 0  
1 3 1 . 3 3  
1 3 4 . 0 0  

Tw/Tt 

a430 
0 5 5 8  
8425 
a436 

430  
450  

8446 . 443  . 444  . 457 
a466 
c 474  
0 466 
0 4 8 1  
a 482 

472 
8454 

460 
462 . 457 

.447  
a456 
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TABLE 2 . -  Continued 

(bb) Case 27: test 34, 

x, cm 

42 0 33 
45 077 
49  020 
52 064 
56.08 
59 052 
62  095 
66 039 
69.83 
73.27 
76  e71 
80 14 
83 058 
87  002 
90  045 
93 089 
97 033 
100 77 
104.20 
107.64 
111.08 
112 003 
114.52 
117.95 
119.67 
121.39 
124 08 3 
128.26 
131.70 
132  040 
135 014 
154.94 
156 065 
158.37 
160 009 
162.81 
163 053 
165 025 
166 097 
168 069 
170.40 
172.12 
173.84 
175 056 
177.28 
179 -00 
180 72 
182.44 
184.16 

9 r  Wcm2 

1811E+00 
.2051€+00 
1912E+00 

.1840€+00 
a1931€+00 
.2119E+00 
1946€+00 
.2254E+00 
.2625E+00 
.2730€+00 
.3213E+00 
.3220€+00 
.3973€+00 
.4106E+00 
.4141€+00 
.4914E+00 
.5095E+00 
.5213E+00 
5 36  1E +00 
.5470€+00 
.5512E+00 
.5529€+00 
.5267E+00 
.5549E+00 
.5318E+00 
.4386€+00 
.4626€+00 
.3826E+00 
.4163€+00 
.4ll4E+00 
.4412€+00 
.5260€+00 
.4941E+00 
.4829E+00 
.5160E+00 
.5083E+00 
.5278E+00 
.514?E+00 
.4915E+00 
.5146E+00 
.4993E+OO 
.5209E+00 
.5239€+00 
.4921E+00 
.4968E+00 
o4727Ec00 
.4610€+00 
.4795€+00 
.4873€+00 

run 17,  MI 

Twr K 

118.12 
119.01 
118.12 
117.53 
116 093 
116.64 
116.04 
116.64 
116.64 
116.93 
117.23 
116.93 
118.12 
118 012 
118.71 
120.49 
121 a 0 9  
122.57 
123.16 
124.35 
125 054 
126 e73 
126 043 
125.84 
124.06 
129.69 
128.21 
130.88 
131.47 
130.58 
131.47 
115.45 
114.26 
115 045 
117.23 
117.23 
115 045 
117.82 
119.01 
119.01 
115.45 
119.01 
119.60 
119.31 
116.34 
118.71 
121.38 
120.79 
117.53 

= 17 .44  

TwlTt 

398 
0401 . 398 
396 . 394 . 393 
391 . 393 
0393 
a 394 . 395 . 394 
.398 
0398 
400 
406 
0408 
a413 
415 
0419 
423 
e427 
426 
424 
418 
0437 
432 
0441 . 443 
440 . 443 
0389 
0385 
389 
0395 . 395 
0389  . 397 
0401 
a401 . 389 
401 
403 

a 402 
392 
400 
409 
407 
a396 
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x, cm 

1 8 5  0 8  7 
189.31 
191 e03 
1 9 2  e75 
194   046  
196.18 
197.90 
199.62 
201.34 
203  e06 
204.78 
206.50 
200.22 
209  e93 
211.63 
213.37 
2 15 0 0 9  
216.81 
218 05 3 
220 02 5 
221.97 
223  069 

TABLE  2 .- Continued 

(bb) Concluded 

9, W/cm2 

.4906€+00 

.3190€+00 
e3724€+00 
.4711€+00 

366  1E+00 
.4241E+00 
.4462E+00 
e 45 38E+00 
.3287E+00 
.3278E+00 
e 3940E+00 
.2981€+00 
.3003E+00 
.3246E+00 
e3156E+00 
.3478E+00 
.3259E+00 
.3279E+00 
.3957E+00 
.3713E+00 
.3865E+00 
.3831E+00 

Twr K 

121.38 
159.97 
117.82 
122.87 
125  024 
127.02 
122.87 
126.13 
129.40 
128.51 
125  084 
132.07 
135  063 
133.85 
130.88 
132.07 
132.07 
128.51 
126.13 
127 062 
127.02 
126.73 

Tw/Tt 
0 4 0 9  
0539 
.397 
0 4 1 4  
0422 
e428 
e414 
e425 

436 . 4 3 3  
424 

0445 
0457 
e45 1 
0 4 4 1  
e 445 
e445 
0433 

425 
0 4 3 0  
0 4 2 8  

427 
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(cc) Case 

x, cm 

42.33 
45  077 
49.20 
52  064 
56 008 
59.52 
6 2  095 
66  e39 
69.83 
73.27 
76  a71 
80.14 
83.58 
87  002 
90  a 4 5  
93 089 
97.33 

100  a77 
104.20 
107.64 
111.08 
112  003 
114.52 
117.95 
119.6 7 
121.39 
124.83 
128.26 
131.70 
132.40 
135.14 
154.94 
156  e65 
158.37 
1 6 0  a 0 9  
161.81 
1 6 3  05 3 
1 6 5  025 
1 6 6  0 9 7  
168  069 
170.40 
1 7 2  e12 
173.84 
175.56 
177.28 
1 7 9  -00 
180.72 
182   044  
184.16 

TABLE 2.- Continued 

28: test 34, 

9,  W/cm2 

.1418E+00 
a1517E+00 
.156SE+00 
.153CE+00 
.1268E+00 
.1446€+00 

1 3 6 5 € + 0 0  
.1502E+00 
a1497€+00 
.1791E+00 

1830€+00 
.1809E+00 
.1946€+00 
e2160E+00 
a2192E+OO 
.2486€+00 
e2714E+00 
.2618E+00 
.2606E+00 
.2792E+00 
.2949€+00 
.3357E+00 
.3164E+00 
.3178E+00 
.3099E+00 

3 107E+00 
.3376E+00 
a2912E+00 
.310+€+00 
.3224E+00 
.3351E+00 
.4298€+00 
.4242€+00 
.3822E+00 
.4181E+00 
.4315E+00 
.4384E+00 
.4099E+OO 
.3820€+00 
.4165€+00 
.411OE+OO 
e 410CE+00 
a4262E+00 
.4201E+00 
.4154€+00 
.3835E+00 
.3816€+00 
.3916E+QO 
.3875E+00 

run  18, M1 

Twr K 

126.02 
1 2 6   0 6  1 
126  e02 
125  043 
124  83 
124.24 
1 2 3  065 
123.95 
123.65 
123   065  
123.95 
123.65 
124.24 
124.54 
125  1 3  
126.31 
127.20 
128   068  
129.57 
130.75 
131.93 
133.71 
132.82 
132.53 
130.75 
1 3 5   0 4 8  
134.89 
137.55 
138.74 
137.55 
138.44 
119.21 
118.33 
119.51 
121.28 
121.28 
119.51 
1 2 1  . 8 8  
123.36 
123.36 
119.81 
123   065  
124.54 
124.24 
120.99 
123   095  
126.61 
126.61 
123.06 

= 17.22 

T d T t  

426 
428 

0426 
0424 

422 
420 
418 

e 419 
418 

e418 
8419 
8418 
0420 
842 1 
423 

0 4 2 7  
8430 . 435 . 438 
442 

8446 
e452 . 449 . 448 
442 . 458 
456 

e465 
0469 
e 465 

468 
403 
400 
404 

a410 
e410 

404 
8412 
8417 
e417 
405 

0418 
0421 
8420 
a409 
0419 
0 4 2 8  

428 
e416 
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x, cm 

185  087 
189.31 
191 0 0 3  
1 9 2  75 
1 9 4  046 
196 1 8  
197.90 
199.62 
2 0 1   0 3 4  
203.06 
204.78 
206  050 
208  022 
209.93 
211.63 
213   037  
2 15 0 0 9  
216 0 8 1  
218.53 
220  -25 
221.97 
223   069  

TABLE 2.- Continued 

(cc) Concluded 

9 r  W/cm2 

.3778€+00 

.2643€+00 

.3111E+00 

.3294E+00 

.2628E+00 

.2953€+00 

.3096E+00 

.3136E+00 
2 85 7E +00 

.2615E+00 

.2714E+00 

.2627E+00 

.2483E+O0 

.2480€+00 
a2595E+00 

3003E+00 
.2600E+00 
.2584E+00 
.2831E+UO 
.2946€+00 
.2683€+00 
.2340E+00 

Twr  K 

127.20 
163.59 
123.095 
128.68 
1 3 1  0 0 5  
133.12 
128.98 
131.93 
135.48 
134.89 
132.53 
138.74 
142.58 
140.81 
137.55 
139.33 
139.03 
135.78 
133.12 
134 060 
160 33 
133.41 

Tw/Tt 

0 4 3 0  
0553 

419 
0435 . 443 

450 
436 
446 

0 4 5 8  
436 . 448 

0469 
0 6 8 2  
a476 

465 
4 7 1  
470 

0459 
0450 
0455 

542 
0 4 5 1  
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TABLE 2. - Continued 

(ad) Case 

x, cm 

42 0 3 3  
45 077 
49.20 
52  e64 
56.08 
59.52 
62 095 
6 6  39 
6 9   0 8 3  
73   027 
76.71 
80.14 
83 058 
87.02 
90 e4 5 
93.89 
97.33 

100.77 
104.20 
107.64 
111 008 
112 003 
114.52 
117.95 
119.67 
1 2 1  039 
124.83 
1 2 8   0 2 6  
131.70 
132 0 4 0  
135 a 1 4  
1 5 4  e 9 4  
156  065 
158.37 
160 009 
161.81 
163.53 
165 025 
166  097 
168.69 
170.40 
172 e12 
173   084  
1 7 5  056 
177.28 
179.00 
180.  72 
182  044 
184.16 

29: test 34, 

9, Wcm2 

- . 496 4E-0 1 
-.4988E-01 
-.4234E-01 
-.4Q37E-01 
-.C885E-01 
-.4140€-01 
-03876E-01 
-.300lE-01 
-.3034E-01 
-03294E-01 
-.3075E-01 
-.1931E-01 
-.1750E-01 
-02362E-01 
- 0  1084E-0 1 
-01272E-01 
-06799E-02 
-.1835E-01 
-01135E-01 
-.8694E-02 
-01147E-01 
-03133E-02 
-07843E-02 
-05675E-02 
-01078E-02 
-.1458E-01 
-09795E-02 
-.1042E-01 
- 0 1 1 5 8 E - 0 1  
-02542E-02 
-.2100E-02 
-07695E-02 
-04529E-02 
-.5312E-02 
-.1511E-01 
-01915E-01 
-01743E-01 
-.1580€-01 
-.182lE-Ol 
-.2113E-01 
-.1914E-01 
-.2124E-01 
-02971E-01 
-02222E-01 
-02716E-01 
-02307E-01 
-02317E-01 
-.2405E-01 
-.300lE-01 

run 3 0 ,  EI1 

T,, K 

286.50 
2 86  050 
286.50 
286.50 
286.50 
286.50 
2 86  e20 
286 020 
286.50 
286.20 
286.20 
286  020 
286.20 
286.20 
286.20 
286.20 
286.20 
286.50 
2 86 0 2 0  
286 050 
286 5 0  
286.20 
286.50 
286 020 
286.20 
286.81 
286.50 
286.50 
286.50 
286.50 
286.50 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 
286  081 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 

= 17.26  

Tw& 
0 9 2 7  
0 9 2 7  

927 
927 
927 
927 
926 
926 

8927 
926 
926 
926 
926 
926 
926 
926 

0926 
8927 
926 

8927 
927 
926 
927 
926 
926 

0928 
927 

0 9 2 7  
e927 
927 

0 9 2 7  
928 
928 
928 
928 
928 
928 
928 

e928 
928 

a928 
928 

0928 
e928 

928 
928 
928 
928 
928 
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x, c m  

185   087  
189.31 
1 9 1  003 
192  075 
1 9 4  a 46 
196   018  
1 9 7  a90 
199   062  
2 0 1   0 3 4  
203.06 
204.78 
206.50 
208  022 
209.93 
2 1 1 0 6 3  
213.37 
2 15  009 
216.81 
218.53 
220.25 
221.97 
22  3 069 

TABLE 2 .  - Concluded 

(ad)  Concluded 

9 r  W c m 2  
-.28.85E-O1 
-01438E-01 
-02505E-01 
-.25756-01 
-01680E-01 
-02902E-01 
-03458E-01 
-03145E-01 
-01931E-01 
-.2721E-01 
-.3066E-01 
-02608E-01 
-03390E-01 
-.2281E-01 
-03407E-01 
-03221E-01 
-02177E-01 
-02393E-01 
-03412E-01 
-03444E-01 
-02532E-01 
-02838E-01 

Tw, K 
287012 
288.05 
286.81 
286.81 
286.81 
286.81 
286.81 
286.81 
286.50 
286.20 
286.20 
286 020 
283.89 
286.20 
286  020 
286  020 
2 86 e 2 0  
286.20 
285.89 
286.20 
283.89 
285.89 

Tw/Tt 
929 
932 

0928 
0928 
928 

0928 
928 
928 

0927 
926 

0926 
926 
925 
926 
926 

0926 
926 
926 
925 

m926 
925 
925 
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TABLE 3. - SKIN-FRICTION DATA 

(a) Model 1 

- 
Case 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15  
1 6  
1 7  
1 8  
1 9  
20 

Stat  ion 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

~ 

x, cm 

74.2 
99.6 

1 25.0 
21 1.2 

74.2 
99.6 

1 25.0 
21 1 .2 

74.2 
99.6 

1 25.0 
211.2 

74.2 
99.6 

125.0 
211.2 
74.2 
99.6 

125.0 
211  .2 
_______~ 

Run 

~ 

24 
8 

1 3  
1 9  
25 

7 
14  
20 
26 

9 
15 
21 
27 
11 
16 
22 
28 
12 
17 
23 

Pt, 1 
kPa 

1 3   1 4 8  
1 2  031 
13   190  
13  210 
10  583 
10  652 
10  583 
10 542 
7 922 
7 998 
7 908 
7 929 
5 454 
5 488 
5 440 
5 454 
2 758 
2 758 
2 674 
2 723 

T, Pa 

9.467 
19.622 
26.393 
21 -339 

7.846 
17.071 
22.270 
18.395 

6.299 
11,625 
16.975 
15.306 
4.984 
7.21 2 

10,790 
12.018 
3.208 
3.238 
3.923 
7.302 

Cf 

1.248 x 10-4 
3.060 
3.358 
2.476 
1.279 
2.983 
3.629 
2.779 
1.344 
2.655 
3.788 
3.075 
1.538 
2.299 
3.440 
3.384 
2.023 
2.236 
2.586 
4.41 3 

%e 
(a) - 

31 - 2 8  x 106 
34.13 
55.63 

102.25 
24.85 
30.21 
42.34 
77.31 
18.71 
22.75 
30.03 
56.53 
13.00 
16.08 
20.92 
40.32 

6.29 
7.85 

10.58 
16.63 

Me 

10.09 
9.71 

10.24 
10.23 

9.92 
9.68 
9.98 
9.98 
9.85 
9.73 
9.78 
9.83 
9.78 
9.47 
9.67 
9.73 
9.33 
8.95 
9.69 
9.1 4 

aBased on power  law u-T relation. 
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TABLE 3. - Concluded 

(b) Model  2 

~ 21 i 

j 22 ~ 

23 
I 24 I 

I :; 1 
27 I 

28 ' 
29 
30 
31 
32 

' 34 
3 5. 
36 
37 
38 
39 
40 
41 
42 

! 33 

2 
3 
4 
5 
6 
7 
8 
8 
2 
3 
4 
5 
6 
7 
8 
2 
3 
4 
5 
6 
7 
8 
8 

50.5 ' 2 ' 0.931 1 9.804 j 1.477 X 20.8 x l o 6  11.2 
75.9 ! 1 3  , ,927 22.063 j 3.075 31 .8 11 .o 

101.3 j 1 8  ,937 ' 23.173 ~ 2.993 46.4  11 .o 
131  .2 21 .917 21.877  2.834 : 58.1 11.1 

, 165.1 30 1 ,902  19.809 1 2.542 i 72.8  11  .2 
I190.5 9 ~ ,919 i 215.9 , 26 i ,920 

215.9 25 ~ ,920 
50.5 34 .485 
75.9 1 5  1 -488 

101.3 20 ' -493 
131.2 23 -465 

190.5 11 ! -500 
21 5.9 29 .470 

50.5 33 , ,355 

' 165.1  32 ' -480 

131 .2  22 
165.1 31 
190.5 12  

17.926 
16.858 
21.477 
12.231 
26.028 
26.055 
23.81 4 
21.263 
19.464 
19.312 
10.694 
34.729 
27.538 
23.573 
21 .201 
21.822 
19.712 
25.097 

2.326 i 88.8  11.4 
2.1 34 104.5 11 .6 
1.817  156.0  11.6 
1.812 21 .o 11.3 
3.362  35.2 11.2 
3.439 ' 45.3 I 10.9 
3.095 
2.785 
2.528 
2.303 
1.584 
4.600 
3.622 
3.036 
2.81 9 
2.801 
2.561 
2.1 70 

60.2 
74.8 
95.1 

116.4 
20.1 
34.3 
44.3 
59.1 
71 - 5  
93.4 

103.1 
1  52.2 

11 .2 
11  .2 
11.5 
11.8 
11  .3 
11.1 
10.9 
11  .2 
11.2 
11 .5 
11.5 
11.6 

1 3  651.7 
1 3  755.1 
1 3  734.4 
1 3  741.3 
1 3  789.6 
1 3  651.7 
1 3  817.2 
20 684.4 
1 3  734.4 
1 3  734.4 
13 755.1 
1 3  762.0 
1 3  762.0 
1 3  655.5 
1 3  796.5 
1 3  741.3 
1 3  706.9 
1 3  741.3 
1 3  775.8 
1 3  720.7 
1 3  606.2 
1 3  775.8 
20 698.2 

300.9 
31  2.1 
308.2 
320.4 
328.2 
31 4.8 
31  7.1 
31 3.2 
31 0.4 
308.7 
305.4 
31  2.1 
31 3.7 
300.9 
309.3 
31 8.7 
307.9 
31 2.6 
320.4 
322.6 
303.7 
31 0.4 
306.8 



TABLE 4.- SURFACE PRESSURES 

Case 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Pt,l' kPa 

2  798 
2 861 
2 620 
2  689 
2  689 
2 551 
2 620 
5  447 
5  240 
5  240 
5  309 
5  275 
5  378 
5  378 
7  860 
7  653 
7 860 
7 791 
7 653 
7  929 
7  860 

10 239 
I O  756 
10  687 
10 480 
10  135 
10 480 
12 928 
12 893 
13 583 
13 100 
12 893 
13  100 

T 
(a) Model 1 

x, cm 

74.24 
74.24 
99.64 
99.64 

125.04 
125.04 
211  .15 
74.24 
74.24 
99.64 
99.64 

125.04 
125.04 
211 -15 
74.1 4 
74.1 4 
99.64 
99.64 

125.04 
1 25.04 
211  .15 
74.1 4 
74.1 4 
99.64 
99.64 

125.04 
125.04 
74.24 
74.24 
99.64 
99.64 

125.04 
211 -15 

P/Pl 

6.827 
6.589 
8.1 33 
8.077 
7.281 
7.372 
7.901 
7.950 
8.1 68 
7.620 
7.698 
7.570 
7.443 
8,605 
8.1 44 
8.265 
7.765 
7.704 
7.301 
7.679 
8.655 
8.265 
8.1  91 
7.981 
7.891 
8.084 
8.468 
8.236 
8.390 
7.91 9 
8.1 06 
7.942 
8.948 

. .~ 

*1 

16.88 
16.90 
16.83 
3 6.85 
16.85 
16.82 
16.83 
17.4 
1 7.35 
17.35 
17.37 
17.35 
17.36 
17.36 
17.60 
17.60 
1 7.60 
17.60 
17.60 
17.60 
17.60 
1 7.82 
17.87 
17.85 
17.83 
1 7.80 
17.83 
18.05 
18.05 
18.1 1 
18.07 
18.05 
18.07 

~ .. 
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TABLE 4.- Continued 

(b) Model 2 

p/p1 for - 

Case 34 ' Case 35 i Case 36 Case 37 Case 38 ! Case 39 1 Case 40 '' Case 41 
x, cm j I  'V 

I 
41.61 
45.42 
50.50 
55-58 
60.66 
65.74 
70.82 
75.90 
80.98 
86.06 
91.1 4 
96.22 

101.30 
106.38 
111.46 
116-54 
1  36.86 
165.1 0 
190.50 
21 5-90 

5.61 
5-51 
5.56 
5.51 

j 5.72 

6.18 
6.28 
6.28 
6.42 
6.58 
6.52 
6.50 
6.52 
6.49 
6.64 
6.56 
6.32 
6.22 
6.1 3 

! 5.97 

5.85 1 5.96 
5.69 
5.41 
5.66 
5.88 

, 6.15 
6.1 4 
6.21 
6.32 

: 6.68 
6.71 

~ 6.74 
6.73 
6.53 
6.85 
6.79 
6.54 
6.49 
6.40 

5.98 
6.1 0 
5.82 
5.51 
5.70 
5.88 
6.1 5 
6.09 
6.16 
6.29 
6.69 
6.72 
6.76 
6.75 
6.56 
6.89 
6.84 
6.59 
6.58 
6.46 

5-91 
5-79 
5.81 
5.64 
5.68 
5.82 
5.90 
5.91 
5.93 
6.07 
6.39 
6.34 
6.38 
6.38 
6-40 
6.61 
6.56 
6.34 
6.29 
6.1 6 

6.20 
6.34 
6.00 
5-59 
5.69 

' 5.80 
5.98 
5.84 
5.87 
5.97 

i 6.39 
6.44 ~ 

' 6.49 ! 
6.34 , 

6.73 
6.77 
6.60 
6.65 
6.52 , 

~ 6.49 I 

I 

I 

6.22 
6-04 
6.04 
5-80 
5.80 
5.95 
5-81 
5.82 
5.77 
5-77 
6.13 
6.09 
6.03 
6.05 
6-1 0 
6-47 
6.57 
6.47 
6-57 
6-54 

6.36 
6-49 
6.14 
5.71 
5.78 
5.89 
6.01 
5.78 
5.74 
5.73 
6.72 
6-1 3 
6.13 
6-09 
5.99 
6.44 
6-64 
6.60 
6.73 
6-62 

6.82 
6.54 
6.58 
6-20 
6-25 
6.54 
6-32 
6-1 4 
6-03 
5.81 
6.24 
6.27 
5.99 
5.94 
5.93 
6-56 
6-67 
6.72 
7.09 
7.26 I 

& , I r  kPa - 
17.70 17.80  17.90  17.96  18.05 . . . .  M1 
31 2.8 309.8  306.1  307.2 31 0.1 *Ttr K . . . 9487  8294 13  624 12  259:  10  887 

R~/III  . . . . 46-3 X IO6 41.1 X l o 6  37.1 x l o 6  31.8 X IO6 
0.96  0.97 0.98  0.97  0.97  Tw/Tt . . - - 27.5 x IO6 

6771 
31  0.1 
17-57 

22.8 x l o 6  
0.97 

6240 
305.5 
7 7-50 

21.5 x l o 6  
0.98 

*Measured  in  free  stream. No real  gas  correction  required. 
W 
W 
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0 
0 TABLE 4. - Concluded 

x, cm 

41 .61 
45.42 
50.50 
55.58 
60.66 
65.74 
70.82 

I 75.90 
80.98 

1 91 -14 
96.22 

101  -30 
106.38 
111  -46 
116.54 
136.86 
165.1 0 
190.50 
21 5.90 

I 86.06 

f 
r 

(b) Concluded 

1 
Case 42 

5.69 
5.72 
5.58 
5.66 
5.76 
5.98 
6.1 0 
6.36 
6.37 
6.52 
6.48 
6.52 
6.60 
6.65 

6.51 
6.58 
6.35 
6.22 
6.20 

"" 

Case 43 

5.81 
5.87 
5.67 
5.73 
5.79 
5.99 
6.1 2 
6.33 
6.36 
6.51 
6.49 
6.57 
6.63 
6.64 

6.42 
6.35 
6.28 
6.1 2 

' 6.13 

"" 

Case 44 

5.75 
5.85 
5.63 
5.69 
5.70 
5.84 
5.96 
6.1 5 
6.19 
6.39 
6.40 
6.51 
6.60 
6.61 

6.40 
6.30 
6.21 

"" 

1 6.16 
6.1 4 

p/p1 for - 
Case 45 

5.74 
5.87 
5.65 
5.69 
5.66 
5.76 
5.88 
6.00 
6.06 
6.27 
6.34 
6.47 
6.57 
6.60 
"" 

6.46 
6.42 
6.25 
6.27 

i 6.23 

Case 46 

5.85 
6.43 
5.58 
5.65 
5.59 
5.68 
5.69 
5.75 
5.83 
6.01 
6.13 
6.25 
6.49 
6.49 
6.40 
6.41 
6.45 
6.22 
6.27 
6.26 

r 6.06 
6.25 
5.76 
5.79 
5.67 
5.75 
5.75 
5.79 
5.81 
5.90 
6.01 
6.1 4 
6.35 
6.32 
6.23 
6.28 
6.20 
6.21 
6.28 
6.24 

6.26 
6.35 
5.87 
5.87 
5.74 
5.84 

,' 5.82 
5.80 
5.77 
5.79 
5.87 
5.97 
6.11 
6.07 
6.04 
6.1 8 
6.33 
6.28 
6.41 
6.35 

F Case 49 

6.01 
5.94 
5.83 
5.80 
5.78 
5.84 
5.99 
5.94 
5.92 
5.91 
6.1 3 
6.37 
6. 38 
6.61 
6.59 

P t , l  I kPa . 1 3   3 5 5 ,   1 2   0 6 6 ,   1 0   7 3 5  9604  8350  69 57 5550 , 41  71 
*Tt, K . . . 303.3 j 301 .O 299.0 I 298.2  309.1  307.8  307.8  309.5 
M1 . . . .  

i 0.38 

18.03 17.96  17.86  17.80  17.70  17.58  17.45  17.28 
Rl/m . .) . . 46.2 x 106142.2 x l o 6  37.9 x lo6  '34.0 x l o 6  28.1 x IO6 23.6 x lo6   18 .9  x l o 6  14.2 x 106 

0.31 
, 

' 0.331  0.331 Tw/Tt . . . c 0.39 ' 0.36 ~ 0.28 I 0.27 I 
IiId 1 

4 

*Measured i n  free stream. No real  gas  correction  required. 



TABLE 5.- PITOT SURVEY DATA 

Everage values of pt, 1 are  listed;  pitot  data  corrected  to  pt,l = 13 789.6 kPa 1 
(a) Data  summary 

model 1, Nominal  Tt = 305.6 K; for model 2, Tt is measured  in 
free  stream  and  no  real  gas  correction is required 1 

Case Station I 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

~ . .  

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 

I Test-Run 

Model 1 

11-6 

2  895.8  15-7 
2  551.1 11  -66 
2  551 .1 11  -41 
2  757.9 11-4 
5  584.8 15-8 
5  309.0 11  -65 
5 309.0 11  -40 
5  309.0 11-8 
8 135.9  15-9 
7  791.1 11  -64 
7 653.2 11  -39 
7  791 -1 11-5 

1 0  755.9  15-1 0 
1 0  204.3 11  -63 
1 0  618.0 11  -37 
1 0  204.3 11  -5 
1 3  169.1 15-1 1 
1 2  962.2 11  -62 
i 3  444.9 11  -36 
1 2  755.4 

Model 2 

42-1  3 
39-1  2 
39-31 
42-1 0 
42-7 
39-36,  40 
42-3,  4 
39-48,  49 
42-1  5 
39-27 
39-33 
42-1  2 
42-9 
39-45,  46 
42-6 
39-56,  60 
4 2-1 4 
39-26 
39-32 
42-1 1 
42-8 
39-43,  44 

39-54,  55 
42-5 

1 3  720.7 
1 3  617.2 
1 3  720.7 
1 3  720.7 
1 3  789.6 
1 3  734.5 
1 3  672.4 
1 3  651.7 
1 3  824.1 
1 3  720.7 
1 3  706.9 
1 3  762.0 
1 3  789.6 
1 3  686.2 
1 3  706.9 
1 3  582.8 
1 3  824.1 
1 3  755.1 
1 3  741.3 
1 3  603.4 
1 3  779.6 
1 3  651.7 
1 3  693.1 
1 3  669.0 

303.9 
31 1 . l  
309.4 
308.9 
322.2 
309.7 
318.3 
302.5 
303.5 
307.8 
302.2 
303.3 
31 2.2 
306.4 
31 1.1 
309.5 
31 8.3 
306.7 
308.3 
305.8 
31 0.6 
31 4.7 
31 1.1 
308.1 

0.952 
* 959 
-943 
* 944 
-899 
-966 
-91  6 
-985 
-495 
-542 
-524 
-465 
-488 
-558 
.459 
-501 
-331 
.362 
-306 
-376 
.364 
.358 
.330 
.334 
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TABLE 5L- Continued 

(b) Pitot  profiles:  Case 7 ; station 1 ; test 1 1  ; run 6; 
pt,l = 12 755.4 kPa;  Tt = 305L6 K 

Y f  cm 

e1277 
e1966 
-3024 
.3759 
.4 zzc 
4 732 

.5 186 
e 5 5 6 9  
.5797 
5 965 
627d 
6494 

e6712 
6886 
7147 
725C 

.754  7 

.7754 

.7959 
- 8 2 6 1  
.e 375 . u 734 
a9197 
-9560 

1.0370 
1.1081 
1.1951 
1.2631 
1.3163 
1.4049 
1.5186 
1.5982 
1.6941 
1.7743 
2.0239 
2.1462 
2.2577 
2.3921 
2.4845 
2.6254 
2 7500 
2.8593 
3.0015 
3.1999 
3.3735 
3.5544 
3.7609 
3.9960 
4e.2036 
4 -4639 
4.7298 
4.8340 

5.0441 
5.1485 
5.3542 

4.8898 

PI N/cm2 
176 

0253 
.43e 

5 6 2  
769 

.912 
1.239 
1.642 
2.163 
2.533 
2 .990  
3.489 
3.979 
4.359 
4.935 
5.717 
6.532 
7.20: 
7.901 
8 639 
9.215 
9.781 

10.216 
10.695 
11.023 
11.372 
11.602 
11.865 
12.116 
12.227 
12.456 
12.601 
12.690 
12.855 
13.133 
13.169 
13.226 
13.262 
13.221 
13.182 
13.217 
13.274 
13.452 
13.598 
13.787 
13.857 
14.068 
14.172 
14.05e 
14.142 
14 160 
11 s 906 
6.806 
5.117 
5.155 
5.217 
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TABLE 51.- Continued 

(c) Pitot  profiles:  Case 2; station 2; test 1 1  ; run 36; 
Pt, 1 = 13 444.9 kPa;  Tt = 305.6 K 

Y I  cm 

1 5 6 9  
3 1 1 3  

. 4 7 9 7  
, 3 9 6 7  

.5  747 
e6134 
- 6 5 1 4  

7 0 1 6  
~ 7 3 9 6  
. 7 8 3 3  
e 7 9 0 7  
.8  289 
- 8 6 6 5  

9 060  
,,,.;9332 
' - 9 6 0 0  

9942 
1 . 0 1 5 1  
1 e0359 
1 . 0 8 6 9  
1 . 1 2 8 7  
l e l e 1 5  
1 .2724 
1 .3169 
1 .3726 
1 .4557 
1 . 5 4 9 7  
1 .6465 
1 .7456 
1.8513 
1 . 9 9 6 0  
2 .2015 
2.4256 
2 e 6 2 3 7  
2.7677 
2.8991 
2.9518 
3 .0113 
3.0916 
3.1760 
3 .2476 
3 .4983 
3 .7621 
4.0822 
4.2592 
4.4619 
4 a 7 1 5 9  
4 .8760 
4 9 9 9 1  
5 .1286 
5 , 2 2 8 4  
5.3274 
5 e 4 4 0 9  
5 .5529 
5.6484 

P# N/cm2 
1 4 0  

e 6 2 8  
. 9 5 3  

1 . 3 3 3  

2 . 5 5 0  
1 8 9 8  

3.17C 
3 .866  
4 .475  
5 .019  
5 . 4 2 1  
6 . 0 7 4  
6 . 5 8 5  
7 .324  
7 .737  
8.183 
8 6 0 7  
9 . 0 4 2  
9 . 4 4 5  
'4 .690 

1 0 . 2 4 9  

1 1 . 0 5 3  
1 0 . 6 5 1  

1 1 . 2 7 0  
1 1 . 5 3 0  
1 1 . 8 0 1  
1 2 . 0 5 0  
1 2 . 2 1 2  
12 .364  
1 2 . 5 4 8  
1 2 . 6 2 2  
1 2 . 6 9 6  
1 2 . 7 4 8  
1 2 . 7 9 0  
1 2 . 9 4 0  
1 3 . 2 3 0  
1 3 . 3 3 0  
1 3 . 5 4 7  
1 3 . 7 2 0  
1 3 . 7 8 5  
1 3 . 6 1 0  
1 3 . 4 8 7  
1 3 . 4 6 2  
1 3  4 8 0  
13.500 
13 .465  
1 3 . 4 2 9  
1 3 . 3 5 1  
1 3 . 1 9 8  
1 3 . 0 2 2  
1 2 . 9 1 2  
1 2  9 4 4  
13.062 
1 3 . 2 0 3  
13.332 
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TABLE 5.- Continued 

(c) Concluded 

5 . 7 2 5 9  
5 . @ 0 3 3  
6 . 0 2 2 7  
6 . 1 0 2 4  
6 .1040  
6 . 1 3 5 4  
6 .1637  
6.166d 
6 . 1 8 4 7  
6 .2078  
6 . 2 6 0 8  
6 . 3 2 1 1  
6 . 4 1 0 6  
6 . 5  336 

6 . 7 9 2 9  

6 . 9 0 4 4  

6 . 6 6 3 7  

6 .6562  

13 .44L  
13 .526  
13 .622  
1 3 . 0 3 3  
11 76C 
1 1 . 0 7 4  

9 .626  
8 .723  
6 .436  
5 . 3 8 2  
4 .957  
4 . 9 4 5  
4 . 9 3 3  
4 . 9 4 2  
4 . 3 1 9  
4.917 
4 . 6 9 4  
4 . 9 1 5  

7 04 



TABLE 5 .- Continued 
(d) Pitot  profiles:  Case 3; station 3; test 11; run 62; 

Pt, 1 = 12  962L2 kPa; Tt = 305! 6 K 

y r  cm 

. 1 2 8 8  
- 1 6 2 9  
0 2 2 5 9  

2 7 7 2  
, 3 8 8 5  

5 1 8 5  
6 1 7 2  
6 7 9 6  

~ 7 6 4 6  
8 1 6 0  
8 604 

- 9 0 4 6  
e 9 4 9 1  
e 9 9 2 5  

1 . 0 5 2 1  
1.09Y4 
1 . 1 4 6 5  
1 . 1 7 5 0  
1 . 2 2 3 0  
1 . 2 4 6 2  
1 .3232 
1 3562 
1 4 0 6 6  
1 4930 
1. bo29 
1 . 7 1 3 7  
1 7 7 8 1  
1 .8733 
1 . 9 4 3 1  
2.0470 
2 1 0 7 4  
2 3 3 0 7  
2 .5241 

2 .d  764 
2 . 7 1 2 5  

3.0342 
3.1659 
3 .2935 
3 .4107 
3 .5716 
3.7177 
3.8422 
4 .0135 
4.1510 
4.3710 
4.467t? 

4 .7635 
4.6460 

4 .9399 
5 .0460 
5 .1240 
5 .1945 
5 .2914 
5 .3975 
5 .4729 

Pr Wcm2 

.75  5 

. 8 4 8  
1 . 1 2 7  
1 . 3 0 3  
1 6 5 4  
2 .161  
2 .637  
3 .113  
3.574 
4.159 
4 70Y 
5 .238  
5.797 
6 . 2 3 1  
6 . 6 0 5  
7.0c\Z 
7 .517  
a .  0 4 6  
9 . 6 3 7  
9 .363  
9 .954  

1 0 . 3 7 5  
1 1 . 1 4 6  
11 .653  

1 2 . 8 2 3  
1 2 . 2 8 5  

13.0'32 
1 3 . 3 3 9  
1 3 . 5 4 6  
1 3 . 7 2 1  
1 3  8 0 2  
1 3 . 8 5 2  
1 3 . 8 9 1  
1 3 . 9 0 4  
1 3 . 9 2 8  
1 4 . 0 2 9  
14 .152  
1 4 . 1 7 1  
14 .138  
1 4 . 0 6 3  
1 3 - 9 6 ?  
1 3 . 8 9 3  
1 3 . 8 0 6  
1 3 . 8 1 7  
13 .772  
1 3 . 6 9 8  
1 3 . 6 1 3  
1 3 . 5 8 0  
13 .536  
1 3 . 5 5 5  
1 3 . 6 0 6  
1 3  6 3 6  
1 3 . 6 7 6  
1 3 . 7 4 7  
1 3  9 1 2  
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TABLE 5.- Continued 

(d) Concluded 

Y, cm 
5.5726 
5.6900 
5 7 9 0 6  
5.9244 
6.0347 
6.1957 
6.3658 
6.5446 
6.6867 
6.9233 
7.1653 
7.2032 
7.3296 
7.3025 
7.443d 
7.5017 
7.6787 
7.0@53 
7.9016 
7.9046 
7.9213 
7.9300 
7.9391 
7.9484 

p, N/cm2 
13.963 
14.055 
14.095 
14.104 

14.069 
14.092 

14.098 
14.105 
14.093 
14.048 
13.942 
13.878 
11.739 
9.362 
6.393 
5.168 
5.167 
5.155 
5.154 
5 142 
5.140 
5.338 
5.137 
5.136 
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TABLE 5.- Continued 

(e) Pitot  profiles:  Case 4; station 4; test  15;  run 1 1 ;  
pt,l = 13 169..l kPa; Tt = 305.6 K 

Y I  cm 
.2221 
.2 580 
3211 

e4054 
e6215 
,7191 
e7931 
-9209 

1.1367 
1.2909 
1.38t0 
1.4500 
1.5182 
1.5YC5 
1.7151 
1.957b 
1.9377 
1.9956 
2.0~513 
2.llbb 
2.2019 
2.3273 
2 369G 

1.013C 

2.4833 
2.5446 
2.5838 
2.636~ 
2.6894 
2.7617 
2.9021r 

3.1CO4 
2.993s 

3.1 n94 
3.3203 
3.5392 
3.6793 
3.9243 
4.1718 
4.3205 

4.9331 
4.6857 

P# N/cm2 
e471 
.5 7t 
.733 
.451 

1.253 
1.366 
1.546 
1.806 
2.125 
2.4fi3 
2.87e 
3.13d 
3.429 
3.763 
4.230 
4.63: 

5.612 
5.923 
6.371 
6.745 
7.399 
8.147 
8 . 8 4 2  
9.413 
9.Y84 
10.369 
10.774 

11.564 

12.977 
13.35 1 
13.913 
14.287 
14.558 

15.3d1 
15.196 
15.302 

15.300 

5.1Y6 

11.170 

12.333 

14.7ab 

15.314 
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TABLE 5.- Continued 

( f )  P i t o t  profiles: Case 5; s t a t i o n  7 ;  test 1 1  ; run 5; 
pt, 1 = 10 204L3 kPa; T t  = 305.6 K 

Y f  cm 
e 1 3 3 3  
- 2 4 4 3  
, 3 6 9 5  
. 4 9 3 3  

5 6 7 8  
e 6 4 8 9  

678 1 
7 1 6 5  
7462 
7662 
7 9 0 7  

m u 1 5 2  
a 8 2 5 3  
etj47d 
. 8 7 6 l  
. 9 3 5 7  

3 9 1 6  
1 .0636 
1.1792 
1 . 2 6 2 7  
1 . 3 3 7 7  
1 . 4 1 4 7  
1 . 5 2 9 3  
1 . 6 6 4 1  
1 .7137 
1.63G1 
1 0 9 7 7 0  
2 0 4 6 2  
2 .1392 
2.2333 
2 3319 
2 . 4 3 2 7  
2 .5370 
2.6324 
2 7 2 2 2  
2 .6476 
2.9  760 
3.0673 
3 .1901 
30 3294 
3 5003 
3 .6436 
3.7920 
3.9462 
4 .1215 
4 .3017 
4 .4610 
4.6704 
4.0767 
4 .9203 
5.0100 
5.0196 
5.0860 
5.1847 
5.2319 
5.2507 
5 2660 

P I  N/cm2 
102 

e257 
, 4 2 4  
. & 4  1 

1 . 3 8 6  
2 .203  
2 .856  
3 . 5 5 3  

4 .760  
5 . 3 9 1  
5 . 8 6 0  

4 14C 

6.38G 
6.  Y6d 
7 . 6 8 6  
8 1 6 6  
8 .558  
8 .919  
9 .150  
9 . 3 7 0  
9 . 5 9 9  
9 . 8 2 0  
9.976 

1 0 . 1 6 4  
1 0 . 2 7 4  
1 0 . 4 7 5  
1 0 . 5 3 2  
1 0 . 6 3 2  
1 0 . 6 2 4  
1 0 . 7 6 9  
1 0 . 7 3 7  
1 0 . 9 1 6  
10 .778  
10 7 1 6  
1 0 . 7 9 5  
1 0 . 8 2 0  
1 3 . 8 2 4  
10 .872  
10. Y 6 l  
11.085 
1 1 . 1 0 1  
11 .204  
1 1 . 2 6 3  
11,0311 
1 1 . 3 9 2  
1 1 . 3 9 7  
1 1 . 3 7 2  
1 1 . 3 2 4  
1 1 . 1 2 5  
11 .128  

8 . 7 6 6  
6 .312  
4 . 2 1 8  
4 1 6 6  
4 1 9 0  
4 .161  
4.182 
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TABLE 5.- Continued 

(9) Pitot  profiles: Case 6; station 2; test 1 1 ;  run 37; 
pt, 1 = 10 61 8k 0 kPa;  Tt = 305.6 K 

Yt cm 
2620 
3949 

e4923 
.55@9 
,5897 
,6138 
e6583 
,6763 
7009 
7508 . 7009 

,8252 
8 546 
-8864 
09119 

1.0725 
1.1230 
1.1623 
1.1971 
1.2 501 
103391 
1.4102 
1.4576 
1.5117 
1.6742 
1.7621 
1.8966 
1.9908 
2.0714 
2.1375 
2.1662 
2.2816 
2.3969 
2.5405 
2.6526 
2.7566 
2.6583 
2.9554 
3.0176 
3 1009 
3.1637 
3.2071 
3.263> 
3.3449 
304201 
3.4765 
3.5237 
3.5768 
306153 
3.6926 
3.9190 
3.9903 
4.1000 
4.1884 
4.3178 

P? N/cm2 
-26 
.775 

1.103 
1.406 
1.799 
2.223 
2.485 
2.811 
3.14e 
3.627 
4.170 
4.475 
5.030 
5.682 
6.476 
7.999 
8.304 
0.554 

8.990 
8. 740 

9.230 
9.430 
9.580 
9 700 
90952 
13.105 
10.161 
10.162 
10.174 
10.262 
10.306 
10.319 
10.342 
10.355 
10.422 
10.510 
10.604 
10.762 
10.883 
11.003 
11.134 
11.222 
11.179 
11.115 
11.062 
11.030 
11.02c 
11.010 
11.032 
11.044 
11 e036 
10.993 
11.006 
11.018 
l l o O Y 5  
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TABLE 5.- Continued 

(9) Concluded 

Y* cm 
4.4199 
4.6459 
4 .7795  
4.  8 7 9 5  
4 .9638  
5 .0275  
5.0848 
5 1 8 6 9  
5 . 3 0 0 7  
5.3777 
5 .4753  
5 5 6 3 1  
5 .5454  
5 .7204  
5.a222 
6 .0313  
6 0 9 0 4  
6 .  1 8 9 7  
6 . 2 6 9 1  
6 .2725  
6 3 0 5 9  
6 .3222  
6 .3380  
6 . 3 5 1 8  
6 .3958  
6.4073 
6 s 4 2 4 4  
6 .4466  

6 .6120  
6 . 4 7 6 9  

6 .7110  
6 7929  
6 .8347  
6 . 8 9 0 5  

P I  N/cm2 
1 1 . 0 6 4  
1 1 . 0 6 7  
1 0 . 9 8 2  
1 0 . 8 9 6  
1 0  7 9 9  
1 0 . 6 7 0  
1 0 . 5 7 3  
1 0 . 4 3 8  
1 0 . 4 6 7  
1 0 . 4 5 7  
1 0 . 4 9 1  
1 0 . 5 5 7  
1 0 . 6 4 5  
1 0 . 7 6 6  
10.t3a7 
1 0 . 3 3 7  
1 1 . 0 5 3  
1 1 . 1 4 1  
1 1 . 1 5 2  
1 0 . 4 4 6  

8 . 9 4 7  
7 . 5 8 9  
6 . 3 0 8  
5 .373  
4 .074  
4 3 2 0  
4 .125  
4.028 
3 .985  
3.998 
3 .999  
4 .012  
4 . 0 0 3  
3 .993  
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TABLE 5C- Continued 

(h) Pitot profiles: Case 7; station 3; test 11; run  63; 
pt, 1 = 10 204L3 kPa;  Tt = 305!6 K 

Yr cm 
e 2 0 6 7  
e2414  

3 0 5 1  
3 6 6 0  

.4384  

.507b  
- 5 6 3 4  
m6193 
, 6 6 1 1  

6 6 9 2  
7 3 8 1  
8 0 8 1  

.a435 
e 8 9 2 5  

9 4 7 6  
e 9 7 5 1  

1.0237 
1.0723 
1.1274 
1.1756 
1.2168 
1.237b 
1.2663 
1.3015 
1.3298 
1 3 8 6 0  
1.4283 
1.4844 
1.5403 
1.5961 
1 .6241  
1.6664 
1.7422 
1.8180 
l . t l F36  
1.9616 
2.1003 
2.2282 
2.3518 
2 4 9 0 4  
2.6697 
2.6631 
3.0266 
3.1099 
3 .1901  
3.2568 
3.316b 
3.4232 
3.5209 
3.6709 
3.7862 
3.9774 
4 .1151  
4.2231 
4.3328 

PI N/cm2 
- 6 8 8  
. 8 4 4  

1 1 0 3  
1 .341  
1.558 
1.714 
1 8 6 9  
2.126 
2.304 
2.522 
2 7 7 1  
3.206 
3.580 
4.140 
4 4 9 2  
4.627 
5.104 
5.602 
5.954 
6.244 
6 . 4 4 1  
6 732  
7.126 
7 .437  
7.769 
8.173 
8.567 
8 .982  
9.262 
9.51G 
9.687 
9.936 

10.174 
1 0 . 3 8 1  
10 .547  
1 0 . 6 7 1  
10.805 
10.929 
10.980 

10 9 6 9  
10 .966  
11.009 
11.091 
11.184 
11.267 
11.308 
11 e 2 9 7  
11.203 
11.13G 
11.047 
11.015 
11.035 
11 a034 
11.013 
10.992 
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TABLE 5. -  Continued 

(h) Concluded 

Y I  cm 
4 .4728  
4 . 6 4 6 0  

5 .0711  
5.2922 
5.4  799 
5.6998 
5.8082 
5 . 8 8 5 b  
5 .9866  
6 . 0 5 5 8  
6 .1782  
6 .3257  

6 .6158  
6 . 7 1 6 9  
6 .3456  
6 . 9 4 6 9  
7 .0762  

7 .3002  
7 . 3 9 1 b  
7 .5467  
7 . 6 3 1 6  
7 .6900  

4 .8792  

6 . 5 0 4 0  

7 .2259  

7 .7169  
7 .7292  
7 . d 3 9 6  
7 .9171  
7 .9862  
d.0180 
8.:1233 
8.0238 

PI W c m 2  

1 0 . 9 8 1  
1 0 . 9 3 8  
1 0 . 8 7 5  
1 0  8 7 4  
1 0 . 8 8 3  
1 0 . 9 5 5  
1 1 . 0 5 8  
1 1 . 1 4 0  
1 1 . 2 6 4  
1 1 . 3 b b  
1 1 . 4 9 2  
1 1 . 4 7 1  
11 .470  
1 1 . 4 0 7  
11 3 9 6  
1 1 . 4 0 6  
1 1 . 4 3 6  
1 1 . 4 5 7  
1 1 . 5 1 6  
1 1 . 5 3 6  
1 1 . 4 9 7  
1 1 . 4 3 4  
11.350 
1 0 . 7 4 8  

9 . 6 9 0  
7 . 1 7 9  
5 .747  
4 . 4 1 9  
4 .242  
4 . 2 4 2  
4 . 2 4 1  
4 . 2 5 0  
4 . 2 3 0  
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TABLE 5.- Continued 

(i)  Pitot  profiles:  Case 8; station 4; test  15;  run 10; 
Pt,l = 10 755L9 kPa; Tt = 305.6 K 

Y I  c m  

. 2533  
e 3 1 1 2  
- 3 5 4 6  

4 8 0 2  
- 6 4 1 7  
.7254  

d4   24  
e 9 4 9 1  

1.01661 
1 .1536  
1 . 2 6 2 4  
1 .4314  
1 . 4 9 9 2  
1 e5643  
1 . 6 2 2 2  
1 . 7 6 4 2  
1 .9286  
2 . 0 4 9 3  
2 . 1 3 2 1  
2 1 7 7 7  
2.2323 
2 .3149  
2 .3559  
2 . 4 6 0 1  
2 . 5 7 7 0  
2 6 6 0 4  
2.7324 
2 7 9 9 3  
Z e d 4 1 1  
2 . 8 8 0 2  
2 . 9 7 3 6  
3 . 0 6 9 6  
3.1482 
3.2302 
3.3235 
3.4235 
3 .5265  
3 .6161  
3 .7910  
3 .8210  
3.8785 
3 . 9 4 1 1  
4 . 0 7 3 1  
4 .3336  
4 . 3 9 9 9  
4 .4725  
4.6632 
4 .9302  
5.0518 
5 .1607  

5 . 6 4 4 3  
5 .5320  

5 .4431  
6.23613 

P I  W c m 2  

.485 
6 0 6  

.747  
8 8 6  

1 . 0 d 9  
1 . 2 2 1  
1 . 3 6 3  
1 . 5 7 6  
1 . 7 6 b  
1 . 9 3 9  
2 .215  
2 .523  
2 . 8 4 1  
3.208 
3 . 4 3 3  
3 .835  
4 .33c  
4 . 8 1 4  
5 . 2 7 7  
5 .584  

6 . 1 3 5  
5.n70 

6.54C 
7 . 0 3 6  
7 . 6 2 5  
8.0bt 
8 . 2 9 2  
8 . 5 6 9  
8 . 8 5 7  
9 2 7 0  
9 . 7 5 5  

1 0 . 1 1 5  
1 0 . 5 0 7  
1 0 . 8 0 4  
1 0 . 9 8 6  
1 1 . 2 2 0  
1 1 . 4 9 7  
11 7 1 2  
1 1 . 8 4 3  
1 1 . 8 4 1  
11 8 2 6  
1 1 . 8 9 5  
1 2   e 0 2 6  
1 2 . 1 3 6  

1 2  2 0 9  
1 2 . 1 8 3  

1 2 . 2 0 1  
1 2 . 1 9 7  
1 2 . 2 1 2  
1 2  1 7 2  
1 2  1 9 4  
1 2 . 1 7 5  
1 2 . 1 4 5  
12.16E 
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TABLE 5.- Continued 

(j) Pitot  profiles: Case 9; station 1 ; test 1 1  ; run 5; 
Pt,l = 7791.1 kPa; Tt = 305.6 K 

YI cm 
1276 

.2044 
- 2 5 0 6  
3073 

.3844 

.460b 
5 227 

.5 701 

.6031 
-6477 
,6852 
.7226 
.7472 
.7589 
07930 
.8200 
e 8 2 0 5  
Y46C 

.8 730 

.a906 

.9171 
9662 

1.0110 
1.0446 
1.1010 
1.1718 
1.2478 
1.3383 

.90t5 

1.4066 
1.5021 
1,5763 

1.7G94 
1.7806 
1.9074 
2.0124 
2.1296 
2.2026 

2.3878 
2.4954 

1.6239 

2.2831 

2.5987 
2.6913 
2,7956 

2.9999 
2.9106 

3.1112 
3.1987 
3.3208 
3.4491 
3.6061 
3.7536 
3.8805 

P I  W c m 2  

m071 
126 

-159 
203 

-291 
.411 
.574 
.749 
.95 5 

1 173 
1 379 
1.672 
1.987 
2.378 
2.748 
3.084 
3.475 
3.Y20 
4.266 
4.572 
4.985 
5.321 
5 702 
6.104 
6.386 
6.647 
6.621 
7.083 
7. 290 
7.442 
7.573 
7 704 
7.802 
7.923 
8.021 
8.142 
8.229 
8.263 
8.307 
8.351 
8.439 
8.538 
8.484 
8.485 
8.388 
8.368 
8.379 
8 446 
8.457 
8.534 
8.611 
8.613 
8.669 
8.681 
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TABLE 5.- Continued 

( j 1 Concluded 

4 . 0 3 3 8  
4 . 1 6 6 2  
4 . 2 5 0 3  
4 . 3 1 3 0  
4 . 4 1 5 7  
4 . 5 3 6 8  
4 . 6 4 6 3  
4 e 7 2 1 4  
4 . 8  3 6 4  
4 . 9 2 5 4  
5 e0041 
5 . 0 6 9 2  
5 . 1 2 8 9  
5 . 1 m o  
5 2 0 5 4  
5 . 2 1 5 5  
5 . 2 5 0 6  
5 . 2 9 8 3  
5 . 3 3 8 7  
5 . 4 5 6 5  
5 . 5 2 1 9  
5 . 5 8 1 1  

8 . 7 3 6  
8 0  7 3 7  
8 . 7 3 8  
8 0 75c 
8 . 7 1  b 
8 . 7 1 9  
8 . 7 4 2  
8 . 6 6 7  
8 . 6 6 8  
8 . 6 4 7  
8 . 6 1 5  
8.595 
8 . 5 2 0  
8 . 4 8 8  
7 . 9 1 3  
6 . 8 1 7  
5 . 5 6 9  
4 . 2 4 5  
3 . 1 7 1  
3 . 1 5 1  
3 . 1 4 1  
3 . 1 4 2  
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TABLE 5.- Continued 

(k) Pitot profiles: Case 10; station 2; test 11 ; run  39; 
pt,l = 7653.2 kPa; Tt = 305;6 K 

Yr cm 
- 2 6 0 7  
.372E 

5 130 
, 6023  
. 6 6 l 6  

6 9 7 9  
7 4 6 2  

.7944  
, 8 2 9 1  
.8  572  
.9122 

9 6 5 6  
.9787 

1 . 0 1 0 5  
1 .0420  
1 0 1 0 4 4  
1.1 544 
1 . 2 1 6 1  
1 0  3 1 1 1  
1 . 3 8 2 2  
1 . 4 5 3 2  
1 . 5 5 3 5  
1 .6460  
1 . 7 5 9 8  
1.8438 
2 .1176  
2 3 0 3 4  
2 .4024  
2 5 0 6 3  
2 .5462  
2 .6630  
2 .7523  
2 . ~ 2 7 a  
3 .0462  
3 .2708 
3 . 3 3 b 9  
3.3758 
3.4068 
3 .4440  
3 .4995  
3.5860 
3.6765 
3.0234 
3.9576 
4 .1131  
4.2864 
4 .5047  
4 .6951  
4.8509 
5.0626 
5.2408 
5.3947 
5 4 9 9 4  

P, N/cm2 
2 5 0  

.40 5 
5 6 0  
8 6 0  

1 . 2 2 3  
1 . 4 1 9  
1 7 9 2  
2 . 1 0 3  
2 4 2 4  
2 8 3 9  
3 . 1 5 0  
3 . 4 5 0  
3 . 8 6 5  
4 . 4 4 6  
4 .839  
5 .326  
5 .772  
6 . 0 8 3  
6 . 5 5 9  
6 . 8 1 8  
7 .025  
7 . 1 9 0  
7 . 3 6 6  
7 . 5 3 1  
7 . 6 3 4  
7 . 8 2 0  
7 .933  
7 . 9 5 3  
7 .963  
8 0 4 6  
0.055 
8 .117  
8.189 
8 . 2 0 9  
8 . 3 5 3  
8 .436  
8 .394  
8.425 
8 508  
8 . 4 8 7  
8 .517  
8 . 5 3 7  
0.568 
8 . 5 5 7  
a .577  
8 .586  
8 5 6 4  
8 5 4 2  
8 .479  
8 . 4 3 7  
8 .405  
8 . 2 9 0  
8 1 9 6  
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TABLE 5.- Continued 

(k) Concluded 

5.5898 
5.7149 
5.8329 
5 9465 
5 . 9 8 2 8  
600997 
6.3852 
6.5 337 
6.6036 
6.6684 
6.7133 
6 7439 
6 7659 
6.7705 
6.8279 
6.9231 
7.0177 
7.0559 
7.0741 
7.0810 
7.0885 

8.123 
8 . 1 4 3  
8 0 2 2 5  
8.320 
a .400  
8 e514 
8.617 
8 690 
8 699 
8.585 
8.315 
7.744 
5.618 
5.643 
3.461 
3.139 
3.118 
3.107 
3.117 
3.137 
3.106 
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TABLE 5,- Continued 

(1) P i t o t  profiles: Case 11 ; station 3; test 1 1  ; run  64; 
pt, 1 = 7791 . l  kPa; T t  = 305.6 K 

Y I  cm 
- 1 1 1 3  

1 5 6 7  
e 2 2 1 6  

2 6 6 6  
e 3 1 1 4  

3 560  
3 876  
4 320 
5 0 8 2  
5 7 2 0  

e 6 4 2 2  
6 9 9 3  
7 5 0 7  

e 7 8 0 4  
8 245  

e 8 6 9 8  
9 0 6 9  

e 9 6 5 8  
1.0138 
1.0802 
1 .1471  
1.2202 
1 2 4 0 9  
1 3 0 8 2  
1.3716 
1 .4011  
1 .4649  
1 .5631  
1 .667a  
1.7449 
1 . 8 8 4 3  
1 , 9 8 7 2  
2 .0813  
2.2076 
2 . 3 3 7 1  
2 .4883  

2 .6455  
2 .5488  

3.0613 
3.2369 
3.3647 
3.5455 
3.7167 
3 .8773  
3 . 9 7 8 9  
4 .1020  
4 .2222  
4.3703 
4 . 4 6 4 9  
4.6227 
4.7766 
4 .9633  
5 . 1 3 5 5  
5 .2890  
5.4624 

P I  N/cm2 

326  
4 4 0  

.595 

.636 

.781 
9 0 5  
9 6 7  

1.050 
1 .225  
1 .433  
1 e 6 8 1  
1.857 
2 e 0 4 4  
2 . 2 1 0  
2 3 8 6  
2.750 
2.960 
3.207 
3 .549  
3 .933  
4 .431  
4 . 8 1 6  
5 . 0 7 6  
5.376 
5.bd8 
6 .020  
6 . 3 7 3  
6 . 7 3 6  
7 . 0 2 6  
7 . 2 4 3  
7 . 5 1 2  
7 , 6 6 7  
7 . 7 5 9  
7 . d 4 1  
7 , 9 3 3  
8 .024  
0 . 0 3 3  
e .  0 8 2  
8.132 
a .192  
8 a 2 6 3  
8.292 
8 .274  
0.287 
8 .286  
8 .264  
6 . 2 7 2  
E.263 
8 2 6 9  
8.267 
8.234 
8.201 
8.157 
8 . 1 3 4  
d .142  
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TABLE 5.- Continued 

(1) Concluded 

YI cm 
5.6648 
5 .8120  
5 .9196  
6 .0375  
6 .1353  
6 .2769  
6 .4556  
6 . 6 2 7 0  
6 . 8 3 7 8  
6 . 9 9 2 6  
7 . 1 3 4 3  
7 .3666  
7.7175 
7 . 8 8 0 6  
7 . 9 7 3 0  
8 . 0 1 5 1  
8 .1142  
8 .1989  
8 .2886  
8 .4287  
8 . 4 4 4 1  
8 .4557  
U. 4 6 2 7  
8 .4671  
r e 4 7 1 1  

PI  N/cm2 
8 . 1 2 9  
8 .179  
8 . 2 7 1  
8 .342  
8 .435  
8 .527  
8 .587  
8 . 5 9 3  
8 .603  
8 . 6 2 2  
8 e 5 9 9  
8 .575  
8.520 
8 .517  
8 e 5 0 4  
7 . 6 9 1  
5 . 4 9 6  
3 .903  
3.143 
3 . 1 3 1  

3.118 
3.130 

3 .138  
3.126 
3 - 1 3 :  
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TAl3LE 5.- Continued 

(m)  Pitot  profiles: Case 12; station 4; test 15; run 9; 
pt,l = 81 35.9 kPa; Tt = 305.6 K 

Y, 
. 1 9 2 6  
.2 336  

.3952 

.5 366 

. 6 4 6 3  

. 7 3 2 1  

. b 6 3 7  

1.07eG 
1 . 1 4 0 2  
1 . 1 9 6 5  
1 . 3 0 4 5  
1 . 4 0 7 0  
1 .5140 
1 .6019 
1.b3t .5  
1 . 7 3 3 5  
1 . ~ 3 9 0  
1.V469 
2.0163 
2.G97h 
2.17Cb 
2 .2345 
2 . 7 8 9 6  
2.3539 
2.4799 
2.0066 
2 .6725 
2.7344 
2 . d o 1 1  
2 .8474 
2.9069 

a2569 

1 . 0 0 9 1  

2 9 4 0 5  
3.0218 
3 .1299 
3 , 2 2 7 0  
3.2750 
3 .33eu  
3.3896. 
3.4368 
3.4715 
3.5346 
3.5966 
3 .7267 
3 . 8 4 t 2  
3 .9095 
3.9462 
4 . i ) l G O  
4 .0603 
4.1967 
4 .4527 
4 5 0 6 1  
4.5836 

p, N/cm2 

4 2 0  
. 4 5 3  
. 5 5 9  

. 8 0 2  
6 6  5 

. 9 4 0  
1 . 0 2 6  
1 . 2 0 6  
1 . 3 7 5  
1 . 5 1 3  
1 . 6 1 0  
1 . 7 4 7  
1 e 9 3 6  
2 . 1 5 5  
2 .314  
2 . 4 3 1  
2 . 6 6 3  
2 . 6 3 1  
3.01C 
3.312 
3 . 5 6 3  
3 .772  
3 . 9 5 1  
4 1 0 9  
4.3bZ 
4 .633  
5 .030  
5 .312  
5 . U 1 2  
6 . 0 7 3  
6 . 1 9 9  
6 . 3 2 5  
6 . 5 2 5  
6 7 5 6  
7 . 0 0 7  
7 .362  
7 .550  
7 . 8 1 1  
8.009 
‘3.105 
8.1f3C 
8 .275  
8 .360  
b.51b 
8 - 6 5 4  
8 7 7 1  
8 . 8 5 6  
8 .099  
8 . 9 2 3  
8.Y9ti 
9 . 0 7 3  
9 * 1 2 9  
9 . 1 6 2  
9 r  1 5 6  
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TABLE 5.- Continued 

(m) Concluded 

9.191 
9 204 
9.197 
9.210 
9 212 

9 199 
9.216 

9.144 
9.120 
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TABLE 5.- Continued 

(n)  Pitot  profiles:  Case 13;  station 1 ; test 1 1  ; run 8; 
Pt-1 = 5309~0 kPa;  Tt = 305.6 R 

PI N/cm2 
060 
0 8 8  . 1 2 2  

e 1 7 7  
. 2 3 2  

3 25 
-4 13 
.538 . 6 4 7  
9811 
.958 

1 , 1 1 5  
1 . 3 7 0  
1.658 
1. - 9 3 5  
2 . 2 4 5  
2 9495 
2.739 
2 . 9 6 7  
3.254 
3 .564  
3 . 7 8 1  
4.020 
4 . 2 2 1  
4 . 3  95 
4 .520  
4.662 
4 - 7 9 3  
4 . 9 7 3  
5 .126  
5 . 2 5 7  
5 . 3 2 4  
5.433 
5 . 5  10 
5 . 5 9 2  
5 . 6 4 3  
5 . 7 4 7  
F . 765 
5.816 
5 . 9 0 4  
5 , 9 4 0  
5 , 9 8 3  
5 .996  
6.019 
6.010 
5 . 9 t 9  
5 . 9 5 4  
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TABLE 5.- Continued 

Concluded 

PI Wcm2 
5 . 940  
5.963 
6.014 
6.059 
6.136 
6,165 
(5.145 
6.174 
6.186 
6.204 
6.228 
6,234 
60 209 
6 233 
6.219 
6.211 
6.21Y 
6 .zoo 
6.192 
6,184 
6.159 
6.047 
e0919 
5 06.43 
7.212 
4. R96 
4.4t2 
4.0K1 
3.699 
3 . 3 2 5  
2.828 
2 0 3 0 3  
2,186 
2.171 
2.173 
2.196 
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TABLE 5.- Continued 

(0 )  Pitot profiles: Case 14;  station 2; test 1 1 ;  run  40; 
pt, 1 = 5309.. 0 kPa;  Tt = 305.6 K 

Y? cm 
- 1 5 1 8  

1 7 7 5  
2 7 5 1  

s 3 3 4 1  
e 4 1 5 1  

5 340 
, 6 3 1 1  
e 6 8 9 8  
- 7 1 6 6  

7 6 0 0  
- 8 0 5 4  
. 8 5 6 7  
e 9 0 2 3  
- 9 3 1 1  
e 9 6 7 8  

1.0296 
1 . 0 6 4 6  
1.0Y93 
1 . 1 2 7 0  
1 .1662 
1 . 2 0 2 6  
1 . 2 3 7 2  
1 .2650 
1 . 3 1 3 1  
1 3814 
1 .4750 
1.5 434 
1 . 6 1 8 1  
1 .6973 
1 . 8 1 3 6  
1 .9309 
2 .0767 
2 .2126 
2 .3297 
2.4575 
2 .6157 
2 7 4 0 8  
2. 8.604 
2 9 9 5 9  
3 .0907 
3 .2116 

3 .3383 
3.4539 
3 .5145 
3.6443 

3.2886 

3 .a144 
3.9951 
4.2005 
4.326d 
4 , 4 9 4 7  
4 .6347 
4 a 7924 
4.9294 
5.1020 
5.2429 

PI N/cm2 
- 0 4 6  
.04b  
, 0 9 9  

1 4 0  
. 212  
- 3 0 5  
e 4 2 8  
e 5 5 2  
- 6 8 7  . d 3 2  
e 9 7 6  

1 . 2 2 5  
1 . 4 4 2  
1 . 6 9 1  
1 . 9 3 5  
2 .292  
2.592 
2 . 0 8 2  
3.089 
3.266 
3.472 
3 . 7 2 1  
3 .939  
4 . 1 8 7  
4 . 3 6 3  
4.538 
4 . 6 9 3  
4 .b40  

5.116 
4 . 9 8 3  

5 209 
5.270 
5.383 
5 . 4 5 5  
5 . 4 8 5  
5 . 5 5 6  
5.586 
5 .637  
j . b 7 8  
5 a 6 7 7  
5.71d 
5 . 7 3 8  
5 . 7 8 5  
5 . 8 6 1  
5 9 3 2  
5 .963  
5 . 9 9 3  
6 . 0 2 3  
6 . 0 0 1  
5 .990  
5 .353  
5 9 9 6  
5.976 
5 .954  
5 . 9 4 3  
5 .952  
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TABLE 5. -  Continued 

YI c m  
5 .3442  
5 0 5 2 4 7  
5 .5875  
5.6321 
5 7 9 7 6  
5 .8931  
6 .0118  
6 . 1 7 3 2  
6 .3430  
6 .4176  
6 . 5 1 2 1  
6 . 5 9 9 1  
6 .664b  
6 . 6 9 8 1  
6 7 4 1 6  
6.7985 
6 . 9 3 1 6  
7 . 0 2 4 3  
7 . 0 6 7 7  
7 .0802  
7 . 0 9 0 6  
7 .0988  
7 .1083  
7 .1206  
7.1354 
7 .1485  
7 .1699  
7 . 1 9 8 5  
7 . 2 3 5 7  
7 . 2 4 3 0  
7 . 2 8 1 4  
7 . 3 7 9 4  
7 .4243  
7.4  590 
7 . 4 8 2 4  
7 . 4 9 0 1  
7.5 3 1 1  
7 . 6 2 5 1  
7 . 7 1 9 1  
7 . 7 3 7 3  
7 . 7 5 4 9  
7 . 7 6 9 4  

(0) Concluded 

P I  N/cm2 
5 .930  
5 . 3 8 @  
5 8 5 6  
5 .824  
5 . 8 0 3  
5 0   7 7 1  
5 .749  
5.800 
5 . 8 5 1  
5 .902  
5 . 9 7 3  
6 . 0 1 4  
6 . 0 3 4  
6 . 0 1 3  
6 . 0 4 4  
6 .075  
6 . 0 6 4  
6 . 0 4 2  
5 9 9 0  
5 .886  
5 . 7 4 1  
5 .616  
5 . 4 9 1  
5.315 

4 .143  
4.846 

3.603 
2 8 9 8  
2 .462  
2 . 3 3 8  
2 .234  
2 .213  
2.212 
2 . 2 1 1  
2 .169  
2 . 1 8 9  
2 .  r J 8  

2 .167  
2.165 
2 .164  
2 1 5 3  

2 4 8 8  
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TABLE 5.-  Continued 

(p) P i t o t  profiles: Case 15; s ta t ion  3; test 11 t run  65: 
Pt-1 = 5 3 0 9 ~ 0  

Y I  cm 
6 2 0 0  
6 9 4 9  

- 9 4 9 1  
1 .0143  
1 . 0 7 6 9  
1 1 6 0 7  
1 .2429  
1 . 2 9 8 3  
1 .3563  
1 .4303  
1 .5023  
1.532t i  
1 .5922  
1 .6527  
1 7427 
1 .8043  
1 . 8 7 9 1  
1 9 9 7 0  
2 .0613  
2 . 1 9 2 9  
2.3105 

2 .4443  
2.3912 

2 .5407  
2 .6785  
2 .8014  
2 9 2 4 0  
3.0563 
3.1076 
3 .2951  
3.3707 
3 .5372  
3.68713 
3 .8655  
4.0517 
4.1753 
4.3677 
4.5203 
4.6063 
4.0070 
5 .0472  
5.2025 
5.3879 
5 .5492  
5 .7634  
5.3968 
6 .0492  
6 . 1 8 1 1  
6 .2052  
6 .3589  
6 .4275  
6 .5176  
6 .6476  
6 .7708  
6 . 9 6 7 4  

kPa; T t  = 305.6 K 

PI N/cm2 . 7 7 4  
-911 

1 . 0 6 4  
1 . 2 7 5  
1 . 5 5 2  
1 e752  
2 0 6 6  
2 3 5 9  
2 . 6 5 1  
2 .913  
3 . 2 5 4  
3 .541  
3 7 5 1  
4 .044  
4 .317  
4 . 5 1 6  
4 .695  
4 . 8 6 5  
5 . 0 2 3  
5 . 1 2 0  
5 . 2 9 0  
5.366 
5 . 4 3 1  
5 a465  
5 5 0 0  
5 5 5 6  
5 . 5 7 0  
5 6 0 5  
5 . 6 7 1  
5 .685  
5 . 7 0 0  
5 .734  

5.797 
5 . 0 2 3  
5 7 9 6  
5.791 
5 8 0 7  
5.012 
5.018 
5 . 6 2 3  
5.d0e 
5 .003  
5 .619  
5 . 7 9 3  
5 .008  
5 . 0 0 2  
5 . 6 2 7  
5 . 8 5 1  
5.044 
5 .80@ 
5.954 
5.999 
6 . 1 0 7  
6 . 1 2 2  

5 . 7 8 1  
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TABLE 5.- Continued 

(p) Concluded 

y I  cm 

7.0897 
7.2805 
7.4197 
7.6133 
7.9516 
8.0492 
8.1207 
8.2323 
8.3583 
8.4 395 
8.5485 
8 e6150 
8.6585 
8 6909 
8.6953 
e.6961 
8.7171 
8.7407 
8.7563 
tl e7803 
8.802C 
8.8082 
8.8295 
8.8 578 
8.9355 
9.0717 
4.1613 
9.6247 

PI W c m 2  
6.117 
6.132 
6.127 
6.143 
6.101 
60052 
6.085 
6.109 
6 0 0 4 0  
6.064 
6.067 
6.058 
5.935 
5.470 
5.717 
5.156 
4.886 
4.450 
4.004 
3.547 
3 e 2 0 4  
2.851 
2 560 
2.353 
2.272 
2 267 
2 . 2 5 1  
2.267 
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TABLE 5.- Continued 

(9) Pitot profiles: Case 16; station 4;  test  15;  run 8 ;  
Pt, 1 = 5584.8  kPa; Tt = 305.6 K 

Y r  cm 

3665 
e4135 
e4714 
e5464 
.652i: 
.77e9 
.r462 
.9945 

1.0821 
1.1962 
1.3481 
1.51CG 
1 5991 
1.7309 
1 646C 
l.98lC 
2 1177 
2.1697 
2.7698 

2.4262 
2.4966 

2 3632 

2 b29U 
2.7146 
2 e7036 
2.8290 
2.8741 
2.9501 
3.0080 
3.0552 
3.0056 
3.1122 
3.2742 
3.3757 
3.4455 
3.5120 
3.5423 
3.5037 
3.6504 
3.7263 
3.8430 
3. 8986 
3.9659 
4.0404 
4 1049 
4.1465 
4.1992 

PI N/cm2 
075 

.157 
249 

.331 
. 4 4 3  
.52 5 
.62 7 
.68t! 
8 5 2  

.944 
1.08e 
1.241 
1.385 
1.549 
1.775 
1 940 
2.156 
2 23t 
2.33G 
2.412 
2.535 
2.71@ 
3 030 
3.195 
3.411 
3.618 
3 731 
3.812 
3.915 
4.111 
4.276 
4.399 
4.626 
4 e832 
5.026 
50079 
5.172 
5.285 
5.439 
5.510 
5.561 
5 706 
5 850 
5.973 
6.014 
6.044 
6.074 
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TABLE 5.- Continued 

(9) Concluded 

4.2540 
4 3320 
4 4642 
4.6405 
4.7651 
4.8221 
4.8664 
5.0099 
5.1732 
5 3091 

6.064 
6.125 
6 207 
6.257 
6.328 
6 368 
6.367 
6.366 
6.365 
6.364 
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TABLE 5L- Continued 

(rj Pitot  profiles: Case 17;  station 1 ; test 1 1  ; run 4; 
Pt,l = 2757.9  kPa;  Tt = 305.6 K 

Y I  cm 

.lo22 

.1787 
03133 
.4169 
.5 031 
.6401 
-7234 
7913 

.9497 
1.0104 
1.0934 
1.1450 

.a 758 

1.2005 
1.2147 
1.2545 
1 3033 
1.3 167 
1.3532 
1.4066 
1.4670 
1.5243 
1.5980 
1.6465 
1.6992 
1.7868 

2.0051 
108745 

2.1259 
2.2068 
2,3505 
2.4596 
2.5508 
2.6569 
2 7739 
2.9129 
3.0230 
3.1537 
3.4240 
3.6549 
3.8969 
4.1538 
4.4101 
4.5543 
4.7956 
4.9252 
5.0996 
5.2693 
5.3811 

pI N/cm2 

025 
.028 
-045 
049 
063 
.101 
126 

-183 
230 

.342 
a485 
0 618 
0 772 
.93a 

1.167 
1.309 
1.463 
105% 
1.780 
1.956 
2.110 
2.242 
2.364 
2.486 
2.576 
2 666 
2 0  745 
2.814 

2.953 
2.895 

2.991 
3.007 
3.055 
3.082 
3 119 
3.167 
3 204 
3.180 
3.208 

3.194 
3.217 

3.280 
3.289 
3.233 
3.222 
3.220 
3.273 
3.293 
3.32: 
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TABLE 5.- Continued 

(s) Pitot profiles: Case 18; station 2; test 11 t run 41 i 
pt, 1 = 2551.1 kPa; Tt = 305.6 K 

Y? c m  
82919 
-4141 
.5 190 
6001 
6754 
8 192 

.9398 
1.0479 
1.1354 
1.1721 
1 2 0 2 3  
1.2326 
1.2692 
1.29111 
1.3141 
1.3484 
1.4057 

1.4493 
1.4944 

1.5481 
1.5211 

1 5577 
1.6155 

1.4276 

1.6363 
1.6720 
1 7089 
1.7651 
1.a155 
1.8454 
1.8961 
1.9335 
1.9828 
2.0634 
2.1502 
2..2544 
2.4026 
2.5549 
2.6831 
2 7940 
2.8946 
3.0620 
3.2 707 
3.4870 
3.628M 
3.8064 
3.9383 
4.0673 
4.1998 

4.4148 
4.5118 
4.5885 
4.6463 
4.6981 

4.3318 

pI N/cm2 

-046 
,051 
0053 
-074 
0092 
.134 
164 

.215 

.253 

.299 

.349 . 399 

.449 
503 
569 

,636 
.740 

-914 
823 

1 026 
1.154 
1.274 
1.369 
1 e452 
1 609 
1.746 
1.837 
1.945 
2.024 
2.132 
2.199 
2.273 
2.340 
2.452 
2 540 
2.624 
2 692 
2.743 
2.796 
2.837 
2 . 8 6 7  
2.902 
2.954 
2.989 
3.020 
3.059 
3.086 
3.104 
3 e104 
3.131 
3.157 
3.1m2 
3.183 
3.172 
3 189 
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TABLE 5.- Continued 

(s) Concluded 

Y 8  cm 
4 7736 
4.8856 
5.0253 
5 02 535 
5 4236 
5.5837 
5.7174 
5 -8408 
5.9260 
6.0050 
6.5553 
6.1926 
6.3325 
6.4735 
6.6123 
6.7477 
6.8239 
6.3801 
7.1180 
7.2305 

P8 N/cm2 
3.198 
3.212 
3.218 
3.229 

3.224 
3.235 

3.222 
3.215 
3.212 
3 e200 
3.217 
3.178 
3.155 
3.156 
3 145 
3.143 
3.173 
3.212 
3.235 
3.270 
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TABLE 5.- Continued 

(t) Pitot profiles: Case 19; station 3; test 1 1  ; run 66; 
pt, 1 = 2551.1  kPa; Tt = 305.6 K 

Y? cm 
00335 
-0925 
2 276 
3429 
5 225 
7875 
9 702 

1.1458 
1.2595 
1.3518 
1 4479 
1.5132 
1.5922 
1.6365 
1 e 7086 
1 7750 
1.8475 
1.9193 
2.0033 
2.1365 
2.2451 
2.3965 
2.5666 
2.7817 
2.9964 
3.1405 
3.3650 
3.5771 
3.7763 
4.0771 
4.2826 
4.4808 
4.7120 
4.9610 
5.1688 
5.3907 
5.5911 
5 7436 
5.9025 
6.0061 
6.1583 
6.2762 
6.3941 
6.5177 
6.6867 
6.8416 
6 9656 
7.0722 
7.1473 
7.2355 
7.3650 
7.5193 
7.6517 
707772 
7.9001 

P? N/cm2 
e044 
e045 
-063 
a065 
.101 
171 

.248 
366 
-471 
.588 
5701 
8 76 

1.034 
1.245 
1.412 
1 557 
1.761 
1.911 
2.106 
2.314 
2.432 
2 574 
2.684 
2.761 
2.818 
2.870 
2.921 
2.934 
2 e950 
2.987 
3.003 
3.030 
3.046 
3.05b 
3.070 
3.073 
3.088 
3.086 
3.097 
3.102 
3.104 
30998 
3.091 
3.0d1 
3.087 
30110 
3.137 
3 7  166 
3.194 
3 207 
3.214 
30212 
30230 
3.244 
3.250 
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TABLE 5.- Continued 

Y? cm 
8 e0434  
8 . 1 5 5 1  
d e 2 5 8 8  
8 .3492  
8 .4432  
0.5992 
8 .7458  

d - 9 3 9 1  
9 .0334  
9 .0661  
9.1150 
9 .1720  
9 - 2  749  
9 .3542  
9 .4799  
9 .6130  
9 .7792  
9 . 8 0 5 1  
9 .0179  
9 . 8 4 1 8  
9 e U 6 4 1  

8 .8302  

9 .8788  
9 .6980  

(t) Concluded 

P, Wcm* 
3 .256  
3 .253  
3 .250  
3.252 
3 .254  
3 .248  
3 .253  
3 . 2 4 2  
3 .243  
3 .244  
3 . 2 3 7  
3 .234  
3 .231  
3 2 2 0  
3 . 2 2 2  
3 .223  
3 .186  
2 .792  
2 . 3 5 5  
2 .006  
1 . 8 3 6  
1 . 6 8 0  
1 ,709  
1 . 7 6 4  
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TABLE 5.- Continued 

Y I  

3 8 7 1  
.5933 
71 34 
8 5 7 2  

e 9 8 0 9  
1 .1242  
1 .2020  
1 .4062  
1 .5038 
1 .6388  
1 7 0 7 2  
1 .8172  
1 . 9 5 8 5  
2 .0141  
2 .0495 
2 .0848 

2 .1874  
2 .3161  
2 .4201  
2 . 5 5 0 6  
2 . 6 5 3 7  
2 . 7 0 3 1  
2 .7230 
2 .7485 
2 7 6 8 4  
2 7 7 9 8  
2 . 8 0 2 5  
2 . 8 2 5 2  

2 .1394 

2 . 8 5 3 6  
2 .9748 
3 .1370  
3 .2497 
3 . 3 4 4 6  
3 .4079  
3 .4450  
3 .4873  
3.5707 
3 .6634 
3 .8400 
3 .9449 
4 . 0 1 7 4  
4 .0826 
4 .1846 
4 .3963 
4 .5715 

P, N/cm2 

0 3 4  
1 4 9  

. 2 1 1  
- 2 8 4  

3 2 6  . 3 8 9  
e 4 5 1  

524  
.555 
e608  

6 9 1  
.743 

8 6 7  
- 9 4 0  

9 4 0  
.940  
- 9 9 2  

1 .034  
1 . 1 2 8  
1 . 2 2 1  
1 . 3 1 5  
1 . 4 4 0  
1 .533  
1 . 5 3 3  
1 .502  
1 . 5 5 4  
1 6 3 7  
1 6 6 8  
1 . 6 2 7  
1 . 6 4 8  
1 7 5 2  
1 . 8 8 7  
2 .012 
2 .126 
2 . 1 4 7  
2 .189  
2 . 2 4 1  
2 . 3 2 4  
2 .407  
2.532 
2 .636 
2 7 0 9  
2 7 5 0  
2 . 8 1 3  
2 8 9 6  
2 .959  
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TABLE 5.- Continued 

(u) Concluded 

4.6370 
4.6002 
4 s 7683 
4 .0590  
5 0772 
5.2837 
5 .3734 
5.4547 
5 .5301 
5 .8999 
5 .9005 
6 .0729  
6 .1506  
6 .2164  
6 .2802  
6 .5938  

3 .021  
2 .907  
3 .042 
3 .063  
3 m.06 3 
3 .095  
3 .105  
3 e095 
3 .106  
3 .127  
3 1 2 7  
3 .   1 1 6  
3.127 
3 .   1 0 6  
3 096 
3.065 
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TABLE 5.- Continued 

(v) Pitot profiles: Case. 21 ; station 1 ; test 42; run  13; 
pt,l = 13 720.7 kPa;  Tt = 303.9 K; Tw/Tt = 0.952 

YI cm 

1 e584 
3 582 

1 581 
1.581.. 

1.581 
1.565. 
1.520 
1.458 
1.405 
3.368 
1.350 
1*3!t3 
1.341 
1.341 
1.342 
1 a340 
1.314 
1 263 
1019+. 
1 e133 
1 ..040 
1 068 
1.059 
1 no57 
10056 
1 no57 
1.057 
1.050 
1.014 
.954 
e891 
. 8 4 5  
061.5. 
. 7 9 8  
a 7 8 8  
-786 
-784 
781 
a778 
756 
-708 
.646  
. 5 9 5  
.559 
.537 
. 5 2 1  
. 5 1 2  

5 36 

P I  Wcm2 

12.784 
12.775 

12.730 
1.2 LE.3 __ 
12.712 
LL 703 
12.630 
12.530 
1.2 4.66 
12.420 
12.370 
12.338 
1 2 . 3 3 4  
12.284 
12.297. 
12.334 
12.338 
U.257 
12.234 
12eL74 
.12..  133. 
12.C97 
12.051 
12.042 
120033 
12.033 
lZ.OZ0 
12.006 
11.929 
11.787 
11.614 
11.492 
11.364 
11.282 
11.237 
11 2.05 
11.159 
11.173 
ll.l59. 
10.S50 
10.253 
" 9.056. 
7.672 
6 . 8 6 1  
6.024 
5.304 
4.767 

-. 4.448 . 
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TABLE 5.- Continued 

(v) Continued 

502 
.4s9 
.483 
640 
-378 
320 
276 
247 
229 
-218 
,210 

4 . 1 9 8  
4 . 1 2 1  
3 e770 
2.909 
1.926 
1,111 
.6C6 
* 3 3 3  
-214 . 178 

1 6 9  
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TABLE 5.- Continued 

(w) Pitot profiles: Case 22; station 2; test  39;  run  12; 
Pt,l = 13 617.2 kPa;  Tt = 311.1 K; Tw/Tt = 0,959 

(x) Pitot  profiles: Case 23; station 3; test  39;  run  31; 
pt,l = 13 720.7 kPa;  Tt = 309.4 K; Tw/Tt = 0?943 
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TABLE 5.- Continued 

(Y) Pitot profiles: Case  24;  station  4;  test  42;  run 10; 
Pt, 1 = 13 720.7  kPa;  Tt = 308.9 K; Tw/Tt = 0.944 

Yf cm 

3.910  
3.865 
3. 831 
3 .810  
3 .799  
3 .790  
3.786 
3.773 
3.745 
3.698 
3. 6 4 8  
3.609 
3i-584" 
3 .568  
3.558 
3 0-5 54  
3.542 
. 3. 5 17 
3.474 
3.421 
3.376 

.. 

3.3*4- .. 
3.322 
3.311 
3305 
3.296 
3.274 
3.233 
3 .180  
3.124 
3, -OK4 
3.054 

.3-.m- - 
3.038 

' 3.621 
. . 3.-0-03 . 
2 . 9 6 1 .  
2.914 
2 . 855 
2.8" 
2.770 
2 .746  
2; -733 - 
2.725 
2. 709 
2.678 
20 628 

. ." _ _ _  

" - 

?.r5 $2. 
2.510 
2 .467  

- -. - - -. . 2 440 
2.4  24 
2 .415  

2 .379  
_-_ 2.402 . 

PI N/cm2 

13.514 
13.551 

13.564 
13.560 

13.573 
13.601 
13.614 
13.555 

13.592 
13. 523 

E b 1 4 .  
13  -646 

13.701 
13.  728 

;. $3'7. 
13.755 
13.783 . . - . . -. . . . 
13.769 
13.737 
EE724. 
13.701 
13.696 

. 13 71.5 
13.719- 
is, 71 9 

. ._ 13.742_ " 
13.  742 
13.733 
13.756 
" - " 
13.737 
132733 
13.  715 
13 . 742". 
-1 3 -7-5 1 
13.742 
13.696 
___." 

i 3-.-6 9 2 
. 13'.660 
13.646 
i 3.660 

- 1 3 m  
13.678 

13.715 
13.687 

13.596 
13.614 

13.633 

. . - . - " .. 
13 596 
13.578 
13.546 
13.5-23 

... 1?.592- 
13.560 

13 .583  

140 
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TABLE 5. - Continued 

( y )  Continued 

2. 168 
. . 2.137- " . . - . - 

2. 119 
2.108 
"2 O?!. 
2.078 
2 .039  
1 .983  
1 .921  
1 .870  

. - " ._ - . 

" 1. 83-1- 
1.810 
1.797 

1.742 

1..633 
1 -.6P-Z 

-1" 5/6.- 

. 1.489 ._  -. - . - . 

1 .576  

1 .510  
1.497 

1 .476  
1.452 
1 .411  
i.-330- 
1 .290  

1.212 
1 .195  
1 .186  

1 .159  

. I -  2.52 

"1 ."i7 8 

." . - " 1.  123 

1 . 008 
1 ,069  

P? N/cm2 
13.532 

"13..40__9." 
13.277- 
13.205 

. 13.196 . - - "_ 
13.205 
13.-223 

- 13.216...  - . . . . . 
13.182 
13.141 

12.813 
12.636 

L3.2927." 

1_2?_517- 
12  -426 
12 .358  
12. ?SO 
12 . 148 
11.971 

11.106 
10.550 

9.854 
9.781 

9.508 
9.207 

11.657- 

.. L O  ..oq 1" 

.., 9.6.63.. 

. - . -. - . .. . 8.597 
7 .855  

. 956 

. 900  . 889 . 882 . 868 
- 8 4 0  
0 7 89- . 731 

6 7 3  . 6 3 3  . 609  . 597 
589  
580 

920  

-. -. . . - 

. ". 

__ . . -. . . . 

. " . . -. . 556 . 5 13- 

7 .122  

6 .075  

5 .820  
.5?.95L.. 
5 .633  

4 .254  
3 .e44  
3 .553  
3.389 

3 -325 
3.325 
3.220 

- 2;96 i -  

. 2.2e7. 

3,.33q . 

2.606 

2 .050  
1 .909  

1 41 



TABLE 5 .- Continued 

( y) Concluded 

Y, cm P I  N/cm2 

. 4 56 la458 
__  . 397 . - 1.272 . " . 349  1.112 
-320 .. 

-304 . _  
. 2 9 6  . 288 
. 2  72 

.948 
l 9 0 3  
-816 
. "" 

1 42 



TABLE 5.- Continued 

(2)  Pitot profiles: Case 25; station 5; test  42;  run 7; 
pt,l = 13 789.6 kPa; 

Y* cm 
3.2i6 
3.168 

30 114 
3.103 
3. 098 
3.093 

. .3* !34 .  

. . - " " . 
3.082 

. 3.053 
3.007 
2.955 
2.9 18 
2.892 
2.878 
2.871 
2.868 
2.858 
2.834 
2.792 
2.736 
2 . 686 

___-. 

" - . -. .. 

"__ 

2.652 
2.631 
2.621 
2.616 
2.608 
2.586 
2.546 
" -. - .- .. 

2 489 

- ZmT- 
2.43 1 

2. 36.3 
. 2..~.4~. 2.349 - 

2.337 

-2.230 
. - 2.173- . -. .. . 
2.122 
20 086 
2.068 
2.6 59- 
2.052 
2. 040 
2.011 
1.962 

1.843 
1,803 
1.778 
1 766 

" 1.90.9. 

1.760 
1.75l." - 
I. 729 
1.688 

P I  N/cm2 
13 . 642- 
13.678 
-1.3" 7 14 . 
13.742 
13.719 
13.723 
13.755 
13.760 

-. 13 " - . 742- . 

13.705 

- - . . . " - " - 

13.678 
13.669 

13.669 

13.656 

" 

13.660 

13.669 

13,628 
. !3"P3.!- 
13.613 
13.560 

_. ;;;+;;-. 

13.438 
13.41_5" 
13.388 
13.347 
13.289 
13, 207 
13,044 
12.822 
12.682 
12.618 

"_ -" 

- . _" - - ._ 

iz. 564 
12.541" 

"- - 
12.. 546 

- . 12-47?" . . -. - . . . 
12.283 

-11 . 340 
-1.1 r544. . 
11.214 
11.355 
10.983 
10;924 
10.919 
10 9874 
10.729 
10.367 

9.293 
8.840 
8.591 

.. 9,837 

.. - - . . . - " - 
0.532 

.. e 437" 
8.287 
-0.065 
7.689 

143 



TABLE 5 .  - Con t inued 

( Z )  Concluded 

1. 488  5,959 

5.519 

1. 262  4.351 

-. 952" - 
930 

2.656 
2.529 

- 9 2 1  2.484 
. . _. '1.1 7" 

909 
2.2 4k?. . 
2.452 . 888  2.398 

.847  2.280. . " 

- ..~790" 2 0 0 8 h  
.729 1.891 
" "" 
.686 

661  
648-  1.574 

.1.*..52_5_ 
1.537 

623  
587 _ _  

.533 

.470 . Ri -- 
0 s  - 
.377 

369 
- .3'6b 

355 
328  

.zm - 
216 

-158  
.122 
. lo2 

095 
-092 

085 
0 6 3  
013 

. 

" - ". - 

1 524 
1.424 , -. . "- -. . " 
1.297 
1.152 

. 
- 1.644.. 

0958 . 926 
- . . - -. 0917. . - - 

921 
.a94 . 844 . 76 3- 
654  

-514  
.400" 

. .. 

" 

e319 
- " -292 

e273 - 264 
246 

0251 
- . - .- . - . - - 

1 4 4  



TABLE 5.-  Continued 

(aa)  Pitot profiles: Case 26; station 6; test 39; run 36; 
Pt-1 = 13   734 .5  kPa; Tt = 309.7 K; Tw/Tt = 0.966 

ro,748 - 
8.274 

Y 4 0 5  - 
1.559 

-5- 
.592 

___LLLp 
,101 

(bb) Pitot profiles:  Case 26; station 6;  test 39; run 40; 
pt-1 = 13  734 .5  kPa;  Tt = 309.7 K; Tw/Tt = 0.966 

3 3 0 8 1  
2.918 
2 794 
2.702 
2.538 

. 2 . 4 1 3  

2 9321 
1 e966 
1.596 
1.235 

13.765 
13.686 

.13.622 
13.572 
13.613 
13.492- 
13 .222  
13.063 
11.786 

12.463 

11.190 
8.131 
4.814 
2.912 

1 45 



TABLE 5.- Continued 

(CC)  P i t o t   P r o f i l e s :  Case 27; s t a t i o n   7 ;  test 42; run 3; 
Tt 318L3 K; Tw/Tt = 0.916 P t , l  = 13 672.4 kPa; 

Y I  cm 
4,946 
4.926 
4.912 
4.893 
4.860 
4.811 
4.740 
4.686 
1.631 
4.594 
4.570 
40 556 
4.537 
4. 506 
4.459 
40 396 
4.329 
4. 266 
4.216 
40 183 
4.160 
4.144 
4.119 
4. 080 
4.024 
3.956 
3.886 
3. 82 7 
3 786 
3.759 
3. 741 
3.719 
3.684 
3.632 
3.565 
3.494 
3.431 
3,385 
3.355 
3. 336 
3,317 
3,288 
3.241 
3.179 
3. 107 
3,039 
2,985 
2.950 
2.929 
2.914 
2.892 
2.852 
2.794 
2,725 
2.654 

1 46 



TABLE 5.- Continued 

(cc) Con t inued 

Y I  cm 

2.597 
2.557 
2.532 
2.515 
2.495 
2.459 
2.408 
2.343 
2.271 
2. 208 
2.161 
2. 132 
2.114 
2.098 
2.071 
21 024 
1.962 
I. 890 
1 824 
1.772 
1.738 
1.718 
1 704 
1,681 
1.644 
1.58d 
1 516 
1,448 
1 389 
1.350 
1.326 
1.312 
1.293 
1.258 
1.205 
1.138 
1.063 
1.000 
0955 
,927 
,912 
897 
-870 

826 
762 . 690 

,619 
0 567 . 534 
9517 
0 504 

147 



TABLE 5.- Continued 

(cc) Concluded 

Y? cm P# N/cm2 

1 48 



TABLE 5,.- Continued 

(ad) Pitot  profiles:  Case 27; station 7; test 42; run 4; 
pt, 7 = 1 3 '  672L4 kPa; 

Y f  cm 

2.586 
2.557 
2.535 
2.521 
20512 
2 . soh 
2.505 
2.503 
2.490 
2.459 
2,424 
2.393 
2.374 
2.363 
2.357 
2 354 
2.353 
2 0344 
2.319 
2.281 
2.245 
2.220 
2.205 
2. 190 
2. A95 
2. A94 
2. A89 
2. A70 
2. A37 
21 106 
2.085 
2.074 
2.062 
2.058 
2,057 
2-053 
2.036 
2 . 001 
1. 963 
1.928 
1.906 
1.894 
1 886 
1.882 
1.879 
1 866 
A. 836 
1.793 
1 752 
A 0 722 
1.702 
1,692 
1.687 
1.683 
1.672 

1 49 



TABLE 5. - Continued 

(ad) Continued 

Yt cm 

1.645 
1.600 
1.555 
1.515 
1.489 
1,475 
1.468 
A ,464 
1.456 
1.436 
1.392 
1.344 
1.301 
1.269 
1.251 
1.242 
1.238 
1.231 
1.215 
1.181 
1.131 
1.084 A. 05n 
1.029 
1.018 
1.014 
1.009 . 994 

-964 
-917 
0 866 
0 826 . 799 
,783 
. 7 7 6  
772 

,762 . 741 
-699  
648 
-603 
-570  
0551 

542 
,538 
532 

,514 
-478 
,425 
-375 
-340 

1 50 



TABLE 5.- Continued 

(ad)  Concluded 

Y I  cm P I  N/cm2 

0 426 
0607 
.a94 
.39* 
,175 
0643 
0293 
0275 
0266 
03 75 

1 51 



TABLE 5.- Continued 

(ee) Pitot profiles: Case 28; station 8; test  39;  run  48; 
pt, 1 = 13 651 !7 kPa;  Tt = 302k 5 K; Tw/Tt = 0: 985 

(ff) Pitot  profiles:  Case 28; station 8;  test  39;  run  49; 
Pt,l = 13 651.7 kPa; Tt = 302.5 K; Tw/Tt = 0.985 

P I  W c m 2  
1 4 . 0 5 9  
14 .055 
"~ 1 3 . 8 6 3  
13 7 4 8  

. 948 
662 

0525 

152 



TABLE 5.- Continued 

(gg) Pitot  profiles: Case 29;. station 1; test 42; run 15; 
&,I = 13 824!1 kPa; Tt 303.5 K; Tw/Tt = 0.495 

1 708 
1.679 
1 .661  
1 .654  
1 .649  
1.649 
1 e649 
1.649 
1q.641. 
1 e606 
1 .554  
1 500 
1 ,467  
1.e445 
1 . 4 3 4  
1 .431  
1 .429  
11.4 3.0 
1 q429 
l e 4 1 0  

1.309 
1.. 3.64- . 

l e 2 4 8  
. 1.203. 
1.125 
1 155 
1.144 
1- 137 
1 . 1 3 2  
1.129 
1 . 1 2 3  
1 . 0 9 8  
1 * 0 5.9- 
. .. 0 194 

. r944 . 
. .YO9 -. " 

. 8 8 4  
8.6? . 

- :+!36.Q.- 
9 8 5.2 

. * 84.9 . 
" -.4!t5.. 
..829. 
9 7 9 2 .  

741 
-689 

.. 648-. 
. .~ e620 

. 6 0 1  
. -589" .  

153 



TABLE 5.- Continued 

(gg) Concluded 

.483 

154 



TABLE 5,- Continued 

(hh) Pitot profiles: Case 30; 
pt, 1 = 13 720.7  kPa; Tt = 

Yr 

station 2;  test  39;  run  27; 
307.8 K; Tw/Tt 0 ~ 5 42 

(ii) Pitot  profiles:  Case  31;  station 3; test  39;  run  33; 
Pt-1 = 13  706L9 kPa;  Tt = 302~2 K; Tw/Tt 3 0L524 

1 55 



TABLE 5k- Continued 

(jj) Pitot profiles: Case 32; station 4; test  42; run 12; 
pt, 1 = 13 762.0  kPa: 

Yr 
2.43 8 

" 2.431- 
2.329 
2.436 . 

2.410 
2.377 
2.327 
" - 

Tt = 303L3 K; Tw/Tt 0t465 

1 56 



TABLE 5.- Continued 

( j j 1 Concluded 

." . e 848 - 
0841- . 823 - ".___ 

1 57 



TABLE 5t- Continued 

(kk) Pitot  profiles:  Case 33; station 5; test  42;  run  9; 
Pt, 1 = 13 789s6 kPa; Tt = 31 2!2 K; Tw/Tt 0.488 

1 58 



TABLE 5. - Continued 

(kk) Concluded 

Y? cm 
1.576 

98% . 975 . 958 
.919 

. - "" 

. "_ 
.. " - 

. .. "_ -. . 863 . 799 

-248 
-189 

,976 . 844 

159 



TABLE 5k- Continued 

(11) Pitot profiles: Case 34; station 6; test 39; run 45; 
pt,l = 13 6 8 6 ~ 2  kPa; Tt = 3061.4 K; Tw/Tt = 01.558 

1.930 
L7_2L. 

9.   945 
7.8  84 

1 . 4 0 0 .  5.727 
"" 1 240 - 4.050 . 973 2.703 

.?05 1.c84 

.447 1.047 
_ _ ~  -175 -. 0552 
~. -111 ~- 0483 

4,245 
3.930 
3 . 7 4 4  
3.474 

14.052 
13 .994  
1 3 . 9 6 5  
13.874 
13 .766  
13.648 
-~ 13 .525  
12 .213  

7 .732  

160 
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TABLE 5. - Continued 

(nn) Con t inued 

162 



TABLE 5. - Continued 

(nn) Concluded 

486 
0473 
"3 
0444 
0401 
-350 
0 282 
-207 
0.149 

7 63 



TABLE: 5;- Continued 

(00) P i t o t  profiles: Case 36; s t a t i o n  8; test 39;  run  56; 
p t , l  = 13  582.8 kPa; Tt  = 309:5 K; Tw/Tt = 0.501 

(pp) P i t o t   p r o f i l e s :  Case  36; s t a t i o n   8 ;  test 39;  run  60; 
pt, 1 = 13  582!8 kPa; Tt = 3 0 9 ~ 5  K Tw/Tt = 0.501 

164 



TABLE 5 C- Continued 

(qq) Pitot profiles: Case 37; station 1; test 42: run 14: - 

pt,l = 13  824L1  kPa; 

165 



TABLE 5.- Continued 

1 66 

(qq) Concluded 



TABLE 5;- Continued 

(rr) Pitot profiles:  Case  38;  station 2; test 39;  run  26; 
Pt-1 13 755kl kPa; Tt = 306b7 K; Tw/Tt = OL362 

13 - 0  10 
12.793 
12 .450 
12.303 
11 ,823  
11.691 
11,250 

13.300 
1 3 . 2 9 1  

1 . 6 3 6  13.179 
- 1.397 "" 12.929 
. 1 "" 1 6 7   1 2 , 1 2 9  
1.147 11.886 
1 . O b 8  . 897 

1 67 



TABLE 5.- Continued 

(tt) Pitot  profiles:  Case 40; station 4; test 42; run 11; 
Pt, 1 = 13  603L4 kPa; Tt = 3 0 5 ~ 8  K; Tw/Tt = OL376 

Y? cm 
3. 244 
3,211 
3. 191 
3.180 - 

3- 172 
"" 3,151 

3.121 
3. 067 
2.999 
2.934 
2.886 
2.857 
2.838 
2.828 
2.814 
2.789 
2.743 
2.681 
2.  613"" 
2.563 

2 . 505"- 
2. -49 3 
2,482 
2.457." 
2.415 
2,354 

- -  

- . - "_ - . 

- " " . 

2.526 

. ". ". 

" "" 

2.2 85 
2 225 
2.183 
2 . i 5%"- 
2.144 
2.133 
20 11 7-. 
2 .085 
2.034 
1 . 969 
1.907 ' 

1 858 
l*.827"' 
I. 810 
1. 802 

. - r. 789- 
1 . 764 
1.717 

1.596 

- " 

". - . 

" " 

1.662 

- 1.5-42 - 

1 478 _ _  

1.507 
1.487 

1.470 
1.451 

. -. 1.415 .. __ 
1.360 

PI N/cm2 
13.673 
13.701 
1.3 6-8 7" 

C.?.& 8 

13.714 
13.728 

13.714 
13.747 

13.806" 
13.769 . "_ . 

13.825 
13.820 
13.797 
13.774 

.".. "" -" 

13.756 
13.769 

" " ". ... - 

13.774 

13.792 
13 -806 

" 1 3.774- " 

! 3 .s25. 
13.811 
13.797. 

- " - - 13.769 
13.751 
13.751 

- .. . . - . " 13.751 
13.733 
13 -696 

- 13.687 
1 3  . 65%"- 

13.604 
13.590 

13, 623 
.. - .. . - - 

13.577 
.!P.5_77.- 
i3.508 

13.379 
13.352 ." 3. 0 ~ ~ . * .  . . 

13.549 

13.434 -. - - - . 
13.402 

13.237 
13.173 
13.145 

.. 13.094- - . . -. 
12 0 ?e?.- 
12.888 
12,8 lo 

- -  12.736 
12.690 
12.598 

12.015 
12.?4!?!. 

1 68 



TABLE 5.- Continued 

(tt) Concluded 

Y I  cm 

1 0 007 
.. 294?.-. 

. 876 
.2!?6.!.. . a54  . 8 4 4  
. "..e?-5 

i. 6 7 6  

,904  

. 7 8 8  
- 7 3 6  

- 6 2 6  
592  . 573 

.56T 
- 5 5 6  

. 516 
. .  - 5 3 -  

7 0887 
" 7..028- . 

6 , 3 0 7 .  
5,894 

". 5.637- ... 
5 9444 
5.269 
!:.104 
4.865 
4.475 
3,997..  
3.575 
3.258 
3,042" 

.2 .918 
2.854 

. 470   2 ,450  

.362  1 .931 

. 30.2 1.614 . 

.291  1 .531 
.286  1.476 

"415. . ." 2 . 1 03 

324  L .742 

1 .435 
i.4-63 ' 

1.283 

040  . 0 0 8  
. 966: . 948 

169 

I I  I 



TABLE 5;- Continued 

(uu) Pitot profiles: Case 41; station 5; test 42; run 8; 

Y? 
3,259 

." . - . - - 
3.231 
3.185 - "" . 
30 124 
3 ,072 . 
3.037 

- xoi7 - 

3.008 
30.004 
2 .998 
2.983 
2 .949 
2 .899 
2.845 
~2.-808 
2. 786 
2.773.  

_ _ _ _  . . 

___" 

- - ~... 

2 . i 6 7  
"" 

2.765 

PI N/m2 
" 

1 4 ; 0 4 5 -  
1 4 ,  072 
14.054 - 
14.036 
13 .999 
13.   945 

I - - -_ . . 

"- 
1 3  . 93-3- 
13 .990 
" 1 3  0 99-5- 

14.018 , 

14.036 
14.036 
13.995 
130  954 

'13.936 __.- 
13.954 
13 ,963 

-___-._ 13.945 
13.936 
13.0 900 
13.877 

- " 13.864 
13 ,845. 
1 3 ,  791 
13  0746 
- "" . - 

" -13..755 
13 .814 

-. 13.836" . 

13.855 
-13 .855 ___- 
." 13.832" 

13.773 
"" "" . 13.728 

13.696 
" 13.682 
13 .673 

" ". 

- 13.642 . -. 

I?.,6!!? .- 

" 13.324 ~ 

"_ 13.574 
13.476 

13.093 
12.858 
12.668 
12.577 
12 .604 

1 70 



TABLE 5.- Continued 

" . 831 . 7 7 4  
0 725 
- 6 9 1  

675  . 667 
664  

,655 
. .  6 3 1  . 587 

527 

-" ._ 

. . . - - - -. . 

. 4 r o  

. .. 392- 

-. 427 
.403-. 

. 387 

.365" 
,381 

- . . .. . "_ 

- 

-328- 
274 

-212  

116 
" 

109 . 1.04- - 

6,196 . 
- 5 " -592.- 

4,994 

4.282 
4.115 
4.060 

" 4.065 

. 4.568 . 

"" 

4.056 
3 -902  
3.562 
3.177 
2.873 

2. 5 9 3  

2.239 
" . "_ . _. 

1.995 
1.741 

"!-_569. 
1.478 
1.442 

- - 1 .~ 442 
1.433 

. " .. . i.392- 
1.311 
1.166 
1.002 

. 776- 
-871  

726 
e708 
- 7 1 3  

" -" 

1 71 



TABLE 5.- Continued 

(VV) Pitot  profiles:  Case 42; station 6; test 39; run 43; 
Pt,l = 13  651.7 kPa;  Tt = 314L7 K; Tw/Tt 0.358 

2.023 
1.817 
1.584 
1.324 

_Leek . 835 
e612 

405 
-191 
047 

11.203 
9.509 
7. 244 
4.939 
3.358 
2.273 
1.497 
0984 
647- 

0421 

(ww) Pitot  profiles:  Case 42; station 6; test 39; run 44; 
pt,l = 13  651 L7 kPa;  Tt = 314i7  K; Tw/Tt = 0:358 

. 13.1571 
13,555 
13.470 
- 13.042 

12.852- 
9.067 
1.723 
1.333 
-669 

172 



TABLE 5:- Continued 

(xx) Pitot  profiles: Case 43; station 7; test 42;  run 5 ;  
pt,l = 13 693i1 kPa; 

Y I  cm 
5.061 
5.010 
4.952 
4.903 
4.069 
4. 848 
4,835 
4. 82 7 
4.810 
4.778 
4,730 
4.669 
4,610 
4 - 5 6 )  
4.530 
4. 508 
4.495 
4.478 
4.649 
4,400 
4.339 
4- 269 
4.220 
40 l68- 
4. 141 *. 123 
4.105 
+o 075 
4.028 
3.967 
3.897 
3.831 
3- 781 
3,750 
3% 730 
3.713 
3.689 
3.64 r 
3.491 
3.521 
3.452 
3.397 
3.360 
3. 336 
3.322 

3.267 
3.215 
3. 150 
3-07? 
3.918 
2.975 
20949 
2.933 
20915 
2. 885 

3.3oa 
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TABLE 5.- Continued 

(xx) Continued 

Y, cm 
2,831 
2.778 
2.707 
2.640 
2.590 
2.558 
2 340. 
2. 524 
2.503 
2.463 
2.407 
2.334 
2125s 
2.208 
21 171 
2.153 
2.139 
2.120 
2*088 
2.034 
1.970 
1oWB 
1.837 
1. 795 
10 772 
1.757 
1.745 
1.716 
1.671 
1.610 
I 5.39. 
1.471 
1. 423 
1.394 
1.379 
1. 366 
1.3U 
1 306 
1.251 
1.181 
1.112 
1.058 
1.026 
1. 004 

0993 
.e973 - 

940 . 890 
826 

0.75 3 
,692 
065 1 
063 0 
0618 
0605 
0579 
-538 



TABLE 5.- Continued 

(xx) Concluded 

0 475 
0406 
340 
-293 
0265 
251 

o 240 
0221 

185 
o 126 
o 046 
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TABLE 5 i- Concluded 

( y y )  Pitot  profiles:  Case 44; station 8; test 39; run 54; 
pt, 1 = 13  669.0 kPa; Tt = 3 0 8 ~ 1  K; Tw/Tt = oi334 

Yf cm PI N/cm2 

2.206 
le978 
le749 
__~  10509- 
le256 
e987 
e717 
A 3 4  
e 1  72 
e l  12 

____ 

8.205 
6.574 
5.172 
3-829 
2-  770 
le982 
1 e 447 
1 e 0 0 8  
-671 
e 6 1  5 

~~ 

" . 

___ 
____~ 

_" 
_ _ ~  

(zz) Pitot  profiles:  Case 44; station 8; test 39; run 55; 
pt, 1 = 13 669LO kPa; Tt = 308:  1 K; Tw/Tt = 0!334 

4.4% 
4 e  I ,  89 
3 e960 
3.647 
3.3 50 
3.199 
2.904 
2.715 
2 e  348 
20093 
le868 
le472 

____~ 

~I 

-845- 
e 2  33 
e112 

~" 

13.924L 
13.793 
13-  804 
13.749 - 
13- 652. 
13- 580 
13.225_. 
12.765. 
10- 501 
8,111 
6 e  357 
3.981 
1-850.. 
e818 
676 -. 

" 

~ _ _ -  

-__ 
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TABLE 6 ~ -  TOTAL  TEMPERATURE SURVEY DATA 

(a)  Data summary 

__ 
Case 

1 
2 
3 
4 

"" 

5 
6 
7 
8 
9 

1 0  
11  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
22 
23 
24 
25  
26 
27  

Station 

- 

4 I 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
2 
3 
4 
5 
6 
7 
8 

Model 1 ,  test 11  

83 
84 
85  
86 

1 3  238.0 
1 0  755.9 

7  929.0 
5  377.9 

Model 2, test 40 

1 0 0  
59 
73 
96 
95 
76  
90  
8 2  

1 0 2  
63 
70 
98 
94  
81 
9 2  
87  
6 2  
69 
97 
93 
80 
91 
86 

aMeasured in free stream. No real 

1 3  720.7 
1 3  582.8 
1 3  562.1 
1 3  513.8 
1 3  582.8 
1 3  410.4 
1 3  479.3 
1 3  224.2 
1 3  424.2 
1 3  569.0 
1 3  617.2 
1 3  575.9 
1 3  637.9 
1 3  479.3 
1 3  341.4 
1 3  513.8 
1 3  651.8 
1 3  631.0 
1 3   6 3 1  . O  
1 3  651.7 
1 3  341 - 4  
1 3  341.4 
1 3  444.9 

Ttr K 
(a) 

31 2.8 
324.7 
325.8 
3 2 9 - 7  

323.3 
321  -1  
342.2 
321 - 7  
320.0 
326.1 
31 7.2 
323.3 
305.6 
31 0.3 
31 5.0 
302.8 
31 5.6 
31 2.2 
31 9.4 
330.6 
338.3 
323.3 
31 2.2 
327.8 
322.2 
327.2 
332.2 

las correction required. 

0.898 
924  

- 8 7 5  - 91 1 
- 9 1  8 
- 9 0 8  
- 9 3 8  
.912 
- 5 0 4  
- 5 4 7  
- 5 7 5  
.476 
- 5 0 5  
f 4 8 9  
- 4 6 9  
- 4 4 9  
- 3 9 3  
- 5 0 2  
.368 
- 3 8 6  
- 3 7 5  
- 3 8 3  
- 3 3 3  
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TABLE 6.- Continued 

(b) Total-temperature  profiles:  Case 1; station 4; run 83: 

Y, cm 
0.2195 
0.2606 
0.3200 
0.4069 
0.6218 
0.7178 
0.7910 
0.9235 
1.0150 
1.1384 
1.2893 
1.3853 
1.4493 
1.. 5179 
1.5911 
1.7145 
1.8562 
1.9385 
1.9980 
2.0620 
2.1168 
2.2037 
2.3271 
2.3683 
2.4826 
2.5466 
2.5832 
2.6380 
2.6883 
2.7615 
2.9032 
2.9947 
3.0998 
3.1913 
3.3193 
3.5387 
3.6805 
3.9228 
4.1697 
4.3205 
4.6863 

kPa:  Tt = 31 2f8 K 

Tt/Tt, e 
0.8270 
0.8440 
0.8610 
0.8760 
0.8880 
0.8910 
0.8940 
0.8990 
0.9020 
0.9040 
0.9060 
0.9070 
0.9080 
0.9090 
0,9100 
0.9100 
0.9120 
0.9120 
0.9120 
0.9110 
0.9120 
0.9150 
0.9210 
0.9240 
0.9310 
0.9340 
0.9370 
0.9400 
0.9450 
0.9510 
0.9650 
0.9730 
0.9810 
0.9880 
0.9950 
0.9980 
0.9980 
0.9990 
0.9990 
0.9990 
1.0010 

1. Increasing ;all 
I pressure 

1 78 
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TABLE 6,- Continued 

(c) Total-temperature profiles: Case 2; station 4; run 84; 
pt, 1 = 1 0  755i9 kPa; Tt = 324i7 K 

0.2560 
0.3109 
0.3566 
0.4801 
0.6447 
0.7269 
0.8412 
0.9510 
1.0150 
1.1521 
1.2847 
1.4310 
1.4996 
1.5636 
1.6231 
1.7648 
1.9294 
2.0483 
2.1306 
2.1763 
2.2311 
2.3546 
2.4597 
2.5786 
2.6609 
2.7341 
2.7981 
2.8438 
2.8804 
2.9764 
3.0678 
3.14 55 
3.2324 
3.3238 
3.4244 
3.5250 
3.6165 
3.7902 
3.8222 
3.8771 
3.9411 
4.0737 
4.3343 
4.3983 
4 * 4714 
4.6634 
4.9378 

0.8600 
0.8740 
0.8850 
0.8920 
0.8980 
0.9010 
0.9030 
0.9050 
0.9070 , 

, 0.9030 
0.9030 
0.9030 
0.9020 
0.9010 
0.8980 
0.8980 
0.9000 
0.9010 
0.9020 
0.9060 
0.9130 
0.9210 
0.9260 
0.9300 
0.9350 
0.9390 
0.9430 
0.9530 
0.9620 
0.9690 
0.9750 
0.9820 
0.9870 
0.9910 
0.9950 
0.9980 
0.9990 
0.9990 
0.9990 
0.9990 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
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TABLE 6:- Continued 

180 

(d)  Total-temperature profiles: Case 3; station 4; run  85; 
Pt, 1 = 7929.0 kPa;  Tt = 325'.8 K 

Yr 

0.1920 
0.2332 
0.2880 
0.3978 
0.5349 
0.6447 
0.7315 
0.8641 
1.0104 
1.0790 
1.1384 
1.1979 
1.3076 
1.4082 
1.5133 
1.6048 
1.6368 
1.7328 
1.8379 
1.9477 
2.0163 
2.0985 
2.1717 
2.2357 
2.2906 
2.3592 
2.4780 
2.6060 
2.6700 
2.7341 
2.8026 
2.8484 
2.9078 
2.9398 
3.0221 
3.1272 
3.2278 
3.2736 
3.3376 
3.3879 

3.4701 
3.5342 
3.5982 
3.7262 
3.7125 
3.9091 
3.9456 
4.0096 
4.0599 
4.1971 
4.4531 

3.4381 

0.8180 
0.8270 
0.8500 
0.8640 
0.8760 
0.8870 
0.8920 
0.8980 
0.9020 
0.9050 
0.9050 , 
0.906 0 1 Increasing wall 
0.9060 pressure 
0.9060 
0.9050 
0.9040 
0.9040 
0.9030 
0.9010 
0.9010 
0.9000 
0.9010 
0.9020 
0.9020 
0.9030 
0.9040 
0.9090 
0.9150 
0.9190 
0.9240 
0.9280 
0.9310 
0.9340 
0.9370 
0.9440 
0.9510 
0.9560 
0.9590 
0.9630 
0.9670 
0.9700 
0.9720 
0.9790 
0.9840 
0.9910 
0.9950 
0.9970 
0.9990 
1.0000 
1.0000 
1.0000 
1.0000 



TABLE 6.- Continued 

Y I  

0.3658 
0.4166 
0.4724 
0.5486 
0.6553 
0.7823 
0.9500 
0.9957 
1.0820 
1.1989 
1.3513 

1.6002 

1.8491 

2.1184 
2.1692 
2.2708 
2.3622 
2.4282 
2.4994 
2.6314 

1 5189 

1.7323 

1.9812 

2 7178 
2 7838 
2.8296 
2.8753 
2.9515 
3.0074 
3.0582 
3.0886 
.3.1750 
3.2766 
3.3782 
3.4493 
3.5154 
3.5458 
3.5865 
3.6525 
3.7287 
3.8456 
3.9014 
3.9675 
4.0437 
4.1046 
4.1453 
4.2012 
4.2570 
4.3332 
4.4653 
4.6431 
4.7650 
4.8209 

Tt/Tt, e 

0.6690 
0.8110 
0.8520 
0.8690 
0.8830 
0.8890 
0.8930 
0.8960 
0.8990 
0.8990 
0.8970 Increasing wal l  
00.8960 .8960 pressure 
0. 8950 
0.8950 
0.8940 
0.8950 
0.8960 
0.8980 
0.9000 
0.9020 
0.9040 
0.9110 
0.9150 
0.9180 
0.9210 
0.9230 
0.9290 
0.9320 
0.9350 
0.9370 
0.9420 
0.9500 
0.9580 
0.9630 
0.9680 
0.9700 
0.9730 
0.9780 
0.9820 
0.9870 
0.9890 
0.9920 
0.9940 
0.9960 
0.9970 
0.9970 
0.9970 
0.9980 
0.9990 
1.0000 
1.0000 
1.0000 
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TABLE 6;- Continued 

cm 
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TABLE 6c- Continued 

(f) Continued 

Y? Qn T d T t ?  e 

0999384 
10090051 
1oOOO721 
0999133 

10000315 
10000518 
10000553 
0999704 

10300976 
10 000701 
10001356 
10000028 
1 OOO3S9 
0 999363 

10000588 
lo000182 
1m000719 
IoOOO158 
1oOQ0213 
1. 088491 
0999986 
1.001056 
IoOOO45O 
1.000825 
1 000596 
-998884 

1 000480 
10000081 
999741 

10001141 
1.001268 
10000411 
e 999999 
0 999422 
999348 

IoOOO035 
999671 
0998164 
m999124 
,999544 
e999177 

10000398 
997997 

9 ~ ~ 2 4  

FT 

a989920 
1 e000843 
1.012062 

a 9 8 5 4 3 8  
1 a005294 
10008748 
1.009392 
0994947 

1.016739 
10012058 
1.023444 
1 r000480 
10006371 

e 9 8 8 6 0 0  
10010570 
loOO3282 
1.013072 
1a002684  
10003923 
1.009082 
0999736 

1.019835 
10006547 
10O15847 
10031547 
-918345 

1 oOO9U3 
10001602 
m994854 
10023168 
1.025915 
10008397 
a999979 
e988265 
0906610 
0975534 

10000734 
e993008 
0960581 
e980787 
e989815 
0981396 
10009045 

0954233 
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TABLE 6.- Continued 

(f) Continued 
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TABLE 61.- Continued 

(f 1 Concluded 

185 
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TABLE 61- Continued 

(9) Total temperature profiles: Case 6; station 2; test 40; run 59; 
pt,l = 13 582.8 kPa; Tt = 3 2 1 ~ 1  K; Tw/Tt = 0 ~ 9 2 4  

~. 

m8726354 
""__l 

" ,8201127 
07840396 

m5336032 
. " 0 51.27930 

m5037734 - - 
.. . * 500386.3 

m-4996129 
m4989170 
0495.4499 

. " m4022ti2a 
.44a.9704 
. ,3962476 .. 

TtlTt,  e 

999234 
m997931 
-998276 
m998724 

. 999.543. 
m999353 

1 000561 
.. 99.8804. 

996 993 
-0999316 

. .m. 9 9.9 1.9 7 
997590 

,998782 
". r'2.99 r 1 5" 

0998440 
m999279 

. ._. 999417 
99'7 506' 

e996992 
. . .. - 0997422 - . 

99443F 
* 944457 

996044 .. . - . -. - " - - 
99627?" 

m-995682 
. .  9952.42. 

e 993.993 
-. 992.527. 

.977337 

.. $96 802 

.989275 
e 985030 

,974634 
0973353 
,9-?2???. 
e 972864 

975458 
0 972840 
0 971749 

972339 
- 0972035 . 97oa79 

,972198 

FT 
0 9 89386 
m911146 
.975902 

9 82 133 
,. m993590 

99c937 
le009290 

. .. 0 9 8 3 1 9 9 -  
m957762 
m990.319 

.. 0.9 8 8 5 5 2 .  
,965522 
.982458 
mss715a. 
0977173 
m989328 

.. . m991.328 ." 

962 73 6 
0 9 5479 e; 

.. m945921- 
". e-?*.& 10 8 .  

.915968 

93343 a 

,939727 
,942900 

m.930459- 
0 909 82 1 
m934826 

. 2fJ8Q4.95. 
0826932 
,755618 
,639537 
m586188 
5 54626 

. 5 53-45.? 
m552043 
m593672 

. e 5 4 9 1 6 3  
e520520 
m532075 
mT2t.456. 
m498623 
,515952 
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TABLE 6t -  Continued 

Yr 

(9) Concluded 

Tt /Tt ,  e 

e 972237 
,972915 
,973544 
.m976055 

972330 
972463 

0 97 1 0 4 4  
0969254 
,967298 

9 64-21 5 

.955a54  

, 9 5 3 ~ 8 9 5  
,950717 
*-951532- 
9 9 5 2 3 4 1  
e952163 

960007 

95.3 340  

FT 

,513629 
0522660 
- 5 3 0 2 0 2  
57446 1 

m507417 
,508662 
m 4 . t a l a o  
e442992 
0404582  
r34_1-?22 
,254113 . 168543  
0.104347 

108242  
e037606 

.*04?087 
*056135  

049986 
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TABLE 6.- Continued 

(h) Total  temperature  profiles: Case 7 ;  station 3; t e s t  40; run 73; 
E t ,  1 = 13 562!1 kPa; T t  = 342t 2 K; Tw/Tt = 0:875 

1 88 



Y, 

,6435318 
dRQuEmL 
- a 5 3 0 3 3 6 8  

e4422343 
e4248912 
m4165676 
4151 782 -- 

Lm2zzL 

TABLE 6.- Continued 

(h) Concluded 

FT 

- " e 5 3 4 9 3 0 "  - " -. 
. . 0 6 8 0 9 6 9  . 

". 0 444318 
-" a406087 ~ 

.. 5-340455- 
"0 382733. 

e3535s7 
a360788 -- "" .- . " - 

189 



TABLE 6L- Continued 

1 90 

(i) Total  temperature profiles: Case 8; station 4; test 40; run 96; 
pt,l = 13 513.8 kPa; Tt = 321 i7  K; Tw/Tt = Ob911 

YI 

"- " 

1,7375274 
1.7104722 
1*6611177 

-999765 
1 000402 

,9981373 
1 0  000240 
le000322 

e 998868 
e999370 

1,000122 
1 ~ 0 0 0 9 1 0  
1, 000038 
1 i)O 1494 ~~ 

1 e 000642 
999930 

1 000507 
1,000621 

,999540 
,999953 

1 e 000722 
1,000851-  
1,000776" 
1 e 002867" 
l e O O 1 5 Y 9  
le002668 
1 0 0 0 1 8 2 6  

1 , 0 0 0 8 8 5  
l,001733p ~~ 

lo003236 

" 

1,002934., 
1,003791 
1 , 005079 
le004153- 
1 e 003657 
1- 001480~_ 

99888") 

987929 
lo002583 
l e  003463 

-987731 
e 9931 73 

l e  GO1332 
1,009973 
1 o 000422 
10016534 
1e00715S 

-999218 
le005717 
1 007058 

,994754 
e 999456 

1e0,08336 
1,00983ti 
le008955 
1-033491' 
1,028867 
1 - 0 3 1 6 5 6  
l e021772 
1- 038804 
1e010667 
le020918 
le044597 

~~ 

10035499p 
l o  036031 
1 o 046706 
l e  062981 
10051831 
- 1,045129 

l e  017973 
e98653?- 
-985443 
e979251 
a 488438 

I 



TABLE 6L- Continued 

( i  1 Concluded 

Y I  

1,1457802 

1 0 1 33 231- 
1.1110939 
1,0666556 

o 5 5 L 2 5 t i O  
,54432ct3 
5422 396 

, 5 4 2 2 5 9 6  
-5594647 
o5311400 
-5054722 

W T t ,  e 

-992915 
0 992238 
-9929S6 

,977791 
0975339 
-972840 
,9709110 
,971414 
-97146a 
,970979 
,972099 

,964736 

FT 

960973 
976959 

-916780 
,911445 - 902442 
,910619 

876633 
,881056 

883606 
- 8 5 3 1 1 7  - 85957 7 - 809284 - 755151 

538451 
SO9039 

-477935 
,448502 
,447365 
,413991 
-398988 

391421 
388 3 50 
3732 17 
3773 52 
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TABLE 6 ~ -  Continued 

(j) Total temperature profiles: Case 9; station 5; test 40; run 95; 
pt, 1 = 13  582L8 kPa;  Tt = 320;O K; Tw/Tt = 0,918 

192 



TABLE 6.- Continued 

( j 1 Continued 

Y* FT 
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TABLE 6C- Continued 

( j  1 Concluded 

Yr Tt/Tt, e FT 

194 



TABLE 6.- Continued 

(k) Total  temperature profiles: Case 10; station  6;  test 40; run  76; 
Pt,l = 13 41 0:4 kPa;  Tt  32661 K; Tw/Tt = 0.908 



TABLE 6,- Continued 

(k) Concluded 

Y? FT 

0900384  
.8a2797 

.a03346 
, 7 8 8 6 6 4  

0 842453 

e772132 
767575  

e749111  
0 7 6 4 5 7 9  
,767242 
. 7 7 5 7 9 a  

609897  

0742513 
.723495 

0650685 
-2-6. 2 3 9 5 7 
,611285 

605191  
e 60 1664  
0601014 
e601082 

.. -,602.5.80 
591823  

e572637 
t 5 2 1 0 7 4 .  
,672007 
e444300  
-9.4 3 43 0 9 
0423006 
,418952 
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TABLE 6.- Continued 

999045. 
1 e000613 

0999633 
.?99435 

L 0001426 
1o003S64 

05.9.9459 
e999101 
,999  164 

1*9QLOS3 
999661 

1 *00Q506 
1.."O 81-8 
-499731 

1..0003+3 
1 009.932 
1.300641 
1 002876 
1 LOO 1 .Z88 
I 3 0.2 Q 4.6 
Lo001195 
L 00-3394 
I.OQ2581 
1 002 130 
1 ~0.01796 
1.001+75 

1 Di3.03277 
1,003220 
1.003442 
1 m.00.3030 
1.002654 
1.00.1648 
1.004149 
11003 105 
1.005912 
1 mOO2534 
1 DO02821 
1.0.01 590 
L.%Q93470 
1-0 .93457 
1 0 0 3.4 9.0 
1.001656 

. 00089-5 

. e990139 
1 ..OO6458 

,996063 
.993a34 

1.015823 
1,010829 
-993886 
0989757 
e590447 

1.01.2058 
,996 103 

10005855 
1.009517 

o9S6848 
1*004035 
10011067 
1 007695 
1.035060 
1 .~021975  
1.025442 
1.014965 
1.043163 
1.033077 
1.027577 
1 e023410 
1,019454 
1.011916 
1,044111 
1,043 7 1  9 
1.046980 
1 o.041630 
1,036460 
1.022662 
1 a 0  5742 2 
le043212 
1 054775 
1.035692 
1.040092 
1.022675 
1 m050027 
1,050215 
1 051 107 
1.024362 
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TABLE 6. - Continued 

(1) Continued 

T t / T t ,  e 

1 e 0 0 1  811 
lo001792 
1 002835 
10001689 
1 GOO606 

0 998337 
0997809 
0995593 
0998021 
a995991 
a596613 
099-6487 
0996781 
0996788 
0 $95744 
0994268 
0994270 
".990554 
,990517 
.-988128 
0.9 8 8 183 
~ a 8 9 7 2  

0989570 
-989320 
o90?164 
.9a44a8 
r 9 B5 .?9 3 
0983412 
.982631 
981.202 

0980888 
0979940 
.._s.SOP6? 
0980131 
981 371 
9.?9?.?.0 
0978191 
0976327 
0 97 5 94.5 
-973856 
0974512 
i ?  j-2 1 2 9. 
97.3160 

FT 

10026765 
10026550 
1 o042098 
10025207 
loOU9C98 
0974860 
0966757 
0932799 
0969527 
0937952 
o947C63 
0944600 
.948 a4 1 
094e655 
093-1475 
0907659 
0907810 
-847720 
847 13 I 

0 80 sc 85 
0819147 
0827354 
o821901 
0817429 
0737034 
0,748280 
0716443 
702040 

0677540 
0670770 
6 54425 
.6 69.12 7 
0653076 
,672624 
0641806 

.8ca622 

.61i412 

.5 i9745 

.574148 
561 76 1 

528571 
,4,82914 
04,98594 
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TABLE 6.- Cont inued 

(1) Concluded 

Y? cm Tt/Tt, e 

0970174 
._ 9 7.1646 
0.970154 
e970422 

FT 
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TABLE 6L- Continued 

(m) Total temperature profiles: Case 12; station 8; test 40; run 82; 
pt, 1 = 13  224r.2 kPa;  Tt = 323'.3 K; Tw/Tt = U:912 

4,5066280 
+o 4761023 
5 , 4 5 8 0 6 5 8  
6 , ~ 7 6 6 i 9 ~  
4.442805% 
-424 
4,4261 5 5 7  
- 4 3 m 9 3 1  
4,35470r)5 
4, 2957344 
6,2346880 
4, 1861257 
4,1528289 

4,0952496 

4,0203212 
3,9578613 

4- 965 11 33 

3,8878256 
3.8260833 
3,780297.7 
3, 7518 .56  

~ " 

3.7365112 
3 0  7247982 
30 719250% 
30 7088445 
3,6824818 
3.6383825 
3 5777297 
3,5083 5 7 2  
3, 4665346 
3. 3966683 

3,3467  192 
3.3647559 

3 . 3 3 4 9 m  ~- -__ 

3,3286827 
3 ,  3203591 
3,2981 5 9 5  
3,25514- 

1 000834 
1*002112- 
1,001213 
1-001680 
1*0@1599 
1 oOOlO63 
-lXimn49- 
1.000895 

,999644 
1,001492~ 
1 ,000870 
1 00 1447 
1 000629 
1.001093 
1, 001649 
1-00  1455 
1, O m 5 3 9  
1,001262 
1-001187 
1- 002006 

1- 00 1261 
-" 1,0021i5  
1-002590 
1,001854 
1 ~ 0 0 2 9 1 2 ~  
1,002374 
1 0027 52- 
1 mOO263"l 
1 001 809 
1,002099 
1,002906 
1 003645 
1,002798 
1 003343 
1.003349 

1 e002539 
1,002874 

lo002415 
"" 

1- 002621 

1 - 0 0 8 7 9 8  
1,022&72 
1,012987 
1,0181  37 
1.017456 
1,011745 

1,009956 
1 009645 

1,009749 
1,016218 

1,01227'3 
1.018707 
i-xmYT4 
1 , 0 1 7 6 l 3  
1 -0 145 28 
1-013760 
1,023472 
le013212 

1,009301 

~ 

1,021733 ___.. 
1,020303 

- _ _ ~ ~  1.025194- . 

1,014972 ~_ 

1,030817 
~~ 1 , 0220-62 
1,034763 
1 0283~50 
1 , 032 8-70 
10031446 

1,0445-54 
L o  034404 
1.041656 
1,041728 _____ 
1,0301  67 
1,031843 
1 0360 19 
1 032 899 
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TABLE 6. - Continued 

(m) Continued 

3,1954a76 
30 1268086 
30 0595164 
3o0381039 
20 9762704 
20 9561536 
2,9657472 
20 9401973 
2,9318712 
2m9110610 
2, 8735985 
2,8181021 
2.7511166 
2,6793571 
2.6217778 
2,5822351 
20 5506487 
2- 5454661 
205392228 
20 5329794 
205156363 
2.4832567 
20 4268405 
203588548 
20 2860152 
20 2253532 
20 18h8  105 
2, 1632243 
2- 1507374 
2,1444941 
2-  139637b 
20 1271509 
2,0983145 
2, 04876  15 
109842429 
109162598 
1, 8586806 
1, a la4444 
107948580 
l o  7830648 
1 7782083 
1,7740452 
1,7629454 

1,00337!5 
1,001825 
P -003304 
1,002667 
1 0-000684 
1.001187 
I 000900 
1,600910 
P 000840 
1,000633 
P o b O l O l l  

0 999934 
,999139 
e 997781 
* 9 9 m  
-997532 
995073 

0 99 49 99 . . .  

996  102 
-.995260 
9 995034 
"994396 
9928 74 
991  8 77 

.989472 
e 9893  18 
,987839 

986999 
986484 

e-9- 
,986816 
-986020 

. 9 a w ~ 8  

9842  94 

98 14 89- 
-9a0692 

,982306 

980049 
979370 

-978497 
978984 

,970623 
a 979057 

lo042362 
1,022908 
1,0418  19 
lo033815 
lo008715 
10015246 
lo011654 
1,011871 
le010928 
1,008266 
1,013268 

9991  37 
,908649 

970737 
,949376 

9671  40 
,933699 

932260 
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TABLE 6.- Continued 

(m) Concluded 

1, 7345025 
1, 6873296 
106228136 
1.5562148 
1,4979421 
1,4390934 
1,4352024 
1,4251026 
1, 4202461 
1,4181633 
1,4112265 
1,391  1097 
1,3515670 
1.291 9075 
1, 2239219 
1.1621795 
1.1153935 
1-0930334 
l o  0761  574 
1,O699143 
1.06r1404 
1; 0608970 
1.9428605 

. 6 5 5 7  
w 8742832 
8104607 
7639012 
736 2342 
723351 6 
7175017 
7161149 

,7133412 
-6994652 
6656724 
6120562 . 5447660 

,4839414 
4330751 

e 4945322 
-3a93718 

-977931 
0 991 
0 5 764 
w 089 
0 LO03 
0 1 876 
0 7 3 5  
0 1103 
,970739 
970820 

,969754 . 96 8349 . 9 6 6 ~ ~ 0  
, 9 6 5 3 3 5  
,964166 
,963076 
-961857 

-~~ 

w 961 546- 
-961594 
0 1334 
0 004D 
0 493 
0 3 19 
0 61a 

80 7 U  
9533 14 
a95 1920 
,950117 
-950255 
-949a37 

,948331 
94992 0 

940933 
94 86 28 

-947234 
~ ~~ 

0 946066 
-964912 
- 944847 
,943919 
,943534 
945249 

-654364 
0 7 1 5  
0 349 

1 6 5  
0 968 
0 4Y8 
0 0 4 5  . 33r 
,522139 
0 7 95 
,496759 
,471642 
,444015 
,413640 
389427 

0 5 07 
345290 
33592 i . 163 

0 452 

0 168 . 136 
0 2 f 8  
0 211 
-143612 
112224 
0761 87 

-066385 
,0613'13 
,056502 
,021493 
027067 

,019676 
-,014554 
-0044235 
-,071543 
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TABLE 6.- Cont inued 

( n )   T o t a l   t e m p e r a t u r e  profiles: Case 13; s t a t i o n  1 ; test 40; run  102; 
pt, 1 = 13 424: 2 kPa; T t  = 3 0 5 ~ 6  K; Tw/Tt = OC 504 

9% I t 9  
99;nao 

a997619 
o997017 
e 99655s 
q996036 
e995631 
,996833 
a 996549 

996360 
*995483 
e997802 
0 994861 
a 994700 

993273 
l 9942 54 
a992231 
e 994306 
r9932lO 
e 993426 
a992085 . 991 786 
0988239 
0 979301 
0960394 
944261 

0928221 
0 920875 
e916535 
a912979 
r912238 
e909875 
a 906460 
e902905 
e 004769 
c 860394 

8345 81 
817508 
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TABLE 6.- Continued 

(0 )  Total t empera tu re  profiles: Case 14; s t a t i o n  2; test 40; r u n  63; 
Pt,  1 = 13 569:O kPa; T t  = 310.3 K; Tw/Tt = 0.547 

FT 

998900 
,995797 
,996759 
, 996332 .9-s 3.3 5- 

.997299 
a997516 
,19973 74' 
,9;a;cs3e 
,996510 
-997954 
0-9971 35 
,995094 
, 9949 17 
,996101 
e 993 5.63 
;995431 
,993'7as 
0945022 
-994030 
.994000 
0 995006 
: jr44 2 48 

". 

9890 18 
,988013 
0 9 84784 
i903989 
,983618 

. .  .. _,.-. - 

- 9 . 8  i6 59 
,981186 
,982333 
,979340 
0970601 . - 

, ,954377 - - . _. - . . 
,935433 
. .  ,915800 
- .  ,906245 
-8.99 8 33  

-- 896608 
g992 2 5 

897316 

.._ -896867 . .  

204 



TABLE 6.- Continued 

(0) Concluded 

T d T t ,  e FT 
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TABLE 6,- Continued 

(PI Total  temperature profiles:  Case 15; station 3; test 40; run 70; 
Pt,l = 13 61 7L2 kPa;  Tt = 31 5LO K; Tw/Tt = Oc575 

206 
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TABLE 6. - Continued 

(p) Continued 

Tt /T t ,  e FT 

a 9443 92. 
." 0 93  0442 
,933067 
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Y I  

TABLE 6.- Continued 

(PI Concluded 

Tt/Tt,  e FT 

734707 
. -. . . - . . - 7302.66 - . . I 
." -726978 

726707 
. .  -. 125917, 
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TABLE 6;- Continued 

(9) Total temperature  profi les:   Case 16;  s t a t i o n  4; test 40; run 98; 
P t , l  = 93 575!9 kPa; T t  = 302.8 K; Tw/Tt = 0.476 

. 999056 . Y 9 8 r n  
, 9 9 9 7 8 7  
0999404 

1.~000365 . 999 159 . 9996yz 
0999570 
1.00f146 
,999052 
. 9 Y 9 3 X  

1,000022 
- 9 Y 9 2 T  
, 9 9 8 5 r  

A ,0009-94- 
- _  1.00038r 
1 . 0 0 A O T  
1.000232 
1 . 0 0 2 4 5 T  . 999627 
1 . 0 0 2 7 3 F  
1.002541;- 
1.001647 
l.OiJ1409 
1 . 0 0 3 3 7 4  
1 , 0 0 2 2 4 0  
1 . 003935 
1.004109 
1.00- 
1.001749 
1.003315 
1.002664 

1 . 001 715 
1 002404  

997966 
,995000 
0993572 
0995016 . 9 9 m  
,993382 . 99267 1 

lo003332 

998250 . Y 9 7 W  

. 9 9 8 8 T  
, 1.000a78 

. 9 9 9 4 2 8  
e 99(;izr 

1. 0 0 2 m  

. 4 9 8 8 m -  

,- 9 9 9 6 0 5  

998440  

. 9 9 8 2 3 t )  

l.OOOO41 . 9 9 8 5 6 3  . 997247 
1 . 0 0 1 8 4 F  
I , 00072-2- 
1 e 0.0 1 - 9 - F  
1 . 000432 
1 . 0 0 4 5 7 5  . 999670- 
1 . C05 103- 
i. 00436-9- 
1 . 0 0 3 0 6 T  

1 . 0 0 6 2 3 ~  
P-00427T 
1 0 0 7 3 - K  
1.007670 
1.00895 
P 003264 
Lo006188 
1 004974 
1 . 0106223 
I .  0- 
1 I. 004491 

996200 
0 990660 

P.002628 

. C 8 m -  
990681 . 9 8 5 8 0 8  
0987613 
0 986282 
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TABLE 6.- Continued 

(9) Concluded 

YI Tt&, e FT 

, 9 9 1 2 6 3  

,939426 
590457-  

.9  306 LC) -~ 

, 9 3 1 5 2 4  

,92461 7 
~- ,92894~" - 

, 916073  
- 9 0 7 7 3 0  

-~ 
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TABLE 6C- Continued 

( r )  T o t a l   t e m p e r a t u r e  profiles: Case 17; s t a t i o n  5; test 40; run  94; 
pt, 1 = 13  637\9  kPa; T t  = 31 5 t 6  X; Tw/Tt = O? 505 

Yr T d T t ,  e FT 

0991806 
,999211 
.9 9692 2 

1.001072 
a 9 45.3 0 1 
e999111 
rn 996672 
a996455 
,997232 
m993204 
,996189 
,945367 
m999223 
,995217 
a9s7110 
. w 4 a + o  

.. ,997520 
a993331 
0996607 

~ .99946.6 
1 m000902 
1.002876 
1 .004608  
1.000168 
1.302097 
1 a003698 
1.001869 
1.004222 
1 e0.004976 
1.005559 
1..005425 
1.00.1879 
1e300719 
I .00.1.~36 
Lr00.0978 
- 1.000217 
1. -0 0-3 8.7 9 
1 ,,00033..8 
1 rn 0.00 19.9 
.1.000054 
1.03046!, 

0995502 
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TABLE 6 ~ -  Continued 

b-) Continued 

Tt/Tt, e FT 

8995348 
e983813 
9 E456 0 

-9 a3  542 
.? 9.7 8 07 3 
e 973335 
e976275 

.e97.059.1,  
94873 1 

e957334 

. 9 6 4 6 6  1 
." e961064  ._ 

e946102 
e942720 
e937631 
e 938700  
, 9 3 9 2 9 4  
e 9 3 7 2 6 4  
8935279 
a934715 
a934766 
a933970 
- 9 2 5 6 7 8  
e915878 
0900416  
e889169 
e853695 

0a5888  
m878969 
e877035 
e881332 
e875715 
e072224 
e866999  
e 854423 
83966 5 
a m 1 0 7  

0820072 
m8llBlO 
e810545 
0807.582 

. - 8 0 7 3 6 1 .  
2 8 Q 5 5 7 5 .  

21 2 



YI 

TABLE 6!- Continued 

(r 1 Concluded 

Tt/Tt, e FT 
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TABLE 6:- Continued 

Y r  

2.6356495 
2.5617272 

2,. 439629c 
2.4070259 
2.3875003 
2 , 3 7 9 2 7 6 4  

2 , 3 t 4 6 m  
-2 2 , 3 6 9 S 6 3 5  . - ~ ~ 4 ~ 4 6 - -  . 

0 6 
2 , 2 3 3 1 9 3  

~" 

2,4930481 
___ ~. ~ 

__ -___- .  ~ 

2.2648113 
2. 1947436 
2,1323097 
2.0788935 
2 . 0 4 3 l i f 3 8  
2,0240904 
2.0143775 
20c3115C13 
2.0060514 
I, 99079151 

X T Z i I U 4 T  
l . W 9 2 6  
1 , 8 3 1 n r  
1. 1397806 
1,6952645- 

1.65225 ZT 
f .  62 r9724 
L.6Z7365T 

1,6113227 
1 , 6078555 
1.5981426 
l o  571 0865 
1.5218336 
L14593976 
1,385,5555 
l o  3262026 
1. 28388T2-  

1.2491 9 9 F  

1 , 261 5 6 7 2 -  

1-261b866 

1 2 4 3 6 5 9 2  
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TABLE 6C- Continued 

(s) Concluded 

Y? an 

1- 2346305 
1.2096572 
1- 1631778  
1.1021289 ~~ 

1 - 0 2   I 2 0 6 5  " ~~ ~ 

9599168 
,9134348 

8870747 
8738946 
8669553 
, 8534882 
,8579383 

8378190 
7 9 4 1  1 5 8  
-7386 168 

6671643 
,6047283 

5610250 
,5353492 

5249494- 
,520P929p 

5166258 
513 1562 

,4971999 
- 4 5 9 7 4 0 0  .~ 

-4035476  

- 2 6 4 8 0 2 6  

1787804 
1635201 

0 1551940  
1551940  

m 1517269 
1392403 
1024712 

- 0 4 3 5 0 5 1  

3341751 

2120  798 

Tt/Tt,  e 

-968172  
- 9 6 7 1 5 1  
,965251 
0 160  1 
" 
-953587  
0 81  27 
,9459 t9  
0 944774  
- 9 4 4 6 7 3  - 9443  87 

942 8 82 
- ,940757 

937600  
-932416  
- 9 2 5 7 1 5  
91 9330  
9 1.5048 
91 2460 
9091 94 
90 76 85 
907786 

~~ 

-906087  

" 8 9 7 9 1 6  
902872  

-890328  
880143 

-869916  . 86 1 7 40 
-855567  
-852493  - 8501761  
,849609 

848703 
-845488  
-840027 

a37296 

FT 

9 382 7 3  
a936271  
I. 32547 
,925433 
0 f a 8 2  
,909851 
0 277 
0 123 

892806 
-892561  
8919 54 

-a89005 
-8a47a2  

878604  
-868482  
m 855392 

842  840 
-834424  

8 2 9 3 0 1  
,822932 
-8199a8  
,8201 87 
,816915 

8 1 0 6 0 4  
-800899  

7860  16 
-766079  
-745969 

729937  
-717825 
- 7 1 1 7 1 6  
, 7 0 7 1 ~  
-7059  15 

704096  
-697750  
* 6871  05 

6 81 8 9 9  

21 5 



TABLE 6:- Continued 

(t) Total t emperature   prof i l e s :  Case 1 9 ;   s t a t i o n  7; test 40; run  92; 
P t ,  1 = 1 3  341 c 4 kea; T t  = 31 9c4 K; Tw/Tt = 0,469 

21 6 



TABLE 6!- Continued 

(t) Concluded 

Yt FT 

21 7 



TABLE 6!- Continued 

(u) Total  temperature  profiles: Cdse 20; station  8; test 40; run  87; 
pt, 1 = 13 51 3L8  kPa; Tt = 330L6 K; Tw/Tt = OL449 

3,0996232 
. .  3.8469001 
3,7789151 
3,7130112 
3,6609819 
3,6311517 
3,6145023 
306075650 
3,6054039 
3,6054039 
3 "5957 7 1.7 
3,5694102 
3,5200494 
3,4570268 
3.3a6266a 

3,271a022 

3,3307609 
.3,2926 140 

3,2613964 
-3.o2565603 
3,2530717 
302440533 

-3.2183054 
3, 1739070 
3,1007769 
3,0331609 
2,9624010 
2,9117591 
2,0798477 
2 . ~ m 5 a  

z,a451615 

200562611 
2,0534062 

2,0196937 
2 ,7702392  
2,7036416 
206245570 
.. 2r53.24096 
2,5010740 
2,4691627 

. -  2.4.525133 
2 - ~ ~ ~ + 9 4 a  

1 ,000608 
1 ,000507 
1,001115 
1,001173 
1,000627 

,999669 
1,000279 

,999973 
1.000220 

,999074 
,999802 

1 00055 3 
99 8992 

,997540 
,997960 
,999306 
,999600 

1,000423 
,999466 
,999162 

999709 
, 99992 1 
,999460 
,999313 
,999464 

1.000681 

,997337 
,999064 
,999360 
, 999937 

1,000601 
,999781 
,999195 
, 9 9 0 4 7 5  
,996768 
,996057 
,997378 
,994720 
,994284 
,994002 

, 998264 

,999a16 

lo001087 
10 000907 
1,001990 
h a  002104 
1m001125 

999405 
1- 000503 

,999951 
1- 000396 

,990329 
,999787 

1,000999 
,998 173 
,995550 
996320 
990745 

,999420 
lo000766 

9990'32 
,990401 
,999472 
,999857 
-999033 
,990752 

999026 
1,001238 

,996050 
,995161 
0 990299 

990 8 36 
,9998a6 
,999666 

1,001094 
999600 

,990535 
,997222 
,994109 
,992a13 
,995220 
,990371 
,989576 
,909204 

21 8 



TABLE 6i -  Continued 

(u) Continued 

Yr 

2,4393325 
2.94.358639 
2.4 192 145 
2.3810596 

2 a . 3 2 9 7  055 
2r244395.8 
2e1600861 
-2 1 1.1 20Q 7 
2.Q751270 
2o0550089 

.. 2.*4452968 
2.0411344 
2,0369721 
2,0203227 
lo981474L 
lo9232012 
1.r8455041 
107443383 
1.6984344 

. -1,6561 172 
1.6339180 
1,6228 184 

.” 1-6186560 - 
106172686 
lo.6054753 

- 1-a 755 4.5 1 
105201471 
lo4493072 
.1;3716900 
4.0 3099485 
1.2690187 

. 1.0.2 48 2Q 70 
L2378OL 1 
1-2$64137 

.- 1.234-3325 ~ 

1.2273953 
lo2024212 

“1.. 153840fr 
1m.0872628 
lo0074845 
-9360368 
,8874701 
,8583337 

994850 
,994472 
,995705 
,992650 
e993680 
e990279 
9 8.8 046 
986803 
,906727 

,904289 

,982000 

,962390 

-986108 

-982216 

-902039 

900242 
,978051. 
,974oaa 
,971052 
-970169 
,969100 

,967996 
-969306 

,967456 

,967676 
-964871 
-962901 
, 960451 
,956038 
,953056 
,949751 
;949149 
0 949293 
-949012 
9493 17 

-948567 
,947794 
,945387 
-939400 
,933626 
929408 

,924539 
923899 

FT 

990604 
, 9899 1 1 

988457 

,992150 
,986592 

982242 
-970156 
,975880 
-975730 
,970938 
-971261 

967661 
,967061 
,967121 
-967753 
-963013 
959792 

,952530 
94841a 

,945317 
94336 1 

,940315 - 9412a4 
-943676 
940674 
-935516 
-931072. 
-927340 
,919218 
913723 

,907639 
-906512 
,906746 
,906212 
-906731 
,905311 
,903839 
-89936a 
080269 

,877229 
069700 
860757 
859522 
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TABLE 6.- Continued 

(u) Concluded 

Yt 

08458466 
8402968 
-8389094 
-8319721 
- 8  125478 
-7667620 
,7022456 
-6252421 
-5530948 
,5031466 
-4747039 
- 4 5 8 7 4 8 2  
-4559733 
04559733 
4552  796 
4400 176 
04039439 
-3420961 
-2665864 
-1916641 
,1354724 
1007862 
-0848305 
,0771995 
-07t15870 
00765058 
-0619376 

T d T t ,  e FT 

220 



TABLE 6!- Continued 

(v)  Total t empera tu re  profiles: Case 21; s t a t i o n  2; test 40; run  62; 
' pt, 1 = 1 3  651 L8 kPa; T t  = 3 3 9 ~ 3  K; Tw/Tt = OL393 

Yf 

,5046262 "" 

,4732096 
.458442 7 
,4510100 -. . -..- ."" 

. - ,4191000 
, 3 726m5- 
"" 

___ ,3171215 

,2255495 

, 2720289 
,2408123 ~- 

" . - " . . -. -. "_ 

2 21 



TABLE 6c- Continued 

(VI Concluded 

W T t ,  e FT 

852002 
0 $49387  
0 845179  
". 8 2 84 7s". 

". . 795.372'  

"_. 

0 75.8'3'34 
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TABLE 6;- Continued 

1.6636975 
1,06165246 

- 
. le1163503 - 
1.0733380 
- lo0504449 

1,0393452 

- __ 
. .- ~~ "__ 

-LO358780 
1-0351821 
la0358  780 

""_̂" 

~~ . .. "" 
100337952 ~ 

~ 1oOL922e3 
e9831527 . "" 

. I 000436. 
. .. 1,000S09 "08.86-3 
. i.. . ooo .65. .i 
"2"- 99989'7 ".I 

0 999997 
,999757- 

l o  OooT60 

." " - - "_ 

- - - . . - -_ - " 
. ." 

1 000668 
1-000411 

" ". 

- ,999862 ". 

1- 000386 
l,00020-2 
"" " . - " -. . 

0999180 
0 999226 

-- " -. "" 
. ." - - - - . . 

09988ao 
0 999955 
a 998798 

1 0 000074 

" .- ". . - 
" "_ "_ 
. .. 

" "" " " _  . 

0999347 
999425 

- - -99830C - ". . " . . - - 999043 
,998539 

1- o o o m  
"" 10000127 
1 000866 
1-000532 

- 1-001725 
1-001849 - 

1-001787 
.- lo001241 " . 

1.002742 

' 

- - 
- - 1 ~ 0 0 0 2 0 0  - "" 

"- 

"_ 

~ _ "  

- - " " "_ 
l<T0-33i37- 
". lo002900 - - 

223 



TABLE 6.- Cont inued  

(w) Concluded 

Yr T d T t ,  e FT 

224 



TABLE 6t- Cont inued  

(x) Total temperature profiles: Case 23; station 4; test 40; r u n  97; 
Pt, 1 13 631 !O kPa; Tt = 31 212 K; Tw/Tt = 368 

Tt /Tt ,  e 

0999230 
,999826 
0998020 
,998870 
,998939 
0998552 

lo000478 
0999983 

999027 
-999013 

.999151 
99943 1 

-997868 
999396 

0999075 . 998634- 
0 998299 
-997677 
6998987 
, 996994 
-993005 
.989350 
,984014 
-980464 

-975693 . 972909 

. 9 5 6 0 8 2  

09  72628 . 973888 
0974155 - 9 7 1906- . 969620 

0943391 
940076 
-938450 

938042 - 

FT 

998792. 
,999727 
e 996892 
0998225 
-998333 
-997725 

1-000752 
,999974 
-99a470 
.998449 
-999106 

'398665 
996640 

,999051 
_ _ _ ~  

, 998654 
0997675 

498544 
. w 7 a t d  
-997321 
,996341 . 998404 
,995266 

-983219 
5748OY 

,962289 
,961652 

988980 

9 692 04 

957250 
-956788 

~ -___ 

,558764 
9591 72 

-955621 
. OS51998 

05'46750 
935996 

-924325 

~~ 

,918066 
,910487 
,905251 
,902652 
901 985 ~ _ _  
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TABLE 6L- Continued 

(X) Concluded 

04722275 - 
04597404 
. 4 3 L 4 9 1 4 -  

"" . .. 

,935031 
-935486 

,875471 
e872257 

894316 
883 124 

,859934 
,837041 
818026 
802625: 
, 7 9 7 4 3 6  
,791613 
l 787752- 
, 783634 

,775901 
,781419. 
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TABLE 6.- Continued 

( y )  Total temperature profiles: Case 24; station 5; test  40;  run 93; 
Pt, 1 = 13 651.7 kPa; Tt = 327~8 K; Tw/Tt  0.386 

Yr Tt/Tt, e FT 

2.3542817 
20 3306951 
2.2876841 
2023OlO50 
.20~1586513 

.___ 

2.0982973 
20057367_- 
200330871 
200212938 

1.8825488 
1,8083203 
1,74449z" 
i.6987118 
1.-6730439 
1.6612536 

-~ 

_~ 
1.6570883 
lo6557008 

-~ P .6  5292  59 
106348891 
1.5953468 

1.4649265 
I ,  5349927 

lo3969415 
1 350461 9 
1.3227129 
P m  3102259 
1-304C761 
i .30328at t  
1.2991263 
P 0 2-797020 

2 9 9 . 1 2 t  

l . O O O O 6 8  
.998351. 
.999264 

0998022 
0998562 

. . 9 9 9 2 4 5 -  

9 9 9 0 4 3  
998867 

" 9 9 9 0 2 3  
0999576 

-999956 

l .001709 
10 0009 75 
" 1 ~ 000198 
10 000235 

1 0 0 0 1 7 4 0  .~ 

998007 

.995478 
99 5 189 

943976 

,997243 
-__ 

994245 

m994052 
0 9 9 4 5 3 2  
0 9C5430 
-990903 
0990093 
0 989256 
m986928 
.984096 

.975163 
0 974070 
9 974281 
0973270 

999307 
9 9 9 0 F  

L 0000324 
1mOOO385 

9 9 6 7 3 7  
.9954a5 
.992 587 _ _ _ _  
0992110 
m990560 

~~ 

-990113 
990234 

, 9 9 0 8 5 6  
~ 

992497 
,985068 
0983739 
-982357 
.978519 
,973850 
-969196 
0965031 
-969315 
0961069 
-959156 
0957342 
0 9.57683 
.956011 
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TABLE 6.- Continued 

( y )  Concluded 

Yr - 

lo2339152 
l a  1728634 
lo0951712 
~ 0 2 4 4 ~ i 3  

a 9730755 
a9439392 
a 92 867 7 2  
e9252386 
a9231274 
a 9224317 
a9106404- 
a 8794228 
a8253122 
a 7587147 
,6879547 
a 63 592 54 
e6326266 
a 5880584 
5825086 

.5825084 

.5811211 
.56Q3?18 
a 5353x53 
4826122 

.4118523 

.3383174 
e3807383 
a2453583 . 7089 
2224654 

e 7 7 u 7 7 9  
02234654 
0 2155281 

-6 8 
" ~ a0851073 

l 1976357 

a 970873 . ~ 

-967225 
0965059 
a 95 77 08 
0950607 
946053 

0944680 
0946523 
a 949734 

a9rt8232 
e 9465 17 
a 941427 
a935714 
a929739 
a922550 

L U 5  6 9 
917079 

- e913549 
.914521 - 
.91336(1 
.909390 

a901620 

.885300 
079604 
875562 

873348 
e 871565 
870587 
871178 
867592 

.ar51103 
a 857787 

FT 

0952062 
-946023 

9 4242 7 
a 930344 

e911103 
a908818 
e921811 
e317048 
0915457 
-914508 
e911625 
0903165 
0893719 
883856 

a63674 
a 8 7  1 9 2 3  

a062797 - 
e856872 - 
0 59196 - 

.849823 
0836860 

.825883 

0 0135 
e 793430 

.788383 
0789658 
e 786648 
0784960 
e 785894 

. a779915 
769054 

- - 763411 
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TABLE 6.- Continued 

YI 

2, 7386153 
2.7150289 
2 , 6 6 a v w t  
2- 6047268 
2,5332715 
2.4694490 

-2- 0171 410 
2-0095108 
2.0046544 

1 9795983 
109977176 

1. b432225 
1.6251860 
Po6161690 
1,6113125 

. .. ,997395 - " .. . - " 

995996 
.935654 
-997260 
996007 

,996629 
0 997197 
,994991 
995690 

,995806 
-997028 
996596 

0996813 
0 9 9 5 7 1 8  
9 9 5 0 r  

0 99 59  53 
9962 19 

-996447 
,995561 
,994509 - 
99 50 92 

,995444 
,995509 
0 9945 01 
99 46.88 
993476 

,991124 
991477 

,989617 
-987394 
0 986047 
,986272 

FT 

--995840~ 
, 99360141 
,993061 
995625 
,994900 ~~ 

09946 14 
995520 
,991993- 
9931 10 

,9932-9r 
,935246 
0 994553 
,994900 
,993145 

. -~ 

-992 127 
,993519 
,993944 
9943 07 
992  8 85 
,491197 
991 9 85 

-992692 
,992796 
991 1 75 
,991474 
989526 

,9a5747 
-9a630a 
,9a3316 
979734 
,978852 
-977921 
,916725 
-979066 
978996 

-975312 
,970234 
i96506O 
,9592 54 
,954593 
,952833 

- 

,9491 17- 

2 29 



TABLE 6L- Cont inued  

(2) Concluded 

Y, cm 

\ 1.2623698 
1 .2582068 
1 , 2 5 3 3 5 0 3  
1 . 2 4 2 9 4 3 9 -  
1. 2 1 4 5 0 1 0  

- T x a x 3 4 7  
1. 1021187 
1. C292766 . 9 6 4 0 4 7 2  

^___- 

___~  
9 2 9 6 5 8 1  
8 9 3 3 0 7 8  
" 

. 88'3L25z . a 7 4 5 7 7 9  . 0724951 
- 8 6 4 1 7 1 5  
- 8 4 2 6 4 5 3  

7 9 5 0 7 9 3  

,6706210 

~. - 

7 4 0  6 869  

-xm?aT 
5 6 6 5 6 2 2  

,5622824 
5295957  

, 5 2 5 6 3 2 7 -  
3 2 6 2 4 5 8  

"ZmZET 

. 4 5 9 7 2 9 8  
- 4 3 3 0 6 7 8  . 3 3 3 4 7 1 5  

.265i793 
2155393".- 

7 8 8 3 2  

" ~.. 

I 8 7 0 9 6 4  

. 166-9771 
, 1 6 5 2 8 3 6  

1 7 1 8 3 3 5  

1 6 1 4 2 7 2  
1 4 5 4 7 0 9  

-109~3978 
0 5 1 8 1 8 5  

Tt/Tt ,  e 

9 6 8 6 1 0  
- 9 6 7 7 3 0  
,967700  
96 82 81 

, 9 6 7 1 9 4  
T96 € 6  54 

0 95 a5 5 4  
, 9 5 3 3 4 2  

9 4 9 3 7 2  
0 9 4 5 7 4 9  
0 9446  0% 
, 9 4 1 9 0 1  - 9 4 1 5 7 7  
0 9 4 2 4 2 9  . 9 4 1 5 7 6  . 93  95  99 
- 9 3 5 3 9 0  

92   8977 
- 9 2 1 6 2 4  . 6 2  84 
* m 7  . 6064 

, 9 0 5 3  53 
o ? J O Z 0 2 7  

" i Z  ?J . 30 46 
7 9 D 0 9 2 9  . 8937 39 

, 8 8 6 6 1 7  

, 8 6 2 4 0 8  

- 0.47759 

- 8 4 2 5 3 7  

" 

- .. 

- 

" 

~ .. 

~ 

" . . 

__ 

~- - 

" 

- 

x 16 

0 8 5 3 4 6 3  

. a44001 

. 8 3 9 7 1 9  
8 4 0 2 4 7  

0 8 3 7 6 7 2  
m 830927 . 

FT 

. 7 3 8 8 8 4  

.7354 17 
* 307 . 6 6 3  
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TABLE 6 ? -  Continued 

(aa)  Total  temperature profiles: Case 2 6 ;  station 7 ;  test 40; run 91; 
Pt, 1 = 13  341 !4 kPa; Tt = 3 2 7 i 2  K; Tw/Tt = 0 ~ 3 8 3  
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TABLE 6?- Continued 

(aa) Concluded 

Y* T d T t ,  e FT 

.. e9 2 3..L 3 2 
9 0 3 4 9 1  

. 8 94432 
_ _  0 B 9 3.757 

8 9 0 4 7 1  
.. 8 79237 
, * 836?.4G .. 
" 08.38353 

0832027 
0828156..  
m821704 

8 0.1 86 0 
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TABLE 6!- Continued 

(bb) Total temperature profiles: Case 27;  station 8; test 40; run  86; 
pt, 1 = 13  4 4 4 ~ 9  kPa; T t  = 3 3 2 ~ 2  K; Tw/Tt = OC 333 

3-6130655 
3 . 5665 8 5 9  
3-54.09181 
3.5249624 
3.5180252 
.3-51.24754 
3.5069256 
3.4833389 
3.4382468 
3,3716492 
3.2953395 
3-2204172 
30 1649192 
3,1288456 
3.1108Q87 
3,0983217 
300927719 
3-0851409 
3-0651 166 
3.0240931 
2-9630453 
2.a867356 
2.8083447 
217438283 
2.7028985 
2-6765370 
2,666824a 
2.6591939 
2.6529503 
2.6293637 
2,5856590 
2.5197552 
.,2.-44.13643 
2.3601985 
2.2991507 

._ 2.2596084 
2.2361 029 
202256159 
2-2200661 
2.2152100 
2 - 2 0 4 1  104 
2-.1?08116 

1 003301 
1 00293 7 
1.002592 
1.002152 
1.001966 
1 003005 
1-002504 
1.003961 
1.004235 
1.001329 
lo000639 
1.002194 
1.001901 
1.001637 
1-000172 
1.000370 
,999640 
1.001861 
1.001361 
lo001774 
1.000850 
1-003043 
1.000869 
1.000032 
,999008 . 999996 
,990897 
1-000118 
.996560 
998802 
,998348 
997566 
996221 

w 994903 
-994817 
,992406 
,990245 
-909998 
-909427 
0 990508 
-989467 
,9a7910 

1 004896 
1.004360 
1 . 003850 
1,003199 
1,002924 
1 004470 
1.003726 
1.005895 
P . 006303 
1.001979 
1.600951 
1,003271 

1.002446 
1,000258 

,999461 

i .  802837 

1.000554 

1- 002786 
1- 06203'6 
1.002656 
lo001272 
1.004553 
P a  001301 
1 000048 
,498514 
,999994 
.990346 
1.0001  78 
~ 9 ~ 3 s  
,998202 
-997518 
996344 

,992341 
,992218 
0 988597 
-985340 
-904969 

994325 

-984103 

-984f43 
-901794 

-9as717 
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TABLE 6.- Continued 

(bb) Continued 

234 

Y* 

2 - 1 1 6 7 0 1 1  
2.0445537 
3.9661628 

.1 .8954029 
1.8482296 
As0197869 
1 0072998 
1.8003626 
1.7962002 
1 .7830194 
1.7524956 
1,6990787 
1 . 6304OOO 
1.5492342 
1.4770868 
1.4257512 
1 3973  085 
1.3827402 
1.3771904 
1.3751093 
1.3695595 
1 0 3 4 2 5 0 4 2  
1 2960 246 
1.2273459 
1 1 4 8 9 5 5 0  
1.0733390 
1.0192284 

09873171  
- 9 7 1 3 6 1 4  

~. 09637305 
9609556  

09560995 
. . “?3.7.34.89 

.89435ao 
08333102 
-754919.3 
,6758347 
- 6 1 2 7 0 5 7  
-5,745500 
- 5 5 4 4 3 2 8  
05G74956 

5433 332 
05419458 

W T t *  e 

0987003 
0 984983  

983692  
- 9 8 1 1 5 9  
e 978868  

977920  
9 7902 1 

,976082 
0975505 
0975630 
a974468 
- 9 7 2 1 3 3  

968899 
,963313 
e961671 
,959608 
e958457 
- 9 5 7 7 1 7  
a956766 
,956252 
0956909 

952538 
948939 

,945438 - 94053 I 
0 935376 
e 930893 
-929185  
-928956  
0927769 
-927097  
,927220 
0 926233 

924062 
9 17402 

8911263 
.a99800 

. a90169 
-aaa3os 
.at35392 

0894205 

-886540  
0885029 

FT 

-980430  
-977388 . 975449 

971641 
,968183 - 966765 
0 968421 

963989 
963 106 

,963275 
- 9 6 1 4 9 9  

957956 
o953053 - 9646  13 
e942137 

939029 
937305 
936202 

-934769 . 933994 
0935096 

928344 
922  865 

-917526 
910060 

-902225 
e 895429 
0 892857 

892528 - 890752 
,889735 - 809922 

888421 
0885105 . $74989 

.8481a4 . a39594 . a33393 

- 065622 

0 830530 
0 026099 

027867 
0 025596 



Y r  

- 5 2 3 9 0 8 9  
- 4 8 1 5 9 1 7  
06.198502 
, 3 4 2 a 4 6 8  
- 2 6 2 3 7 4 7  

1 9 9 9 3 9 5  
1 6 1 7 8 4 6  
1 4 6 4 4   1 5  
1 3 7 5 0 4 2  

-13611611 
- 1 3 4 0 3 5 6  

1 2 4 3 2 3 4  
- 0 9 2 6 1 2 1  

TABLE 6;- Concluded 

(bb) Concluded 

,a83747 
- 8 7 8 1 1 5  
,872321  
0 8 6 3 9 5 9  
- a 5 7 2 a 5  
- 8 4 0 0 2 5  

0 4 4 0 3 9  
8 4 2 0 6 9  
841080  

- 8 3 9 2 3 1  
- 0 3 8 2 7 7  
- 8 3 6 1 4 0  
- 8 3 2 6 7 8  

FT 

0 82365L 
8151 16 
a06278 

- 7 8 3 3 2 4  
0 7 9 3 5 7 4  

7 7 0 4 2 0  
763004  

- 7 5 9 0 7 6  
- 7 5 8 2 4 7  
,755321  

753827  
7 5 0 5 5 8  
745006  

235 



19 

18 

17 

16 

15 

n 
V Estimated  average M1 from  reference 20 

0 Measured  at  leading  edge of model 1 



Top surface 

Tunnel 
E -  

End plate 

Survey x, cm station 
1 74.24 
2 99.64 
3 125.04 
4 211.15 

Test-section boundary 

I 
Location of schlieren windows 

r--------"- 

7 
16 radius 

I 1 
-Model support  strut 

(a)  Model 1. Dimensions  are  in  cm. 

Figure 2.- Model  sketches. 



h) 
W 
OD 

Thermocouple  plates  mounted  along E for  heat-transfer tests 

- - - - - 
Thermocouple  plate no. 1 

E 
Thermocouple  plate no. 2 

- 7 6 . 2 0 - 1 . 1 0 9 . 2 2 d  

c" 

c" 125.04 -4 

Leading  edge 

(b) Plan  view of model 1 showing  instrumentation  plates. 

Figure 2.- Continued. 



location Survey x, cm 
Survey and skin-friction 1 35.6 
balance positions 2 50.5 3 75.9 

4 101.3 
5 136.9 
6 

8 locations 

+ /  + I+ 
/ 
"- I, 

I I 
61 -" 

1 I 
+ f 

i I 
L-228.6 \ 4 

t Y  

b u r f a c e  temperature thermocouples 
10 locations 

" 

Test-section floor diverges 1,4O i 

(c) Model 2. Dimensions are in cm. 

Figure 2.-  Concluded. 
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Helium jet to  prevent 
frosting  prior  to  run 

Flow 
Alignment pins 

Electrical leads 

-rings 

Figure 3.- Skin-friction  balance  mounting  arrangement  for  model 2. 
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/-Upper surface of model 

/ / / / / / / / / / / 1 . / / 1  

Neoprene seal 

r- O-ring connector 

I L0.32-cm 0.d. 
pressure tubing 

€2- Pressure transducer 

Linear r Pneumatic cylinder 

Figure 4.- Survey  mechanism  for model 1. 
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Tip  details 
External  dimensions 

.10 

42.5’ --q7&T= .32 

All probes 

Pitot  probe 

Static pressure ports 
4 holes, .08 dia. 

Static  probe hr 

r .8-mil  tungsten wire 

[L$ 
.435 

J 

I 
ct”--4.82 d I k . 3 2  o.d., all probes 

Total- temperature  probe 

(a) Probes for model 1. Dimensions are i n  cm. 

I 

Figure 5.-  Probe details .  



L Tungsten 

f -  .04d sewing  needles 

E 3 3  
r Flattened tubing 

3.40- wire 

Wire diameter = 0.001 
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Figure 37.- Concluded. 
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Figure 38.- Effect of Npr,t on calculated q. 
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(a) y = 2.5 cm; probe outside boundary layer. 

(b)  y = 1.23 c m ;  probe near outer edge of boundary layer. 

Figure 41.- Schlieren  photographs of p i to t  probe traversing 
the boundary layer on model 2. 
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Figure 42.- Variations of pitot  correction  parameter  through  boundary 
layer as a function of local  Mach number.  Pt,l = 6.9 MPa; M, = 19; 
h = 1.0 mm. 
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