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SUMMARY 


Experiments have been conducted to determine the reduction in surface skin 
friction and the effectiveness of surface cooling downstream of one to four 
successive flush slots injecting cold air at an angle of lo0 into a turbulent 
Mach 6 boundary layer. Data were obtained by direct measurements of surface 
shear and equilibrium temperatures, respectively. Increasing the number of 
slots decreased the skin friction, but the incremental improvement in skin-
friction reduction decreased as the number of slots was increased. Cooling 
effectiveness was found to improve, for a given total mass injection, as the 
number of slots was increased from one to four. Comparison with previously 
reported step-slot data, however, indicates that step slots with tangential 
injection are more effective for both reducing skin friction and cooling than 
the present flush-slot configuration. Finite-difference predictions are in 
reasonable agreement with skin-friction data and with boundary-layer profile 
data. 

INTRODUCTION 


Injection of a layer of cold gas, through slots or holes (i.e., slot 
injection), into the air flowing over a surface is an active-cooling concept 
that has been applied primarily to the problems of cooling turbine blades 
(refs. 1 and 2), combustor liners (refs. 3 and 4 1 ,  and rocket nozzles (ref. 5). 
System studies of hypersonic aircraft (ref. 6) have shown that weight and cost 
advantages may occur if operational surface temperatures can be reduced below 
normal radiation equilibrium temperatures by active-cooling methods. Slot 
injection is one such cooling method. Slot injection has also been shown to 
significantly reduce skin friction (refs. 7 to IO). Therefore, the potential 
for significant reduction in energy consumption of high-speed aircraft through 
reduced weight and drag makes slot injection an even more attractive research 
area. Counteracting these advantages would be any weight and cost penalties 
involved in collecting and cooling air and distributing it to injection slots. 

Generally, slot injection research has focused on the film-cooling problem 

(refs. 1 1  to 31 1. However, some investigations have not determined the cooling 
effectiveness directly from measurements of equilibrium surface temperatures. 
The value of cooling effectiveness has been inferred indirectly from heat-
transfer measurements and estimated heat-transfer coefficients downstream of 
one or more slots. The experimental cooling data shown in this report were 
determined fram direct measurements of the surface temperature at equilibrium 
conditions. 

The results of other studies (refs. 23 to 29) indicate that, when a number 
of successive slots were used, the film-cooling performance downstream of each 
slot is enhanced because of the "multiple slot effect." One purpose of our 
research was to examine the multiple slot effect on cooling. 



Although some direct skin-friction measurements have been reported 

(refs. 9, 10 ,  and 321, most skin-friction data currently available in the lit­
erature have been obtained by indirect means (from momentum thickness or heat-
transfer measurements, for example). Since the downstream flow field near the 
slot is nonsimilar, the accuracy of indirect methods in this region is question­
able: therefore, direct skin-friction measurements, as obtained in this investi­
gation, are desirable. 

Two basic slot configurations, the step slot and the flush slot, are shown 
in figure 1 .  Step slots may be undesirable on surfaces such as turbine blades 
or aircraft fuselages: therefore, the slot configurations of this investigation 
were flush, with an injection angle of 100. 

In this report, cooling and skin-friction data from direct measurements 
downstream of flush slots are compared with results previously reported for 
step slots. The multiple slot effect on skin friction is also examined. Pre­
dictions from a compressible, turbulent-boundary-layer computer program have 
been shown to agree reasonably well with experimental skin-friction data and 
boundary-layer profile data for step slots (refs. 1 0  and 33). This program was 
modified to deal with the flush-slot configuration by relaxing the no-slip con­
dition of the wall boundary layer at the slot exit to provide predictions for 
comparison with the present experimental skin-friction data and boundary-layer 
profiles. 
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SYMBOLS 

area, m2 

local skin friction, T/(O.5Pmu,”) 

local skin friction without slots 

surface heat-transfer coefficient, W/ (m2 K) 

axial distance from nozzle throat, m 


Mach number 


mass-flow rate, kg/sec 


number of slots 


pressure, Pa 


free-stream pressure in slot, Pa 


volume flow rate through slot, m3/sec 


heat-transfer rate, W/m2 


gas constant (air), 286.96 m2/sec2*K 




X ’  


Y 


free-stream Reynolds number, PwuwL/pw 

radius, m 


slot height (see figs. 1 and 3), m 


temperature, K 


wall equilibrium temperature, K 


total temperature, free stream, K 


recovery temperature of air in slot flow, K 


wall temperature, K 


velocity, m/sec 
downstream distance measured from upstream lip of last slot 


(see fig. 31, m 


downstream distance measured from downstream lip of last slot; used 

only in cooling data (see fig. 61, m 


distance measured normal from tunnel wall, m 


distance measured normal from slot upper surface, m 


heat capacity ratio, 1.4 


boundary-layer thickness, m 


cooling effectiveness (see eq. (2)) 


flow deflection behind shock, deg 


(Note: is calculated separately for each slot in multiple slot 

configurations) 


= C X 1 + A 2 +  . . . +An 

nominal value of X 

viscosity, kg/m-sec 


density, kg/m3 
shear stress at wall, (5);kg/m-sec2 
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S u b s c r i p t s  : 

1 , 2 , 3 , 4  s lo t  number 

a w  a d i a b a t i c  w a l l  

W f r ee - s t r eam c o n d i t i o n s  ahead of s lots  

F i n t e g r a t e d  s k i n  f r i c t i o n  

j s lo t  c o n d i t i o n s  

1 local c o n d i t i o n s  

m m e  asu r  ed 

0 s e t t l i n g  chamber c o n d i t i o n s ;  no slots,  stream s t a g n a t i o n  c o n d i t i o n s  

r r ecove ry  

t local t o t a l  c o n d i t i o n s  i n  boundary l a y e r s ,  t o t a l  c o n d i t i o n s  i n  s lo t  

W a t  w a l l  

DESCRIPTION OF INVESTIGATION 

Exper imenta l  I n v e s t i g a t i o n  

F a c i l i t y  and %del.- T e s t s  were conducted  i n  t h e  Mach 6 h igh  Reynolds num­
ber  t u n n e l  a t  t h e  NASA Langley Research Center .  The t u n n e l  is a c o n v e n t i o n a l  
blowdown type w i t h  an  ax isymmetr ic  con toured  n o z z l e  fo l lowed by a 30.48-cm 
( i n s i d e  d i ame te r )  pipe s e c t i o n  i n t o  which in s t rumen ted  segments  can  be i n s t a l l e d  
a t  v a r i o u s  a x i a l  s t a t i o n s .  (See ref. 32 . )  Details of t h e  t u n n e l  a r e  p r e s e n t e d  
i n  r e f e r e n c e  34. A schemat i c  o f  t h e  typical t u n n e l  a r rangement  wi th  slots is 
shown i n  f i g u r e  2.  For t h e s e  tests, t h e  nominal  o p e r a t i n g  c o n d i t i o n s  were: 
po = 3 .55  ma; To = 505 K; M, = 5 .96 .  For t h e  s k i n - f r i c t i o n  par t  of t h e  
tests, t h e  Reynolds number R, based on a x i a l  d i s t a n c e  from t h e  n o z z l e  t h r o a t  
was v a r i e d  from 70 x I O 6  to  100 x l o 6  and from 240 x l o 6  to 299 x 106e  For 
t h e  c o o l i n g - e f f e c t i v e n e s s  measurements,  v a r i e d  from 60 x l o 6  to  110  x l o 6 .Rw 
A t  t h e  l o c a t i o n  of t h e  f i r s t  s lot ,  t h e  boundary-layer  t h i c k n e s s  6 f o r  t h e  no-
s lo t  c o n f i g u r a t i o n  was abou t  4 . 3 2  c m  f o r  Rw = 85 x l o 6 .  

An example of t h e  m u l t i p l e  f l u s h - s l o t  a r rangement  is shown for t w o  s lots  
i n  f i g u r e  3 ,  wi th  a s i n g l e  s k i n - f r i c t i o n  b a l a n c e  l o c a t e d  downstream o f  t h e  l a s t  
s lot .  The s lots  are f l u s h  wi th  t h e  wind-tunnel w a l l  and have an i n j e c t i o n  a n g l e  
o f  l o o ,  r e l a t i v e  to  t h e  w a l l .  Each s lo t  is formed by t w o  con toured  r i n g s  w i t h  
a spacer t h a t  d e t e r m i n e s  t h e  s lot  he igh t .  Although slot h e i g h t s  of 0.127 c m  
and 0.0635 c m  were i n v e s t i g a t e d  for t h e  s i n g l e - s l o t  c o n f i g u r a t i o n ,  t h e  basic 
slot h e i g h t  f o r  t h i s  i n v e s t i g a t i o n  w a s  0.254 c m ,  and a l l  r e f e r e n c e s  to  slots 
w i l l  be to  t h e  basic s lo t  ( s  = 0.254 cm)  u n l e s s  o t h e r w i s e  noted .  M u l t i p l e  
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slots were assembled i n  series, w i t h  t h e  d i s t a n c e  between t h e  slots h e l d  con­
s t a n t  and e q u a l  to  67.5 slot h e i g h t s .  

S u r f a c e  and p i to t  p r e s s u r e s  were measured by m u l t i r a n g e  capac i t ance - type  
p r e s s u r e  t r a n s d u c e r s  w i th  accu racy  r a t e d  a t  b e t t e r  than  1 p e r c e n t  o f  f u l l  scale 
on each  range.  

Skin  f r i c t i o n  w a s  measured d i r e c t l y ,  u s ing  two commercial f loa t ing -e l emen t  
b a l a n c e s  ( r e f .  3 5 ) .  W a l l  p r e s s u r e s  and w a l l  t empera tu res  downstream of t h e  
slots were also measured. O i l  f low d i s t r i b u t i o n s  and c i r c u m f e r e n t i a l  p r e s s u r e  
d i s t r i b u t i o n s  measured a t  t h e  w a l l  i n d i c a t e  t h a t  t h e  slot  f l o w  was uniform.  

Cool ing  e f f e c t i v e n e s s  f o r  t h e  b a s i c  s lot  h e i g h t  was de termined  d i r e c t l y  
from measured e q u i l i b r i u m  s u r f a c e  t empera tu res  downstream of one  to  f o u r  slots. 
ANSI Type K thermocouples  were mounted on t h e  back s u r f a c e  o f  t h e  t h i n - w a l l  
l i n e r  (0.159 c m  t h i c k )  and located immediately downstream of t h e  most downstream 
slot .  Thermocouples were p o s i t i o n e d  between t h e  l i n e r  s u p p o r t s  to minimize 
u n d e s i r a b l e  conduc t ion  e f f e c t s .  Details of t h e  l i n e r  are shown i n  f i g u r e  4.  

~~~S u r f a c e  measurements.- The f loa t ing -e l emen t  s k i n - f r i c t i o n  b a l a n c e s  were 
o f  t h e  n u l l  type w i t h  r anges  of 0.100, 1 . 0 0 ,  and 10.0 gm/cm2. The f r i c t i o n  
loads d u r i n g  t h i s  i n v e s t i g a t i o n  were always between 0.1 00 and 1 . O O  gm/cm2; 
t h e r e f o r e ,  o n l y  t h e  1.00-gm/cm2 range  was r e q u i r e d  for t h e s e  tests. Volume f l o w  
rates and p r e s s u r e s  a t  each  s lo t  were c o n t r o l l e d  s e p a r a t e l y ,  w i t h  t h e  m a s s - f l o w  
parameter A ranging  from approx ima te ly  0.0035 to 1 . O O  �or t h e  s k i n - f r i c t i o n  
d a t a  and from 0.05 to  0.28 for t h e  c o o l i n g  d a t a .  The slot m a s s - f l o w  r a t i o  w a s  
de te rmined  as follows: 

where v a l u e s  were de termined  from d i r e c t  measurements or d e r i v e d  from measure­
ments.  The f l u s h  s u r f a c e s  and s e n s i t i v e  e l emen t s  o f  t h e  b a l a n c e  hous ing  were 
contoured  to  match t h e  15.24-cm t u n n e l  r a d i u s .  Water-cooled j a c k e t s  around t h e  
b a l a n c e s  were used to  minimize errors due to  t empera tu re  s e n s i t i v i t y .  For p u r ­
poses o f  n o r m a l i z a t i o n ,  r e f e r e n c e  v a l u e s  of Cfo  were o b t a i n e d  by i n s t a l l i n g  
t h e  b a l a n c e s  i n  t h e  t u n n e l  w i t h o u t  t h e  slots and t a k i n g  data over  an a p p r o p r i a t e  
Reynolds number range.  The r e s u l t s  are t a b u l a t e d  i n  table I and plotted i n  f i g ­
u r e  5, where Cfo is shown as a f u n c t i o n  o f  f r ee - s t r eam Reynolds number R,. 
A c u r v e  w a s  f a i r e d  through t h e  Cfo  d a t a  for each  of t h e  t w o  ba l ances ,  and sub­
s e q u e n t  Cf d a t a  were normal ized  by us ing  t h e  appropriate Cfo cu rve .  The 
d a t a  c o n s i s t e n t l y  f a l l  abou t  a g e n t l e  c u r v e  a s  i n d i c a t e d  i n  t h e  f i g u r e .  A l s o  
shown for comparison is t h e  v a r i a t i o n  i n  Cfo for a f l a t  p la te  p r e d i c t e d  by 
t h e  t h e o r y  of Spa ld ing  and Ch i  (ref. 36) w i t h  L used  as t h e  r e f e r e n c e  l e n g t h .  
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The slight difference in slope between the theoretical curves and the faired 

data curves may be due to the effects of a small streamwise pressure gradient 

present in the test section of the tunnel (ref. 34) and the upstream history 

of the tunnel-wall boundary layer. 


Slot-cooling effectiveness for high-speed flow is usually defined as: 


where, for this experiment, Taw was assumed to be equal to Teq,m. The 

recovery temperature of the coolant Tr,j was established by extrapolation of 

measured surface equilibrium temperatures back to the downstream lip of the 

slot (x' = 0) as illustrated in figure 6. The downstream lip was chosen for 
x' = 0 in the cooling effectiveness data, instead'ofthe upstream lip (x = 0) 
as in the skin-friction data, to avoid extrapolation over a longer distance. 

Equilibrium temperatures measured at the surface Teq,m were obtained by 

allowing the tunnel to run as much as 6.5 to 7.5 minutes; by that time the tem­

peratures had leveled off at some constant values which were taken as Teq,m.

Ideally, measurements of this type would be made with a true adiabatic condi­

tion. However, this is virtually impossible with the tunnel run time available. 
The measured equilibrium temperature Tw,m for the most extreme test condi­
tion (no slots) was 3.74 percent below the theoretical adiabatic wall tempera­
ture Taw. This is due to heat loss across the air gap and across the points 
of contact to the thick wall of the tunnel. (See fig. 4.) It should be noted 
that all values of E shown in this report are based on the measured equilib­
rium temperature (i.e., Taw = Teq,m in eq. ( 2 ) ) .  However, estimates were made 
to establish the true, adiabatic wall temperature Taw with no heat loss. (See 
fig. 7.)  The thick-wall-heating computer program of reference 37 was used to 
make these estimates. The assumptions in these estimates are: (1) the recov­
ery factor for no slot and turbulent flow was 0.89: and (2)  the heat-transfer 
coefficient did not change with slot injection. (See ref. 11 .) Although the 
uncorrected values of E shown in this report are useful in showing trends and 
effects, care must be exercised before using the actual values. 

Static pressures were measured on the surface in the region of the slot 

exit and downstream of the slot. 


Probe measurements.- Pitot-pressure profiles and total-temperature pro­
files were measured in the undisturbed boundary layer just upstream of the slot 
and also at several stations downstream of the slot. Probe details are shown in 
figures 8(a) to (c), and dimensions of the probe tips are given in figure 9. 

Numerical Investigation 


A numerical method was formulated to solve the partial differential equa­
tions for the mean motion of a compressible turbulent boundary layer with tan-



g e n t i a l  s lot  i n j e c t i o n .  T h i s  method h a s  been shown to  g i v e  good agreement  wi th  
expe r imen ta l  data. (See refs. 1 0  and 3 3 . )  U s e  o f  t h e  method r e q u i r e s  t h e  i n p u t  
of an assumed or measured p r o f i l e  of t h e  s lo t  f l o w  benea th  an  e x t e r n a l  boundary 
l a y e r .  The s t a r t i n g  p o i n t  f o r  t he  c a l c u l a t i o n  is normal ly  j u s t  downstream of 
t h e  most upstream s lo t  l i p  (x > 0 ) .  The main assumption of t h e  method is t h a t  
t h e  s t a t i c - p r e s s u r e  f i e l d  normal to  t h e  w a l l  is c o n s t a n t .  T h i s  assumption is 
e r r o n e o u s  to  some e x t e n t  i n  most s l o t - i n j e c t i o n  exper iments .  However, it w a s  
shown t h a t  s a t i s f a c t o r y  p r e d i c t i o n s  could be o b t a i n e d  i f  t h e  normal p r e s s u r e  
g r a d i e n t s  were n o t  too s e v e r e  (refs.  1 0  and 3 3 ) .  A l s o ,  it shou ld  be noted  t h a t  
t h e  e x p e r i m e n t a l l y  observed  streamwise s t a t i c - p r e s s u r e  v a r i a t i o n  ( t o  be  d i s ­
cussed  l a t e r )  w a s  n o t  i nc luded  i n  t h e  numer i ca l  p r e d i c t i o n .  

The s l o t  and downstream-wall  pressure d a t a  and t h e  boundary-layer  su rveys  
o f  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  a shock d u e  t o  i n j e c t i o n  a t t e n u a t e s  v e r y  
r a p i d l y  for t h e  r ange  of cons ide red .  Thus for v a l u e s  o f  x / s  g r e a t e r  t h a n  
abou t  20 ,  n e i t h e r  normal nor  streamwise p r e s s u r e  g r a d i e n t s  would be  s e v e r e  
enough to  s i g n i f i c a n t l y  a f f e c t  t h e  numer i ca l  p r e d i c t i o n s .  

The computer program w a s  modi f ied  to  accommodate t h e  f l u s h - s l c t  con f igu ra ­
t i o n  i n  t h e  fo l lowing  manner. An i n t e r n a l  s lot  p r o f i l e  which g i v e s  t h e  d e s i r e d  
v a l u e  of is assumed. A t  t h e  s lo t  e x i t  (ups t ream l i p ) ,  t h i s  p r o f i l e  is 
re so lved  i n t o  components normal to  and p a r a l l e l  to  t h e  mainstream, a s  i n d i c a t e d  
i n  f i g u r e  10. The s t a r t i n g  p o i n t  for t h e  c a l c u l a t i o n  is upstream of t h e  s l o t ,  
wi th  t h e  measured prof i le  o f  t h e  tunne l -wa l l  boundary l a y e r  used  a s  i n p u t .  
When t h e  upstream l i p  of t h e  s lo t  i s  reached ,  t h e  w a l l  boundary c o n d i t i o n s  are 
changed. Mass is t r a n s f e r r e d  normal to t h e  w a l l ,  and a s l i p  boundary c o n d i t i o n  
is imposed. When t h e  downstream l i p  is reached, t h e  z e r o - s l i p  w a l l  c o n d i t i o n  
is reimposed. T h i s  method w a s  chosen because  t h e  s m a l l  s i z e  of t h e  s lo t  and 
t h e  l a r g e  normal p r e s s u r e  g r a d i e n t s  near  t h e  s lo t  p rec luded  o b t a i n i n g  and us ing  
a c c u r a t e  s l o t - e x i t  p r o f i l e s ,  which is t h e  u s u a l  s t a r t i n g  procedure. 

Adap ta t ion  of t h e  step-slot i n j e c t i o n  program ( re f .  33) to  accommodate t h e  
f l u s h - s l o t  c o n f i g u r a t i o n  r e q u i r e d  n o t  o n l y  changes i n  boundary c o n d i t i o n s  ( a s  
d i scussed  above)  b u t  a l s o  some m o d i f i c a t i o n s  of t h e  o r i g i n a l  mixing-length d i s ­
t r i b u t i o n s .  I n  t h e  r e g i o n  of t h e  s lo t  e x i t  ( f i g .  IO), t h e  P r a n d t l  wall-mixing­
l e n g t h  c o n s t a n t  and t h e  Van Driest damping f u n c t i o n  were n o t  used.  In  a d d i t i o n ,  
t h e  mixing l e n g t h  a t  y / s  = 0 w a s  n o t  se t  to  z e r o  i n  t h e  r e g i o n  between t h e  
upstream and downstream s lot  l ips .  When t h e  downstream s lo t  l i p  is reached ,  
t he  s t a n d a r d  mixing- length  r e l a t i o n s  are used,  wi th  t h e  e x c e p t i o n  t h a t  t h e  
r a t i o  o f  t h e  mixing l e n g t h  i n  t h e  free-mixing l a y e r  to  t h e  w i d t h  of t h e  mixing 
l a y e r  is a s s i g n e d  a v a l u e  of 0.06. (See ref.  33 f o r  d e t a i l s  of t h e  s t a n d a r d  
mixing-length r e l a t i o n s . )  

RESULTS AND DISCUSSION 

Flow S t r u c t u r e  and Sur face -Pres su re  D i s t r i b u t i o n  

The ax i symmet r i c - s lo t  c o n f i g u r a t i o n  used i n  t h e s e  tests d i d  n o t  permit any 
real-time f l o w - v i s u a l i z a t i o n  s t u d i e s .  However, an examinat ion  o f  t h e  behav io r  
of t h e  w a l l  s t a t ic  p r e s s u r e s  a t  t h e  s lo t  e x i t  and downstream, as a f u n c t i o n  o f  
t h e  m a s s - f l o w  parameter A, y i e l d s  some i n s i g h t  i n t o  t h e  g r o s s  behav io r  o f  t h e  
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f l o w .  The ratios of t h e s e  p r e s s u r e s  to free-stream s t a g n a t i o n  pressure are 
shown i n  f i g u r e  1 1  and table 11. A l s o  shown i n  f i g u r e  1 1  are l e v e l s  of slot-
e x i t  p r e s s u r e  a t  which s o n i c  f l o w  shou ld  o c c u r  a t  t h e  slot e x i t  based on mea­
s u r e d  slot plenum pressures. S o n i c  e x i t  c o n d i t i o n s  were f i r s t  ach ieved  a t  a 
v a l u e  of s l i g h t l y  below 0.15, as i n d i c a t e d  by a comparison of t h e  measured 
p r e s s u r e s  a t  t h e  f i r s t  s t a t i c - p r e s s u r e  orifice w i t h  s o n i c  pressures computed 
from t h e  measured plenum p r e s s u r e s .  A l l  p r e s s u r e s  were h i g h e r  t h a n  t h e  w a l l  
s ta t ic  pressure w i t h  no slots. The h i g h e s t  o v e r p r e s s u r e s  o c c u r r e d  i n  t h e  slot-
e x i t  r e g i o n .  A v e r y  rapid expans ion  of t h e  slot  f l o w ,  p r o b a b l y  to s u p e r s o n i c  
v e l o c i t i e s  for t h e  h i g h e r  v a l u e s  of A ,  o c c u r r e d  w i t h i n  t h e  f i r s t  10 slot 
h e i g h t s  downstream. By 20 slot  h e i g h t s ,  t h e  w a l l  p r e s s u r e  w a s  v e r y  close to  
t h e  l e v e l  of t h e  u n d i s t u r b e d ,  w a l l  s t a t i c  p r e s s u r e .  

The measured p r e s s u r e s  i n d i c a t e  that  even a t  t h e  small mass f l o w s  some 
d e f l e c t i o n  of t h e  e x t e r n a l  f l o w  w i l l  occu r  and a shock w i l l  form i n  t h e  v i c i n i t y  
o f  t h e  s lo t  e x i t .  Thus, t h e  s o - c a l l e d  step-slot "matched p r e s s u r e "  c o n d i t i o n ,  
where t h e  s l o t - e x i t  pressure is e q u a l  to  t h e  f r ee - s t r eam s t a t i c  p r e s s u r e ,  is 
n o t  p o s s i b l e  wi th  t h e  f l u s h - s l o t  c o n f i g u r a t i o n .  However, it may be p o s s i b l e  
to match t h e  s l o t - e x i t  p r e s s u r e  to  t h e  p r e s s u r e  behind t h e  shock. T h i s  would 
t e n d  to  minimize normal p r e s s u r e  g r a d i e n t s  downstream of t h e  shock. 

The w a l l - p r e s s u r e  d a t a ,  a l o n g  wi th  p i t o t - p r e s s u r e  s u r v e y s  of t h e  boundary 
l a y e r  ( t h e  p i t o t  s u r v e y s  w i l l  be  d i s c u s s e d  l a t e r ) ,  allow the l o c a t i o n  and 
s t r e n g t h  of t h e  shock to  be determined.  The sol id  c u r v e  of f i g u r e  12 shows t h e  
l o c a t i o n  o f  t h e  shock as de te rmined  by t h e  f o l l o w i n g  method: The shock is 
assumed to  beg in  a t  t h e  upstream s lot  l i p ,  and t h e  s lo t  f l o w  is assumed to  
behave as a n  impermeable l a y e r  of c o n s t a n t  t h i c k n e s s  (0.254 c m  i n  t h i s  case). 
T h i s  l a y e r  is t u r n e d  lo0 a t  t h e  downstream l i p  u n t i l  it is para l le l  to t h e  
mainstream f l o w  d i r e c t i o n  as i n d i c a t e d  i n  f i g u r e  12. The shock,  which i n i t i a l l y  
p roduces  a loo d e f l e c t i o n  i n  t h e  external  f l o w ,  is t h e n  assumed to  be  a t t e n u a t e d  
by a loo Prandtl-Meyer expans ion  c e n t e r e d  a t  t h e  downstream l i p .  The f i r s t  and 
l a s t  r igh t - runn ing  expans ion  waves are i n d i c a t e d  i n  f i g u r e  12 by dashed l i n e s .  
The local shock-wave and expansion-wave a n g l e s  were computed from p r o f i l e s  of 
t h e  local Mach number which were based on t h e  measured p i to t  p r e s s u r e s  and wa l l  
s t a t i c  p r e s s u r e s  for A = 0.05. This  method i n d i c a t e s  t h a t  t h e  shock h a s  been 
a t t e n u a t e d  u n t i l  it p roduces  a f low d e f l e c t i o n  of o n l y  5O a t  s l i g h t l y  more than  
30 slot h e i g h t s  downstream. 

A l s o  shown i n  f i g u r e  12 are t h e  shock l o c a t i o n s  i n f e r r e d  from t h e  p i to t ­
p r e s s u r e  data ( t o  be  d i s c u s s e d  l a t e r )  which are i n  s u r p r i s i n g l y  good agreement 
wi th  t h e  s i m p l i f i e d  a n a l y s i s  of t h e  f l o w .  It can be concluded t h a t  t h e  slot  
f l o w  is r a p i d l y  t u r n e d  pa ra l l e l  to  t h e  w a l l  as it e x i t s  from t h e  s l o t  and t h a t  
t h i s  expansion r a p i d l y  a t t e n u a t e s  t h e  shock. A t  downstream d i s t a n c e s  g r e a t e r  
t h a n  30 s lo t  h e i g h t s ,  t h e  normal pressure g r a d i e n t s  across t h e  boundary l a y e r  
would t h e r e f o r e  be v e r y  w e a k ,  and they  would have l i t t l e  e f f e c t  on boundary-
l a y e r  development. 

P i t o t - p r e s s u r e  and total-temperature profiles measured i n  t h e  u n d i s t u r b e d  
boundary l a y e r  immediately upstream of t h e  slot  l o c a t i o n  are t a b u l a t e d  i n  
t a b l e  111. P i t o t - p r e s s u r e  and t o t a l - t e m p e r a t u r e  profiles measured downstream 
of a s i n g l e  s lot  are t a b u l a t e d  i n  t a b l e  IV for x/s = 5.8, 17.12, 37.12, 67.12, 
and 107.12. P i t o t - p r e s s u r e  p r o f i l e s  downstream of a s i n g l e  slot for x / s  = 5.8, 
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17.12, and 67.12 are p r e s e n t e d  i n  f i g u r e s  1 3 ( a )  to (c ) ,  r e s p e c t i v e l y .  A l s o  
shown f o r  r e f e r e n c e  is a f a i r i n g  of t h e  p r o f i l e  measured j u s t  upstream of  t h e  
slot. The t h e o r e t i c a l  p r o f i l e s  c a l c u l a t e d  by t h e  boundary-layer  program are 
shown i n  t h e s e  f i g u r e s ,  are t a b u l a t e d  i n  table V, and w i l l  be d i s c u s s e d  la te r .  
I t  shou ld  be noted  t h a t  t h e r e  is v e r y  l i t t l e  d i f f e r e n c e  between t h e  computed 
r e s u l t s  for t h e  t w o  v a l u e s  of A. A t  x / s  = 5.8, t h e  i n f l u e n c e  of t h e  s lot  
f l o w  near  t h e  w a l l  ( a t  y / s  < 1.5)  is e v i d e n t  upon comparison o f  t h e  d a t a  w i t h  
t h e  r e f e r e n c e  p r o f i l e .  The e f f e c t  of i n c r e a s i n g  is n o t i c e a b l e  o n l y  a t  
y / s  < 0.7 where t h e  p i t o t  p r e s s u r e s  for = 0.2 are somewhat h ighe r  t han  
for X = 0.1 or 0.15. P r e s s u r e  p r o f i l e s  a t  x / s  = 5.8 i n d i c a t e  t h a t  t h e  outer 
par t  o f  t h e  boundary l a y e r  (y /s  > 5.0) is u n a f f e c t e d  by t h e  s l o t  f low.  The 
p r o f i l e  shapes  i n  t h e  near -wal l  r e g i o n  (y /s  < 1 . O )  a t  x / s  = 67.12 ( f i g .  1 3 ( c ) )  
appear to have n e a r l y  r e t u r n e d  to  t h e  und i s tu rbed  r e f e r e n c e - p r o f i l e  shape ,  an 
i n d i c a t i o n  of t h e  loss of s l o t - f l o w  i d e n t i t y  i n  t h i s  r eg ion .  The d i s c o n t i n u i t y  
i n  t h e  d a t a  f o r  x / s  = 5.8 from y/s  = 3.0 to y/s = 5.0 i n d i c a t e s  t h e  pres­
ence  of a shock due to  i n j e c t i o n .  The p ropaga t ion  o f  t h i s  shock through t h e  
boundary l a y e r  is a p p a r e n t  from a comparison o f  t h e  l o c a t i o n  o f  t h e  d i s c o n t i ­
n u i t y  i n  f i g u r e s  1 3 ( a )  to  (c) .  A t  x / s  = 67.124 ( f i g .  1 3 ( c ) ) ,  t h e  shock is 
beyond t h e  edge o f  t h e  boundary l a y e r .  

P i t o t - p r e s s u r e  and t o t a l - t e m p e r a t u r e  p r o f i l e s  measured downstream o f  
t w o  and t h r e e  s lots  a r e  t a b u l a t e d  i n  t a b l e s  V I  and V I I ,  r e s p e c t i v e l y ,  �or 
x/s  = 17.12 and 67.12. P r o f i l e  measurements o f  p i t o t  p r e s s u r e  downstream o f  
one,  t w o ,  and t h r e e  s u c c e s s i v e  slots, f o r  Anom = 0.15 a t  x / s  = 17.12 and 
67.12, are shown i n  f i g u r e s  1 4 ( a )  and ( b ) ,  r e s p e c t i v e l y ,  ( N o t e ,  x is always 
t h e  d i s t a n c e  from t h e  l a s t  s lot . )  The i n s e r t  i n  f i g u r e  1 4 ( a )  i n d i c a t e s  t h e  
approximate l o c a t i o n  of  t h e  shock f o r  each  slot. Even as f a r  downstream as t h e  
f o u r t h  s lo t ,  t h e  shock from t h e  f i r s t  s lot  does  n o t  r each  t h e  t u n n e l  c e n t e r l i n e .  
Thus, t h e  e x t e r n a l  i n v i s c i d  f l o w  i n  t h e  r e g i o n  of  measurement is a f f e c t e d  o n l y  
by a series of  simple shocks ,  A l s o  shown f o r  r e f e r e n c e  i n  f i g u r e  14  is a f a i r ­
ing  of  t h e  p r o f i l e s  measured j u s t  upstream of  t h e  f i r s t  s lot .  

A t  x / s  = 17.12 ( f i g .  1 4 ( a ) ) ,  t h e  e x p e r i m e n t a l  p i t o t - p r e s s u r e  l e v e l s  f o r  
one s lo t  a t  y / s  < 4.0 are lower than  t h e  r e f e r e n c e  p r o f i l e s .  A s  t h e  number 
o f  s lots is i n c r e a s e d  from one to  t h r e e ,  t h e  p i t o t - p r e s s u r e  l e v e l s  become even 
lower, b u t  a t  a d e c r e a s i n g  rate.  The l o c a t i o n  of  t h e  shock is  i n d i c a t e d  by t h e  
d i s c o n t i n u i t y  i n  t h e  p i t o t - p r e s s u r e  p r o f i l e s .  The shock due t o  each  succeeding  
s l o t  appea r s  to  move f a r t h e r  from t h e  w a l l  than  t h e  shock from t h e  p r e v i o u s  
s lo t .  A s  t h e  number o f  s lots is i n c r e a s e d ,  t h e  i n c r e a s i n g  a n g l e s  o f  t h e  shock 
are p robab ly  caused  by d e c r e a s e s  i n  t h e  ave rage  Mach number ahead o f  t h e  suc­
ceed ing  slots. These d e c r e a s e s  are due  t o  t h e  upstream shocks  and t h e  i n c r e a s ­
ing  boundary-layer  t h i c k n e s s .  The shock due to  t h e  f i r s t  s l o t  a f f e c t s  succeed­
ing  s lo t  p r o f i l e s  by t h i c k e n i n g  t h e  local  boundary l a y e r  and by i n c r e a s i n g  t h e  
p i t o t - p r e s s u r e  l e v e l s  a t  v a l u e s  o f  y / s  > 20.0 f o r  t w o  and t h r e e  slots. 

A t  x / s  = 67.1 2 ( f i g .  1 4  (b )  ) , t h e  s l o p e  o f  t h e  i n j e c t i o n  prof i les  f o r  
y/s  < 0.50 approaches  t h e  r e f e r e n c e - p r o f i l e  slope due to mixing o f  t h e  s lo t  
and e x t e r n a l  f l o w s .  The shock for one  s lo t  moved from t h e  w a l l  to  v a l u e s  o f  
y/s  between 18.0 and 22.0. The k i n k  i n  t h e  f a i r e d  d a t a  c u r v e s  for t w o  s lots  
(beginning  a t  y / s  = 7.0) and for t h r e e  slots (beginning  a t  y/s  = 9.0) may 
i n d i c a t e  t h e  p r e s e n c e  of weak  secondary  shocks or expans ion  waves induced by 
p r e v i o u s  slots. 
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Tota l - t empera tu re  prof i les  measured downstream of a s i n g l e  slot w i t h  
x / s  = 17.12, 37.12, 67.12, and 107.12 are p r e s e n t e d  i n  f i g u r e s  15(a)  to ( a ) ,  

=r e s p e c t i v e l y ,  for hOm0.1 and 0.2. The faired,  u n d i s t u r b e d  p r o f i l e  measured 
j u s t  upstream of t h e  s lo t  is also shown i n  f i g u r e  15 for comparison. These 
temperature prof i les  were used i n  c o n j u n c t i o n  w i t h  t h e  e x p e r i m e n t a l  p i tot­
p r e s s u r e  profiles to e s t a b l i s h  t h e  v e l o c i t y  p r o f i l e s .  The s ta t ic  p r e s s u r e  i n  
t h e  boundary l a y e r  o u t  t o  t h e  shock was assumed to  b e  e q u a l  to  t h e  v a l u e  mea­
s u r e d  a t  t h e  s u r f a c e .  Tabu la t ed  i n  t a b l e  V I 1 1  are t h e  e x p e r i m e n t a l l y  d e r i v e d  
prof i les  o f  s t a t i c  t e m p e r a t u r e  and v e l o c i t y  j u s t  upstream of t h e  s l o t  l o c a t i o n .  
The e x p e r i m e n t a l l y  d e r i v e d  p r o f i l e s  o f  s t a t i c  t e m p e r a t u r e  and v e l o c i t y  down­
stream o f  one,  t w o ,  and t h r e e  slots are shown i n  table  I X .  V e l o c i t y  p r o f i l e s  
downstream of a . s i n g l e  slot are p r e s e n t e d  i n  f i g u r e s  1 6  (a) to (d)  for 
x/s  = 17.12, 37.12, 67.12, and 107.12. The f a i r e d  p r o f i l e  o f  u n d i s t u r b e d  
v e l o c i t y  j u s t  upstream o f  t h e  s lo t  is also shown f o r  comparison. The v e l o c i t y  
profiles for all f o u r  s t a t i o n s  are shown on a s i n g l e  p lot  i n  f i g u r e  1 7 ( a )  f o r  
Anom = 0.10 and i n  f i g u r e  1 7 ( b )  f o r  Anom = 0.20. For comparison, v e l o c i t y  
p r o f i l e s  downstream o f  one,  t w o ,  and t h r e e  slots are shown i n  f i g u r e  1 8 ( a )  for 
x/s = 17.12 and i n  f i g u r e  1 8 ( b )  for x/s = 67.12. As shown i n  f i g u r e s  1 6  
to  1 8 ,  t h e  v e l o c i t y  p r o f i l e  downstream of s lo t  i n j e c t i o n  r e t u r n s  to  t h e  undis­
t u r b e d  prof i le  as t h e  number of slots is d e c r e a s e d ,  as Anom d e c r e a s e s  from 0.2 
to 0.1, or as t h e  d i s t a n c e  downstream is i n c r e a s e d .  

Sk in  F r i c t i o n  

All of t h e  s k i n - f r i c t i o n  da ta  p r e s e n t e d  have been normalized by Cfo, t h e  
c o e f f i c i e n t  o f  s k i n  f r i c t i o n  wi th  no slots. Ba lances  were used to  d i r e c t l y  mea­
s u r e  Cfo over a r ange  o f  free-stream Reynolds numbers. (See f i g .  5.) Sk in  
f r i c t i o n  measured downstream o f  one, t w o ,  t h r e e ,  and f o u r  slots is t a b u l a t e d  
i n  t a b l e s  X ,  X I ,  X I I ,  and X I I I ,  r e s p e c t i v e l y .  

S l o t  i n j e c t i o n  of l o w  momentum a i r  r educes  s k i n  f r i c t i o n  by r educ ing  t h e  
v e l o c i t y  g r a d i e n t  a t  t h e  w a l l .  The lower t h e  s l o t - f l o w  momentum t h e  faster t h e  
mixing w i t h  t h e  e x t e r n a l  f low and t h e  f a s t e r  t h e  s l o t  f l o w  loses i t s  i d e n t i t y .  
I n  a d d i t i o n ,  t h e  i n t e r a c t i o n  effects caused by i n j e c t i n g  a t  an a n g l e  to  t h e  
mainstream w i l l  i n f l u e n c e  t h e  magnitude and e x t e n t  of s k i n - f r i c t i o n  r e d u c t i o n .  
Thus, f o r  a g i v e n  v a l u e  o f  x / s ,  t h e r e  shou ld  be  an i n j e c t i o n  ra te  A which 
g i v e s  a minimum v a l u e  of Cf/Cfo determined by t h e  ra te  o f  mixing o f  t h e  l o w -
momentum s lo t  f low w i t h  t h e  boundary-layer f l o w  and by t h e  effects  o f  v i scous ­
i n v i s c i d  i n t e r a c t  i ons .  

S i n g l e  slot.- The e f f e c t s  no ted  above are i l l u s t r a t e d  i n  f i g u r e  1 9  where 
Cf/Cfo f o r  one s lo t  is p l o t t e d  a g a i n s t  A. The c u r v e s  a l l  show a minimum v a l u e  
of Cf/Cfo which i n c r e a s e s  as x/s i n c r e a s e s .  The v a l u e  of A a t  which t h e  
minimum v a l u e  o f  Cf/Cfo occurs a lso i n c r e a s e s  s l i g h t l y  w i t h  i n c r e a s i n g  x/s. 
A t  t h e  smaller v a l u e s  o f  x/s,  i n c r e a s i n g  A past  t h e  minimum p o i n t  r e s u l t s  
i n  a r a p i d  r i se  i n  Cf/Cfo. T h i s  r a p i d  r ise  is p r o b a b l y  due to two effects: 
(1)  a n  i n c r e a s e  i n  t h e  local w a l l  v e l o c i t y  g r a d i e n t s  due to  i n c r e a s e d  i n j e c t i o n  
ra tes ;  and (2 )  large o v e r p r e s s u r e s  a t  t h e  slot e x i t  (see f i g .  1 1 )  f o r  h igh  
v a l u e s  o f  and t h e  a s s o c i a t e d  s t r o n g  i n t e r a c t i o n s  of t h e  s l o t  f l o w  w i t h  t h e  
e x t e r n a l  flow. As x/s i n c r e a s e s ,  t h e  v a r i a t i o n  o f  Cf/Cfo w i t h  A becomes 
less pronounced because o f  t h e  longe r  mixing d i s t a n c e s .  For v a l u e s  of A 
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smaller t h a n  approx ima te ly  0.01, t h e  s k i n - f r i c t i o n  r e d u c t i o n  is c o n s i s t e n t l y  
4 to  5 p e r c e n t  f o r  x/s  = 17.12 and 27.12. S k i n - f r i c t i o n  measurements f o r  
x / s  < 17.12 cou ld  n o t  be  o b t a i n e d  wi th  t h e  a p p a r a t u s  used. A l l  o f  t h e  previ­
o u s  d a t a  w e r e  t aken  over  a Reynolds number range  of 70 x l o 6  to  100 x IO6 w i t h  
a slot h e i g h t  s o f  0.254 cm.  I n  o r d e r  to  show t h e  effect o f  s lo t  h e i g h t ,  
d a t a  were a l s o  t aken  wi th  s lo t  h e i g h t s  o f  0.1270 c m  and 0.0635 c m ,  as t a b u l a t e d  
i n  t a b l e  XIV. These d a t a  are shown for t h r e e  mass-flow ra t ios  i n  f i g u r e  20. 
The resu l t s  i n  t h i s  f i g u r e  i n d i c a t e  t h a t  t h e  l a r g e r  s lot  opening  (0.254 c m  i n  
t h i s  case) is s l i g h t l y  more e f f e c t i v e  i n  reducing  s k i n  f r i c t i o n .  S k i n - f r i c t i o n  
d a t a  were a l s o  t aken  f o r  Roo = 240 x 1 O6 to  290 x 1 O6 (s = 0.254 c m )  , as tabu­
la ted i n  t a b l e  XV, i n  o r d e r  to  show t h e  e f f e c t  o f  s i g n i f i c a n t  change i n  Reynolds 
number. These d a t a  i n d i c a t e  t h a t  t h e  s k i n  f r i c t i o n  is  reduced s l i g h t l y  more 
i n  t h e  h ighe r  Reynolds number r ange ,  a s  shown i n  f i g u r e  21. 

M u l t i p l e  slots.- A l l  m u l t i p l e - s l o t  d a t a  were t aken  w i t h  t h e  s lo t  h e i g h t ( s )  
e q u a l  to  0.254 c m  and a r e  shown i n  f i g u r e s  2 2 ( a )  to  (d )  where Cf/Cfo is 
p l o t t e d  a g a i n s t  x/s  downstream o f  one, t w o ,  t h r e e ,  and f o u r  slots, respec­
t i v e l y  (x is always t h e  d i s t a n c e  downstream from t h e  l a s t  s l o t ) .  A l l  slots 
were o p e r a t e d  a t  t h e  same nominal v a l u e  o f  A ,  and d a t a  f o r  each  nominal v a l u e  
o f  A were o b t a i n e d  from s e p a r a t e  runs .  F igu re  2 2 ( a )  is e s s e n t i a l l y  a cross 
p l o t  of  t h e  d a t a  from f i g u r e  19. A s  Anom i n c r e a s e s  from 0.05 to  0.15. Cf/Cfo 
d e c r e a s e s  r a p i d l y ;  a s  Anom i n c r e a s e s  f u r t h e r ,  t h e r e  is l i t t l e  a d d i t i o n a l  
d e c r e a s e  in  Cf/Cfo, s i n c e  t h e  lowest v a l u e s  on t h e  c u r v e s  o f  f i g u r e  19 a r e  near  
A,,, = 0.25.  Also shown i n  f i g u r e  2 2 ( a )  a r e  d a t a  from r e f e r e n c e  1 0  f o r  a s tep 
s lo t  o p e r a t i n g  a t  Anom = 0.064, which co r re sponds  to t h e  step-slot  matched-
p r e s s u r e  c o n d i t i o n .  The f r ee - s t r eam c o n d i t i o n s  of  r e f e r e n c e  10 were nominal ly  
t h e  same as those  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  wi th  6/s  = 11.  I t  a p p e a r s  
t h a t  on a mass-flow b a s i s ,  t h e  s tep s lot  is more e f f e c t i v e  i n  r educ ing  s k i n  
f r i c t i o n  than  t h e  f l u s h  slot .  The lower e f f e c t i v e n e s s  of  t h e  f l u s h  s lot  is 
p robab ly  due to  t h e  i n c r e a s e d  mixing r a t e s  caused ,  a t  least  p a r t l y ,  by t h e  
s l o t - f l o w  i n j e c t i o n  a n g l e  and consequent  i n t e r a c t i o n s  wi th  t h e  e x t e r n a l  f low.  

By comparing f i g u r e s  2 2 ( a )  t o  ( d )  , it can be seen  t h a t  an improvement i n  
e f f e c t i v e n e s s  o f  succeed ing  slots occurs mainly f o r  t h e  lower mass-flow r a t e s  
a t  s m a l l  v a l u e s  o f  x / s  and f o r  t h e  h ighe r  mass-flow r a t e s  a t  l a r g e r  v a l u e s  
o f  x/s.  These r e s u l t s  a r e  shown i n  f i g u r e s  2 3 ( a )  to (c) where Cf /Cfo  is 
P l o t t e d  a g a i n s t  Anom f o r  x / s  = 17.12, 47.12, and 100.12,  r e s p e c t i v e l y .  The 
observed  t r e n d s  may be e x p l a i n e d  by t h e  f a c t  t h a t ,  a t  s m a l l  v a l u e s  o f  x / s  and 
l a r g e  v a l u e s  o f  A ,  t h e  local w a l l  s h e a r  is a lmost  comple t e ly  dominated by t h e  
s lo t  f low and its i n t e r a c t i o n s  wi th  t h e  e x t e r n a l  boundary l a y e r .  Thus, f o r  
t h i s  c o n d i t i o n ,  l i t t l e  improvement and even some d e g r a d a t i o n  is observed  as t h e  
number o f  s lots  i n c r e a s e s .  However, a t  l a r g e  v a l u e s  o f  x / s  where t h e  s lo t  
f low h a s  mixed w i t h  t h e  e x t e r n a l  f low,  t h e  l a r g e r  mass-flow r a t e s  c a u s e  l a r g e r  
i n c r e a s e s  i n  t h e  boundary-layer  t h i c k n e s s  and a l a r g e r  r e d u c t i o n  i n  s k i n  f r i c ­
t i o n  as t h e  number o f  s lots i n c r e a s e s .  

Based on c o o l i n g - e f f e c t i v e n e s s  d a t a ,  m u l t i p l e  s lo t s  are more e f f e c t i v e  
t h a n  a s i n g l e  s lot  ( r e f s .  21 to 2 7 ) .  However, t h e  improvement i n  t h e  local 
e f f e c t i v e n e s s  for each  succeed ing  slot d i m i n i s h e s  as t h e  number o f  slots 
i n c r e a s e s .  T h i s  is also t r u e  for s k i n - f r i c t i o n  r e d u c t i o n .  However, it is 
important to n o t e  a t  t h i s  p o i n t  t h a t  t h e  g o a l  i n  c o o l i n g  e f f e c t i v e n e s s  and 
t h e  g o a l  i n  s k i n - f r i c t i o n - r e d u c t i o n  e f f e c t i v e n e s s  are q u i t e  d i f f e r e n t .  The 
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i n t e g r a t e d  c o o l i n g  e f f e c t i v e n e s s  is g e n e r a l l y  of l i t t l e  or no importance;  it 
is  t h e  local a b s o l u t e  maximum tempera tu re  t h a t  is impor tan t .  The opposite is 
t r u e  for t h e  r e d u c t i o n  o f  s k i n  f r i c t i o n .  The local r e d u c t i o n  is of l i t t l e  or 
no  importance:  it is primarily t h e  i n t e g r a t e d  r e d u c t i o n  t h a t  is impor tan t .  

The e f f e c t  of d i m i n i s h i n g  r e t u r n s  may b e  s e e n  more clear ly  i n  t h e  behav io r  
of t h e  ave rage  i n t e g r a t e d  s k i n - f r i c t i o n  r a t io  which w a s  o b t a i n e d  from t h e  d a t a  
of f i g u r e s  2 2 ( a )  to (d) ( e x t r a p o l a t e d  where n e c e s s a r y ) .  The ra t io  was o b t a i n e d  
by i n t e g r a t i n g  t h e  local s k i n - f r i c t i o n  c o e f f i c i e n t  over  a d i s t a n c e  of 270 slot  
h e i g h t s  from t h e  f i r s t  s lo t  for each  o f  t h e  one ,  t w o ,  t h r e e ,  and f o u r  slot con­
f i g u r a t i o n s .  A schemat i c  of t h e  c u r v e s  is shown i n  f i g u r e  24 f o r  i l l u s t r a t i o n  
on ly .  The i n t e g r a t e d  s k i n - f r i c t i o n  r a t io  CF/CF~  is shown i n  f i g u r e  25 a s  a 
f u n c t i o n  of t h e  number o f  s lots  N. I n i t i a l l y ,  t h e r e  is a r a p i d  d e c r e a s e  i n  
C F / C F ~  as t h e  number of slots is inc reased .  However, t h e  effect o f  d i m i n i s h i n g  
r e t u r n s  is c l e a r l y  e v i d e n t  as t h e  number o f  s u c c e s s i v e  slots is i n c r e a s e d  from 
t w o  to  fou r .  

I n c r e a s i n g  t h e  mass-flow parameter Anom from 0.10 to  0.20 lowers t h e  level  
of t h e  faired plot  of C F / C F ~  a g a i n s t  N.  As Anom is i n c r e a s e d  to  0.25, t h e  
slope of t h e  faired c u r v e  becomes less n e g a t i v e  w i t h  i n c r e a s i n g  N so t h a t  
i n t e g r a t e d  s k i n  f r i c t i o n  for f o u r  s lots  is h i g h e r  a t  A,,, = 0.25 t h a n  a t  
Anom = 0.20. T h i s  i n c r e a s e  is p robab ly  due  to t h e  cumula t ive  e f f e c t  o f  upstream-
s lo t  f r ee - s t r eam i n t e r a c t i o n  on succeeding  slots f o r  t h e  l a r g e r  mass-flow r a t e s .  
Thus for ang led  i n j e c t i o n ,  it canno t  be assumed t h a t  t h e  A which g i v e s  t h e  
lowest CF/CFO �or o n e  slot w i l l  also g i v e  t h e  lowest CF/CF~  for N slots. 

Mul t ip l e -S lo t  Cool ing  E f f e c t i v e n e s s  

S l o t  i n j e c t i o n  r educes  e q u i l i b r i u m  s u r f a c e  t empera tu re  by modifying t h e  
boundary-layer  t empera tu re  prof i le  near  t h e  w a l l ;  mixing between t h e  c o o l a n t  
and t h e  e x t e r n a l  boundary-layer  f l o w  b e g i n s  immediately a t  t h e  p o i n t  of i n j e c ­
t i o n  and c o n t i n u e s  downstream. Mixing between t h e  s lo t  f low and t h e  e x t e r n a l  
boundary l a y e r  is m o s t  r a p i d  f o r  lower s lot  mass-flow r a t e s ,  hence t h e  e x t e n t  
of downstream c o o l i n g  e f f e c t i v e n e s s  is s i g n i f i c a n t l y  reduced w i t h  t h e  lower 
slot-flow r a t e s .  

Cool ing e f f e c t i v e n e s s  w a s  de te rmined  from thermocouple  measurements of 
w a l l  t empera tu res ,  as t a b u l a t e d  i n  table XVI, downstream of one  t o  f o u r  slots. 
Temperatures  of t h e  th in -wa l l  l i n e r  reached  e q u i l i b r i u m  a f t e r  6.5 to  7.5 min­
utes o f  t u n n e l  o p e r a t i o n .  Thermocouples were l o c a t e d  midway between l i n e r  sup­
ports (see f i g .  4 )  to minimize l a t e r a l  conduc t ion  effects. Temperatures  nea r  
t h e  upstream end o f  t h e  l i n e r  were found to  be  l o w  for t h e  no - s lo t  conf igu ra ­
t i o n ,  p robab ly  because  of l o n g i t u d i n a l  conduct ion .  T h i s  is shown i n  f i g u r e  26 
where e q u i l i b r i u m  t empera tu res  are p l o t t e d  a g a i n s t  a x i a l  d i s t a n c e .  (See t e m ­
peratures for no- s lo t  c o n f i g u r a t i o n . )  Th i s  effect may e x i s t  t o  a lesser degree  
for t h e  s l o t - i n j e c t i o n  c o n f i g u r a t i o n s .  However, i f  t h i s  i n f l u e n c e  does  e x i s t  
f o r  t h e  s l o t - i n j e c t i o n  c o n f i g u r a t i o n ,  E (as de termined  from eq. ( 2 ) )  down­
stream of t h e  slot would be l o w  wi th  a l o w  T,, j , s i n c e  T,, j is de termined  
from an e x t r a p o l a t i o n  of t h e  measured w a l l  t empera tu res .  
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Examples of how e x p e r i m e n t a l  v a l u e s  of E v a r y  wi th  Xnom downstream of 
one, t w o ,  t h r e e ,  and f o u r  slots are shown i n  table XVII  and f i g u r e  27. A cross 
p l o t  of t h e  d a t a  shown i n  f i g u r e  27 is shown i n  f i g u r e  28 i n  t h e  form of E: 
p l o t t e d  a g a i n s t  t h e  number of s lots  N. The g e n e r a l  i n d i c a t i o n s  from f i g u r e s  27 
and 28 are t h a t ,  a t  h i g h e r  v a l u e s  of A ,  i n c r e a s i n g  t h e  number of slots and/or 
i n c r e a s i n g  t h e  l e v e l  o f  X i n c r e a s e s  t h e  l e v e l  of E. Cool ing  e f f e c t i v e n e s s  E 

f o r  one to  f o u r  slots p l o t t e d  a g a i n s t  d i s t a n c e  from t h e  most downstream s lo t  l i p  
x' is shown i n  f i g u r e  29 for Xnom = 0.10. Based on t h e  d a t a  shown, t h e r e  is a 
s l i g h t  r e v e r s a l  i n  improvement i n  E a s  t h e  number of slots N i n c r e a s e s  for 
v a l u e s  of  x'/s less t h a n  60. However, a t  g r e a t e r  d i s t a n c e s  from t h e  s lo t ,  
t h e r e  are s i g n i f i c a n t  i n c r e a s e s  i n  E as t h e  number o f  slots is inc reased .  A l s o  
shown i n  f i g u r e  29 for comparison is E for Teq = 0.89(To - T,) + T,. (See 
s o l i d  symbols.) I n d i c a t i o n s  a r e  t h a t  s i g n i f i c a n t  c o o l i n g  is be ing  ach ieved ,  a t  
l eas t  to v a l u e s  of x ' / s  > 200. Some of t h e  c o o l i n g  data o b t a i n e d  f o r  one to  
four slots a r e  shown plotted a g a i n s t  t h e  parameter  (X'/S)X-~*~i n  f i g u r e  30. 
A l s o  shown a r e  two c u r v e s  from r e f e r e n c e s  9, 10 ,  and 14. Most of  t h e  c u r r e n t  
d a t a  f a l l  between t h e  t w o  c u r v e s .  The upper c u r v e ,  however, is t h e  most appro­
p r i a t e  for comparison, s i n c e  it is for Tt , j /To  = 0.63 and Tr , j /To for t h e  
c u r r e n t  d a t a  r anges  from 0.54 t o  0.68. As shown i n  both  p r e v i o u s  and c u r r e n t  
i n v e s t i g a t i o n s ,  t h e  d a t a  i n d i c a t e  t h a t  a f l u s h  s lo t  is n o t  as e f f e c t i v e  a s  a 
s t e p  slot �or c o o l i n g .  The lower c u r v e  i n  f i g u r e  30 is for T t , j /To  = 0.43. 

Shown i n  f i g u r e  31 a r e  e x p e r i m e n t a l  v a l u e s  o f  E downstream of s i n g l e  and 
m u l t i p l e  s lots  (one t o  f o u r  slots). The t o t a l  mass i n j e c t i o n  ( t o t a l  mass = sum 
of f l o w  rates from each  s lo t )  was t h e  same for each  c o n f i g u r a t i o n .  As t h e  num­
ber of s lo t s  is i n c r e a s e d  from one t o  f o u r ,  t h e  s u r f a c e  a r e a  ma in ta ined  above a 
r e q u i r e d  v a l u e  of E i n c r e a s e s .  For example, i f  o p e r a t i n g  c o n d i t i o n s  r e q u i r e d  
E 2 0.5,  t h e  s i n g l e  s lo t  w i t h  X e f f  = 0.24 ( f i g .  31(a ) )  would  protect t h e  s u r ­
f a c e  to about  140 s l o t  h e i g h t s  (x'/s). Two, t h r e e ,  or f o u r  slots wi th  t h e  same 
t o t a l  mass i n j e c t i o n  would protect t h e  surface for a d i s t a n c e  of more than  280, 
340, and 400 s lo t  h e i g h t s ,  r e s p e c t i v e l y .  I f  an E of 0.75 or 0.80 were 
requi red ,  t h e  s lo t  spac ing  w o u l d  have to  be closer than  t h e  p r e s e n t  arrangement .  
With X e f f  = 0.06, a second s lo t  would be r e q u i r e d  a t  approximate ly  x ' / s  = 17 
t o  m a i n t a i n  E >= 0.80. (See f i g .  3 1 ( a ) . )  A s  i l l u s t r a t e d  by numer ica l  s t u d i e s ,  
t h e  s lot  spac ing  can be i n c r e a s e d  w i t h  each a d d i t i o n a l  s l o t  (see ref .  29)  
because of t h e  " m u l t i p l e  s lot  effect ." However, it s h o u l d  be  obvious  t h a t  t h e  
s lo t  spac ing  w i l l  r each  some asympto t i c  v a l u e  ( n o t  shown i n  t h i s  report) .  

T h i s  s t u d y  shows t h a t ,  for a g i v e n  c o o l a n t  mass-flow r a t e ,  t h e r m a l  protec­
t i o n  over  t h e  maximum s u r f a c e  a r e a  can best  be accomplished by i n j e c t i n g  t h e  
c o o l a n t  f l o w  through m u l t i p l e  s lo t s .  N o t e  t h a t  numer ica l  s t u d i e s  ( r e f s .  38 
and 39) i n d i c a t e  t h a t  s k i n - f r i c t i o n  r e d u c t i o n  by s lo t  i n j e c t i o n  is m o s t  e f f e c ­
t i v e  when t h e  t o t a l  a v a i l a b l e  mass is i n j e c t e d  from one s lot  as f a r  upstream 
as p o s s i b l e .  Of course, t h i s  is o n l y  t r u e  i f  t h e  i n c r e a s e  i n  mass through a 
s i n g l e  s lot  is  o b t a i n e d  by i n c r e a s e d  s lo t  opening and n o t  by i n c r e a s e d  s lo t  
v e l o c i t y .  

F i n i t e  D i f f e r e n c e  P r e d i c t i o n s  

P r o f i l e s  of v e l o c i t y  ra t ios  uj/um and t o t a l - t e m p e r a t u r e  r a t i o s  Tt, j /Tt, ,  
were assumed i n  t h e  slot for i n p u t  to  t h e  numer i ca l  p r e d i c t i o n s .  These v a l u e s  
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are shown i n  table  XVIII. P r e d i c t i o n s  o f  s k i n  f r i c t i o n  by t h e  numer i ca l  method 
p r e v i o u s l y  d i s c u s s e d  are shown for = 0.15 and = 0.20 i n  f i g u r e  2 2 ( a ) .  
The d i f f e r e n c e  i n  numer i ca l  results o b t a i n e d  when t h e  s l o t - v e l o c i t y  prof i le  
shown i n  table  XVIII was changed to  a p a r a b o l i c  profile (wi th  same mass f low) 
w a s  i n s i g n i f i c a n t ,  I n  t h e  n e a r - s l o t  r e g i o n  (x/s 3 0 ) ,  t h e  c a l c u l a t i o n  pre­
d i c t s  lower v a l u e s  of Cf/Cfo t han  i n d i c a t e d  by t h e  d a t a  f o r  e i t h e r  v a l u e  
of A ;  however, a t  l a r g e r  v a l u e s  of  x / s  t h e  p r e s e n t  agreement is q u i t e  good. 
S i n c e  p r e d i c t i o n s  of Cf/Cfo i n  t h e  n e a r - s l o t  r e g i o n  were i n  agreement w i t h  
d a t a  for a step s lo t  (refs. 1 0  and 3 3 ) ,  t h e  p r e s e n t  d i sag reemen t  is p r o b a b l y  
caused by t h e  shock/boundary-layer  i n t e r a c t i o n s  and large, normal and streamwise 
pressure g r a d i e n t s  for f l u s h - s l o t  i n j e c t i o n .  These effects are n e g l i g i b l e  for 
step-slot i n j e c t i o n  and are n o t  accounted for i n  c u r r e n t  t heo ry .  ( I f  t h e  large 
streamwise p r e s s u r e  g r a d i e n t s  observed i n  t h e  n e a r - s l o t  r e g i o n  were used as 
i n p u t s  f o r  t h e  p r e s e n t  boundary-layer t heo ry ,  t h e  p r e d i c t i o n s  cou ld  p r o b a b l y  
be improved s i g n i f i c a n t l y . )  The p r e d i c t e d  v a l u e  of Cf/Cfo for Xnom = 0.15 
is below t h a t  f o r  A = 0.20 a t  x / s  20 and above a t  x/s > 20. T h i s  r e s u l t  
may be accounted for by t h e  h i g h e r  slot-flow v e l o c i t y  g r a d i e n t  �or = 0.20, 
which r e s u l t s  i n  a h i g h e r  s h e a r  i n  t h e  n e a r - s l o t  r eg ion .  A s  x/s i n c r e a s e s ,  
mixing is more r a p i d  for = 0.15 than  for = 0.20, and t h e  co r re spond ing  
v a l u e s  o f  Cf/Cfo for X = 0.15 rise above t h o s e  p r e d i c t e d  f o r  = 0.20. 

A comparison of t h e  p r e d i c t e d  p i t o t - p r e s s u r e  prof i les  w i t h  d a t a  o b t a i n e d  
a t  X = 0.15 and 0.20 is p r e s e n t e d  i n  f i g u r e s  1 3 ( a ) ,  ( b ) ,  and (c) f c r  
x/s  = 5.8, 77.12, and 67.12, r e s p e c t i v e l y .  The p i t o t  pressures c a l c u l a t e d  
for X = 0.15 and 0.20 are n e a r l y  i d e n t i c a l ,  except f o r  y/s  < 1 . 0  where t h e  
p i t o t  pressures f o r  = 0.15 are somewhat lower. The pitot-pressure l e v e l s  
p r e d i c t e d  f o r  b o t h  v a l u e s  of a t  y/s  0.50, f o r  x/s = 5.8, are lower than  
t h e  co r re spond ing  d a t a .  T h i s  d i f f e r e n c e  i n  p i t o t - p r e s s u r e  l e v e l s  nea r  t h e  w a l l  
may account ,  i n  par t ,  f o r  t h e  lower s k i n - f r i c t i o n  l e v e l s  g i v e n  by t h e  p r e d i c ­
t i o n s  i n  t h e  n e a r - s l o t  r eg ion .  A t  x/s = 67.12 ( f i g .  1 3 ( c ) ) ,  t h e  d a t a  and 
t h e o r y  show improved agreement for y/s  > 4.0. A t  v a l u e s  of y/s between 1.0 
and 4 .0 ,  predicted p i t o t - p r e s s u r e  l e v e l s  are above t h e  d a t a  f o r  x/s 2 17.12 
( f i g s .  1 3 ( b )  to  ( c ) ) .  A similar r e s u l t  o f  comparisons between t h e o r y  and d a t a  
for a s i n g l e  s tep  slot h a s  been no ted  i n  r e f e r e n c e s  9 and 40. 

CONCLUSIONS 


Skin f r i c t i o n ,  w a l l  p r e s s u r e s ,  w a l l  t empera tu res ,  and profiles o f  boundary-
l a y e r  p i to t  p r e s s u r e  and t o t a l  temperature were measured downstream of one to  
f o u r  s u c c e s s i v e  f l u s h  slots i n j e c t i n g  a t  an a n g l e  o f  loo i n t o  a t u r b u l e n t  Mach 6 
boundary l a y e r .  Coo l ing  e f f e c t i v e n e s s  was e x p e r i m e n t a l l y  d e r i v e d  from tempera­
tures of a th in -wa l l  l i n e r  measured a t  s t e a d y - s t a t e  c o n d i t i o n s .  A t u r b u l e n t ­
boundary-layer computer program f o r  t a n g e n t i a l  i n j e c t i o n  was modif ied to  d e a l  
w i t h  t h e  f l u s h - s l o t  c o n f i g u r a t i o n .  The most impor t an t  r e s u l t s  o f  t h i s  i n v e s t i ­
g a t i o n  are a s  follows: 

1 .  The " m u l t i p l e  s l o t  e f f e c t , "  w i t h  a p r o p o r t i o n a l  i n c r e a s e  i n  i n j e c t e d  
mass, was obse rved  to i n c r e a s e  t h e  s k i n - f r i c t i o n  r e d u c t i o n  f o r  f l u s h - s l o t  i n j e c ­
t i o n ,  T h i s  e f f e c t  became less pronounced as t h e  number of slots was i n c r e a s e d  
and may even be r e v e r s e d  f o r  h igh  mass-flow rates i n  t h e  slot .  
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2. Comparison of c u r r e n t  r e s u l t s  f o r  a f l u s h  slot w i t h  p r e v i o u s l y  reported 
d a t a  for a Step s lo t  i n d i c a t e s  t h a t  t h e  f l u s h  s l o t  is less e f f ec t ive  i n  reduc­
ing  s k i n  f r i c t i o n ,  p robab ly  due t o  t h e  e f f e c t s  o f  more r a p i d  mixing when t h e  
i n j e c t a n t  e n t e r s  t h e  e x t e r n a l  stream a t  an ang le .  

3.  S k i n - f r i c t i o n  v a l u e s  p r e d i c t e d  by t h e  numer ica l  s o l u t i o n s  a r e  i n  good 
agreement wi th  t h e  d a t a  a t  downstream d i s t a n c e s  g r e a t e r  t h a n  30 s lo t  h e i g h t s .  
A t  s h o r t e r  d i s t a n c e s ,  the t h e o r y  u n d e r p r e d i c t s  t h e  s k i n  f r i c t i o n ,  p robab ly  due 
to shock/boundary-layer  i n t e r a c t i o n s  and a s s o c i a t e d  p r e s s u r e  g r a d i e n t s  n o t  
accounted  f o r  i n  t h e  theo ry .  

4. The d a t a  i n d i c a t e  t h a t  a s l i g h t  improvement i n  s k i n - f r i c t i o n  r e d u c t i o n  
was accomplished w i t h  i n c r e a s e s  i n  slot opening.  A s l i g h t  improvement is also 
i n d i c a t e d  a t  t h e  h i g h e r  Reynolds number range.  

5. For a g i v e n  c o o l a n t  mass-flow rate ,  the rma l  p r o t e c t i o n  o v e r  t h e  maximum 
s u r f a c e  a r e a  can  best be accomplished by i n j e c t i n g  t h e  c o o l a n t  f l o w  through 
m u l t i p l e  s lots  rather t h a n  through a s i n g l e  s lot .  

6. The c o o l i n g  data i n d i c a t e  t h a t  c o o l i n g  downstream of f l u s h  slots, wi th  
an i n j e c t i o n  a n g l e  of 100, is n o t  a s  e f f e c t i v e  a s  t h e  c o o l i n g  downstream of 
s t e p  slots. 

Langley Research Cen te r  

N a t i o n a l  Aeronau t i c s  and Space Admin i s t r a t ion  

Hampton, VA 23665 

June 28, 1978 
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TABLE I.- SKIN-FRICTION COEFFICIENTS MEASURED WITHOUT SLOTS AND 

CORRESPONDING FREE-STREAM REYNOLDS NUMBERS 

[see f i g .  51 

-~ 

S k i n - f r i c t i o n  ba lance  221 I S k i n - f r i c t i o n  ba lance  220 
. .  

I 

Rcu I Cf 0 Rm 

(a) Low Rm range  
-

32.67 x l o 6  8.012 x 33.28 x l o 6  7.704 x 10-4 
47.08 7.433 47.95 7.1 8 3  
53.33 7.236 52.57 7.1 23 
57.37 7.330 54.32 7.004 
63.33 7.1 29 60.79 
64.68 6.908 63.19 
66.09 7.01 3 64.50 6.871 
66.34 7.01 4 67.31 6.775 
68.97 7.064 68.21 
72.57 6.918 68.22 
73.1 2 6.957 70.77 
73.54 6.754 73.91 6.673 
74.44 6.897 75.1 7 6.390 
74.45 7.002 85.45 
77.23 6.81 6 86.1 9 6.469 
82.03 6.752 86.23 6.448 
84.63 6.704 87.40 6.397 
84.67 6.692 88.02 6.360 
85.81 6.659 91.53 
86.43 6.61 2 92.74 6.360 
91.05 6.604 92.84 6.41 8 
91 .15 6.589 100.1 6 6.224 
93.25 6.562 101 .21 6.21 0 
98.34 6.468 
99.37 6.500 
99.89 6.533 

. . 

(b) High R, range  

130.0 x l o 6  6.3 x 10-4 120.0 x 1 0 6  6.1 x 10-4 
160 .0  5.9 160.0 5.6 
170.0 5.8 170.0 5.5 
190.0 5.7 180.0 5.4 
190.0 5.7 190.0 5.4 
230.0 5.4 220.0 5.1 
250.0 5.2 250.0 4.9 
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TABLE 11.- WALL STATIC PRESSURE MEASURED IN REGION OF SLOT AND WWElSTREAM OF SLOT 

= 0.254 cm] 

x 0.7 2.7 4.7 10.12 16.12 25.12 37.12 97.12 167.12 247.12 327.12 
~ ~ 

In slot (see f i g .  1 1  ) Downstream of slot 

0.0000 5.25 x 10-4 6.03 x 10.45 x 7.31 x 6.48 x 6.88 x 7.08 x 6.99 x 7.01 x 7.05 x 7.10 x 
.OOOO 5.24 6.02 10.43 7.30 6.48 6.87 7.07 6.99 7.01 7.05 7.09 
.OOOO 5.24 6.00 10.47 7.30 6.47 6.87 7.07 6.98 7.01 7.05 7.09 
.OOOO 5.24 6.02 10.43 7.31 6.48 6.88 7.08 6.99 7.01 7.06 7.09 
.oooo 5.19 5.97 10.44 7.26 6.41 6.83 7.03 6.95 
.OOOO 5.19 5.97 10.42 7.27 6.42 6.83 7.04 6.95 
.OOOO 5.19 5.97 10.43 7.27 6.42 6.84 7.04 6.95 

0.0482 10.23 10-4 10.48 10-4 9.97 10-4 7.48 10-4 6.61 x 10-4 7.07 10-4 7.21 10-4 7.07 x 10-4 7.05 10-4 7.10 10-4 7.18 10-4 
.0482 10.23 10.49 9.96 7.49 6.61 7.07 7.21 7.07 7.05 7.11 7.18 
.0496 10.23 10.49 9.98 7.49 6.61 7.07 7.21 7.07 7.05 7.11 7.18 
.0514 10.24 10.49 9.99 7.49 6.61 7.07 7.21 7.08 7.05 7.11 7.18 
.0497 10.22 10.52 9.99 7.50 6.58 7.07 7.21 7.02 
.0498 10.21 10.51 9.97 7.50 6.59 7.07 7.21 7.03 
.0499 10.21 10.51 9.99 7.49 6.58 7.07 7.21 7.03 

0.1024 11.56 10-4 12.83 10-4 11.97 10-4 7.91 10-4 6.90 x 10-4 7.29 x 10-4 7.40 10-4 7.17 x 10-4 7.09 10-4 7.13 10-4 7.28 10-4 
.lo25 11.56 12.83 11.98 7.92 6.90 7.29 7.40 7.17 7.09 7.14 7.28 
.lo56 11.51 12.78 11.95 7.91 6.90 7.29 7.40 7.17 7.09 7.14 7.28 
.lo56 11.56 12.83 11.96 7.92 6.90 7.30 7.40 7.17 7.09 7.15 7.28 
.0993 11.61 12.70 11.82 7.90 6.85 7.29 7.40 7.09 
.0993 11.62 12.67 11.83 7.90 6.85 7.29 7.40 7.08 
.0994 11.60 12.68 11.79 7.91 6.85 7.29 7.40 7.09 

0.1533 11.04 x 10-4 13.56 x 13.32 x 8.19 x 7.07 x 7.43 x 7.52 x 7.25 x 7.15 x 7.22 x 7.33 x 
.1534 11.03 13.57 13.36 8.20 7.08 7.44 7.53 7.25 7.15 7.24 7.34 
.1519 11.02 13.54 13.33 8.21 7.08 7.45 7.53 7.25 7.15 7.24 7.34 
.1519 10.98 13.47 13.33 8.20 7.07 7.45 7.53 7.25 7.15 7.24 7.34 
.1483 11.05 13.50 13.19 8.19 7.04 7.44 7.52 7.13 
.1483 11.06 13.58 13.28 8.19 7.05 7.44 7.53 7.13 
.1484 11.09 13.58 13.27 8.19 7.04 7.44 7.53 7.13 

0.2025 12.69 x 10-4 13.10 x 14.31 x 8.41 x 7.26 x 7.55 x 7.63 x 7.29 x 7.18 x 7.24 x 7.39 x 
.2026 12.72 13.17 14.33 8.41 7.26 7.55 7.63 7.29 7.18 7.25 7.39 
.2027 12.71 13.01 14.24 8.42 7.25 7.55 7.64 7.29 7.18 7.26 7.39 
.2028 12.70 13.09 14.27 8.41 7.25 7.55 7.63 7.29 7.18 7.26 7.39 
.2070 13.13 13.02 14.41 8.48 7.27 7.59 7.67 7.17 
.2072 13.13 12.89 14.38 8.49 7.27 7.59 7.67 7.17 
.2072~13.13 ~13.02 14.36 8.49 7.27 J.59 ~7.67 17.17 I 

14.38 4.57 
12.50 14.43 
12.33 14.40 7.65 
12.43 14.33 8.58 7.35 7.64 

Y 12.48 14.40 8.58 7.35 7.64 7.73 



TABLE 111.- PROFILES OF PITOT PRESSURE AND TOTAL TEMPERATURE: MEASURED 

THROUGH UNDISTURBED BOUNDARY LAYER JUST UPSTREAM OF SLOT LOCATION 

= 0.254 cm] 

--- -. ._. 

P i t o t  pressure rot a l  tempera turs P i t o t  pressure rota1 temperatur 
.. - -. -

Y / S  P d P o  Y / S  
._ 

.%/To 

0.10 0.34 0.796 0.1 0 2.053 x 0.34 0.825 
.I 1 2.1 33 .35 .797 .I 7 2.639 .41 .835 
.15 2.01 3 .39 .802 .27 3.610 .51 .851 
.I 9 2.1 06 .43 .811 .60 4.773 .84 .864 
.29 3.201 .53 .820 1 .18 5.91 2 1.42 ,886 
.50 4.500 .74 .838 1.59 6.702 1.83 .898 
.89 

1.08 
5.270 
5.345 

1 .13 
1.32 

.859 

.869 
2.43 
2.89 

8.032 
8.756 

2.67 
3.1 3 

.g09 

.914 
1.23 5.931 1.47 .873 3.23 9.1 53 3.47 .919 
1 .31 6.027 1.55 .878 4.04 10.725 4.28 .925 
1.52 6.319 1.76 .884 4.47 11.262 4.71 .933 
1.91 6.970 2.1 5 .891 5.56 12.91 2 5.80 .941 
2.09 7.337 2.33 .896 6.06 13.825 6.30 .944 
2.48 7.920 2.72 .goo 8.04 17.708 8.28 .956 
3.69 9.763 3.93 .913 0.11 21 .177 10.35 .971 
5.12 2.233 5.36 .929 3.1 7 26.1 36 13.41 .980 
7.09 5.261 7.33 .942 4.07 27.039 14.31 .985 
9.08 9.381 9.32 .955 4.76 27.657 15.00 .986 
0.59 !1 .845 10.83 .969 7.73 28.1 50 17.97 .986 
1 .oo l3.302 11.24 .970 !0.14 28.084 20.38 .989 
2.1 0 !5.108 12.34 .978 !3.63 27.733 23.87 .987 
6.08 !9.083 16.32 .985 !6.56 27.587 26.80 .991 
12.1 6 i8.941 22.40 .988 _ _ - - - -~ 

:8.01 !8.71 7 28.25 .991 
I _. 
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TABLE 1V.- PROFILES OF PITOT PRESSURE AND TOTAL TEMPERATURE MEASURED DOWNSTREAM OF SINGLE SLOT 

rs = 0.254 mi
J 

x/s = 5.8 

Total temperature x 

Pitot pressure Potal temperature
x ~ 

Y/S PdPo Y/S Y/S PdPo Y/ s  T d T o  
~ ~~ 

t.0421 0.10 1.519 x 10- 0.23 0.730 0.10 i.so0 x 10-31.0497 0.23 0.71 5 
.0424 .15 1.600 .28 .736 .18 1 .634.0499 .31 .723 
.0425 .20 1.703 .35 .741 .40 2.006.0506 .53 .755 
.a425 .28 1.794 -41 .750 .63 2.667.0502 .76 .791 
.0434 .33 1 .888 .46 .757 .85 3.563.0526 .98 .824 
.0427 .44 2.189 .57 -774 1 .01 4.232.0514 1 .14 .843 
.0427 .58 2.657 .71 .795 1 .27 5.462.0512 1 .40 .868 
.0428 .70 2.981 .83 .816 1 .56 6.574.0501 1 .69 .896 
.0428 .84 3.829 .97 .833 1.79 7.261.0509 1 .92 .903 
.0452 .97 4.545 1.10 .855 2.01 8.096.0525 2.14 .910 
.0429 1 .12 5.157 1 .25 .870 2.77 10.099.0499 2.90 .928 
.0429 1 .28 5.947 1 .31 . 8  81 3.59 1 1  .313.0515 3.72 .935 
.0434 1 .43 6.384 1.55 .898 4.98 12.221.0503 5.11 .956 
.0430 1 .58 7.087 1 .71 .907 7.03 15.905.0503 7.16 .971 
.0429 1 .74 7.962 1.87 .913 9.06 20.206.0506 9.1 9 .981 
.0440 1 .93 ------ 2.06 .922 I1  .06 24.302.0505 11.90 .988 
.0450 2.14 8.722 2.27 .923 13.05 28.1 43.0507 13.18 .995 
.0440 2.38 9.895 2.51 .926 15.04 29.964.0518 15.17 .997 
.0427 2.74 10.254 2.87 .936 17.04 30.739.0507 17.17 .993 
.a436 3.17 11.096 3.30 .943 18.90 30.799.0508 19.03 .992 
.0432 3.77 1 1  .222 3.90 .945 21.02 30.630.0508 21 .15 .993 
.0426 4.74 1 1  .a36 4.87 .958 23.61 30.696.0518 23.74 .994 

~ 

P i t o t  'otal temperatura 


Y/ s  

0.23 0.729 

.30 .740 

.40 .751 

.63 .789 

.80 .e11 


1 .04 .847 

1 .25 .873 

1 .51 .896 

1.79 .912 

2.12 .922 

2.42 .934 

3.34 .942 

4.28 .958 

6.16 .969 

8.18 .982 


10.28 .994 
12.32 * 998 
14.29 .999 
16.21 .996 
18.29 .995 
20.33 1 .001 
22.40 1.001 

pressure
x 
Y/S Pt/Po 

~ 

I .  0445 0.1 0 1.472 10-3 
.0446 -17 1 .666 
.0445 .27 1.780 
.0447 .50 2.425 
.0447 .67 3.01 4 
.0447 .91 4.085 
.0448 1.12 4.935 
.0468 1.38 6.265 
.0467 1 .66 7.214 
.0451 1.99 8.180 
.0450 2.29 9.032 
.0452 3.21 1 .029 
.0455 4.1 5 1 .135 
.0453 6.03 3.636 
.0458 8.05 8.307 
.0451 0.15 22.682 
.0452 2.19 26.330 
.0456 4.16 29.780 
.0453 6.08 $0.567 
.0458 8.16 t0.786 
.0463 10.20 10.656 
.0463 22.27 10.663 

~ 
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TABLE 1V.- Continued 

(a) Continued 

P i t o t  pressure  Tota1 ' t e m pra tur c P i t o t  pressure  Cotal temperaturcx ~ x ~~ 

P d P o  Y/S %/To Y / S  	 1 Pt/Po Y / S  %/To 

D. 0964 0.1 0 1.543 x lo-: 0.23 0.659 0.0986 0.1 0 1.603 x lo-: 0.23 0.671 
.0955 .14 1.571 .27 .659 .0951 .29 1.785 .42 .683 
.096i .20 1.650 .33 .662 .0989 .67 2.441 .80 .739 
.096f .26 1.710 .39 .667 .0989 1.26 4.595 1.39 .830 
.097i .32 1.779 .45 .675 .0986 2.02 7.531 2.1 5 .891 
.0961 .42 1 .896 .55 .689 .0960 3.28 12.22 3.41 .921 
.0975 * 54 2.115 
.loo; .70 2.539 

.67 

.83 
.71 2 
.737 

.lo17 4.88 12.08 

.0934 6.33 14.97 
5.01 
6.46 

.944 

.954 
.1 ooc .83 2.967 .96 .769 .0989 7.87 17.75 8.00 .965 
.097i .97 3.51 0 1.10 .796 .loo0 9.37 20.55 9.50 .976 
.097E 1 .ll 4.003 1.24 .823 .0945 11 .05 24,75 11.18 .987 
0982 1 .26 4.504 1.39 .843 .0994 12.35 26.96 12.48 -986 
.0975 1.42 5.19 1.55 .861 .0992 13.91 28.54 14.04 .992 
.0982 1.57 6.008 1 .70 .879 .lo04 15.35 29.75 15.48 .987 
.0976 1.73 6.363 1.86 .896 .0937 16.81 30.56 16.94 .988 
.0975 1.92 7.351 2.05 .905 .0992 18.28 30.66 18.41 .990 
.lo20 2.1 3 8.500 2.26 .920 .0993 20.38 30.55 20.51 .987 
.lo20 2.37 9.1 26 2.50 .928 .0957 22.37 30.55 22.50 .986 
.0959 2.69 0.890 2.82 .932 .lo48 24.29 30.45 24.42 .988 
.lo04 3.22 2.66 3.35 .941 .lo04 28.31 29.83 28.44 .997 
.0990 3.72 2.57 3.86 .947 
.lo27 4.65 1.98 4.78 .958 

I 

.lo37 5.05 2.59 5.1 8 .958 

P i t o t  pressure  rota1  temperature rota1 temperature
h x 

Y / S  Pt/Po Y / S  %/To Y / S  T d T o  

3.141E 0.10 1,814 x lo-. 0.23 0.632 D.147E 0.10 1.856 x lo-' 0.23 0.639 
.1424 .15 1 .831 .28 .631 -1 48i .25 1 .990 .38 .641
.I388 .20 1 .890 .33 .633 .154: .61 2.469 .74 .684 
.1435 .30 1.969 .43 .639 .155c 1.21 4.351 1.34 .Ell 
.1425 .40 2.074 .53 .650 .1565 1.99 7.840 2.1 2 .895 
.I 390 .51 2.21 5 .64 .664 .I 570 3.29 ______  3.42 .929 
.1442 .60 2.393 .73 .683 .I578 4.79 11.941 4.92 .949 
.1393 .70 2.652 .83 .708 .1581 6.29 13.569 6.42 ,964 
.1445 .80 2.939 .93 .729 .1584 7.81 19.620 7.94 .969 
.1432 .90 3.1 74 1.03 .753 .1584 9.27 20.422 9.40 .982 
.1449 1.09 3.853 1.22 .796 .1588 0.73 23.656 10.86 .989 
.1433 1.30 4.793 1.43 .842 .1590 2.28 25.814 12.41 .994 
.1450 1.50 5.686 1.63 .866 .1591 3 .88  28.938 14.01 .995 
.1446 1 .69 6.678 1.82 .887 .1591 5.56 30.308 15.69 .991 
.1450 1.91 7.878 2.04 .903 .1590 6.82 30.655 16.95 .991 
,1413 2.10 8.489 2.23 .914 .1595 8.22 30.722 18.35 .989 
.1448 2.28 9.267 2.41 .918 .1562 0.25 30.578 20.38 .993 
.1452 2.70 1.082 2.83 .928 .1597 2.33 30.574 22.46 .994 
.1455 3.04 1.783 3.1 7 .936 .1598 4.34 30.449 24.47 .994 
.1409 3.73 2.251 3.86 .947 .1547 7.31 29.986 27.44 .999 
.1403 4.75 2.203 4.88  .957 
.1411 7.36 7.059 7.49 .971 

__ 
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TABLE 1V.- Continued 


(a) Concluded 


x 
Pt/Po Y/S  Y/S 

0.2058 0.10 2.378 x 0.23 0.61 9 1.1925 0.1 0 2.295 0.23 0,633 

.2070 .15 2.441 .28 .61 7 .1927 .15 2.488 .28 .634 

.2080 .19 2.526 .32 .616 .1927 .49 2.784 .62 .652 

.2087 .30 2.664 .43 .617 .1927 .66 3.006 .79 .678 

.2093 .41 2.788 .54 .623 .1930 1 .16 4.458 1 .29 .804 

.2098 .51 2.905 .64 .634 .1933 1 .97  8.242 2.10 .897 

.2104 .60 3.025 .73 .646 .1932 3.28 2.92 3.41 .935 

.2107 .69 3.233 .82 .667 .1933 4.78 2.15 4.91 .957 


' 

.2110 .80 3.398 .93 .692 .1940 6.32 4.98 6.45 .966 

.2111 .90 3.720 1 .03 .722 .1943 7.80 7.80 7.99 .973 

.2117 1.09 4.307 1 .22  .774 .1948 9.32 !O .55 9.45 .985 

.2118 1 .29  5.114 1 .42 .823 .1952 10.83 23.87 10.96 .992 

.2123 1 .49 5.705 1 .62  .E56 .1954 12.28 z6.81 12.41 1.001 

.2124 1 .69 7.038 1 .82 .883 .1955 13.84 19.60 13.97 .995 

.2127 1 .91 7.728 2.04 .903 .1957 15.30 30.26 15.43 .997 

.2127 2.10 8.659 2.23 .910 .1958 16.81 30.66 16.94 .997 

.2131 2.28 9.075 2.41 .922 .1959 18.33 30.72 18.46 .996 

.2133 2.70 1 .34  2.83 .936 .1959 20.36 30.59 20.49 .998 

.2134 3.13 2.40 3.26 .941 .1959 22.35 30.61 22.48 1.004 

.2138 3.72 2.20 3.85 .952 .1963 24.29 IO. 49 24.42 .997 

.2138 4.77 2.14 4.90 .959 .1962 26.29 30.1 2 26.42 1.006 

.2139 6.80 5.52 6.93 .974 


I Pitot pressure Total temperature Pitot pres: '0ta1 temperatur t 
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TABLE 1V.- Continued 


(b) x/s = 17 .12  

~~ 

Pitot pressure Total temperature Pitot pressure rota1 temperature
A x 

P t h o  Y / S  %/To Y/S TdTo -
1.0482 0.10 1.511 x l o - - 0.30 0 .735  I .  0505 0.10 1 .384  x lo-: 0.30 0.736 
.048! .09 1 .424  .29 .736 .0518 .45 2.759 .65  .763  
.0481 .28 2.358 .48 .754 .os1 a .84 3 .456  1 . 0 4  .795  
.0475 .68  3.253 .88 .785  .0517 1 .47  4.858 1 .67  .849 
.048E 1 .13 4.084 1 . 3 3  .830 .0515 1 .92 5.994 2 .12  .870 
.0481 1 .31 4.512 1 .51 .843  .0521 2.69 7.814 2.89 -886  
.048: 1 .70  5.769 1 .90  .864 .0516 4.12 10 .346  4 .32  .905 
.0484 2.07 6.804 2.29 .881 .0517 10.01 22.606 10.21 .937 
.048S 2.47 7.310 2.67 .886 .0519 10 .56  22.944 10 .76  .957 
.048C 2.89 8.330 3 .07  .a93  .0520 1 1 . 4 5  24.407 11 .65  .965  
.0486 4.30 10.605 4.50 .911 .0523 1 1 . 9 8  25.606 12 .1  8 .971 
.0485 4.68 11 .826 4.88 .916 .0524 1 2 . 5 7  26.978 12 .77  .969 
.0483 5 .10  12.867 5.30 .915  .0518 13 .04  27.676 13 .24  .977 
.0485 5.52 14.236 5 .72  .922 .0524 13 .54  28.522 13 .74  .970 
.0486 5.80 16.139 6.00 .925 .0521 15 .55  30.422 15 .75  .970 
.0483 6.63 16.643 6.56 .932 .0524 16 .02  30.540 16 .22  .980 
.0486 6.71 18 .113  6.91 .933 .0520 18 .06  30.992 18 .26  .980 
.048a 7.1 2 18.845 7 .32  .940 .0522 19.10 31 .023  19 .30  .983  
.0486 7.51 18.922 7.71 .946 .0530 20.18 30.907 20.38 .981 
.0486 7.91 19.362 8.11 .944 
.0484 8.31 19.657 8.51 .954 
.0486 8.70 19.001 8.90 .953 
.0485 9 .05  20.670 9 .25  .949 
.0484 9.50 20.084 9.70 .959 -

.r: 
-

Pitot pressure Total temperature 
h __ 

Y/ s  P t h o  Y / S  W T o  -
. l o29  0.10 1 .288  x lo-: 0 .30  0.693 
. l o29  .16 1 .449  .36 .696 
. l o22  .30 2.024 .50 .708  
. l o 3 9  .62 2.61 4 .E2 .738 
. l o 3 3  .88 3.1 00 1 . 0 8  .769 
. l o37  .99 3.324 2.1 9 .783  
. l o 2 3  1 .26 3.778 1 . 4 6  .a10  
. l o24  1 .66  4.720 1 .86 . e53  
. l o 2 7  2.44 6.638 2.64 .880 
. l o 3 2  4 .03  10.030 4.23 .905 
. l o 3 6  4 .48  10.807 4.68 .go9 
. l o 3 7  5.57 13.451 5 .77  .917 
. l o 3 6  6 .06  14.627 6.26 .927 
. l o 3 6  8.07 22.059 8.27 -949  
. l o 4 9  10.11 21.577 10.31 .964 
. l o 4 3  14.06 29.228 14 .26  .979 
. lo35 17.99 30.898 1 8 - 1 9  .984 
.lo51 22.22 30.627 22.42 .992 
. l o 5 0  28.01 30.323 28.21 .991 
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TABLE 1V.- Continued 

(b) Concluded 

P i t o t  pressure  Tota l  temperaturc P i t o t  pressure  rota1 temperaturex ! x ~~ 

Y/S P d P o  Y / S  Y / S  Pt/Po Y/S 
~~ 

1.1500 0.1 0 1.276 10-3 0.30 0.665 1.1 420 0.1 0 1.271 x 10-3 0.30 0.671 

.1499 .14 1.325 .34 .666 .1420 .14 1 .356 .34 .673 

.1520 .30 2.009 .50 .679 .1400 .21 1.731 .41 .678 

.1520 .61 2.606 .81 .714 .1420 .38 2.197 .58 .696 

.1510 .91 3.1 08 1 .ll .755 .1420 .77 2.862 .97 .742 

.1530 .98 3.31 2 1.18 .761 .1430 1 .03 3.244 1 .23 .780 

.1550 1.26 3.718 1.46 .800 .1440 1 .ll 3.542 1 .31 .787 

.1530 1.63 4.502 1.73 .841 .1430 1.20 3.744 1 .41 .795 

.1540 2.45 6.388 2.65 .883 .1430 1.43 4.032 1.63 .827 

.1540 4.05 9.480 4.25 .go9 .1430 1.84 5.148 2.04 .859 

.1540 4.46 0.442 4.66 .91 5 .1440 2.01 5.307 2.21 .869 

.1540 5.57 .3.521 5.77 .924 .1440 2.41 6.609 2.61 .887 

.1560 6.05 5.658 6.25 .927 .1440 3.71 10.1 58 3.91 .908 

.1540 8.04 22.736 8.24 .950 .1440 5.01 12.371 5.21 .920 

.1550 0.03 !1 .792 10.23 .961 .1450 6.97 19.472 7.17 .939 

.1560 0.60 23.482 10.80 ,965 .1440 8.97 21 .275 9.17 .961 

.1570 1 .ll 24.221 1 1  .31 .970 .1440 0.03 22.534 10.23 .964 

.1570 1.62 !5.285 11.82 .975 .1450 1 .04 24.579 1 1  .24 .971 

.1560 4.03 29.107 14.23 .981 .1450 2.05 26.750 12.25 .977 

.1550 8.06 I1 .018 18.26 .985 .1450 6.04 30.665 16.24 .987 

.1550 22.18 IO. 705 22.38 .988 .1450 20.26 30.891 20.46 .994 

.1550 28.02 IO. 422 28.22 .994 


~ 

x P i t o t  pressure  rotal temperature P i t o t  pressure  rotal temperature 
~- L 

Y / s  Pt/Po Y/S Y /s Pt/Po 
~ 

1.2030 0.10 1.271 x 10-3 0.30 0.631 1.2030 0.10 1.261 x 10-3 0.30 0.634 

-2030 .14 1.273 .34 .633 .2040 .13 1.254 .33 .636 

.2040 .22 1.734 .42 .637 .2040 .29 2.062 .49 .646 

.2050 .41 2.403 .61 .655 .2050 .62 2.799 .82 .684 

.2050 .80 3.052 1 .oo .706 .2050 .92 3.232 1.12 .726 

.2050 1.03 3.387 1 .23 .742 .2050 .97 3.277 1 .17 .736 

.2050 1.12 3.535 1.32 .755 .2050 1 .26 3.723 1 .46 .777 

.2060 1 .23 3.620 1.43 .773 .2050 1 .64 4.448 1.84 .826 

.2060 1.43 4.117 1.63 .797 .2050 2.42 6.110 2.62 .880 

.2060 1.84 4.714 2.04 .845 .2060 4.05 9.51 9 4.25 .916 

.2060 2.01 5.246 2.21 .859 .2060 4.48 10.487 4.58 .916 

.2070 2.42 6.191 2.62 .882 .2060 5.56 13.952 5.66 .926 

.2070 3.68 8.907 3.88 .910 ,2070 6.06 15.543 6.26 .930 

.2070 5.03 1.624 5.23 .921 .2070 8.02 23.1 99 8.22 .948 

.2070 7.03 !O. 308 7.23 .937 .2070 0.03 21.557 10.23 .963 

-2070 8.99 !l .089 9.19 .958 .2070 0.61 23.409 10.81 .968 

.2080 '0.53 13.367 10.73 .964 .2070 1 .15 24.1 31 11.35 .971 

.2070 I1 .15 24.655 11.35 .970 .2080 4.06 29.506 14.26 * 979 

.2080 I1 .63 l5.662 11.83 .971 .2080 8.03 31.049 18.23 .985 

.2080 12.11 26.51 7 12.31 .975 .2080 12.22 30.833 22.42 .989 

.2080 16.04 30.51 9 16.24 .983 .2080 28.05 30.553 28.25 -997 

.2080 20.05 _----- 20.25 .989 


~ 
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TABLE 1V.- Continued 

( c )  X/S = 37.12 

P i t o t  pressure Tota1 temper a tur 1 

A -
Y / S  Pt/Po Y / S  %/To-­

1.051 E 0.1 c 1.365 x 10'- 0.30 0.770 
.051? .15 1.674 .35 -773 
.0521 .21 2.145 .41 .777 
.053( .30 2.757 .so .783 
,0539 ,49 3.355 .69 .783 
.052E .88 3.783 1 .08  .817 
.053E 1.12 4.357 1.32 .831 
.0547 1.23 4.402 1.43 .837 
.0531 1.29 4.508 1.49 .848 
.0532 1.53 4.961 1.73 .851 
.0549 1.91 5.725 2.11 .868 
.0540 2.09 6.115 2.29 .876 
.0532 2.51 7.160 2.71 .E83 
.0551 3.71 9.305 3.91 .go1 
.0534 5.08 11.726 5.28 .915 
.0538 7.07 14.993 7.27 .935 
.0556 9.05 18.108 9.25 .950 
.0551 10.33 21 .864 10.53 .953 
.0549 11.36 25.801 11.56 .962 
.0543 12.24 30.870 12.44 .966 
.0539 16.03 30.899 16.23 .978 
.0562 20.22 30.905 20.42 .985- _- . . ~ - _  ~-­

- -~- -~ 

P i t o t  pressure  rota1 temperatui 
A 

P i t o t  pressure
-

Tota l  temperatur 

Y / S  P d P o  Y/S %/To Y / S  P d P o  Y / S  
- . .__ . .  ~~ _ _  - ~~ ~ 

I .  0966 0.10 1.415 x 10- 0.30 0.734 0.1 01; 0.1( 1.373 x lo-: 0.30 0.736 
.0974 .16 1.589 .36 .741 .101: .lt 1.687 .36 .741 
.0971 .22 1.969 .42 .746 .lo1 I .3: 2.453 .53 .752 
.0975 .31 2.367 .51 .754 .lo22 .6; 3.042 .82 .775 
.0977 .51 2.907 .71 .765 .lo11 1.3( 4.000 1.50 .817 
.0970 .88 3.290 1.08 .790 .102; 1 .64 4.61 4 1.84 .842 
.0969 1.10 3.674 1.30 .804 .lo25 2.4E 6.436 2.68 .879 
.0982 1.20 3.866 1.40 .816 .1 025 2.91 6.890 3.11 .893 
,0985 1 .31 4.056 1 .51 .81 7 .lo35 3.25 7.582 3.49 .902 
.0977 1 .51 4.309 1 .71 ,831 .101� 4.09 9.348 4.29 ,914 
.0980 1.93 5.280 2.13 .854 .lo36 4.51 10.379 4.71 .919 
.0971 2.1 0 5.718 2.30 ,866 .lo42 5.59 12.036 5.79 .924 
.0979 2.50 6.521 2.70 .E83 .lo36 6.09 12.594 6.29 .932 
.0988 3.79 9.154 3.99 .911 .lo37 8 . i a  15.858 8.30 .947 
.0978 5.36 1.379 5.56 .928 .lo38 10.21 20.829 10.41 .959 
.0977 7.15 3.985 7.35 .942 .lo1 6 13.26 31 .880 13.46 .979 
.0983 9.16 8.405 9.36 .954 .lo31 14.12 30.285 14.32 .978 
.0974 10.66 !2.169 10.86 .965 .lo45 14.83 29.165 15.03 .981 
,0986 11.19 !4.500 11.39 .966 .lo29 17.77 29.454 17.97 .986 
.0978 12.16 17.81 2 12.36 .974 .lo36 20.25 29.386 20.45 .987 
.0974 16.13 !8.923 16.33 .984 .lo41 22.25 29.198 22.45 .995 

.lo40 28.04 29.409 28.24 .993 
- .~ ~~ ._._ __ ~-

x 



TABLE 1V.- Continued 

( c )  Concluded 

Pitot pressure 1 Total temperaturcx -

Y/ s  PtIPo Y / S  
~~ 

1.1525 0.1 0 1.335 x 10- 0.30 0.699 

.1547 .15 1.406 

.1566 .22 1 .811 

.1576 .30 2.513 

.1577 .48 2.573 

.1600 .87 3.1 33 

.1592 1 .oo 3.386 

.1599 1.23 3.602 

.1583 1.50 4.069 

,1572 1.90 4.873 

.1608 2.1 0 4.896 

.161 3 2.37 5.460 

.1613 3.61 8.260 

.1597 5.1 2 0.860 

.1616 7.09 14.220 

.1585 9.07 7.52 

.1626 10.66 22.19 

.1585 12.1 5 28.16 

.1611 16.1 2 29.67 


.35 -700 


.42 .706 


.50 .710 


.68 .721 

1.07 .745 

1.29 .164 

1.43 .776 

1.70 .796 

2.1 0 .829 

2.30 .845 

2.57 .857 

3.81 .895 

5.32 .915 

7.29 .931 

9.27 .948 


10.86 .959 

12.35 .970 

16.32 .984 


Pitot pressure 'otaltemperature 

x 

Y / S  Ptho 

1.1 549 0.10 1.375 x 0.30 0.703 

.1553 .14 1.498 .34 .705 

.1567 .32 2.306 .52 .716 

-1555 .63 2.873 .83 .735 

.1577 1 .26 3.566 1 .46 .779 

.1577 1.66 4.804 1 .86 .E09 

.1599 2.45 5.758 2.65 .860 

.1600 2.88 6.678 3.08 .878 

.1585 3.28 7.1 99 3.48 .e93 

.1577 4.06 9.036 4.26 .903 

.1607 4.49 9.988 4.69 .911 

.1614 5.58 1 .65 5.78 .923 

.1586 6.07 2.44 6.27 .928 

.1577 8 . 0 8  5.51 8.28 .943 

.I609 0.13 9.92 10.33 .954 

.1616 3.20 12.92 13.40 .912 

.1 581 4.09 12.10 14.29 .975 

.1624 4.84 10.14 15.06 .979 

.1622 ,7.67 19.80 17.87 .984 

.1610 20.1 9 !9.81 20.39 .987 

.1622 22.1 5 19.65 22.35 .986 

.1626 28.01 19.08 28.21 .992 


lota1 temperature x I, Pitot pressure 

Pt/Po 

1.1993 0.10 1.384 10-3 0.30 0.676 

.1994 .15 1.420 .35 .679 

.1997 .21 1.778 .41 .682 

.1996 .30 2.21 1 .50 .688 

.1999 .48 2.613 .68 .702 

.1999 .86 3.1 40 1 .06 .728 

.2000 1.08 3.442 1.28 .749 

.2003 1.22 3.634 1.42 .762 

.2006 1.30 3.825 1.50 .777 

.2006 1.52 4.262 1.72 .794 

.2006 1.90 4.641 2.1 0 .830 

.2009 2.08 4.944 2.28 .842 

.2007 2.49 5.681 2.69 .866 

.2011 3.72 8.890 3.92 .910 

.2009 5.10 0.73 5.30 .924 

.2013 7.13 3.68 7.33 .940 

.2011 9.17 7.58 9.37 .953 

.2013 10.60 !2.05 10.80 .962 

.2013 11.07 !3.38 11.27 .964 

.2013 12.10 !7.97 12.30 .968 

.2018 16.07 !9.15 16.27 .986 
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TABLE IV.- Continued 

(d) x/s = 67.12 

-~ 

P i t o t  pressure ‘0t a l  temperaturl P i to t  pressure rota1 temperaturi x - x 
Y/S Pt/Po Y/S Tt/To Y/S P d P o  Y/S %/To 

~ 
~ 

0.1024 0.10 1.451 x 10- 0.30 0.755 D.097f 0.10 1.446 x lo-. 0.30 0.768 
.lo27 .18 1.936 .38 .762 .0981 .14 1.743 .34 .774 
.lo41 .34 2.848 .54 .773 .0974 .32 2.955 .52 .787 
.lo51 .45 3.1 54 .65 .781 .098i .64 3.553 .84 .806 
.lo46 .57 3.41 9 .77 .785 .098� 1.25 4.211 1.45 .834 
.lo47 .69 3.819 .89 * 793 .0981 1.64 4.721 1.84 .849 
.lo47 .85 3.692 1.05 .796 .098i 2.45 5.908 2.65 .875 
.lo54 1.24 4.173 1.44 .820 .097? 2.89 6.849 3.09 .a90 
.lo49 1.47 4.391 1.67 .828 .0986 3.29 7.508 3.49 .899 
.lo61 1.66 4.670 
-1057 1.89 5.205 

1.86 
2.09 

.837 

.844 
.0982 4.07 9.292 
.0971 4.51 9.863 

4.27 
4.71 

.g09 

.917 
.lo75 2.30 5.801 2.50 .856 -0984 5.59 1.69 5.79 .930 .1 071 2.50 6.011 2.70 .865 .0983 6.05 1.90 6.25 .934 
.lo72 2.85 6.567 3.05 .873 .0995 8.07 5.61 8.27 * 945 
.lo55 4.06 9.041 4.26 .902 .0989 0.1 4 9.11 10.34 .955 
.lo77 5.44 1.38 5.64 .917 .0989 3.19 4.86 13.39 .974 
-1083 6.64 3.15 6.84 .926 .0996 4.07 6.1 9 14.27 .979 
-1055 7.75 4.95 7.95 .938 -0993 4.80 7.53 15.00 -978 
.lo66 8.80 6.91 9.00 .943 -0975 7.71 2.83 17.91 .985 
.lo90 0.1 0 9.48 10.30 .953 .0996 0.22 5.86 20.42 .983 
.lo93 1.12 1 .76 1 1  .32 .957 .0987 2.29 9.43 22.49 .986 
.lo74 1.69 2.99 11.89 .963 .0985 8.04 9.16 28.24 .993 
.lo83 3.94 5.70 14.14 .975 
-1092 5.20 7.89 15.40 .979 
.lo87 6.33 0.27 16.53 .978 
.lo87 7.65 2.63 17.85 .982 


-. ~ 

- ~ 

Pi to t  pressure rota1 temperaturl P i to t  pressure Cotal temperaturex x 
-

3.1 401 0.lC 1.441 x lo-: 0.30 0.752 1.1 489 0.1 0 1.448 x lo-: 0.30 0.738 
.1405 .12 1.476 .32 .755 .1485 .14 1.565 .34 .742 
.1422 -19 1.953 ,39 .761 .1482 .19 1.916 .39 .749 
.1411 .28 2.480 .48 .768 .1483 .28 2.51 8 .48 .752 
.1436 .48 3.1 95 .68 .783 .1491 .44 3.042 .64 .761 
.142C .82 3.529 1.02 .798 .1460 .63 3.384 .83 .772 
.1426 1.08 3.822 1.28 -815 .1476 1.25 3.881 1.45 .806 
.1435 1.19 4.064 1.39 .e19 .1470 1.64 4.472 1.84 . a 2 2  
.1416 1.27 3.91 4 1.47 .824 .1482 2.45 5.691 2.65 .856 
-1425 1.50 4.251 1.70 -834 .1474 2.89 6.293 3.09 .876 
-1 41 6 1.87 4.931 2.07 .a49 .1477 3.28 7.217 3.48 - 8 8 2  
.1437 
.1446 

2.07 5.31 5 
2.47 5.961 

2.27 
2.67 

.860 

.875 
.1503 4.05 
.1498 4.48 

8.380 
0.981 

4.25 
4.68 

.g01 

.911 
-1 400 3.68 8.007 3.88 .904 -1492 5.58 1.1 36 5.78 ,921 
.1426 5.09 10.53 5.29 -926 .1486 6.07 2.023 6.27 .927 
-1450 
.1432 

7.07 13.32 
9.04 17.10 

7.27 
9.24 

-945 
- 954 

.1492 8.18 

.151 3 10.25 
5.948 
9.084 

8.38 
10.45 

,943 
.956 

.1418 0.55 19.86 10.75 .961 .1493 I 3..20 4.680 13.40 -970 

Y/S Pt/Po Y/S %/To Y/S Y/S Tt/To 

.1440 1.06 21.18 11.26 ,971 ,1522 14.14 6.631 14.34 .978 


.1440 2.08 22.81 12.28 .971 .1527 14.70 7.61 4 14.90 .980 

,1405 6.06 28.90 16.26 .982 	 .1530 17.71 2.867 17.91 .983 


.1532 20.1 9 7.736 20.39 .989 


.1517 22.24 9.872 22.44 -986 
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TABLE 1V.- Continued 


(d) Concluded 


x 
Pt/Po P d P o  

0.2094 0.10 1.413 x 0.30 0.71 5 3.2025 0.10 1.413 x l o q 3  0.30 0.723 
-21 04 .14 1 .433  .34 -71 7 .2037 .15 1.488 .35 ,724  
.2108 .20 1 .874 - 4 0  .722 -2046 - 3 2  2.529 .52 .735 
.2113 .29 2.366 .49 .728 -2053 .64 3.211 - 8 4  .753 
.2117 .49 2.956 -69  .740 .2056 1 .28  3.834 1.48 ,786  
.2124 .85 3.497 1 .05 -759  -2063 1 .63  4.401 1 .83  -804  
.2128 1.09 3.706 1.29 .772 -2064 2.47 5.432 2.67 .845 
.2132 1 .22  3.839 1 .42  .778 ,2066 2.89 6.502 3.09 ,867  
,2129 1 .32  4.032 1 .52  .786 -2069 3.29 7.037 3.49 .E81 
.2135 1.52 4.196 1.72 .795 .2072 4.09 8.368 4.29 .g01 

,2138 1.90 4.787 2.1 0 .81 6 ,2073 4.50 9.484 4.70 .908  
.2139 2.09 4.950 2.29 .a22  .2074 5.55 10.91 5.75 .927 
.2141 2.48 5.642 2.68 ,849  -2079 6.09 12.10 6.29 .929 
.2149 3.86 7.978 4.06 .893 .2083 8.11 14.26 8.31 ,947  
.2150 5.18 0.940 5.38 .91 8 .2085 0.16 19.56 10.36 -958  
-21 52 7.13 2.884 7.33 .935 -2086 3.27 24.55 13.47 .977 
,2152 9.1 5 6.597 9.35 ,949  ,2089 4.09 26.43 14.29 .974 
.2154 0.67 9.919 10 .87  .961 .2090 4.81 28.00 15.01 .980 
.2153 1.28 1 .869 11.48 .961 .2094 7.74 33.11 17.94 .984 
.2155 1 2.1 6 2.598 12.36 -970  .2094 0.24 37.63 20.44 .989 
.2152 16.1 6 0.031 16.36 .982 -2096 4.41 29.54 24.61 .992 

,2098 6.85 29.51 27.05 .994 

Pitot pressure rota1 temperature Pitot pressure 'otal temperature 


-
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TABLE IV.- Continued 

(e) x/s = 107.12 

P i t o t  pressure  rota1 temperature P i t o t  pressure  rota1 temperaturex A - ~~ 

Y/S Tt/To Y/S P d P o  Y/S Tt/To
- ~ ~ 

I .  0485 0.10 1.502 x lo-; 0.30 0.780 0.0485 0.10 1.489 x 10-3 0.30 0.783 
.049E .15 1.510 .35 ,783 -0490 .15 1.477 .35 -789 
.0487 -21 2.051 .41 ,792 .0490 

,0486 .30 2.804 .50 .eo0 ,0513 

.0485 .49 3.677 -69 .a19 .0504 

,0496 .87 4.311 1.07 -838 -0514 

-0506 1-10 4.579 1.30 .850 .0508 

-0494 1.21 4.754 1 .41 * 853 .0500 

.0486 1.29 5.013 1.49 -857 .0502 

-0488 1.51 5.230 1.71 .864 .0500 

,0491 1.87 5.820 2.07 -876 -0499 

.0493 2.12 6.228 2.32 .878 ,0509 

.0507 2.51 6.550 2.71 .e90 ,0516 

,0491 3.65 8.544 3.85 .906 .0511 

,0503 5.15 10,757 5.35 -925 -0498 

-0488 7.07 13.460 7.27 .937 .0510 

,0493 9.16 17.009 9.36 * 955 -0509 

.0496 10.63 19.531 10.83 .963 .0504 

.0499 11.19 21.152 11.39 .965 .0509 

.0492 2.15 23.061 12.35 -971 -0497 

.0494 6.08 29.167 16.28 .982 .0515 


,0507

I 


‘o ta l  temperature
x x 


Y/S PtlPo Y/S T d T O  
~ 

1.0973 0.10 1.478 x lo-- 0.30 0.772 I .  0961 
-0988 .15 1.744 .35 ,776 -1016 

.0977 .21 2.236 .41 .783 .loo8 

.lo02 .30 2.869 .50 .789 .lo36 

.0985 .50 3.499 .70 -803 .lo46 

.0965 .87 4.099 1.07 .818 -1103 

.0988 1.11 4.316 1 .31 .a33 -1075 

.0995 1.21 4.258 1 .41 .a37 .1114 

,0984 1.30 4.647 1.50 -840 ,1106 

,0970 1.53 4.708 1.73 .846 .lo79 

,1016 1.91 5.21 7 2.11 .856 .1121 

.lo18 2.10 5.534 2.30 .861 -1122 

.0989 2.48 6.356 2.68 .871 -1133 

,1012 3.71 7.761 3.91 -896 .lo26 

.0992 5.14 0.43 5.34 .917 -1089 

.0991 7.16 3.27 7.36 f 934 ,1149 

,0973 9.15 6.80 9.35 .949 ,1138 

-1029 10.65 9.17 10.85 .956 .1123 

.lo34 11.21 9.95 11.41 ,964 -1094 

.lo40 12.33 2.49 12.53 .972 .lo89 

.0994 16.00 8.49 16.20 .982 -1136 


.31 3.064 .51 .806 


.64 4.077 .84 .828 

1.26 4.826 1.46 .e54 

1.65 5.382 1.85 .863 

2.47 6.720 2.67 ,880 
2.88 6.924 3.08 .a93 

3.27 7.888 3.47 .e93 

4.07 9.510 4.27 .906 

4.47 10.714 4.67 .914 

5.61 11.345 5.81 .925 

6.67 1 1  -95 6.27 .929 

8.12 15.25 8.32 * 944 
10.20 18.73 10.40 ,958 
13.18 24.65 13.38 .972 
14.14 25.66 14.34 .979 
14.86 27.85 15.06 -979 
17.68 29.92 17.88 .983 
20.24 29.99 20.44 .985 
22.18 30.16 22.38 ,984 
28.03 32.86 28.23 .988 
~ 

P i t o t  pressure  Pot a l  temper atur E 
~ 

P t h o  Y/S W T o  

0.10 1.461 x 1 0-3 0.30 0.785 
.15 1.799 ,35 .785 

.30 2.852 -50 .792 

.65 3.712 .85 .814 


1.28 4.409 1.48 ,838 

1.68 4.903 1.88 .850 

2.48 5.799 2.68 .867 

2.89 6.412 3.09 * 874 
3.30 7.002 3.50 .884 

4.07 8.635 4.27 .898 

4.50 9.054 4.70 .904 

5.71 1.20 5.91 .922 

8.13 4.48 8.33 .942 

0.24 8.29 10.44 .954 

2.89 t3.72 13.09 .965 

4.05 t5.94 14.25 .976 

5.01 !6.72 15.21 .979 

7.73 10.33 17.93 -984 

i0.29 10.70 20.49 .986 

!2,25 I1 .ll 22.45 .988 

B.06 16.34 28.26 ,992 


~ 
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TABLE 1V.- Concluded 

(e) Concluded 

P i t o t  pressurex 
Y/S P d P o  

1.1496 0.10 1.425 x 

-1490 .12 1.425 

.1485 .17 1 .835 

,1507 .26 2.569 

.1504 .45 3.275 
.1 496 .83 3.694 

.1520 1.06 4.071 

.1512 1.17 4.103 

,1510 1.26 4.297 

,1525 1.47 4.559 

.1525 1.87 4.998 

.1522 2.06 5.263 

.1528 2.48 5.742 

,1536 3.63 7.662 

.1515 5.03 0.16 

,1544 7.03 2.47 

,1546 9.01 6.19 

.1547 0.53 9.41 

-1549 1 .05 9.69 

,1549 2.05 !le71 

.1551 6.06 M.81 


P i t o t  pressure
x 


Y/S PtIPo 
. .  

'0t a l  temperaturt 

0.30 0.765 

.32 -766 

.37 .773 

.46 .779 

.65 .793 


1.03 .a12 

1.26 ,824 

1.37 .827 

1.46 .830 

1.67 .a39 

2.07 .a49 

2.26 .a55 

2.68 .866 

3.83 .a97 

5.23 .918 

7.23 -938 

9.21 .949 

10.73 ,962 

11.25 ,962 

12.25 -969 

16.26 .981 


b t a l  temperature 

x 


1.1462 

.1479 

.1463 

,1484 

.1479 

-1490 

.1492 
.1 480 

,1491 

.1485 

-1474 
.1 497 

.1475 

.1485 

.1472 

.1476 

.1476 

- 1  481 

.1478 

.1484 

.1482 

-1485 


x 


1.2084 

.2088 

-2093 

-2101 

.2105 

.2111 

-2114 

-2117 

-2120 

.2123 

-2125 

-2127 

.2129 

.2130 

-2134 

-2137 

.2137 

.2140 

.2140 

.2143 

-2145 

-2146 


P i t o t  pressure  'otal temperature 

Y/S Pt/Po Y/S Tt/To 

0.10 1.414 x loq3 0.30 0.760 

-12 1,420 .32 .763 

.29 2.657 .49 .778 

.60 3.491 - 8 0  * 799 


1.23 4.191 1.43 .825 

1.60 4.739 1.80 -837 

2.42 5.51 7 2.62 .860 

2.88 6.315 3.08 -872 

3.27 7.367 3.47 .880 

4.04 8.736 4.24 .a97 

4.46 8.937 4.66 ,906 

5.55 0.70 5.75 .921 

6.04 1.94 6.24 .928 

8.07 4.54 8.27 .943 

0.13 8.25 10.33 .958 

3.17 !4.61 13.37 ,968 

4.06 !5.70 14.26 .971 

4.76 !7.11 14.96 .975 

7.65 10.06 17.85 .983 

20.18 10.72 20.38 ,986 

t2.13 IO. 87 22.33 .987 

28-36 16-65 28.56 -991 


P i t o t  pressure  lotal temperatur e 

Y/S Pt/Po 

0.10 1.508 x 10-3 0.30 0.735 

.12 1.403 .32 -737 

-28 2.502 .48 -751 

.58 3.294 -78 .772 


1.24 4.01 1 1.44 .798 

1.62 4.489 1.82 .814 

2.41 5.571 2.61 .841 

2.85 6.222 3.05 -851 

3.25 6.663 3.45 .863 

4.04 7.721 4.24 - 8 8 8  

4.45 8.439 4.65 ,885 

5.54 i 0.607 5.74 .915 

6.02 1.541 6.22 -920 

8.03 4.31 9 8.23 .940 

10.10 7.882 10.30 -954 

13.15 23.753 13.35 .971 

14-02 !5.364 14.22 .971 

14.75 26.816 14.95 * 979 

17.65 10.140 17.85 -983 

20.14 11.190 20.34 -986 

22.09 11.346 22.29 .987 

27.92 !3.895 28.12 -958 


1.1964 0.10 1.433 10-3 0.30 0.746 

.1976 .12 1.467 .32 .749 

.1986 .18 1.918 -38 -755 

,1993 .27 2.545 .47 .761 
,1999 -46 3.215 -66 ,773 
-2003 .84 3.754 1.04 .791 
-2008 1-08 3.957 1.28 - 802 

.2011 1.19 4.095 1.39 .808  

.2016 1.27 4.202 1.47 .807 

-2017 1.48 4.471 1.68 -816 

-2022 1-89 5.054 2.09 -829 

.2023 2.06 5.101 2.26 .a37 

,2027 2.46 5.546 2.66 -850 

-2030 3.69 7.209 3.89 -882 

.2034 4.77 9.642 4.97 904 

.2038 5.06 0.337 5.26 -911 

.2042 7.06 2.429 7.26 -932 

-2044 9.04 5.004 9.24 -949 
-2046 0.57 8.669 10.77 -961 
.2048 0.65 9.694 10.85 -961 

.2049 2.07 !1 .302 12.27 .967 

.2051 6.04 !E. 486 16.24 -980 
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TABLE V.- THEORETICAL PROFILES OF PI"! P R E S S W  WITH SINGLE SLOT 

[s = 0.254 cm] 

~ ~~ ~ 

Downstream of slot 
Upstream of slot 

= 0.15 x = 0.20 

x/s = -1.97 X/S = 5.8 1 x/s =;7.12 x/s = 67.12 x/s = 5.8 x/s = 17.12 x/s = 67.12 
-

Y / S  Pt/Po Y/S P t h o  
~~ 

0.0523 0.9854 x 0.2025 1.018 x 10-3 0.3239 1.416 x lo-: 
.1230 1 .835 .3083 1.057 .4701 1 .802 
.2084 2.697 .4342 2.366 .6631 2.461 
.3145 3.420 .5907 2.566 .914f 3.416 

Y/S P t h o  
-
0.31 26 1.548 x 10-3 
.4486 1 .a99 
-6248 2.377 
.E598 3.107 

.4491 4.074 .EO39 2.540 1.240 


.6216 4.704 1.128 2.946 1.659 


.a439 5.343 1.592 4.558 2.194 


4.352 1.178 4.151 
5.321 1.597 5.165 
6.355 2.135 6.237 

1.131 6.01 4 2.152 6.016 2.868 7.449 2.815 7.375 
1.150 6.732 2.835 7.361 3.720 8.654 3.670 8.565 2.169 6.871 
1.980 7.556 3.680 8.662 4.780 10.229 4.738 10.08 2.840 7.755 
2.592 8.549 4.731 10.16 6.074 12.281 6.045 12.12 3,704 8.704 
3.368 9.743 6.022 12.13 7.625 14.987 7.610 14.83 4.808 10.00 
4.343 1.18 7.575 14.78 ~ 9.452 18.570 9.449 18.42 6.177 11.96 
5.554 3.05 9.402 18.36 11.57 23.08 7.804 14.91 11.49 123.02 11.58 22.94 7.819 14.77 
7.024 5. 72 11.52 22.87 14.05 27.93 9.710 18.65 16.95 30.44 14.07 27.84 9,736 18.51 
8.766 9.25 13.98 27.81 17.07 30.44 11.91 23.20 20.99 30.49 17.10 30.43 11.95 23.08 
IO. 81 3.64 16.99 30.78 21 .16 30.49 14.49 27.96 21.18 30.49 14.53 27.88 
13.20 8.33 21.03 30.49 17.64 30.45 17.69 30.45 
16.17 0.46 21 -89 30.49 21.94 30.49 
20.19 0.49 



0.051 8 
.0523 
.0525 
.0526 
,0527 
,0528 
.OS29 
.0531 
,0531 
.OS31 
,0533 
.0533 
.0535 
.0536 
-0536 
.0537 
,0536 
-0537 
,0538 
.os38 
,0539 

TABLE VI.- PROFILES OF PITOT PRESSURE AND TOTAL TEMPERATURE MEASURED DOWNSTREAM OF TWO SLOTS 


= 0.254 cm] 

(a) x/s = 17.12 

Y/S Pt/Po Y/S I x1 
A2 -

Pt/Po Y/S 

0.0492 0.1 0 1.405 x 0.30 0.725 10.0486 0.0475 0.1 0 1.351 x l o m 3  0.30 0.732 
.0500 .13 1.393 .33 .725 ,0490 .0475 .12 1.435 .32 .735 
.0507 .18 1.677 -38  .730 .0498 .0481 -26  2.077 .46 ,747 
.0503 .27 2.031 .47 .736 ,0502 .0481 .59 2.703 .79 .771 
.OS1 1 .46 2.463 -66  .751 .0504 ,0484 1:22 3.723 1.42 .E18 
-051 2 .85 3.053 1 .05 .781 .0507 ,0495 1.60 4.31 8 1 .80 .E46 
.0500 1.08 3.471 1.28 .796 .0509 .0498 2.36 5.728 2.56 -876 
-051 7 1.18 3.542 1.38 .E08 .0507 .0492 2.83 6.608 3.03 .E85 
.0502 1.27 3.682 1.47 -81 4 -051 0 .0486 3.27 6.980 3.47 .E93 
.0517 1.48 4.105 1.68 .E29 ,051 2 .0496 4.14 8.926 4.34 ,906 
.0519 1.89 4.961 2.09 .E51 -051 2 .0496 4.46 8.808 4.66 -91 4 
.OS1 4 2.08 5.289 2.28 ,864 .0512 -0500 5.50 11.276 5.70 .925 
.OS09 2.45 5.884 2.65 ,869 -051 4 .0498 6.02 13.794 6.22 ,927 
-0521 3.67 8.145 3.87 .E92 .0515 ,0499 8.07 17.806 8.27 .947 
.0526 5.07 0.554 5.27 .912 -051 5 .0499 I O .  09 19.270 10.29 .959 
.OS26 7.06 6.270 7.26 ,928 ,051 5 .0494 13.12 25.31 2 13.32 ,972 
.OS20 9.02 8.113 9.22 .954 .0515 .OS06 13.98 26.269 14.18 .977 
.OS25 0.56 !O. 281 10.76 .962 .0516 .0505 14.70 27.076 14.90 ,982 
.0527 1.04 !1 -300 11 -24  .963 .0517 .0491 17.61 29.591 17.81 .984 
.0523 2.08 !3.239 12.28 .972 -051 7 .0502 20.03 32.033 20.33 .989 
.0531 6.01 !E. 81 1 16.21 .979 ,051 8 -0500 22.02 34.667 22.32 .986 

.0519 .OS05 27.80 39- 522 28.1 0 .990 

Pitot pressure
Pitot pressure lotal temperature .-rota1 temperature 

Y/S 


-



W m 

TABLE VI.- Continued 


(a) Continued 


Pitot pressure Total temperature 

A1 A2 

Y/S I PtiPo 

0.0986 0.1007 0.10 1.272 x 
.0987 .lo08 .12 1.256 

.0992 .lo18 .16 1.380 I 
.0992 .lo20 .25 1.752 


Y / S  I Tt/T, 
0.30 

.32 O:::: ,
.36 .675 

* 45 -683 
.65 ,700 


1.02 .725 

1.23 ,753 

1.37 .766 

1.45 .776 

1.65 .794 

2.03 .820 

2.22 -835 

2.64 .E55 

3.84 .891 

5.25 .913 

7.18 .934 

9.22 ,953 

10.71 -961 
1 1  -19 .965 
12.24 .972 
16.24 ,979 1 

Pitot pressure Total temperature 

A1 A2 


Y/S Pt/Po Y/S Tt/T, 


0.1000 0.1039 0.10 1.274 x 0.30 0.627 
-1006 .lo40 - 1 1  1.274 .31 ,659 

1 .lo091 .lo35 .17 1.384 .37 .658 
' .lo13 .1045, .26 1.718 .46 .667 
-1015 .lo30 .59, 2.309 .79 ,693 



TABLE VI.- Continued 

(a) Concluded 

P i t o t  p r e s s u r e  T o t a l  t empera tu re  P i t o t  p r e s s u r e  Total  t empera tu re  
A1 A2 - A1 A2 -

Y/S P t h o  Y/S Tt/To Y/S Pt/Po Y/S Tt/To 

0.30 0.633 

-35 .637 

.41 .642 

.72 .669 


1.36 ,736 

1.75 .772 

2.54 .828 

2.95 .849 

3.40 .865 

4.15 .885 


4.401 2.22 .799 4.60 .895 

4.803 2.60 .828 5.65 -910 


.1515 ,1461 3.57 6.491 3.77 .868 .1429 .1429 5.94 11.661 6.14 .917 

,1513 .1467 4.01 7.198 4.21 ,880 .1429 .1379 7.98 18.817 8.18 ,940 

.1519 .1469 5.01 9.467 5.21 ,902 .1430 -1418 10.04 19.026 10.24 .960 

.1518 -1467,6.97 14.839 7.17 .924 -1431 ,1423 13.08 25.048 13.28 .969 

.1521 .1507 8.97 19.994 9.17 .935 -1432 -1424 13.95 25.560 14.15 .976 

.1527 .1471 10.47 19.609 10.67 .957 -1433 -1382 14.66 26.861 14.86 .979 

.1522 .1472 10.95 20.257 11.15 .959 ,1432 .1433 17.59 29.344 17.79 .985 

.1527 ,1474 12.00 22.585 12.20 ,966 -1436 -1435 20.06 31.813 20.26 .987 

.1529 .1475 15.94 28.672 16.14 .977 .1434 ,1424 22.27 34.424 22.47 .989 


,1434 .1384 27.83 28.906 28.03 .995 


W 
4 




w 
03 


TABLE VI.- Continued 

(b) x / s  = 67.12 

I Pitot pressure Total temperature Pitot pressure Total temperature 

1.409 x 

1.822 
0.30 0.759 

-36  .766 I 0.772 

.0497 ,0502 1 - 1 9  
,0499 .0509 1.56 
.0499 .0507 2.38 
.0499 ,0507 2.82 
.0500 .0514 3.20 
.0500 .0513 3.98 
.0502 .0511 4.41 

1.804 
2.767 .54 
3.524 i77 
4.238 1.43 
4.599 1.80 
5.927 2.62 
6.466 3.06 
7.233 3.44 
8.118 4.22 
9.599 4.65 

2.256 .42 ,774 
2.973 .61 .787 
3.659 .99 -810 
4.023 1.21 .821 
3.927 1.32 -827 
4.067 1 .41 .831 
4.418 1.60 ,837 
4.820 2.00 .850 
5.095 2.25 .858 
5.643 2.59 ,867 
7.222 3.80 ,891 
8.208 4.21 .898 
9.894 5.17 ,907 

,787 
.803 
-827 
.840 
.861 
.871 
.882 
.894 
.899 
.913 
.920 
.933 
,949 
.965 
.973 
.975 
,980 
,978 
.985 
.994 

,0494 -0505 1.01 
.0494 .0514 1.12 
,0494 .0513 1.21 
.0495 .0514 1.40 
,0494 .0513 1.80 
.0496 .0513 2.05 
.0496 .0504 2.39 
.0496 .0521 3.60 
.0497 .0515 4.01 
.0496 .0519 4.97 

.0501 .0511 5.51 11.170 5.75 

.0501 ,0508 6.00 11.290 6.24 

.0502 .0509 7.96 14.743 8.20 

.0503 .0512 10.05 18.319 10.29 

.0504 ,0525 13.13 23.507 13.37 
,0505 .0516 14.01 24.648 14.25 
.0504 -0513 14.70 26.015 14.94 
.0505 ,0510 17.59 30.880 17.83 
,0505 .0517 20.09 33.490 20.33 
.0505 .0515 22.10 29.548 22.34 
.0506 ,0508 27.92 30.448 28.26 

.0497 .0519 6.97 12.626 7.17 .933 

.0498 -0511 9.02 15.676 9.22 .945 

.0499 .0499 10.47 17.925 10.67 .959 

.0500 .0506 10.92 19.931 11.12 ,955 

.0500 -051 2 12.04 21.264 12.24 .965 

.0500 -0505 15.97 27.871 16.17 -979 

I 



TABLE VI.- Continued 


(b) Continued 


;y-
Pitot pressure Total temperature 

I A1 A2 -

I , Y/S Pt/Po Y/S Tt/ToI 
I <A­

0.0987 0.0988 0.10 1.359 x 0.34 ~ 0.743 
-0985 ,09851 .13 1.366 .37 I .746 
.0988 .0993 .24 2.100 .48 

10.1072 0.1042 0.10 1.312 x 
; 	 -1095,-1081 .14 1.548 

.1 1 1 1  

0.34 

.38 

.48 

-80 


1.50 

1 .82 

2.61 

3.05 

3.45 

4.25 

4.69 

5.76 

6.24 

8.22 


10.33 

13.35 

14.26 

14.95 

17.84 

20.35 

22.47 


0.755 

.756 

.759 

.774 

,797 

.81 1 

-839 

,851 

.E61 

-879 

.E89 

.910 

.913 

.934 

.947 

.963 

.972 

.969 

,987 

-989 

,981 


.755 


.768 


.783 


.796 


.E03 


.E00 

-811 

.E29 

.E38 

.E48 

.E78 

.905 

.930 

.964 

.954 

.956 

-975 

-980 

.991 


.1109 .24 2.178 

.l 1 49 ' .56 2.938 

.1149, 1.26 3.673 
,1099 1.58 3.840 
,1147 2.37 4.946 
.1123 2.81 ' 5.261 
.1141 3.21 5.583 
.1170 4.01 6.669 
.1152 4.45 7.436 
-1140 5.52 9.105 
,1105 6.00 10.262 
-1144 7.98 12.892 
.1166 10.09 17.982 

.0990 .0985 -44 2.913 .68 

.0991 .0972, .75 3.267 i 1-03 
,1121

i .1130 
i -1134 
.1137 

.1140 

.1141 

.1144 

-1145 

-1148 

,1149 

-1148 

.1147 

-1149 


.1152 


.1152 

-1154 


.0994 -1035:1-09 3.599 ' 1.33 

.0994 .0993 1.18 3.650 ~ 1.42 
,0995 .1025, 1.26 ' 3.797 ' 1-50 
.0995 .lo12 

,0996 .0990 

.0998 .0980 

,0999 .lo10 

,0999 .0993 

.0998 ,0950 

.0998 .0992 

,0999 .lo10 

.lo00 .lo07 


1.43 3.909 1.77 

1.87 4.347 2.11 

2.03 4.670 
 2.27 


2.64 

3.88 

5.25 

7.28 

9.24 

10.73 

11.28 

12.26 

16.24 

28.11 


2.40 5.101 

3.63 6.577 

5.01 8.731 

7.04 11.490 




IP 
0 


TABLE VI.- Concluded 

(b) Concluded 


~

I Pitot pressure lotal temperature Pitot pressure 

Y/S 


1.356 x 1 0-3 0.1526 1.1 472 0.10 1.354 x 10'3 0.34 0.723 
.1481 1.493 .1531 .1494 .15 1.347 .39 .727' 
.1483 -1442 2.099 .1535 .1481 .25 2.003 .49 
.1483 2.649 .748 .1536 ,1489 .56 2.898 .80 
.1484 .1437 .79 3.198 .1540 .1487 1.19 3.609 1.43 
.1488 .1440 1.02 3.511 .1540 ,1496 1.53 3.735 1.77 
.1491 .1445 1.15 3.541 1.39 .777 .1541 .1491 2.37 4.813 2.61 .826 
.1492 .1457 1.23 3.536 1.47 ,783 .1542 .1500 2.82 5.382 3.06 ,846 
.1495 ,1440 1.44 3.911 1.68 .790 .1548 ,1505 3.20 5.651 3.44 , .E56 
.1496 .1455 1.84 4.121 2.08 .E13 .1546 .1508 3.99 6.905 4.23 .E77 
,1496 .1460 2.02 4.356 2.26 .E16 ,1549 ,1507 4.43 7.399 4.67 .E91 
,1498 .1446 2.41 4.877 2.65 .E29 .1549 ,1506 5.50 9.332 5.74 .910 
.1497 .1445 3.63 6.289 3.87 .E68 ,1553 .1508 6.03 IO. 546 6.27 .921 
.1499 .1451 5.01 8.342 5.25 .900 .1552 .1510 7.98 12.383 8.22 .939 
.1500 .1466 6.98 11.919 7.22 .929 ,1555 .1506 10.08 16.331 10.32 ,953 
-1498 .1450 9.00 14.004 9.24 .946 .1555 ,1508 13.12 22.096 13.36 .966 
,1502 ,1459 10.49 17.798 10.73 .952 .1555 .1519 14.06 23.991 14.30 .972 
-1501 .1465 11.04 18.152 11.28 .957 .1557 .1524 14.71 24.993 14.95 ,973 
,1505 .1454 11.97 19.925 12.21 ,962 .1558 ,1516 17.63 30.173 17.87 .979 
.1505 .1463 15.99 27.161 16.23 .976 .1559 .1527 20.19 35.686 20.43 .9a4 



TABLE VI1.- PROFILES OF PITOT PRESSURE AND TOTAL TEMPERATURE MEXSURED DOWNSTREAM OF THREE SLOTS 

[s = 0.254 cm] 

(a) x/s = 17.12 

~ ~ _ _ _ -
Pi to t  p r e s s u r e  T o t a l  t empera tu re  Pitot  pressure T o t a l  t e m p e r a t u r e  

A1 A2 A3 - A1 1 2  A3 -
Y/S P d P o  Y/S Tt/To Y/S P d P o  Y/S %/To 

1.0525 0.0497 0.0510 0.10 1.319 X 0.34 0.719 0.0512 0.0478 0.0487 0.10 1.309 x 0.34 0.737 

-0534 .0501 .0517 .14 1.301 .38 .T22 -051 5 -0480 .0486 .16 1.348 .40 * 743 

,0535 .0504 .0507 .21* 1.462 * 45 .728 -0516 ,0482 .0493 .24 1.781 .48 .750 

.0537 ,0505 .0512 .34 2.036 .58 .736 -0517 -0484 ,0483 -57  2.444 -81  ,771 

,0538 .0506 .0526 - 4 2  2.183 -66  -742  -051 9 .0484 .0494 1.21 3.371 1.45 .e19 

-0540 .0508 .0515 .78 2.743 1.02 .774 .0519 .0484 .0493 1.58 3.939 1 .82 .841 

.0541 -0509 .0506 1.04 3.250 1.28 .789 ,0521 ,0485 .0488 2.38 5.455 2.62 .870 

.0542 .0509 .0520 1.13 3.133 1.37 .797 .0521 .0486 .0487 2.84 5.721 3.08 .E78 

,0542 .0509 .0503 1.23 3.459 1.47 -801 .0523 ,0487 .0501 3.21 6.732 3.45 .884 

.0542 .0509 .0522 1.24 3.453 1.48 .801 -0524 .0488 ,0505 4.00 7.525 4.24 ,897 

.0544 .0510 .0514 1.45 3.785 1.69 ,810 ,0525 .0488 .0501 4.44 8.335 4.68 .903 

-0544 -051 1 .0532 1.82 4.510 2.06 .e37 - 0526 .0490 .0509 5.51 10.560 5.75 .915 

.0545 .0511 .0523 2.02 4.671 2.26 .849 -0526 .0490 ,0510,  6.01 12.036 6.25 .920 

.0546 .0511 .0533 2.40 ~ 5.281 2.64 -855  .0527 -0490 16.999 , 8.23 .944 

.0547 .0512 3.88 .E80 - 0527 -0491 18.469 10.31 -955  

-0548 .0514 5.23 .900 .0528 .0491 23.152 13.38 .973 

,0548 .0514 7.26 .921 ,0528 .0492 25.662 14.23 .975 

.0550 -051 3 .0528 - 0491 25.823 14.98 ,976 

.0550 -051 4 -0530 -0493 29.047 17.84 .985 

-0551 .0514 .0530 -0493 31 .200 20.34 ,987 

.0551 .0514 12.22 -0531 .0493 32.123 22.22 .985 

,0552 -051 6 16.22 

,0553 ,051 6 

-0553 ,051 7 




TABLE VI1.- Continued 

(a)  Continued 

Pitot pressure Total temperature 
~ 

Pitot pressure lotal temperature 


Y/S PdPo Y/S Tt/To 


0.10 1,275 x lo-; 0.34 0.669 

-14 1.259 .38 .672 


11 


1.1200 

-1205 

.1166 

.1136 

.1123 

.1120 

-1119 

.1121 

.1123 

.1124 


A2 A3 

Y/S Ptho Y/S 


0.1090 0.1077 0.10 1.468 x 0.34 

Tt/To 


0.665 

,660 

.668 

.674 

.686 

.718 

.740 

.751 

.a08 

.773 .1116 .lo10 -0997 

-803 .1118 ,1011 .lo03 

-807 .1122 .lo12 .0993 

-833 .1122 ,1013 .0988 

.870 .1123 .lo15 .0982 


.lo96 .lo87 -15 1.269 - 39 

.lo60 .lo68 .21 1.437 .45 

.lo30 -1035 .28 1.706 * 52 

.lo19 .lo08 .41 1.953 - 65 

.lo15 -1006 -79 2.426 ' 7-03 

.1016' .lo14 1.02 2.748 1.26 


.lo16 .lo01 1.13 2,921 1-37 

,1018 ,1016 1.22 2.979 1.46 

,1019 ,1021 1.42 3.185 1-66 

,1022 .lo09 1.85 3,832 2.09 

,1023 .lo20 2.01 4.073 2.25 

.lo25 .lo16 2.40 4.531 2.64 

.lo27 .lo16 3.68 6.107 3.92 


.19 

-51 


1.12 

1.52 

2.39 

2.69 

3.14 

3.90 

4.37 

5.48 

6.05 

7.94 


1.477 .43 .675 

2.117 .75 .699 

2.789 1.36 .750 

3.319 1.76 .784 

4.717 2.63 .815 

5.049 2.93 .844 

5.531 3.38 ,855 

6.269 4.14 .872 

7.137 4.61 * 880 
8.743 5.72 .a99 

10.167 6.29 ,908 

15.965 8.18 .928 

18.578 10.26 .951 

21.775 13.29 .966 

23.848 14.16 ,970 

25.51 5 14.93 ,972 


-1128, 

.1130 

.1131 

.1134 


.a88 ,1124 ,1015 ,0996 10.02 

.921 .1126 .lo16 .0999 13.05 
,931 ,1128 .lo17 .lo13 13.91 
.956 .1128 -1019 .lo12 14.69 
,960 ,1131 .lo20 -0986 17-57 29.029 17.81 ,978 

.959 -1131 .lo20 .0983 19.8E 30.987 20.1 2 ,984 

,978 

.987 

.994 




--- 

----- 

TABLE VI1.- Continued 


(a) Concluded 


Pitot pressure Total temperature Pitot pressure Total temperature 


A1 A2 1 3  - A1 A2 A3 -
Y/S Pt/Po Y/S Tt/T, Y/S P d P o  Y/S Tt/T, 

-~-­
0.1553 0.1487 0.1418 0.10 1.258 x 0.34 0.643 

-1607 .1535 .1462 1.96 
-1608 -1537 -1478 2.39 
.1612 -1538 .1484 3.58 
.1613l -1540 .1478 4.99 
.1615 .1542 -1484 7.02 
.1618 .1546 -1488 9.00 
.1619 .1545 -1477 10.49 
-1621 -1548 -1478 10.98 
.1620 .1548 -1485 12.01 
-1624 -1550 -1501 16.02 
.1626 -1551 .1492 21.82 
-1630 -1555 -1480 28.15 

7.743 5.23 
11.090 7.26 
17.960 9.24 
18.755 10.73 
18.466 11.22 
19.094 12.25 
26.503 16.26 
33.394 22.06 
30.471 28.39 

-1557 
.1559 
-1565 
.1566 
-1568 
-1568 
-1570 
-1571 
-1573 

' 	 -1574 
- 1  579 
.1579 
.1582 .1508 

-880 -1584 -1509 
.917 -1586 .1511 
-940  -1590 -1515 
.954 -1590 .1514 
.959 .1592 -1516 
.964 -1594 .1518 
.977 .1595 -1519 
.989 .1597 -1520 
-991 

-1445 7.93 14.961 
,1441 10.00 19.079 
.1460 13.03 21.717 
.1446 13.97 23.004 
.1467 14.61 24.357 
-1459 17.58 28.939 
-1474 20.07 31.034 
-1476 22-10 33.243 
-1478 27.33 30.554 

- 4 0  -644  
.43 -644  
.74 .665 

1.37 -721 
1.75 -757 
2.58 -807  
3.03 -824  
3.42 * 843 
4.17 .a59 
4.61 .a75 
5.68 .E89 
6.23 .904 
8.17 

10.24 -952  
13.27 .965 
14.11 -969  
14.85 .976 
18.82 -978 
20.31 .986 
22.34 -987  
27.57 -992  

I 




.0515 

-0501 

-0501 

.0504 

.0505 .0486 

.0506 .0487 

.0507 .) 0487 
, ,0508 -0488 

' 	 ,0508 .0489 
.0509 .0490 
.0510 -0492 
.0511 .0491 
.0511 -0491 
.5012 ,0491 
.0513 -0492 
.0513 .0493 
.0514 .0493 
.0515 .0494 
.0515 .0493 
.0515 .0494 
.0515 .0494 
.0516 .0495 
.0516 .0495 

TABLE VI1.- Continued 


(b) x/s = 67.12 

I Pitot pressure' I Total temperature I
1 2  A 3  

Y/S P d P o  Y/S 


I .  	 0481 0.0476 0.10 1.407 x 0.34 0.776 0.051 0 
.0483 .0493 .14 1.528 -38  .0511 
-0483 ,0490 .18 1.950 .42 I785  -051 4 
.0485 ,0489 .24 2.352 .48 1­-051 5 

Pitot pressure Total temperature 


i 

T d T o  

0.10 1.375 x 10-3 0.34 0.785 

.0490 .39 2.916 
-0498 .74 3.567 
. o m 1  3.847 
-0496 1.10 3.880 
-0490 1.09 4.118 
,0494 1.30 4,288 
,0496 1.70 4.595 
,0504 1.89 4.914 
.0497 2.26 5.421 
,0495 3.47 6.914 
.0498 4.87 9.089 
,0499 6.85 11.903 
,0498 8.83 15.751 
-0499 10.36 17.116 
.0493 10.87 18.406 
-0496 11.87 20.757 
..0503 15.91 26.882 
,0508 21.98 30.174 
.0506 27.93 30.764 

.63 ,0496 

.98 -051 6 
1.23 -828 .0517 -0496 
1.34 .e34 ./ 051 7 -0497 
1.43 .E36 -051 8 -0498 
1.64 .842 .0519 ,0498 
2.04 .E52 -0520 .0499 
2.23 .E60 .0521 .0500 
2.60 -869 -0522 .0499 
3.81 -889 -0522 .0500 
5.21 .go9 -0523 -0502 
7.19 .919 .0523 .0502 
9.17 .946 -0524 .0502 

10.70 .954 .0524 .0503 
11.21 .957 -0525 .0504 
12.21 .966 .0524 .0504 
16.25 .977 .0525 .0503 
22.32 .985 .0526 .0504 
28.27 .992 

- 1 5  1.628 
i20 1.992 
.51 3.1 75 

.0497 1.16 3.988 
1.53 4.422 

-0497 2.351 5.411 
.0510 2.81 ' 5.798 
.0497 3.19 6.273 
-0495 3.95 7.035 
,0508 4.39 8.276 
.0504 5.48 10.031 
-0502 5.95 10.906 
.0506 8.00 13.108 
-0506 10.01 16.868 
.0507 13.10 22.160 
.0511 13.95 23.733 
-0503 14.69 25.097 
-0508 17.59 30.021 
,0503 20.12 34.396 
.0503 22.10 30.249 
,0512 27.89 30.599 

.39 i789 
i44 .792 
i75 .E14 

1.40 -838 
1.77 .e49 
2.59 .E68 
3.05 .e75 
3.43 .885 
4.1 9 -902 
4.63 L 899 
5.72 -906 , 

6.19 .921 
8.24 1934 

10.25 .952 
13.34 -964 
14.19 .971 
14.93 .972 
17.83 .980 
20.36 ,985 
22.34 1987 
28.13 .992 



-- 

TABLE VI1.- Continued 

(b) Continued 

~~~ 

Pitot pressure Total temperature 

1 2  1 3  -

Y/S PtIPo Y / S  Tt/To 
~ 

0.1015 0.0973 0.1017 0.10 1.392 x l r 3  0.34 0.745 

~~-
Pitot pressure Total temperature 


11 1 2  1 3  -
Y/S P t h o  Y/S %/To 

0.1024 0.0983 0.0987 0.10 1.373 x 0.34 0.726 

. lo40  .0992 
,1040 .0994 
. lo41 .0995 
. lo42  .0996 
,1043 .0996 
-1044 -0997 
. lo44  .0997 
-1046 .0999 
. lo46  . l o00  

. lo38  4.98 8.167 
-0986 6.96 10.735 
,1017 8.90 13.129 
.0997 10.48 16.033 
.0992 10.90 16.100 
-1027 11.96 18.929 
-0997 15.92 25.545 
-1029 22.05 35.889 
.0991 27.95 30.884 

.39 -747 
-46  .752 
.52 -757 
-59  .763 
-97  -778  

1.21 .790 
1.32 .792 
1.40 ..796 
1.60 .a04 
1.99 -81 6 
2.19 -820 
2.59 -832  
3. a2  .a64 
5.22 	 -891 

-922  
.939 

10.72 .951 
11.14 -954 
12.20 -961 
16.16 I973  
22.29 -987  
28.19 .992 

-1027 -0985 
. l o30  -0987 
-1033 -0990 
-1036 -0991 
. l o36  .) 0992 
-1039 -0994 
-1041 -0995 
-1043 -0997 
.) 1045 -0999 
-1  047 -1002 
-1049 -1002 
-1050 -1005 
-1052 -1006 ..1054 -1008 
-1055 .1010 ,  

. lo09  .14 1.372 
-1031 .18 1.574 
-0993 .51 2.879 
-0996 1.11 3.526 
. l o33  1.48 3.804 
-0993 2.33 4.657 
-0989 2.79 5.281 
,0989 3.17 5.455 
.0993 3.93 6.121 
-0993 4.37 6.932 
-1014 5.44 8.357 
-1028 5.98 9.801 
. lo51 7.96 11.610 
.0998 10.00 15.248 
-1054 13.09 20.746 

21.677 
23.1 86 
28.032 
33.672 
36.116 22.27 -983  
30.457 28.07 -988  

I 
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TABLE VI1.- Concluded 


(b) Concluded 


Pitot pressure Total temperature 


P d P o  


0.1 596 0.703 
.710 -161 2 1.530 .704 

.1493 .1536 .1466 ' .24 2.026 .48 1 
,713 
.720 I 

-1620  
' - 1  628 

1.990 
2.335 

.46 ..54 
.707 
-71 2 

.1503 
,1510 
,1513 

-1544 ,1500 
,1540 ,1492 
-1552  ,1493 

.36 

.74 

.98 

2.555 
3,123 
3.417 

.60 
-98  

1.22 

.725 
-738 
.751 

i 
1 

-1637 
' ,16421 

.1644 '  

. 1659 ,  
-1663 
,1663 

-1641 
,1636 
-1636 

.50 
1.17 
1.53 

2.746 
3.366 
3.701 

.74 
1.41 
1.77 

.722 

.749 

.762 
.1517 
.1519 

.1555 -1496 

.1556.  ,1519 
1.07 
1.17 

3.377 
3.557 

1.31 
1.41 

,757 
.757 1 

-1645 
I .1645 '  

-1665 
.1664 

-1627 
.1639 

2.33 
2.76 

4.427 
4.880 

2.57 
3.00 

.789 
-809  

.1521 - 1 5 5 6 ,  -1515 1.38 3.698 1.62 ,765 -1647 .1664 -1635 3.18 5.251 3.42 .L 81 9 

.1524 .1560 ,1513 1.77 3.992 2.01 .779 , .1649 .1666 .1640 3.96 6.068 4.20 .844 
,1528 -1561 -1517 1.96 4.313 2.20 ,788 ' -1652 -1669 -1642 4.37 6.337 4.61 -853  1 
,1531 i .1561 .1515 2.37 4.435 , ,1655 .1671 ' .1641 5.43 8.026 5.67 .879 
.1534 '  -1563 -1533 3.53 5.557 3.77 .834 , -1657 .1674 -1637 5.93 8.601 6.17 .E88 
.1540 ' .1568 .1529 4.66 7.139 4.90 ' .869 ' i . 1659,  -1676 .1652 7.92 11.453 8.16 -91  6 
.1543 -1572 -1510 6.94 10.336 7.18 ,908 ' ' .1663 -1678 -1639 10.03 13.505 10.27 .939 
,1546 .1572 ,1536 8.96 12.546 9.10 ,929 I -1666 .1679 ,1654 13.05 19.409 13.29 .960 
.1549 -1575 ,1524 10.44 15.125 10.68 ,940 .1667 ,1682 -1642 13.93 21.463 14.17 1959 
.1551 -1576 -1549 11.03 16.302 I 11.27 .945 .1670 ,1686 .1641 14.65 22,424 14.89 .966

1 .1554 i  . 1578 /  .1553~11.96117.718 I 12.20 i ,954 1 -1671 -1686 -1659 17.79 28.097 18.03 ,973- ,1675 ,1688 ,1664 20.15 33.814 20.39 1979 
.1678 .1693 .1662 22.02 38.550 22.26 -986  
,1679 - 1  693 I -1654 I 27.86 31 .520 28.10 -992  



TABLE V I I 1 . - EXPERIMENTALLY DERIVED PROFILES OF STATIC TEMPERATURE 

AND VELOCITY THROUGH UNDISTURBED BOUNDARY LAYER 

JUST UPSTREAM OF SLOT 

rs = 0.254 mi 
L -I 

~_.. 

Y / S  T 1  U 1  uW. W u w  Y / S  T 1 t  U l r  
K m/sec m / s e c  K m / s e c  

0.29 259.9 542.2 0.569 0.60 248.7 61 3.0 0.646 

.5 244.1 595.0 .624 1 .18 242.2 647.7 .682 

.89 242.0 624.5 .655 1.59 237.8 665.1 .701 


1 .08 243.9 629.7 .661 2.43 228.9 689.2 .726 

1.23 240.4 643.4 .675 2.89 225.7 698.3 .736 

1 .31 239.8 648.9 .681 3.23 223.3 705.3 .743 

1.52 238.1 655.6 .688 4.04 21 4.5 721 .2 .760 

1.91 234.5 670.0 .703 4.49 29 2.2 726.9 .766 

2.09 232.1 676.0 .71 0 5.56 206.4 742.2 .782 

2.48 228.9 686 .l .720 6.06 203.2 748.6 .789 

3.69 218.8 71 0.5 .746 8.04 194.6 768.1 .809 

5.1 2 207.5 734.0 .770 

7.09 198.4 758.3 .796 
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TABLE I X .  - EXPERIMENTALLY DERIVED PROFILES OF TEMPERATURE AND VELOCITY 

DOWNSTREAM OF ONE, TWO, THREE, AND FOUR SLOTS 

[s = 0.254 cm] 

(a) S i n g l e  slot 

I 

x / s  = 17.12 and Anom = 0.1 x/s = 17.12 and 

0.30 264.5 433.7 0.456 0.41 237.3 438.0 
.62 255.6 484.0 .509 .80 235.6 487.1 
.88 . 251.0 51 6.9 .543 1.03 239.6 51 3.3 
.99 250.6 531 .3 .558 1.12 241.3 524.0 

1.26 251 .O 558.4 .587 1 .23 245.7 533.7 
1.66 248.6 607.5 .638 1.43 246.8 561 .1 
2.44 237.4 655.6 .689 1.84 252.5 596.2 
4.03 218.3 706.8 .743 2.01 250.6 61 5.7 
4.48 214.2 71 4.1 .750 2.42 246.6 644.3 
5.57 203.1 734.9 .772 3.68 228.7 691 .O 
6.06 199.4 744.3 .782 5.03 21 7.2 723.6 
8.07 181.7 782.7 .823 7.03 188.2 773.0 

x / s  = 37.12 and x / s  = 37.12 and 

0.31 266.7 456.2 0.484 427.50.30 260.8 
.51 258.8 495.3 .525 458.6.48 252.3 
.88 257.3 521 .O .552 495.4.86 249.0 

1.10 253.7 540.9 .574 51 2.71 .08 246.7 
1.20 252.1 550.1 .583 525.51.22 248.1 
1.31 251.4 559.2 .593 534.91 .30 246.5 
1.51 250.9 571 .3 .606 558.81.52 247.7 
1.93 245.7 606.7 .643 580.91.90 251.8 
2.10 244.4 621 .5 .659 594.02.08 251 .8 
2.50 239.0 640.6 .679 520.42.49 250.0 
3.79 225.2 687.8 .728 683.63.72 230.9 
5.36 215.2 71 2.5 .755 710.05 .1  0 224.5 
7.15 206.1 735.5 .780 736.57.1 3 21 2.6 

I I I i 

956.2 0.458 
.509 
.537 
.548 
.558 
.587 
.623 
.644 
.674 
.722 
.757 

V .808 

952.3 0.449 
.482 
.520 
.538 
.552 
.562 
.587 
.610 
.624 
.652 
.718 
.746

V .773 
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TABLE 1X.- Continued 

(a) Concluded 

x/s = 67.1 2 and 
I 
0.34 269.2 501 .O 0.524 

.45 263.8 51 8.2 .542 

.57 261 .1 532.6 .557 

.69 253.4 549.3 .574 

.85 259.7 548.0 .573 


1.24 257.2 571.3 .597 

1.47 255.7 580.2 .607 

1.66 254.4 591 .6 .618 

1 .89 250.8 61 0.2 .638 

2.30 246.6 627.1 .656 

2.50 245.9 632.8 .662 

2.85 244.1 648.6 .678 

4.06 229.9 691.6 .723 

5.44 21 7.9 71 7.0 .750 

6.64 21 2.3 735.0 .768 

7.75 206.9 749.9 .784 


x / s  = 107.12 and Xnom = 0.1 
i_I 

0.30 266.6 499.9 0.530 

.50 257.7 534.9 .567 

.87 253.3 564.1 .598 


1 .ll 252.7 573.7 .606 

1.21 255.9 574.4 .606 

1 .30 252.0 588.2 .621 

1.53 252.8 592.0 .625 

1.91 248.7 608.0 .642 

2.1 0 246.4 617.1 .651 

2.48 239.5 635.4 .671 

3.71 233.1 666.7 .704 

5-14 21 9-6 703-1 .742 

7.1 6 209.5 731 .1 .772 


. .  

I I m/sec n/secU1' 


x / s  = 67.12 and Anom = 0.2 

1.29 268.9 450.2 3.473 

.49 257.0 489.9 I .51 5 

.85 251.6 520.9 .548 


I .09 251 .O 533.0 .561 

I .22 250.8 540.1 .568 

I .32 249.2 548.8 .577 

I .52 249.5 557.0 .586 

I .90 246.4 580.6 .611 

2.09 246.8 587.7 .618 

2.48 243.7 611.5 .643 

3.86 235.4 668.9 .704 

5.1 8 221.2 708.9 .746 

7.1 3 21 5.5 730.0 .768 


X / S  = 107.12 and Anom = 0.2 

0.27 264.8 464.0 0.491 

.46 254.9 506.4 .536 

.84 251 .4 536.3 .568 


1 .08 250.1 545.7 .578 

1.19 250.7 553.6 .586 

1.27 254.1 551.7 .584 

1.48 247.7 568.3 .602 

1.89 243.6 588.5 .623 

2.06 244.6 592.3 .627 

2.46 251.7 617.7 .654 

3.69 234.6 647.9 .686 

4.77 221.6 685.2 .725 

5.06 21 9.1 694.3 .735 

7.06 21 3.2 719.4 .762 
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TABLE 1X.- Concluded 

(b) Two slots (c) T h r e e  slots 

y / s  Tlr U 1  uwr ul /ua
K m/sec m/sec 

x / s  = 17.12 and Anom = 0.1 x / s  = 17.12 and Anom = 0.1 

0.25 266.1 

.45 254.6 

.82 252.7 


1.03 250.3 

1.17 249.9 

1.25 252.4 

1.45 252.9 

1.83 250.8 

2.02 243.9 

2.44 247.6 

3.64 236.3 

5.05 223.4 

6.98 203.5 


x / s  = 67.12 

0.24 287.5 

.44 266.7 

.79 265.7 


1.09 262.6 

1.18 262.8 

1.26 259.9 

1.43 261 .1 

1.87 257.4 

2.03 254.3 

2.40 253.0 

3.63 243.7 

5.01 231.8 

7.04 221.1 


399.4 0.421 0.28 268.4 395.3 
440.3 .464 .41 258.7 420.6 .441 
472.7 .498 .79 251.4 463.9 .486 
484.7 .507 1.02 250.4 490.2 .514 
481 .1 .539 1 .13 248.3 501.1 .526 
520.5 .548 1.22 249.8 507.1 .532 
539.8 .569 1.42 251.1 522.6 .548 
570.3 .601 1.85 249.4 559.4 .587 
591.8 .623 2.01 248.9 571.6 .600 
611.6 .644 2.40 246.2 590.4 .619 
661.4 .697 3.68 239.6 642.1 .674 
698.1 .735 4.67 232.8 669.6 .702 
741.5 .781 6.99 209.1 727.3 

and x/s = 67.12 and 

444.4 0.465 0.28 286.3 468.2 0.493 
503.6 .527 .35 266.8 481 .2 .507 
527.2 .552 .73 261.4 51 6.1 .544 
545.8 .571 .97 256.3 535.1 .564 
549.2 .575 1 .08 259.0 535.0 .564 
554.6 .581 1 .16 257.6 541.3 .571 
562.1 .588 1 .36 258.6 544.9 .574 
580.6 .608 1.75 252.8 568.1 .599 
591.8 .620 1.95 255.0 571.5 .602 
608.8 .637 2.35 249.8 587.8 .620 
648.5 .679 3.58 236.0 615.9 .649 
687.3 .720 4.98 228.7 670.2 .706 
724.0 .758 6.96 21 9.1 706.2 .744 
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TABLE X.- SKIN FRICTION MEASURED DOWNSTREAM OF SINGLE SLOT 

[s = 0,254 cm: s k i n - f r i c t i o n  balance 2 2 g  

x/s x Rm x/s x Rm 
~ _ _ _  ___ _ _ _ ~  ~~ ~ _ _ _  ~ ~~ ~ 

17.12 0.0035 85.86 x l o 6  6.45 x 0.962 47.12 ,0.0058 81 .78 x l o 6  6.68 x 0.985 
,0056 78.87 6.51 .954 .0117 83.26 6. 44 .955 
.0078 86.02 6.42 .958 .0185 84.24 6. 31 .938 
.0078 78.94 6.63 .971 .0389 83.51 6.15 .913 
.0108 82.26 6.42 .947 .0819 81 .76 5.80 .856 
.0117 79.01 6.48 .950 ,1164 83.18 5.38 .797 
.0187 78.57 6.33 ,928 .1893 80.16 5.25 .771 
,0403 79.83 5.68 .833 .2619 79.79 5.20 .762 
.0811 ,79 .30  4.94 , .724 ,3734 80.74 5.12 .753 
.1166'81 . O O  3.82 .563 .4379 81 .65 5.27 .778 
.1859 81.27 3. 25 .479 .4635 83.55 5.12 .759 
.2341 90.54 3.07 .465 .5962 83.76 5.46 .8101 i .7272 84.76 5.60 .833 

27.12 0.0039 
.0061 
.0087 
.0119 

86.34 x l o 6  6.44 x 0.962 
80.25 .953 

67.12 0.0000 85.34 x l o 6  6.60 x 0.983 
.0039 83.48 6.65 .990 
.0081 86.37 6.44 .969 
,0184 82.10 6.52 ,963 
,0359 84.85 6.30 .937 
.0799 82.47 5.94 .879 
.1851 84.85 5.54 .824 
.2535 86.45 5.43 .811 
.3831 79.67 
,4743 81 .59 
.5943 81 .75 5.53 
.9321 83.17 5.68 

6 -48 
6.46 
6.36 
6.30 
5.82 
5.45 

80.76 
84.25 
83.21 
84.21 
80.35 
81.53 
79.83 
77.67 
81 .10 
80.73 
80.01 

.951 
,946 
.933 
.865 
.801 
.696 
.644 
,609 
,642 
.729 
.865 

.0180 


1
.0402 
.0795 
,1166 
.1869 
.2569 
,3732 
,5055 
.7527 
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TABLE XI.- SKIN FRICTION MEASURED DOWNSTREAM OF "0 SLOTS 

rs= 0.254 mi 
L -I 

Balance 221 

Rm Cf W C f  
~ 

0.103! 3.0041 83.63 x 10 '  5 .83 x 10- 3.864 
.103( .011; 83.43 5.65 ,837  
.103! .0304 83.73 5.26 .781 
,095: ,081 f 80.09 4.55 .668 
.094! .118( 84.83 3.58 .532 
.102; ,189t 85.05 3.32 .494 
.101t .193( 82.42 3.38 .500 
.101t .278: 84.75 3.39 .505 
,102: .358: 83.83 3.95 .586 
,098t  .4301 87.54 4.24 .635 
. lo11  .706E 85.05 5.86 .871 

0.oooc 1. oooc 87.96 x l o t  6.09 x 10" 1.914 
,098i  .OOl t 90.32 5.57 .842 
. l  O O t  .004E 85.51 5.54 .e26 
. l o14  .0141 84.99 5.46 .e13 
. l oo6  .0583 86.80 4.90 , 7 3 3  
,098 t  .086a 85.57 4.70 .701 
.102a . i i 4 a  81 .61 4.51 ,665  
I099C . l e 7 4  84.71 3.91 .581 
,0998 .2629 85.13 3.88 .578 
. l o04  .3583 84.12 4.27 .634 

D.0957 1. 0020 95.96 x l o 6  5.96 x TO-' 1.915 
. i o i o  .0035 92.50 5.92 .go1 
,0974 .01 33  94.36 5.88 ,898 .io50 .Ole7 87.41 5.95 .892 
.0991 .0838 93.63 5.47 .e33 
.0967 .2492 93.88 5.04 .769 
,0969 ,4021 93.90 4.88 .744 

3.1041 I. 0207 94.74 x 106 5.91 x 10-4 .904 
,1044 .0350 92.10 5.93 .goo 
. l o 3 7  .0601 93.40 5.66 .863 
. l o 6 8  ,0843  91.27 5.68 ,861 
. l o 2 4  .0885 B9.27 5.57 .e39 
. lo31  .0977 90.93 5.65 ,852  
. l o 1 4  .1 063 93.85 5.52 .842 
. l o 1 4  .1182 95.12 5.45 . e35  
. l o 1 6  .1566 35.86 5.37 ,824 
. l o 0 3  .2096 37.06 5.17 .796 

1.1 024 .0304 38.48 x 1 0 6  5.00 x 10-4 .927 
,1002 .0695 10.27 i.79 .e99 
. l o 0 2  .0823 38.41 i.76 .e90 
.0997 ,0844 39.44 i.69 ,881 
. I 0 4 5  .0953 34.88 i.78 ,885 
.1102 . l o o 9  31.58 i.83 .884 
. I027  . l o 8 3  35.30 i.73 .e77 
.TO47 .1235 35.73 i.65 .866 
. l o o 9  ,1295 37.62 i.70 .a79 
,1025  .2498 36.23 i.47 ,840 

Balance 220 

85.12 x l o 6  5.70 x 10' 
84.91 5.58 
85.22 5.37 
81.52 5.07 
86.33 4.63 
86.56 4.44 
83.88 4.47 
86.26 4.40 
85.33 4.44 
89.10 4.66 
86.56 5.41 

92.71 5.76 
87.77 5.75 
87.24 5.70 
B9.09 5.32 
87.83 5.26 
83.76 5.16 
B6.95 4.83 
87.38 4.79 
86.34 4.74 

39.17 x l o (  5.87 x lo-'  
35.60 6.00 
37.52 5.93 
30.33 6.04 
36.77 5.62 
37.02 5.23 
37.04 4.96 

33.18 x 1 0 f  5.71 x lo - '  
#0.59 5.66 
j1.86 5.39 
19.77 5.42 
87.80 5.45 
18.55 5.34 
32.31 5.16 
13.55 5.16 
14.29 5.09 
15.46 4.87 

16.91 x l o 6  5.73 x 10-4 
18.67 5.55 
16.84 5.49 
17.86 5.53 
'3.37 5.52 
0.12 5.55 
3.79 5.45 
4.20 5.36 
6.06 5.38 
4.70 5.15 

Cf /Cf 

0.884 
,864 
.830 
,776 
.718 
-690  
.690 
.684 
.668 
.729 
,841 

1.957 
.910 
.e97 
,888 
. e33  
,820  
,797 
.753 
.747 
.737 

1.943 
.955 
,949 
.949 
,897  
.836 
.792 

1.903 
.e90 
.850 
.e49 
.850 
. e35  
,815  
.817 
,808 
.775 

.916 
,891 
,877  
.886 
. e73  
.872 
.863 
.850 
,858 
.e19 

~ 
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TABLE X1.- Concluded 

Balance 221 B a l a n c e  220 

A1 
~ 

R, C f  Cf/CfO x/s RQ3 cf Zf/CfC 

0.0495 1.0508 37.12 94.36 x l o f  5.57 x 10-4 0.851 17.12 92.71 x l o 6  5.07 x 1.801 
.1370 .1332 99.17 4.23 .654 97.44 2.93 .470 
,1543  .1499 94.15 4.14 ,632  92.50 2.87 , 4 5 3  
.1973 .2017 97.61 3.91 .602 95.90 2.91 .463 
,2053  .2103 88.34 4.39 .659 86.80 3.39 ,528  
.2382 .2451 I 96.72 3.81 .585 I 95.03 

~ 

3.07 ,487 

0.0471 1.0483 57.12 00.00 x 10f  5.35 x 10-4 0.829 27.12 97.42 x 106  4.75 x 10-4 I .  760 
.1369 .1426 95.71 4.58 , 7 0 3  93.25 3.63 .574 
,1912 .1987 95.20 4.26 ,653  92.75 3.36 .531 
.2426 .2489 1- 96.63 4.06 .623 94.15 3.38 .536 

0.0515 1.0460 107.12 98.08 x l o f  5.89 x 10-4 0.908 87.12 96.47 x l o 6  5.67 x 10-4 3.905 
.0511 , 0 4 8 5  92.69 6.12 .930 91.16 5.93 .933 
,0482  .0487 91.97 6.11 ,927 90.45 5.99 ,942  
.0528 ,0497 91.40 6.01 ,914 91.17 5.76 ,907  
.1542 ,1481 93.57 5.27 ,804 92.03 4.94 .780 
.1933 .2019 94.93 5.03 .770 93.36 4.70 ,744 
,2520 ,2506  I 93.80 4.78 .730 I 92.26 4.45 .703 

D. 0506 1.0462 147 .  2 08.37 x l o f  6.13 x 10-4 0.974 27.12 06.64 x l o 6  5.94 x 10-4 0.974 
,0509 .OS06 03.35 6.00 .940 01 .71 5.74 .929 
.1558 .1472 00.45 5.46 .848 98.85 5.15 ,828  
,1981 ,1980  96.54 5.30 .81 4 95.00 4.98 ,792  
.2044 .2042 95.50 5.49 .E41 93.98 5.29 ,839  
.2503 .2411 00.50 5.1 2 .796 98.90 4.78 ,767 
.2731 .2470 I 95.94 5.12 .785 I 94.41 4.79 .761 
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TABLE X I 1 . - SKIN FRICTION MEASURED DOWNSTREAM OF THREE SLOTS 

[ s  = 0.254 cm1 

Balance 221 Balance 220 
11 1 2  13 

Rcn cf C f  /Cf % Cf C f  /Cf, 
~ 

0.1 02' 0.1031 3.0071 94.59 x 10 5.35 x 10- 0.817 93.03 x 10' 5.12 x 10- 0.811 

.loo: .107;  .041: 95.50 4.96 .759 93.92 4.45 .706 

.0931 ,0901 .077E 

.loll .102: ,0881 

.103( .lo32 .l 00; 

94.72 
92.63 4.67 
92.86 4.58 

.710 

.697 

93.15 3.78 
91.10 3.79 
91.33 3.59 

,598 
1597 
.565 

.lo21 .lo21 .lo87 
,100: .101( ,114: 
.101! .lo21 .162� 

93.16 4.46 
95.52 4.41 
94.53 4.27 

,679 
.675 
.652 

91.62 3.45 
93.94 3.33 
92.97 3.21 

,544 
.527 
,508 

0.101; 0 . 1 0 1 t  I .  0596 
.lo31 ,1045 ,0900 
.lo31 .lo32 . o m  
.1 OO( . l o o ;  . l o50  
,098: .098: .1147 
.103t .104: .1204 
.lo32 ,1025 .1343 
.loo; .lo04 .1486 
, 1 0 1 :  .lo14 .1767 
.097; .0978 .2475 

94.59 x 1 0  5.00 x lo- '  
92.56 4.92 
94.57 4.87 
98.12 4.74 
00.60 4.75 
93.23 4.90 
96.17 4.73 
96.29 4.68 
95.86 4.58 
98.92 8.47 

3.764 
I748 
.744 
,731 
.738 
,746 
,726 
.719 
.703 
.691 

92.29 x IOc 4.36 x lo- '  
90.31 4.18 
92.27 4.07 
95.74 3.92 
98.15 3.91 
90.96 4.05 
93.82 3.81 
93.95 3.74 
93.52 3.67 
96.51 3.90 

3.688 
,657 
.642 
.625 
,626 
.637 
.604 
,593 
,582 
,622 

-.  

0.097: 0.1020 I. 0038 97.66 x 10( 5.64 x 1.869 96.09 x 106 5.27 x 1.840 
.096� ,1016 .0074 
,102: .0985 .0233 
.1104 .lo90 .0455 

96.79 5.55 
95.54 5.44 
91.65 5.39 

.a54 

.a34 
,818  

95.24 5.19 
94.01 5.06 
90.17 5.00 

,826 
.a02 
.786 

,0976 .lo17 .0693 
.0929 ,0965 ,0856 

96.79 5.23 
09.82 1.46 

,804 
.712 

95.23 1.75 
38.05 1.11 

.756 
,676 

,0991 . loo:  .022s 95.82 5.26 .806 94.24 4.96 ,787 

.0972 .0923 .0906 03.18 5.12 .a02 31 .51 1.63 .748 

,0908 .lo22 .0908 95.93 5.02 .770 34.39 1.57 .725 

.0975 .lo16 .0944 99.56 1.98 .772 37.96 1.58 .734

.1109 .1208 .0958 91.70 5.07 .769 30.22 1.79 .752

,1058 ,1058 .lo98 94.15 5.07 ,775 32.63 1.63 ,732

.0983 .lo28 .1354 96.08 5.15 .791 34.54 1.69 .745

.0980 . l o 2 1  .1598 98.39 1.80 .741 36.81 1. 26 .680 
,0993 .lo30 .1608 96.61 i .02  .771 35.06 1.57 .726 
.0991 .lo38 . l a 1 0  99.75 1.90 .760 38.15 1.49 .719
. loo8 .lo06 ,2255 94.91 I, 81 .736 j3.38 .34 .687
,0983 .lo30 .3142 96.57 1.67 .718 15.02 .24 ,674

.lo06 .lo43 .4445 92.80 1.75 .723 11 .31 .50 .708 
,0961 . l o o 0  ,5658 97.16 1.87 .750 15.60 .69 .747 
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TABLE XI1.- C o n c l u d e d  

B a l a n c e  221 B a l a n c e  220 
J-2 J-3 

RW cf :f/Cfc RW Cf !f/CfO 

1.1007 1.1 006 I. 0074 99.79 x 1 0 6  5.59 x 10-4 1.866 98.21 x 1 0 6  5.29 x 10-4 .E48 
. l o 4 3  . l o 4 3  .0212 95.29 5.64 .864 33.78 5.30 .840 
,1039 . l o 2 8  .0436 97.50 5.47 , 8 4 3  35.95 5.12 .817 
.0995 .0987 .0635 99.66 5.40 .837 38.08 5.02 .805 
.0962 . l o 2 1  ,0864 00.45 5.19 .806 38.86 5.02 , 806  
.0994 .0994 ,0952 00.20 5.20 .EO8 38.61 4.82 .777 
,1016 . l o 3 2  .0973 99.64 5.20 .807 98.06 4.82 .773 
. l o 2 0  ,1025 .1181 98.93 5.17 .799 97.37 4.77 .763  
,1050 . l o 4 3  .1423 96.31 5.07 .779 94.79 4.69 .745 
. l o 1 7  . l o 1  1 .1787 98.53 4.95 .765  96.97 4.55 .727 
. l o 2 2  . l o 2 2  ,3232 98.27 4.61 .743 96.72 4.42 .706 

I .  0556 1. 0485 I .  0467 90.29 x l o 6  5.41 x lo-! 1.817 88.81 x l o 6  5.00 x 10-4 1.782 
,0493 .0475 ,0497 91 .06 5.37 , 8 1 3  89.55 4.89 .767 
.1536 .1526 .1351 91.32 4.04 .612 89.81 3.00 .471 
,1545 ,1496 .1414 89.90 4.31 .651 B8. 42 3.28 .513 
.1525 .1488 .1510 93.65 4.06 .619 92.11 2.97 .469 
.1503 .1472 .1589 94.38 4.01 .612 92.82 3.03 ,479  
,2040 .1968 .2030 94.15 3.77 .576 92.60 3.06 .484 
.2419 ,2394 .2464 96.76 3.79 .583 95.16 3.49 .555 
.2613 .2636 ,2567 93.62 3.72 .568 92.08 3.47 .548 

3.0488 1.0480 1.0489 00.74 x l o E  5.63 x l o - '  1.876 99.13 x l o 6  5.26 x 10-4 ) .845 
.1508 .1516 .1 492 99.40 4.69 .727 97.81 4.25 .681 
.1959 .1906 .2013 02.56 4.37 .683 00.92 3.93 .634 
.2542 .2505 .251 C 98.38 4.37 ,675  96.81 4.04 .645 

D. 0492 I .  0484 1. OSOE 01.34 x 1 0 f  5.76 x lo-'  1.897 99.75 x 106 5.54 x 10-4 1.892 
.1552 .1577 .1535 98.56 4.87 , 7 5 3  97 .03  4.61 .737 
.ZOO8 ,1982 .2031 ' 00 .81  4.51 ,701 99.23 4.16 .668 
,2448 .2499 .2519 00.54 4.27 ,665  98.96 3.94 .633 
.2578 .2554 .261; 101.60 4.22 .658 00.00 3.86 .622 
-
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TABLE XII1.- S K I N  FRICTION MEASURED DOWNSTREAM OF FOUR SLOTS 

[s = 0.254 cm] 

Balance 221 

R m  

103.65 x l o 6  
98.48 

102.99 
101.05 

99.40 
106.00 
104.97 
100.39 

Balance 220 

m cf 
x4 

0,0514 
.0523 
. lo48 
,1065 
. lo86 
,1532 
21 21 

,2794 

x/s 


47.12 

11 

,0503 
,1062 
,1095 
,0986 
,1503 
,2141 
,2645 

A2 

1.0535 
,0535 
.lo31 
,1047 
.lo41 
.1540 
,2107 
.2673 

13 

0.0510 
,0515 
. lo35  
. lo55  
. lo50 
.1532 
,2100 
.2679 

R 

101.24 x l o 6  

:f/Cfc 

1.755 
,794 
.556 
,552 
,601 
,533 
,507 
.558 

17.14 4.68 x 10-4 
96.19 4.98 

100.60 3.45 
98.70 3.44 
97.09 3.76 

103.53 3.28 
102.53 3.13 

11 98.06 3.48 

,729 
.689 
.616 

3.78 ,588 



--- 
--- 
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TABLE X1V.- S K I N  FRICTION MEASURED DOWNSTREAM OF SINGLE SLOT 

rs = 0.1270 and  0.0635 c m l  

__ 

B a l a n c e  221 Ba lance  220 
s, x cm 

X / S  C f  C f  

0.1 270 D.049 108.4E 83.0 x l o 6  6.4 x 10-4 0.951 28.48 80.0 x l o 6  5.8 10-4 3.883 
. l o3  83.0 6.1 ,906 80.0 5.4 .822 
,156 79.0 6.0 ,882 76.0 4.7 .708 
,191 81 .O 6.0 .886 78.0 4.1 ,621 
,228 79.0 6.0 ,882 76.0 3.6 ,542I ,268 I~ 80.0 6.0 .884 I 77.0 3.4 .51 3 

0.1 270 D. 051 78.48 76.0 x l o 6  6.5 x 10-4 0.948 38.48 75.0 x 1 0 6  5.9 10-4 0.886 
,101 78.0 6.1 .894 77.0 5.4 ,814 
,157 78.0 6.0 ,880 76.5 5.0 ,754 
.200 75.5 6.0 ,875 74.0 4.9 .734 
,227 76.0 6.0 ,875 74.5 4.8 .720 
, 2 4 3  78.5 5.8 ,852 77.0 4.4 .665I .280 I 73.5 5.9 .854 I 72.5 4.5 .671 

0.1 I270 D. 051 128.4E 76.5 x l o 6  6.5 10-4 0.948 48.48 74.0 x l o 6  6.0 10-4 0.898 
,107 76.0 6.3 .918 73.0 5.6 ,836 
,147 80 .0  6.3 .929 77.0 5.3 .801 
,203 77.0 6.2 .908 74.0 5.4 .808 
,226 78.0 6.1 ,894 75.0 5.2 .780 
.245 79.0 6.0 ,882 76.0 5.0 , 753  
,280 I 76.5 6.0 ,875 I 74.0 4.9 ,734 

0.1 I270 D. 050 I08.4E 78.0 x l o 6  6.5 x 10-4 0.953 68.48 77.0 x l o 6  6.0 10-4 0.905 
,102 79.0 6.2 ,912 77.5 5.8 ,863 
.1 56 79.5 6.1 ,898 78.0 5.5 .833 
.200 76.5 6.0 .877 75.0 5.7 ,855 
,224 78.0 6.0 ,880 77.0 5.4 .814 
.243 79.0 5.8 ,853 78.0 5.3 .803 
.270 I 78.0 6.1 

~ 

,894 I 76.5 5.6 .844 

0.0635

I 
0.050 131.2 80.5 x l o 6  6.5 x 10-4 0.960 51 .20 78.5 x l o 6  6.2 x 10-4 0.939 

. l o o  79.5 6.4 ,943 78.5 6.0 .g09 

.160 76.0 6 .3  ,918 75.0 5.9 ,886 

.206 82.0 6.1 ,904 80.5 5.5 ,838 
,208 78.0 6.3 .924 77.0 5.3 .800 
.244 76.0 6.4 , 933  75.0 5.4 ,818 
.280 I 73.0 6.3 -91 2 I 72.0 5.4 ,699 

0.0635I 0.054 151.2 75.5 x 1 0 6  6.6 x 0.962 71.20 74.0 x l o c  5.9 x 10-4 0.883 
,104 75.5 6.4 ,933 74.5 6.0 .goo 

.154 80.0 6.3 ,929 78.5 5.9 .894 

,196 85.0 6.3 ,940 83.0 

,226 71 .O 6.4 .920 69.5 

,240 79.5 6.2 , 913  78.0 5.6 .847 

.240 83.0 6.3 ,936 81 .O 5.5 .840 

,290 I 72.0 6.2 ,895 I 70.5 5.5 .711 
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TABLE XV.- S K I N  FRICTION MEASURED DOWNSTREAM OF SINGLE SLOT 

AT REYNOLDS NUMBER OF 240 X IO6 AND HIGHER 


rs= 0.254 
L 

Balance  221 
 Balance  220 

-

'nom 
R, Cf cf/Cfc x/s R, Cf Cf/Cf 

~ 

0.05: 37.1 i 270 x 1Of 4.3 x 10-4 0.850 17.1 2 260 x 1Oc 3.3 x 10-4 0.682 
. l  OE 
.16i 
,222 
.269 1 260 

260 
260 
26 0 

3.8 
3.5 
3.4 
3.3 

.739 

.681 

.661 
,642 1 260 

250 
250 
250 

2.6 
2.3 
2.3 
2.5 

.537 
,469 
.469 
.51 0 

~ 

0.054 47.1 2 260 x l o f  4.6 x 10-4 0.895 27.1 4 260 x l o c  3.8 x 10-4 0.739 
,109 
.164 
.224 
.269 1 26 0 

250 
260 
260 

4.1 
3.8 
3.6 
3.6 

.780 

.731 
,700 
.700 1 250 

240 
250 
250 

3.2 
3.0 
2.9 
3.0 

.653 

.604 

.592 

.612 
__ 

0.053 87.1 2 290 x 106 4.8 x 10-4 0.976 67.1 2 280 x 106 4.3 x 10-4 0.915 
. l l l  
.161 
,225 
.274 1 260 

28 0 
270 
260 

4.6 
4.2 
4.7 
4.1 

.875 

.842 

.810 

.780 1 260 
27 0 
270 
250 

4.1 
3.7 
3.7 
3.7 

.798 
,776 
.776 
.755 

~ 

0.054 127.1 2 290 x l o 6  4.9 x 10-4 I. 996 07.1 2 280 x l o 6  4.6 x 10-4 0.980 
. lo8  28 0 4.7 .942 27 5 4.2 ,880 
.163 285 4.4 .889 280 4.1 ,872 
.223 280 4.3 .862 !80 3.9 .830 
.270 270 4.4 .870 !70 4.0 .839 
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TABLE XV1.- SLOT TEMPERATURE AND SURFACE EQUILIBRIUM TEMPERATURE MEASURED DOWNSTREAM 

OF ONE, TWO, THREE, AND FOUR SLOTS 

[s = 0.254 cm] 

No. of X"0, 
~ Top T r k j r  	I 

Teq,,,, K ,  for X ' / S  Of -T r  j 
slots 

Slot  1 Slot 2 Slot  3 Slot  4 K 
TO 4.36 7.36 10.36 13.36 16.36 22.36 25.36 31.36 36.36 41.36 46.36 51.36 

1 0.050 NA NA NA 506.4 343.9 0.679 349.3 355.6 361.6 370.5 376.3 385.6 389.2 395.1 399.2 402.8 405.4 
503.3 317.8 .631 320.9 325.9 332.9 341.3 347.8 359.4 363.1 371.5 377.5 382.8 386.8 

.147 504.0 305.6 .606 307.8 311 .l 316.5 323.2 329.3 340.9 345.9 355.0 361 .1 367.0 372.1 
508.0 297.2 .585 298.1 300.3 304.3 309.2 314.1 ,324.4 329.3 338.9 346.8 353.4 359.4 
505.8 290.6 .574 291.6 293.3 296.0 299.0 302.7'310.8 314.8 323.1 330.5 337.1 343.2 

NA 507.8 313.9 0.618 317.1 321 .8 328.6 336.7 342.9 353.7 358.0 364.5 370.2 374.8 378.7 
516.5 293.9 .569 294.5 296.2'299.7 303.9 308.3 317.4 321.7 330.0 337.2 343.2 348.6 

'504.9 287.8 .570 288.5'289.8 1292.6 295.6 298.9 306.3 309.9 317.1 323.5 329.1 334.4'-----
.242 .231 514.3 280.0 .544 280.9 281 .8 283.8 285.8 288.2 293.6 296.1 301 .7 306.8 311 .5 315.9 
.280 .277 511.8 274.4 .536 274.6 275.2 276.9 278.5 280.7 284.8,286.9 291.1 295.2 298.5 302.6 

3 0.055 0.057 0.060 NA 507.1 326.7 0.644 330.3 335.1 ----- 348.7 354.1 361.6 365.2 370.9 375.4 379.1 381.9 384.6 
. l o7  .110 307.3 310.1 319.8 324.5 333.1 336.9 343.7 349.2 353.7 357.6 360.9 
.154 .155 295.1 296.7 ----- 303.2 307.1 314.5 317.9 324.6 330.4 335.4 339.8 343.9 
.211 .202 288.3 289.2 ----- 292.9 295.5 300.8 303.3 308.5 313.5 317.7 321.7 325.4 
.282 .280 275.1 275.7 ----- 278.1 279.7 283.2 284.6 288.3 291 .8 294.9 ,298.1 301 - 2  

4 0.050 0.050 342.6 346.8 351.8 357.6 367.5 270.1 374.7 278.3 381.2 383.3 385.4 
. loo  . loo  317.8 320.2 324.3 328.7 340.1 343.2 348.9 353.6 357.5 360.3 362.2 



ar 

0 


TABLE XV1.- Concluded 

lo. of Xnom Teq,mr Kf for x ' / s  of -
slots Slot 1 

1 0.050 411 .8 414.9 425.9 426.1 426.9 427.0 
.loo 396.8 401.6 419.8 420.2 421.6 421.6 
.1 47 384.2 390.0 413.8 414.4 416.1 416.4 
.202 

t 71 .36 171.36 I81 .36 211.3t 

3 0.055 NA 507.1 326.7 0.644 


.267 I I 373.1 380.3 
365.6 

411 .1 
401.6 

412.2 
403.0 

414.5 
405.7 

415.0 
406.5 

2 0.050 
.ll 0 

0.051 NA NA 387.7 392.2 394.3 398.0 401.2 
360.9 367.9 370.9 376.5 382.5 

403.5 
386.4 

405.0 (407.8 
389.3 394.3 

409.2 
398.6 

409.5 
399.7 

410.7 
402.1 

410.5 
402.4 

.157 347.6 354,8 358.0 362.7 369.2 373.4 376.7 382.3 387.6 389.0 391.7 392.2 

.242 .231 328.6 336.0 339.4 345.6 353.1 358.1 361 .1 368.1 375.4 377.5 380.9 382.0 
320.1 323.2 329.3 336.4 341.5 345.6 353.1 360.9 362.0 365.8 367.2.280 .277 1 313.4 1 

402.3 403.7 404.6 404.3 405.0 404.2 
.1 07 507.4 305.6 .602 386.3 389.6 392.5 392.9 394.8 394.6 
.154 510.5 294.4 .577 374.9 379.4 383.9 384.8 387.3 387.5 
.211 507.4 287.8 ,567 359.5 363.6 369.4 370.6 373.6 374.4 
.282 I502.9 275.0 .547 

___-
335.9 342.5 350.2 352.1 356.1 357.4 

4 0.050 506.3 339.4 0.67C 397.2 397.1 396.0 395.9 396.8 396.0 

.116 507.71 315.6
.loo 
).058 !

.622 367.0 370.41371.91375.01378.7 381.1 382.4 384.2 385.4 385.9 387.8 387.7 



TABLE XVI1.- SLOT TEMPERATURE AND COOLING EFFECTIVENESS DOWNSTREAM 

OF ONE, TWO, THREE, AND FOUR SLOTS 

[s = 0.254 cm] 

No. of h o m r  TO, T r ,  j i  	7 
Coo1ing ef� ectiveness E: for x '/s of -Trrj 

slots each K K TO 4.36 22.36 36.36 61 .36 101 .36 141 .36 201.36s lot  

1 0.050 506.4 343.9 0.679 0.967 0.743 3.660 0.582 0.525 0.500 0.489 
. l o o  503.3 31 7.8 .631 .983 .776 .678 .574 .497 .460 .441 
.147 504.0 305.6 .606 .989 .822 .720 .604 .51 4 .469 .443 
.202 508.0 297.2 .585 .996 .871 .765 .640 .535 .480 .444 
.267 505.8 290.6 .574 .995 .906 .81 4 .684 .573 .51 0 .465 

~ 

2 0.051 507.8 31 3.9 0.618 0.983 0.795 3.710 0.620 0.550 0.516 0.501 
. lo8  516.5 293.9 .569 .997 .894 .806 .699 .602 .549 .51 4 
.160 504.9 287.8 .570 .997 .914 .835 .724 .625 .565 .521 
.231 51 4.3 280.0 .544 .996 .942 .886 ,793  .688 .624 .569 
.277 511.8 274.4 .536 .999 .956 .913 .836 .739 .668 .615 

3 0.060 507.1 326.7 0.644 0.980 0.806 3.730 0.655 0.597 0.573 0.566 
.111 507.4 305.6 .602 .991 .863 .784 .i o 0  .624 .584 .558 
.161 51 0.5 294.4 .577 .993 .907 .829 .738 .624 .607 .567 
.210 507.4 287.8 .567 .997 .941 .883 .796 .705 .655 .601 
.288 502.9 275.0 .547 .999 .964 .926 .858 .769 .704 .644 

~ 

0.058 506.3 339.4 0.670 0.981 0.832 3. 767 0.707 0.665 0.654 0.656l 4 . l o 6  507.7 31 5.6 .622 .989 .872 .a02 .732 .671 .643 .624 
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TABLE XVII1.- THEORETICAL PROFILES OF SLOT VELOCITY AND TOTAL 

TEMPERATURE USED I N  NUMERICAL PREDICTIONS 

[s = 0.254 c m l  
J 

Anom = 0.15 Anom = 0.20 
~ 

T t ,  j / T t , m  u j /um T t  ,j / T t  ,a 

yo.oo 0.0000 0.7022 0.0000 0.7022 
.02 .0563 .5934 .0654 .5934 
.04 .1127 .1307 
.06 .1690 .1961 
.08 .2253 .2615 
.I 0 .2817 .3268 
.12 .3380 .3922 
.I 4 .3943 .4575 
.16 .4225 .4902 
.18 
.20 
.40 
.60 
.80 
.82 
.84 1 1

.86 .3943 .4575 
.88 .3380 .3922 
.90 .2817 .3268 
.92 .2253 .2615 
.94 .1690 .1961 
.96 .1127 .1307 
.98 .0563 .0654 

1 .oo .oooo .oooo 
* Note: yj/s = y / s  = 0.000 a t  most upstream ; lot  lip. 
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Figure 1.- Qpical configurations for step and flush slots. 
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Slot plenum 
(see  fig. 3) 

Slot air supply 
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Enlarged view 
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Permanent 
portion of
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Figure 2.- Schematic diagram of 

Slots, 
spacers,
and 
skin-
friction 
balances 

Longitudinally 
mobile portion
of tunnel 

qng 
m s m  

typical  test assembly for three slots. 

. 




Figure 3.- Two-slot configuration with single skin-f r iction balance. 



Stainless s tee  

Thermocouples
located along
this ray 

F i g u r e  4.- Details of l i n e r  on which c o o l i n g  e f f e c t i v e n e s s  was measured, 

? , 
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7.6 


7.2 


6.8 


6.4 


5.6 F­

5.2 


0 Skin-friction balance 221 
0 Skin-friction balance 220 

--c 


,-Extrapolation 

4.8 I- 1 
\ 
\ 
\ 

Figure  5.- S k i n - f r i c t i o n  c o e f f i c i e n t  without  s l o t  p l o t t e d  a g a i n s t  f ree-s t ream 
Reynolds number. (See t a b l e  I.) 
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Open symbols are 
temperatures measured 
at equilibrium conditions 

Solid symbols are 
extrapolated values 
which were assumed 
to be temperature of 
coolant T 

r, j 

320 


X = 0.108 

X = 0.160 

X = 0.231 
Y

280 


260 
0 4 8 12 

x' /s 

Figure 6.- Example of extrapolation of measured equilibrium wall temperatures TeqDm
to x'/s = 0.0 for estimates of TrDj. (N = 2, s = 0.254 cm.) 



480 
3.74% 1 / 

Taw-d 440 460.3 442.3 
loss from 
thin-wall 

444.4 428.8 liner /
433.3 419.2 
422.2 409.6

400 	 405.6 395.1 
388.9 380.4 
300.0 300.0 

360 

// (Air gap) 0.477 cm 
320 /

/ 
280 ./ 

/ Adiabatic f Geometrical model 
/ surface used in thermal 

analysis 
240 

/ I I I I I I 
240 280 320 360 400 440 480 

Teq,m ’ K  

Figure 7.- Estimated effects of heat loss on adiabatic temperature Taw. 
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I Pitot probeJ 
L-77-8426-1 

(a) St ru t  and probes, 

Figure 8,- Pitot probe and total-temperature probe. 
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(b) V i e w  	showing bottom s ide  of probes, 

Figure 8,- Continued, 



L-77-8425.1 
(c) View showing opening of probes, 

Figure 8I- Concluded, 
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r = 15.24 

Not to  sca l e  

Y 

Total-temperature 
Pitot probe probe 

F i g u r e  9. - Dimensions of p i t o t  and t o t a l - t e m p e r a t u r e  p robe  t i p s  (nominal  
boundary-layer t h i c k n e s s ,  6 = 4.32). A l l  d imensions shown are i n  
c e n t i m e t e r s .  

uca 
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(a) Anom = 0.10. 

Figure  21.- E f f e c t  of f ree-s t ream Reynolds number on skin f r i c t i o n  downstream Of 

s i n g l e  slot ( s  = 0.254. c m )  . 



(b) Anom = 0.15. 

Figure 21 .-Continued. 



(c) A,, = 0.20, 

Figure  21 .-Concluded. 
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