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INTRODUCTION 

Flow  disturbances i n  a wind  tunnel   can  create an environment much 
d i f f e r e n t   f r o m   t h e   f l i g h t   e n v i r o n m e n t .   I n   a d d i t i o n ,   t h e   f l o w   e n v i r o n m e n t  i n  
one wind  tunnel  may be s i g n i f i c a n t l y   d i f f e r e n t   f r o m   t h a t   i n   a n o t h e r ,  each 
w i n d   t u n n e l   h a v i n g   c e r t a i n   e r r o r s   i n   t h e   s i m u l a t i o n   o f   d e s i r e d   f l i g h t   c o n d i -  
t i o n s .  The dif ferences  can  appear as premature and unpred ic tab le   laminar - to -  
t u rbu len t   boundary   l aye r   t rans i t i on  and  as  changes i n   t u r b u l e n t   s k i n   f r i c t i o n  
and f l ow   separa t i on   cha rac te r i s t i cs .  The cumu la t i ve   e f fec t  o f  d i f f e rences  
i n   t h e  boundary l a y e r   c h a r a c t e r i s t i c s  on the  wind  tunnel  model can  degrade 
t h e   a c c u r a c y   o f   t h e   p r e d i c t i o n   o f   t h e   f u l l - s c a l e   v e h i c l e ' s   p e r f o r m a n c e   i n  
f 1 i g h t .  

Wi th   today 's  needs f o r  improved  accuracy i n   t h e  use o f   w i n d   t u n n e l s   t o  
make even b e t t e r   p r e d i c t i o n s   a b o u t   f l i g h t ,   t h e r e  has  been a focused   e f fo r t  
t o   s t u d y   f l o w   q u a l i t y   i n   w i n d   t u n n e l s   t o  assess  inaccuracies i n   s i m u l a t i o n  
and t o  develop  correct ions  to   wind  tunnel   data.  One means o f   s t u d y   t h a t  has 
been attempted i s   t o   t e s t  a standard  simple  body shape i n  several   wind 
tunne ls  and i n  f l i g h t  a t  matched t e s t   c o n d i t i o n s  and  then t o   c o r r e l a t e   t h e  
wind  tunnel  and f l i g h t  data;   the  data  acqui red i n  f l i g h t  would  be  the  basis 
o f  comparison f o r   t h e  wind tunnels .   For  a v a l i d  comparison,  the same body 
would have t o  be  tested i n   f l i g h t  and i n   t h e   w i n d   t u n n e l   a t  as nea r l y   t he  
same t e s t   c o n d i t i o n s  as  possible:  Mach number, Reynolds number, inc idence 
angle,   and  heat  t ransfer.  



To produce  this  type of comparison,  the  free-stream  disturbance  levels 
of 23 wind  tunnels  in  the  United  States  and  Europe  were  measured  during  tests 
on a sharp,  slender  smooth  cone  known  as  the  Arnold  Engineering  Development 
Center  (AEDC) loo transition  cone.  The  results of these  tests  have  already 
been  documented  (refs. 1 to 7). This  same  cone  and  its  related  instrumenta- 
tion  was  mounted  on  the  nose  of  an F-15 aircraft  and  flown at  the NASA  Dryden 
Flight  Research  Facility at Mach  numbers  from 0.5 to 2.0 and at  altitudes 
from 1500 meters (5000 feet) to 15.000 meters (50,000 feet). As  in  the 
previous  wind  tunnel  studies,  the  laminar-to-turbulent  transition  location 
of the  cone  boundary  layer  was  used  as  the  Reynolds  number  parameter  sensitive 
to  free-stream  disturbances. 

This  report  presents  the  results of the  flight  tests.  The  data  pre- 
sented  are  transition  Reynolds  numbers  based  on  length  measured  from  the 
cone  apex  and  flight  flow  disturbance  measurements. The data  act  as  refer- 
ence  data  for  the  previously  acquired  wind  tunnel  data  and  assisted in the 
identification  of  the  probable  mechanism of instability  leading  to  tran- 
sition. 

The  wind-tunnel-to-flight  correlations  are  presented in references 8 
and 9. 

SYMBOLS AND ABBREVIATIONS 

Physical  quantities  in  this  report  are  given in the International 
System of Units (SI) and  parenthetically  in U.S. Customary  Units.  Quan- 
tities  were  nondimensionalized  whenever  possible  to  show  functional  relation- 
ships. 

a  acceleration, g 

cP 
pressure  coefficient 

C  side  force  coefficient  due  to  sideslip 
yB 
C  side  force  coefficient  due  to  rudder  deflection 
Y6 r 

D dewpoint,  OC ( O F )  

d probe  diameter  (fig. 6) 

2nf ve 
F nondimensional peak center  frequency, 7 

'e 
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ReT 

Ret 

Rex 

RH 

nondimensional  lower bound frequency o f  peak 

nondimensional  upper bound frequency o f  peak 

frequency, Hz 

power spec t ra l   dens i t y   f unc t i on  

g rav i ta t i ona l   cons tan t ,  m/sec ( f t / sec  ) 

1962  standard  atmosphere  pressure  a l t i tude, m (ft) 

l e n g t h   o f  cone, 113.0 cm (44.5 i n . )  

Mach number 

Prandt l  number 

2 2 

pressure,  N/m ( l b / f t  ); barometr ic  pressure,  mb ( l b / f t  ) 2 2 2 

f l u c t u a t i n g   p r e s s u r e ,  N/m ( l b / f t  ) 2 2 

average s t a t i c  root -mean-square  f luc tuat ing  pressure,  

N/m2 (1   b / f  t2) 

average  impact  root-mean-square  f luctuating  pressure, 

N/m2 (1 b / f t 2 )  

h e a t   t r a n s f e r   r a t e ,  W/m (B tu / f t   -sec)  2 2 

dynamic pressure,  N/m ( l b / f t  ) 2 2 

end o f   t r a n s i t i o n  Reynolds number 

o n s e t   o f   t r a n s i t i o n  Reynolds number 

Reynolds number based on length  f rom cone  apex 

r e l a t i v e   h u m i d i t y   o v e r   l i q u i d   w a t e r ,   p e r c e n t  
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atmospheric  density, gm/m ( l b / f t  ) 3 3 

temperature  recovery  factor  (0.88 fo r   t u rbu len t   f l ow ,  0.84 f o r  
1 ami nar  f 1 ow) 

a i r c r a f t   w i n g   a r e a  m , f t  2 2  

temperature, K (OR), atmospheric  temperature, OC ( O F )  

w i n d   d i r e c t i o n   ( t a b l e  4) ,  deg from  North 

time,  sec 

v e l o c i t y ,  m/sec ( f t / sec)  

u n i t  Reynolds number, per  m (per ft) 

windspeed, m/sec, knots 

a i r c r a f t   w e i g h t ,  N ( l b )  

end o f   t r a n s i t i o n   l o c a t i o n ,  cm ( i n . )  

o n s e t   o f   t r a n s i t i o n   l o c a t i o n ,  cm ( in.)  

d is tance  a long a cone ray  from  the  cone  apex, cm ( i n . )  

geomet r ic   a l t i tude ,  m (ft) 

cone a n g l e   o f   a t t a c k   w i t h   r e s p e c t   t o   a i r s t r e a m ,  deg 

ang le-o f -a t tack   o f fse t   ang le  (eq. ( 6 ) ) ,  deg 

cone yaw ang le   w i th   respec t   to   a i rs t ream,  deg 

ang le -o f - s ides l i p   o f f se t   ang le  (eq. (7)) ,  deg 

t o t a l   i n c i d e n c e   a n g l e   w i t h   r e s p e c t   t o   a i r s t r e a m  (eq. (ll)), deg 

r a t i o   o f   s p e c i f i c   h e a t s   f o r   a i r ,  1.4 

d i f f e r e n t i a l   o r   i n c r e m e n t  

rudder   de f lec t ion ,  deg 

cone ha l f   ang le ,  deg 

k inemat i c   v i scos i t y ,  m /sec ( f t  /sec) 2 2 



4 cone azimuthal  angle re la t ive t o  cone t o p  center  ray  (fig. l ( b ) ) ,  
deg 

Subscripts: 

ac a i r c ra f t  

aw adiabatic wall 

b radiosonde  balloon 

e boundary layer edge 

i impact 

i nd i ndicated 

mi n m i  n i  mum 

max  maxi m u m  

P traversing p i t o t  

t total  

W a t  wall 

X longitudinal  axis  through  aircraft  center of gravity 

Y yaw axis through a i rc raf t   cen ter  of gravity 

CY i n  pitch  plane 

B i n  yaw plane 

0 zero  incidence and zero  heat  transfer 

1 a t  forward microphone on cone surface (x = 45.7 cm (18 i n . ) )  

2 a t   a f t  microphone on cone surface (x = 66.0 cm (26 i n . ) )  

0) f ree  stream 
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TEST APPARATUS 

Cone Desc r ip t i on  

Two cones  were  used i n  t h i s  f l i g h t  experiment. The 10' t r a n s i t i o n  cone 
( f i g .  1) was used f o r   a l l   i n - f l i g h t   t r a n s i t i o n  measurements. This  was the  
same cone  and ins t rumen ta t i on   t ha t  was used i n  the   w ind   tunne l   tes ts   o f  
references 1 t o  7; it i s  descr ibed i n  references 1 and 7. A second loo 
cone, t h e   f a c s i m i l e  cone (which was used e a r l i e r   i n   t h e   w i n d   t u n n e l   t e s t s  
of r e f .  lo), was i n s t r u m e n t e d   f o r   t h e   f l i g h t   t e s t s   w i t h   s t a t i c   p r e s s u r e  
or i f ices,   thermocouples and h e a t   f l u x  gages. This  cone was used f o r  cone/ 
a i r c r a f t  e n v e l o p e   e x p a n s i o n   f l i g h t s   a n d   i n - f l i g h t   s t a t i c   p r e s s u r e   d i s t r i -  
b u t i o n  and hea t   t rans fe r  measurements. 

Both cones  had a semivertex  angle o f  5O and an apex b luntness  less  than 
0.10 m i l l i m e t e r  (0.004 inch )   i n   equ iva len t   d iamete r .  The s u r f a c e   f i n i s h   f o r  
both was 0.25  micron (10 p i n . )   o r   b e t t e r .  Each cone was 91.44 cent imeters 
(36.00  inches) i n   l e n g t h ,  w i th  the  cone e x t e n s i o n   i n c r e a s i n g   t h a t   l e n g t h   t o  
113.0  centimeters  (44.50  inches). 

Ins t rumenta t ion  

T r a n s i t i o n  cone. - The p r inc ipa l   i ns t rumen ta t i on   used  f o r  t he  10' 
t r a n s i t i o n  cone consis ted o f  a t r a v e r s i n g   p i t o t   p r o b e ,  microphones,  and 
temperature measurement inst rumentat ion.  

T rave rs ing   p i t o t   p robe :  The t r a v e r s i n g   p i t o t   p r o b e  shown i n   f i g u r e  1 
i s  shown c lose  up i n   f i g u r e  2.  The probe was a 0.051-centimeter- 
(0.020-inch-)  inner-diameter  hypodermic  needle  f lattened a t   t h e   t i p   t o  an 
open ing   he igh t   o f  0.015 centimeter  (0.006  inch). A close-coupled 
0.238-cent imeter-   (0.094- inch-)   d iameter  d i f ferent ia l   semiconductor  strain 
gage pressure  t ransducer was loca ted   ins ide   the   p robe head. The probe 
t rave rsed   f o re  and a f t   a l o n g  the su r face   o f   t he  cone on the   top-center   ray  
over a d is tance f r o m  the  cone  apex o f  41.4  centimeters  (16.3  inches) t o  
87.3 centimeters  (35.3  inches)  (x/L = 0.37 t o  0.79). 

Microphones: On the  knee o f  the  t ravers ing  probe mechanism ( f i g s .  1 
and  3), a 0.238-centimeter-  (0.094-inch-)  diameter  temperature-compensated 
semiconductor s t r a i n  gage microphone was f l u s h  mounted i n  a t u b e   t o  measure 
f ree-st ream  impact   pressure  f luc tuat ions.  The microphone was added f o r  t h e  
f l i g h t  experiment; it was not  used  dur ing  the  wind  tunnel   tests.  

Two microphones  were  mounted i n   t h e  cone su r face   ( f i gs .  1 and 4), one 
a t  x/L = 0.404  and @ = 225' and the   o the r   a t   x /L  = 0.584  and @ = 180' t o  
measure the  cone's  boundary  layer  pressure  f luctuat ions.  Because o f   t h e  
cone's  curvature,   the  microphones  were  s l ight ly  depressed  at  the lead ing  and 
t r a i l i n g  edges t o  be f l u s h   a t   t h e   l a t e r a l  edges. Two d i f f e r e n t   s e t s   o f  
microphones  were  used.  Condenser  microphones  6.35 m i l l i m e t e r s  (0.25  inch) 
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in diameter  with  preamplifiers  close  coupled  inside  the  cone  were  limited  to 
microphone  temperatures  of 325 K (585' R). These  microphones  were  used  for 
five  flights  (flights 349 to 353); they were-the same  as  those  used in most 
of  the  wind  tunnel  tests.  Semiconductor  strain  gage  sensors  with  temperature 
compensation  from 222 K (400' R) to 367 K (660' R) were  used  for  most  of  the 
flights  (flights 327 to 348). The  frequency  response  of  all  the  microphones 
was  limited by the  frequency  response  of  the  recording  electronics  to 20 
ki 1 ohertz. 

Cone  temperature  measurement  instrumentation: An iron-constantan 
thermocouple  was  mounted  at x/L = 0.80 on  the  bottom  center  ray  of  the 
transition  cone {I$ = 180') to  measure  the  cone's  wall  temperature.  The 
thermocouple  junction  was  flush  mounted in a small  hole  and  epoxied in 
pl ace. 

Facsimile  cone. - An array  of  0.51-millimeter-  (0.020-inch-)  diameter 
static  pressure  orifices  and  an  array  of  thermal  sensors  were  installed in 
the  facsimile  cone.  The  thermal  sensors  were  heat  flux  gages  and  thermo- 
couples.  The  heat  flux  gages  were 0.2 millimeter (0.008 inch)  thick  and 
6.35 millimeters  (0.25  inch) in diameter.  The  thermal  sensors  were  inter- 
changeable  with  the  static  pressure  orifices in the  facsimile  cone. A 
drawing  of  the  facsimile  cone  showing  the  locations  of  the  static  pressure 
orifices  is  given in figure 5. A normal  and a transverse  accelerometer  were 
mounted  approximately 5 centimeters (2 inches)  behind  the  cone  extension  on 
the  sting.  These  accelerometers  were  ac  coupled  and  monitored  during  the 
envelope  expansion  flights. 

Instrumentation  common  to  both  cones. - 

! 

Fixed  flow-sensing  probe:  The  fixed  flow-sensing  probe  (figs. 1 and 6) 
contained  an  impact  pressure  orifice  and a ring  of  static  pressure  orifices 
4.7 diameters  back  on  the  cylindrical  portion  of  the  probe  for  the  measure- 
ment  of  airspeed  and  altitude.  The  probe  required  an  in-flight  calibration 
to  correct  for  the  influence  of  the  aircraft's  forward  flow  field.  The  data 
used  for  the  position  error  curve  (fig. 7) were  obtained  from  the  following 
two  methods: (1) Pacer  flights  (for  subsonic  Mach  numbers)  (ref. 11) and 
(2) radar  tracking  (for  subsonic  and  supersonic  Mach  numbers)  (refs. 12 and 
13). True  free-stream  Mach  number,  and  indirectly  pressure  altitude  and 
ambient,  total,  and  dynamic  pressures,  were  determined by using  this  position 
error  curve. 

Two  pairs  of  orifices  located 40' from  the  stagnation  point  of  the 
hemispherical  probe  head in the  pitch  and yaw planes  were  used to  measure 
angle  of  attack  and  angle  of  sideslip.  Calibrations  were  determined in the 
NASA  Ames 11- by 11-Foot  Transonic  and 9- by 7-FOOt Supersonic  Wind  Tunnels 
and  are  given in appendix A. 

Reference  pressure  instrumentation:  Four  mutually  perpendicular 
orifices  on  the  cone  extension  at x/L = 0.940 were  manifolded  to a precision 
13-bit  altitude  transducer  to  provide a reference  static  pressure  for  the 
traversing  pitot  probe,  the  semiconductor  strain  gage  microphones,  and  the 
facsimile  cone  static  pressure  array. 
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Total  temperature  probes: Two probes mounted on the a i r c r a f t  nose  were 
used t o  determine  total   temperature.  (They a r e   n o t   v i s i b l e  i n  the   f i gu res . )  
The use o f  these  probes i s  descr ibed i n  appendix B. 

F l i gh t   Tes t   Con f igu ra t i on  

The f l i g h t   t e s t   c o n f i g u r a t i o n  was i d e n t i c a l   f o r   t h e   t r a n s i t i o n  and the  
f a c s i m i l e  cones; bo th  were  mounted on the  nose o f   t h e   t e s t b e d   a i r c r a f t  as 
shown i n   f i g u r e  8. The nose boom cou ld  be p i v o t e d   v e r t i c a l l y  between f l i g h t s  
t o  a1 low changes i n  i nc idence   ang le   re la t i ve  t o  t h e   a i r c r a f t   c e n t e r 1  i ne. 
This  was necessary t o  keep t h e  cone near  zero  angle o f  a t t a c k   f o r   d i f f e r e n t  
comb ina t ions   o f   a i r c ra f t  speed, a l t i t u d e ,  and  weight. The d is tance f r o m  t h e  
apex o f   t h e  cone t o   t h e  apex o f   t h e   a i r c r a f t  nose was 2.13 meters (7.0 feet ) .  

DATA ACQUISITION AND REDUCTION PROCEDURES 

F l ight   Test   Procedures 

Each f l i g h t   t e s t   p o i n t   r e q u i r e d   t h a t   t h e  cone  be a t  a zero  angle  o f  
attack,  zero  angle o f  s i d e s l i p ,  and zero   heat   t rans fer   (ad iabat ic   wa l l )  
cond i t ion   s imu l taneous ly   fo r   approx imate ly  2 minutes.  With  the cone i n c l i -  
n a t i o n   a n g l e   f i x e d   b e f o r e   f l i g h t ,   t h e   p i l o t   c e n t e r e d   t h e   a n g l e - o f - a t t a c k  and 
ang le-o f -s ides l ip   need les   by   ad jus t ing   ve loc i ty  and t r i m m i n g   t h e   a i r c r a f t   a t  
the   p redetermined  a l t i tude  f o r  zero cone incidence. On s e v e r a l   f l i g h t s ,  
i n t e n t i o n a l   s i d e s l i p   a n g l e s  were f lown t o  check  the  f ixed  f low-sensing  probe 
c a l i b r a t i o n .  

To achieve  zero  heat   t ransfer  on the  cone a t   t h e   d e s i g n a t e d   t e s t   p o i n t s ,  
t h e   t a r g e t  cone temperatures  were computed f o r  the tes t   cond i t i ons   us ing  
ambient a i r  temperature  data  from a morning  radiosonde  bal loon. F o r  Mach 
numbers above approx ima te l y   1 .2 ,   t h i s   requ i red   t ha t   t he  cone  be heat  soaked 
on the  ground a t   t h e  end o f   t h e  runway t o  a temperature  between 104' C and 
116' C (220' F and 240' F) b e f o r e   t a k e o f f   ( f i g .  9). A f t e r   t a k e o f f   t h e  
cone's  temperature was monitored  and the f l i g h t  schedule was adjusted so the  
cone wou ld   reach   t he   t a rge t   t empera tu re   a t   t he   t es t   po in t .   Fo r   t es t   po in ts  
fo r   wh ich   t he  cone  needed t o  be c o o l e d ,   t h e   p i l o t   t o o k   t h e   a i r p l a n e   t o  a 
h i g h e r   a l t i t u d e   t h a n   t h e   t e s t   p o i n t  and c o l d  soaked the  cone u n t i l  it reached 
the  target  temperature.  The p i l o t   t h e n   f l e w   t h e   a i r p l a n e   t o   t h e   t a r g e t  
a l t i t u d e  and Mach number. 

F o r   m o n i t o r i n g   t e s t   c o n d i t i o n s   d u r i n g   f l i g h t ,   d a t a   f r o m   t h e   a i r p l a n e  
were t ransmi t ted   t o   t he   g round   s ta t i on ,   p rocessed   i n   rea l   t ime ,  and d i s -  
p layed on cathode  ray  tubes  (CRT's) and s t r i p   c h a r t s .  

A t i m e  h i s t o r y   o f  Mach number, a l t i t u d e ,  Reynolds number, ang le   o f  
a t tack ,  and  angle o f   s i d e s l i p   f o r  a t y p i c a l   p i t o t   p r o b e   t r a v e r s e   i s  shown i n  
f i g u r e  10. The f i g u r e  shows t h a t   f l i g h t   c o n d i t i o n s  changed v e r y   l i t t l e  
du r ing   t he   t rave rse .  
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The t e s t  p o i n t s  a t  which measurements were made i n  f l i gh t   a r e  shown i n  
the Mach number/al t i  tude  envelope i n  f igure 11. The various symbol shapes 
distinguish between data  acquired a t   d i f f e r e n t  nominal  dynamic pressures and 
nominal aircraft  trim  angles of attack. For each preset nose boom angle of 
the cone re la t ive  t o  t he   a i r c ra f t ,   t he   a i r c ra f t  was trimmed t o  give  zero 
indicated cone angle of a t t a c k   a t  a particular Mm for  a given a l t i tude ,  t h u s  
defining a trace of nearly  constant u n i t  Reynolds number across  the envelope. 
The  same  symbol shapes are  used l a t e r  i n  the  data  presentation  for  the same 
test  conditions. As figure 11 shows, many of the  tes t   points  i n  this program 
were repeated t o  investigate  the  degree of repeatabil i ty of the measurements 
i n  t he   f l i gh t  environment. 

Data Recording 

Data were recorded on a 14-track  tape  recorder a t  30 inches  per second 
(IPS) using the  standard Inter-Range  Instrumentation Group (IRIG) wide band I 
technique. Data  from the cone microphones,  free-stream impact  probe  micro- 
phone, and cone accelerometers were analog  signals each recorded on a separate 
track of the  recorder. The remaining data were d ig i t ized   a t  200 samples per 
second and recorded on a single  data  track. The digitized  data were also  te le-  
metered to  a ground station,  formatted i n  real  time, and recorded on magnetic 
tape. 

Data Reduction 

Free-stream Mach  number and a l t i tude  were obtained by apply 
airspeed  corrections shown i n  f igure 7 t o  the  values measured a t  
flow-sensing probe. Values for  total   pressure,   static  pressure,  
pressure, and u n i t  Reynolds number were determined by using  the 
in  references  14 and 15. 

ing  the . 

the  fixed 
dynamic 

information 

4 '  

The boundary 1 ayer edge conditions, Me and Ue/ve, were calculated by 
using  the  surface  static  pressures measured during  the  facsimile cone f l i gh t s  
(app. C). Onset and  end of t ransi t ion Reynolds numbers were computed a t  zero 
incidence  as  follows: 

R e ~ O  = ( u e /v e) x T~ 

where Xt  and XT were onset and  end of transition  locations  defined from 
measured values of x by the  traversing p i t o t  probe.  Onset and  end  of transi-  
tion  locations, which are  apparent i n  f igure 1 2  (a typical   p i tot  probe 
pressure  trace), were defined i n  exactly  the same  way as was described i n  
reference 7 for  the wind tunnel t e s t s .  
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Some o f   t h e   f l i g h t   d a t a  had t o  be cor rec ted   fo r   smal l   inc idence  ang les ,  
and  most o f   t h e   d a t a  had t o  be c o r r e c t e d   f o r   s l i g h t   v a r i a t i o n s  o f  t h e   w a l l  
temperature  f rom  the  adiabat ic  wal l   temperature.   Correct ions  for   nonzero 
incidence  were  based upon the  wind  tunnel   data  and  the  procedures  of  
appendix D. 

To cor rec t   the   da ta   fo r   nonad iabat ic   wa l l   tempera tures ,  a t u r b u l e n t  
cone recovery   fac to r ,  r, equal t o  0.88 ( r e f .  16), was used t o  determine  the 
ad iabat ic   wa l l   tempera ture   us ing   the   fo l low ing   re la t ion :  

Taw - Te 
- [l + r Me2] 

The placement o f   t h e  Tw sensor a t   t h e   a f t  limit o f  the   p i t o t   p robe   su rvey  

range  (x/L = 0.80) assured a turbulent  recovery  temperature  for   cases when 
complete  t rans i t ion  could  be  detected.  The f a i r i n g   o f   t h e  f l i g h t  temper- 
ature  data  d iscussed i n  RESULTS AND DISCUSSION was used t o  determine Re 
and Re . 

TO 

The in f luence  o f   a tmospher ic   turbulence on t h e   f l i g h t   d a t a   c o u l d  be 
i s o l a t e d   o n l y  when t h e   p i l o t   c o n s i d e r e d   t h e   l e v e l   o f   t u r b u l e n c e   t o  be 
moderate. Such encounters  with  turbulence  were  rare. The atmosphere  over 
t h e   f l i g h t   t e s t   r a n g e  appeared  remarkably  stable f o r  most o f   t h e   f l i g h t s .  
The weather  data  recorded  by  the  radiosonde  bal loons  for   each day o f   f l i g h t  
are  presented i n  appendix E t o  document the  atmospheric  disturbance  environ- 
ment. When t h e   p i t o t   p r o b e  made a traverse  during  moderate  atmospheric 
t u r b u l e n c e ,   t h e   t r a n s i t i o n   l o c a t i o n  became d i f f i c u l t   t o   d e f i n e  and,  as 
i nd i ca ted  i n  f i g u r e  13, f l i g h t  cond i t ions  became uns teady ,   inva l ida t ing   the  
t e s t  data. 

Measurements by  the cone sur face and free-stream  impact  microphones o f  
t he   f l i gh t   d i s tu rbance   env i ronmen t  were  recorded on magnetic  tape  and  proc- 
essed t o   o b t a i n  power spect ra l   densi ty .   Data  a t   f requencies up t o   t h e  upper 
recording  f requency limit o f  20 k i l o h e r t z  were  analyzed  using a Four ie r  
analyzer. The data  were ensemble averaged f o r   t h e  36-second i n t e r v a l   p r e -  
c e d i n g   p i t o t   p r o b e   t r a v e r s e  f r o m  t h e   f u l l - r e t r a c t  s tow  pos i t ion  (x /L  = 0.79) 
and  had a f requency   reso lu t ion   o f  24.4 her tz .  

The i n - f l i g h t   v i b r a t i o n  measurements from  the  cone  accelerometer  package 
r e v e a l e d   t h e   o n l y   s i g n i f i c a n t   v i b r a t i o n   t o   l i e   b e l o w   a p p r o x i m a t e l y  200 her tz .  
I n  addi t ion,   the  cone/a i rcraf t   fuse lage  bending  natura l   f requencies  were 
found t o  be 5.6 h e r t z  i n  t h e   l a t e r a l   d i r e c t i o n  and 7.0 h e r t z  i n  t h e   v e r t i c a l  
d i rec t ion   dur ing   g round  v ib ra t ion   tes t .   Accord ing ly ,   the  cone  microphone 
da ta   were   h igh   pass   f i l t e red   du r ing   t he   da ta   reduc t i on   p rocess   a t  200 her tz ,  
g i v i n g  an overal l   bandwidth  from 200 h e r t z   t o  20 k i l o h e r t z .  The free-stream 
impact  probe  microphone  data  were  analyzed  without f i l t e r i n g  from 0 h e r t z  
t o  20 k i  1 ohertz.  
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RESULTS AND DISCUSSION 

Effects of Cone Temperature 

During the   f l igh t   t es t s  i t  was possible t o  control  the  transition 
cone's  temperature  within 26 percent of the  adiabatic wall  temperature, Taw, 
for  about 90 percent of the  tes t   points  by using the method described i n  
Flight  Test  Procedures. Even th i s  small deviation i n  temperature had a 
large  influence on transit ion  location, however, as shown i n  f igure 14. The 
data have  been grouped by  Mach  number and nondimensionalized by the  adiabatic 
wall  temperature t ransi t ion Reynolds number.  The adiabatic wall  temperature 
t ransi t ion Reynolds number  was determined from fair ings of the  f l ight   data  
for  each nominal Mach number.  The sens i t iv i ty  of t ransi t ion Reynolds number 
t o  heat  transfer  appears t o  have  been essent ia l ly  independent of Mach  number 
and proportional t o   t he  temperature r a t io  Tw/Taw. The trend o f  the  data i n  
f igure 14 shows a  strong  heat  transfer  influence on t rans i t ion ,  delayed 
transition  occurring when the boundary layer was cooled (Tw/Taw < 1.0) , . 
earlier  transit ion  occurring when the boundary layer was heated (Tw/Taw > 1.0). 
A l s o  shown i n  figure 14 are  data  obtained dur ing  a  rapid  excursjon of to ta l  
temperature a t  M = 1 . 2  i n  the AEDC k F 0 0 t  Transonic (4T) Wind Tunnel. These 
data show the same trend  as  the  flight  data. According to  the  theoretical  
f l a t   p l a t e  e method  from reference 17, t ransi t ion 
of 0.85 a1 so fol lows the  trend of the  f l ight  data.  
the  f l ight  data and used for  correcting  nonadiabat 
tions. 

9 onset  for  a Mach  number 
A curve was f i t  through 

ic   data   to   adiabat ic  cond i- 

Transition Reynolds Number 
. -  

The t ransi t ion Reynolds numbers  measured i n  f l ight  corrected t o  adiabatic 
wall  temperatures are shown as  a  function of local Mach  number i n  f igure 15. 
This  figure  includes 82 t e s t  p o i n t s  (39 of which  were acquired a t  supersonic 
speeds)  gathered from 27 f l i gh t s  over  a 2.5 month time  period. The data 
form a  nearly  linear band. Transition Reynolds number  was a function of 
Mach  number and ranged from about  3.5 x 10 a t  a Mach  number  of 0.5 t o  above 
9 .0  x 10 a t  Mach numbers above 1.6. Actual measurements o f  Xt, XT, and the 
corresponding flight  conditions  are  tabulated i n  table  1 together w i t h  the 
corrected  values of end of t ransi t ion Reynolds number,  f?eTo,  and onset of 

t ransi t ion Reynolds number, Re . Figure 16 shows tha t   the   ra t io  of onset 

of t ransi t ion Reynolds number t o  end of t ransi t ion Reynolds number is  inde- 
pendent of Mach  number and  dynamic pressure and has a mean value of 0.86. 
Most of the  data  are w i t h i n  +5 percent of this mean value. 

6 
6 
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Transi t ion  Reynolds number was p l o t t e d  as a f u n c t i o n  o f  u n i t  Reynolds 
number i n   f i g u r e  17 f o r  nominal Mach numbers t o  determine  whether  the  present 
data  had  the  uni t   Reynolds number e f f e c t  shown f o r  h igher  Mach numbers i n  
references 7, 18, and  19. Even a t  Mach numbers  where there  were a substan- 
t i a l  number o f   da ta   over  a wide  range o f  u n i t  Reynolds numbers a t   a d i a b a t i c  
cond i t ions ,   the   da ta   a re   inconc lus ive .  

Fl ight   Disturbance  Environment 

I n d i c a t i o n s   o f   l a m i n a r   i n s t a b i l i t y  were  found i n   t h e  microphone  spectra. 
For  purposes o f   i l l u s t r a t i o n ,   t h e   s p e c t r a   o b t a i n e d   d u r i n g  two f l i g h t   t e s t  
po ints   f rom  a l l   three  microphone  s ignals   ( f ree-st ream  impact ,   forward cone, 
and a f t  cone) a re  shown i n   f i g u r e s  18(a)  and  18(b). I n  f igure   18(a) ,   the  
forward cone  microphone was under   t rans i t i ona l   f l ow ,  and t h e   a f t  cone micro- 
phone was under f u l l y  developed  turbulent  f low. I n   f i g u r e  18(b), the  forward 
cone microphone was under  laminar  f low  and the a f t  cone microphone was under 
t r a n s i t i o n a l   f l o w .   I n   a l l  cases when the  boundary  layer was laminar  o r  t ran -  
s i t i o n a l ,   t h e r e  was a broad  peak i n   t h e   p r e s s u r e   f l u c t u a t i o n   s p e c t r a   s i m i l a r  
t o   t h o s e  shown i n   f i g u r e s  18(a)  and  18(b). The nondimensional  frequency a t  
which  the  peak  occurs i s  denoted i n  f i gu re   18   by  F; the   subscr ip ts  1 and 2 
r e f e r   t o   t h e   f o r w a r d  and a f t  cone  microphones, respec t i ve l y .  The nondimen- 
s iona l   f requenc ies   fo r   these peaks are  documented i n   t a b l e  2, where F denotes 
the  peak  center  frequency and Fmin and Fmax denote  the  lower and upper  bounds 

o f   t h e  peak. When the  boundary  layer was tu rbu len t ,   the   spec t ra  were  character- 
i s t i c a l l y  smooth, w i t h   h i g h e r  power over  most o f   the  recorded  bandwidth  than 
fo r   t he   l am ina r   spec t ra   excep t   a t   t he  peaks. 

Spectra  recorded i n  s e v e r a l   f l i g h t s   a t   t h e  same nominal Mach numbers 
are  shown i n   f i g u r e s  19(a)  and  19(b). The v a r i a b l e  between  spectra i n  
both  f igures  19(a)  and  19(b) i s   t h e  Reynolds number based  on  the cone 
microphone  location. The dominant  feature i n  these cone  boundary l a y e r  
s p e c t r a   i s   t h e  peak,  which  decreases i n  frequency  and  increases i n  power 
as Rex i n c r e a s e s   a t  a g iven Me. F i n a l l y ,   a t   t h e   l o c a t i o n   n e a r   t h e  end  of 

t r a n s i t i o n ,  XT, the  peak  disappears  into  the smooth,  broadband  spectrum 

c h a r a c t e r i s t i c   o f  a turbulent   boundary  layer .  

The spectral  peaks  appeared t o  e x h i b i t  a prescr ibed  behavior  i n  terms 
o f   t he   va r ia t i on   o f   abso lu te   f requency ,  f, w i t h  Me, as shown i n   f i g u r e s  20(a) 

t o  20(d). The center   f requencies  increase as Me increases. A r a t i o   o f   t h e  

f requencies f,/f,, when peaks  occurred in   the  spect ra  f rom  both  microphones 
I L  

a t  a g i v e n   f l i g h t  
the  d is tance  f rom 

Reynolds numbers, 

bo th  Rex and Me. 

dynamic  pressures 

cond i t ion ,  was approx ima te l y   t he   i nve rse   o f   t he   ra t i o  o f  
the  cone  apex, (X2/L)/(X1/L), and therefore  the  microphone 

Rex  /Re . Hence, the   peak   f requenc ies   a re   func t ions   o f  

T h i s   r e l a t i o n s h i p  was n o t  as we l l   de f i ned   a t   t he   h ighes t  
2 

( f ig .   20(d)) .  
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The  nondimensional  center  peak  frequencies  are  shown in figure 21 and 
show  a  clear  dependence  upon  Reynolds  number  and  Mach  number.  The  data 
agree  well  with  recent  calculations by Mack  since  his  publication  of 
reference 20 adjusted by the  usual  cone-planar  similarity  rule  (where  the 
Reynolds  number  on a cone  is  three  times  that  on a  flat plate). The  cal- 
culations by Mack  are  for  the  first  mode  laminar  instability,  that  is, 
Tollmien-Schlichting  waves,  and  the  calculations  agree  with  the  character- 
istics  of  the  spectra;  thus,  Tollmien-Schlichting  waves  are  probably  the 
cause  of  transition. 

Naturally  growing  Tollmien-Schlichting  waves  can  be  detected  only in a 
low  disturbance  free-stream  environment. As shown by the  free-stream  impact 
microphone  overall  pressure  fluctuations  (figs. 22(a) and 22(b)), the  level 
of  disturbance in the  flight  environment  was  very  low  compared  with  that in 
most  wind  tunnels.  The  flight  disturbance  level  varied  from  about 0.005 
percent  to  about 0.03 percent  (fig. 22(a)) when  normalized by the  free- 
stream  total  pressure.  When  the  free-stream  impact  overall  pressure  fluctua- 
tions  are  normalized by free-stream  dynamic  pressure, q, (fig. 22(b)), the 
data  collapse  better  and  the  values  range  from 0.16 percent  at  the  lower 
Mach  numbers  to 0.017 percent  near  Mach 2. The  different  flags  on  the 
symbols,  which  denote  flights  made  on  different  days,  indicate  the 
day-to-day  variations in the  atmosphere.  The  disturbances  did  not  seem  to 
be dominated by engine  noise,  although  some  discrete  tones  appeared  randonly 
in the  spectra , and  some  of  these  may  have  come  from  the  engine  inlets , 
fans,  or  compressors. 

The  amplitudes  recorded by the  cone  microphones  only  under  laminar  flow 
conditions  are  shown in figure  23.  When  the  cone  boundary  layer  was  turbu- 
lent,  the  cone  surface  microphone  recorded  pressure  fluctuations in the 
near-field  turbulent  boundary  layer.  When  the  boundary  layer  was  transi- 
tional,  the  amplification  of  the  low  end  of  the  frequency  spectrum  during 
transition  produced  large  overall  values  of  indicated  pressure  fluctuation. 
Only  under  laminar  conditions  could  the  cone  surface  microphones  measure 
disturbances  imposed  from  the  free  stream,  and  this  measurement  was  altered 
by the  laminar  boundary  layer  receptivity. As the  spectral  data in figure 19 
show,  the  laminar  boundary  layer  selectively  amplifies  certain  frequencies 
in the  spectrum,  increasing  some  of  the  values  sensed by the  microphone. 

The  cone  surface  static  pressure  fluctuations, E, are  shown'normalized 
by p, and q, in figures 23(a) and 23(b) as  a  function  of Me. As a percentage 
of p,, the  laminar  pressure  fluctuations  seem  to  increase  with  increasing 
Me; as a percentage  of q, (fig. 23(b)), they  decrease  with  increasing Me. A 
comparison  of  figures 22(b) and 23(b) shows  that  at  the  highest Me the  cone 
surface  pressure  fluctuation  is  essentially  the  same as the  free-stream 
impact  pressure  fluctuation.  The  differences  between  the  cone  surface  and 
free-stream  impact  pressure  fluctuation  amplitudes  increase  as Me decreases. 
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As b e f o r e ,   t h e   d i f f e r e n t   f l a g s  on the  symbols ( f i g .  23) denote f l i g h t s  
on d i f f e r e n t  days to   ind ica te   day- to -day   var ia t ions .  The open  symbols 
denote  data  acquired  wi th  the  semiconductor  strain gage microphones  used a t  
the   h igher  Mach numbers and higher  temperatures. The s o l i d  symbols  denote 
data  acquired  wi th  condenser  microphones  l ike  those used i n   t h e   w i n d   t u n n e l s .  
The data f r o m  both  types  of  microphones  agree  well .  The laminar and t r a n s i -  
t i o n a l   s p e c t r a  measured by  both  sets  of  microphones  had  the same character-  
i s t i c s ,   v e r i f y i n g   t h a t   t h e  peaks  were  associated wi th  the  boundary  layer  and 
not  anomalies  introduced  by  the  sensors. 

Data  Comparison 

The cor rec ted  end o f   t r a n s i t i o n  Reynolds number a t  zero  angles o f  
incidence and ad iaba t i c   wa l l   t empera tu re   cond i t i ons   i s   p lo t ted   aga ins t   t he  

normal ized cone sur face   p ressure   f luc tua t ions ,  @/qm, i n   f i g u r e  24(a). 

It should be n o t e d   t h a t  @ i s   t h e   o v e r a l l   l e v e l  (200 Hz t o  20 kHz) o f  

d is turbance measured by  the cone microphone  under a laminar  boundary  layer. 
The f l i g h t   d a t a  show good agreement wi th   the  wind  tunnel   data  f rom  re ference 7. 

A s i m i l a r   p l o t   o f  end o f   t r a n s i t i o n  Reynolds number w i th   the   normal ized  

impact   pressure  f luc tuat ions,  Jc/qm, i s  shown i n   f i g u r e  24(b). The data 

scat ter   about  a f a i r i n g  was w i t h i n  i20 percent,  as i n   f i g u r e  24(a). The 
f luc tua t ing   impact   p ressure   p robe was n o t   i n s t a l l e d  on the   t ravers ing   p robe 
dur ing   the   w ind   tunne l   tes ts ,  so no comparable  wind  tunnel  data  are  avai lable. 

2 

CONCLUDING REMARKS 

A f l i g h t   t e s t  program was per fo rmed  dur ing   wh ich   in - f l igh t  measurements 
o f  boundary   l aye r   t rans i t i on  and  atmospheric  disturbance measurements were 
made on a 10' t r a n s i t i o n  cone t e s t e d   p r e v i o u s l y   i n  23 wind  tunnels .  The 
data  were  acquired i n   f l i g h t   a t  Mach numbers from 0.5 t o  2.0 and a t   a l t i t u d e s  
f r o m  1500 meters (5000 f e e t )  t o  15,000 meters (50,000 f e e t )  t o  p rov ide  a s e t  
o f   r e f e r e n c e   d a t a   f o r   w i n d - t u n n e l - t o - f l i g h t   c o r r e l a t i o n .  

Transi t ion  Reynolds number was a f u n c t i o n   o f  Mach number and  ranged 
6 f r o m  about 3.5 x 10 a t  a Mach number o f  0.5 t o  above 9.0 x 10 a t  Mach 

numbers above 1.6. 
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The  wall  temperature  ratio,  Tw/Taw,  had  a  strong  effect  on  transition 
Reynolds  number.  Transition  was  delayed  when  the  boundary  layer  was  cooled, 
and  early  transition  occurred  when  the  boundary  layer  was  heated. 

In a  laminar  or  transitional  boundary  layer  on  the  cone,  the  microphones 
detected  a  broad  peak in the  spectrum.  The  nondimensional  center  peak 
frequency  agreed  well  with  calculations by Mack  for  first  mode  laminar 
instability,  that  is,  Tollmien-Schlichting  waves,  identifying  Tollmien- 
Schlichting  waves  as  the  probable  cause o f  transition. 

The  disturbance  level  was  low in flight  as  determined by the  free-stream 
impact  and  cone  microphones. 

The  comparison  of  flight  transition  Reynolds  number  to  cone  surface 
pressure  fluctuations  was in good  agreement  with  the  same  comparison  using 
the  data  from  the  wind  tunnels. 

Ames  Research  Center 
Dryden  Flight  Research  Facility 
National  Aeronautics  and  Space  Administration 
Edwards,  California 93523 
May 28,  1981 
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APPENDIX A 

FLOW  ANGLE MEASUREMENT 

Cone inc idence  angle was der ived  f r o m  t h e  measurements o f   f l o w   a n g l e  
u s i n g   t h e   o r i f i c e s  i n  the   f i xed   f l ow-sens ing   p robe .   Be fo re   t he   f l i gh t   t es ts ,  
the  probe was c a l i b r a t e d   i n  two  w ind   tunne ls   a t   the  NASA Ames Research  Center; 
dur ing   these  w ind   tunne l   ca l ib ra t ions  the probe was mounted  on t h e   s t i n g  i n  
t h e   f l i g h t   t e s t   c o n f i g u r a t i o n .  The d i f f e r e n t i a l   p r e s s u r e s   i n   t h e   p r o b e  were 
c a l i b r a t e d   f o r   s e n s i t i v i t y   d u r i n g  the t r a n s i t i o n  asymmetry c a l i b r a t i o n s .  The 
r e s u l t i n g   d i f f e r e n t i a l   p r e s s u r e   c o e f f i c i e n t s ,  AC and AC , were ca l cu la ted  
as fo l lows:  pa pB 

and 

AC - -5 
pB 9, 

The sign  convent ions  were  posi t ive AC f o r  p o s i t i v e  cone ang le   o f   a t tack  
pa 

and p o s i t i v e  AC f o r   f l ow   f rom  the   r i gh t   ( l ook ing   f o rward ) .   L inea r   app rox i -  
pB 

“Pa) and d(hCPB) 
mations o f   t h e   s e n s i t i v i t i e s  were d e f i n e d   i n   t e r m s   o f  da 

dB - 

The d a t a   d e f i n i n g  dpCpCI) da and d(aCpB) are  shown i n  f i g u r e  25, the  wind 
dB 

tunnel   f?ow  angle  being measured by  the  tunnel   s t ing  suppor t  system. 
The theo re t i ca l   cu rve  shown i n   f i g u r e  25  was obtained  using  the  method  of  
Hsieh  (ref.  21). The dev ia t ions  o f  t he  measurements f rom  the  theory  are 
b e l i e v e d   t o  be due t o   t h e  combined e f f e c t s   o f   t h e   c o n e ’ s   f l o w   f i e l d ,   t h e   m i s -  
al inement o f  t h e   p r o b e   r e l a t i v e   t o   t h e  cone,  and  probe  manufacturing  toler- 
ances. The equations  used t o  r e d u c e   t h e   f l i g h t   d a t a  were 
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where dCI 1, a', and f?' were functions of Mm as  defined by the 

calibrations.  

where dCI 1, a', and f?' were functions of Mm as  defined by the 

calibrations.  

An appreciable misalinement of the probe i n  the  sideslip  plane was 
indicated by the cone measurement of s idesl ip  when AC equaled 0. The data 

showing the  offset  angle, p ' ,  are given i n  f igure 26.  Data are  included 
from t e s t s  made i n  two other  tunnels  as well -- the Langley 4-  by 4-Foot 
Supersonic  Pressure Tunnel  and the AEDC +Foot Transonic Wind Tunnel. The 
f? '  data  scatter was about k0.15'. A constant  value of 0.57O  was selected 
as a mean misalinement  value. 

pf? 

When the cone was carefully  positioned a t  zero  angle of attack,  the 
angle  indicated by the  fixed  flow-sensing  probe i n  the  four wind tunnels 
was as shown i n  f igure 27. The data  scatter was about +O. 2' from a theoret- 
ical   inviscid  solution  for  the  velocity  vector  at   that   location given by the 
method  of reference 22 for subsonic  flow and by conical flow theory  for  super- 
sonic flow. The theoretical  solution seems t o  provide a good fa i r ing   for  
the  data,  indicating no appreciable  misalinement of  the probe i n  the  angle- 
of-attack  plane.  In-flight checks of cone angle of attack and angle of side- 
s l i p  were made as a check on the wind tunnel  calibrations. The accelerometer 
method o f  reference 23 was used t o  check angle of attack. According t o  this 
method, i f   t he   a i r c ra f t  i s  held s t a b l e   a t  a constant  al t i tude and velocity, 
the  aircraft   longitudinal  acceleration can be expressed  as a function of 
a i r c r a f t  angle o f  at tack,  where 

s in  CI = ac  axac 

Correcting  for small constant  rates of change i n  a l t i tude  and velocity,  the 
equation becomes, after  solving  for  angle of a t tack,  

cI = arc sin (axac - A"@ a) + arc  sin (6) 
ac 

The cone angle of attack was determined  using  the  preset  inclination  angle 
of the cone relat ive t o  the  aircraft   longitudinal  axis (which was known); 
the  results  are shown i n  f igure 28. The subsonic  data  agree  well w i t h  the 
wind tunnel calibration. The supersonic  data  are  inconclusive because of 
the  limited number of suitable  data po in t s .  

Two methods  were 
method used the  equat 
conditions where 

used t o  check the cone angle of sideslip.  The f i r s t  
ied  for   s teady  s ta te   tes t  ions of motion simplif 

+ 'ygB,,) 
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A i r c r a f t   a n g l e  o f  s i d e s l i p  was ca lcu lated  f rom  th is   equat ion,  and the  cone 
s i d e s l i p  was determined  by  correct ing  for   the  rn isal inement  between  the cone 
and a i r c r a f t  axes. The r e s u l t s   a r e  shown by  the  square  symbols i n   f i g u r e  29. 
The d a t a   f o r   t h e  open symbols a r e   f o r   f l i g h t s  327 t o  344; t h e   d a t a   f o r   t h e  
s o l i d  symbols a r e   f o r   f l i g h t s  345 t o  353. A s h i f t  o f  about 0.5O i n  a n g l e   o f  
s ides l i p   occu r red  between f l i g h t s  344  and 345 and was sensed  by  the  p i lo t .  

Facs imi le  cone data f r o m  a s e n s i t i v e   d i f f e r e n t i a l   p r e s s u r e   t r a n s d u c e r  
across   d iamet r ica l l y  opposed s t a t i c   o r i f i c e s   i n   t h e  yaw p l a n e   a t  x/L = 0.40 
d u r i n g   f l i g h t s  358  and 359 c o n f i r m e d   t h e   s h i f t   i n   s i d e s l i p   a n g l e ,  as shown 
i n   f i g u r e  29. The d a t a   f o r   d i f f e r e n t i a l   p r e s s u r e  and i n d i c a t e d   a n g l e   o f  
s i d e s l i p  were f a i r e d ,  and t h e   i n t e r c e p t  o f  AC = 0 was chosen as t h e   t r u e  

ze ro   ang le   o f   s i des l i p .  The d a t a   f r o m   f l i g h t s  345 t o  353,  358,  and  359 
were corrected  accord ing ly .  

pB 
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APPENDIX B 

TOTAL  TEMPERATURE  MEASUREMENT 

It was necessary t o  know the   f ree -s t ream  s ta t i c   t empera tu re   o f   t he  
atmosphere, Tm, a t   a l l   f l i g h t   c o n d i t i o n s   i n   o r d e r   t o  compute airspeed, Urn, 

u n i t  Reynolds number, Um/ and the  ad iabat ic   wal l   recovery  temperature on 

the  cone, Taw. The d i r e c t  measurement o f  Tm d u r i n g   f l i g h t   i s   n o t   p r a c t i c a l .  

Hence, to ta l   tempera ture ,  Tt, was measured by  using  two  independent  tempera- 

t u r e   p r o b e s   i n s t a l l e d  on t h e   a i r c r a f t   f u s e l a g e .  

The readings  f rom  these  two  probes  di f fered  by an average o f  1 .5 per-  
cen t  -- a s i g n i f i c a n t  amount f o r   e x p e r i m e n t a l   r e s e a r c h   i n   t r a n s i t i o n .  Two 
methods  were  used to   ascer ta in   wh ich   p robe gave the   be t te r   read ing .  The 
f i r s t  was t o  compare t h e   v a l u e   o f  Tm computed from  the measured Tt w i t h   t h e  

radiosonde  weather  data  discussed i n  appendix E. The second  method was t o  
measure t h e   r a t e   o f   h e a t   t r a n s f e r ,  Qw, on the   su r face   o f   t he   f acs im i le  cone 
together   wi th   sur face  temperature,  Tw. A check showed t h a t  Qw approached 

zero as Tw/Taw approached 1.0, wh ich   ve r i f i ed   t he   accu racy   o f   t he  measurements 
o f  Tw, Qw, and Tt, s ince Tt was used t o  compute Taw. Th is   check   a lso   ver i f ied  

the  accuracy  o f   the  computat ion  o f   boundary  layer  edge f l ow   cond i t i ons  Me and 

Te and the   accuracy   o f   the   laminar  and tu rbu len t   recove ry   f ac to rs ,  r, used i n  

computing Taw. 

The f i r s t   t o t a l  temperature  probe  (probe 1) was i n s t a l l e d  on the   s ide  
o f   t h e   a i r c r a f t  nose. The second  probe  (probe 2) was ins ta l l ed   benea th   t he  
nose. Both  probes  were su f f i c i en t l y   l a rge   t o   p lace   t he   t empera tu re -sens ing  
element  outs ide  the  a i rcraf t   boundary  layer.   Probe 2 was i n s t a l l e d   a b o u t  
h a l f w a y   t h r o u g h   t h e   f l i g h t   t e s t   p r o g r a m   ( f o r   f l i g h t  339), a f t e r   r e a d i n g s  
from  probe 1 were  suspected o f   b e i n g   i n  e r r o r  ( the  readings  were  suspic iously 
l o w  compared with  ground  weather  data on the  runway be fo re   t akeo f f ) .   Typ ica l  
comparisons o f   t he   i n - f l i gh t   t empera tu re   da ta   w i th   t he   rad iosonde   da ta   f rom 
appendix E a re  shown i n  f i g u r e  30. The second  probe  (probe 2) showed b e t t e r  
agreement wi th  the   rad iosonde  da ta   a t   a l l   a i rspeeds and a l t i t u d e s .  The 
apparent   er ror  i n  the  probe 1 readings was n o t  a s i m p l e   a l t e r a t i o n   i n   r e c o v e r y  
f a c t o r ,  r. 

Because o f   t h e   e r r o r ,  a co r rec t i on   t o   t he   p robe  1 r e a d i n g s   f o r   a l l  
f l i g h t s   p r i o r   t o   f l i g h t  339 was devised. The method o f   d o i n g  so was t o  
con t inue   t o   reco rd   t he   p robe  1 r e a d i n g s   a f t e r   f l i g h t  339 t o   e s t a b l i s h  a 
b a s i s   f o r   e s t i m a t i n g   t h e   e r r o r   b e f o r e   f l i g h t  339. The co r rec ted   va lue   o f  it 
was cross-checked  against a t h e o r e t i c a l  Tt fo r   the   rad iosonde measurements 
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each day. The  accuracy  of  the Tt measurements  from  probe 2 is  estimated  to 
have  been  within k0.3 percent.  With  corrections,  the  accuracy  of  the Tt 
measurements  before  flight 339 is estimated  to  have  been  approximately k0.4 
percent. 

The  facsimile  cone  with  thermal  instrumentation  was  flown  before  the 
first  flight  test  of  the loo transition  cone  (flight 327). The thermal 
instrumentation in the  facsimile  cone  was  a  second  source  of  temperature 
measurements  and  actually  verified  the  accuracy  of  the Tt corrections  applied. 
Shown in figure 31 are Q, versus Tw/Taw at I$ = 135O for  two  of  the heat  flux 
gages  (those  at x/L = 0.40 and 0.67) at  different  times  of  a  selected  period 
of  transient  flight  conditions. In figure 31, the  fairing  of Tw/Taw approaches 
unity  as Q, approaches 0. 
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APPENDIX C 

CONE STATIC PRESSURE MEASUREMENTS 

Cone s t a t i c   p r e s s u r e   d i s t r i b u t i o n s  were  measured  on t h e   f a c s i m i l e  cone 
a t  Mach numbers from 0.55 t o  1.68 du r ing  two f l i g h t s .  The s t a t i c   p r e s s u r e  
o r i f i c e s  were  connected t o  a s ing le   t ransducer   us ing  a Scanivalve. The 
s t a t i c   p r e s s u r e   o r i f i c e   l o c a t i o n s   a r e  shown i n   f i g u r e  5. 

Typ ica l   da ta   show ing   t he   ax ia l   su r face   p ressu re   d i s t r i bu t i on   a re  
presented i n  f i g u r e s  32(a) t o  32(e). The data  were  recorded a t  near  zera 
cone  incidence. A t  subsonic Mach numbers, t h e   f l i g h t   d a t a   a r e  compared wi th  
t h e   t h e o r e t i c a l   p r e s s u r e   d i s t r i b u t i o n   f o r   z e r o   i n c i d e n c e   f r o m   s m a l l   p e r t u r -  
ba t ion   theory   ( re f .   24) .  The ax ia l   su r face   p ressu re   g rad ien ts  were a l l  
essen t ia l l y   ze ro ,   f avo rab le   g rad ien ts   hav ing  been expected  by  theory  for   the 
cone alone. A t  supersonic Mach numbers, t he  cone su r face   p ressu re   d i s t r i bu -  
t i o n  agreed  reasonably  well  w i th  the   con ica l   t heo ry   o f   re fe rence  15. 

I n   f i g u r e  33, f o r  M = 0.6, when a p o r t i o n  o f  the  forward  fuse lage was 
i n c l u d e d   i n  a theory  using  the  Euler  equat ions,   the  theory  agreed  wel l   wi th 
t h e   f l i g h t   d a t a .  

The near ly   cons tan t  cone  surface  pressure  at   each  f ree-stream Mach 
number was used t o   d e r i v e   t h e   r e l a t i o n s h i p s   f o r   l o c a l  Mach numbers, u n i t  
Reynolds numbers, and  dynamic  pressures  used i n   t h i s   r e p o r t  and shown i n  
f i g u r e s  34(a) t o  34(c). 

21 



APPENDIX D 

TRANSITION ASYMMETRY AT NONZERO INCIDENCE 

The d a t a   t h a t  were  acquired t o   d e f i n e   t r a n s i t i o n  asymmetry ( t r a n s i t i o n  
a t  nonzero  incidence)  are  compiled i n   t a b l e  3.  It was considered  impor tant  
t o   p e r f o r m   t r a n s i t i o n  asymmetry c a l i b r a t i o n s   o n   t h e   a c t u a l   t r a n s i t i o n  cone 
because o f   t h e   p o s s i b i l i t y   o f   b o d y - p e c u l i a r   g e o m e t r i c   i m p e r f e c t i o n s   ( t h e   t w o  
surface-mounted  microphones, f o r  example). No other   such  data  are  avai lab le 
f o r  t he  Mach number range o f   t h i s   f l i g h t   t e s t  program.  There  are  data  for 
Mach numbers o f  2 and  higher, however, so da ta  were  acquired on the  cone a t  
free-stream Mach numbers up t o  4.5 t o   p e r m i t   t h e   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   t o  be compared wi th  the   resu l t s   o f   o the r   i nves t i ga t i ons .   Th i s   append ix  
represents   the  on ly   complete  compi la t ion o f  asymmetry d a t a   f o r   t h i s  cone. 
Some o f   t h e   d a t a  were  presented i n  references 6 and 7 t o   i l l u s t r a t e   t h e  
importance o f   c o n t r o l l i n g   i n c i d e n c e   a n g l e   i n   w i n d   t u n n e l s  and t o  show t h a t  
t h e   s e n s i t i v i t y   o f   t r a n s i t i o n   t o   s m a l l   i n c i d e n c e   a n g l e   v a r i e s   w i t h  Mach 
number. 

The c a l i b r a t i o n s   f o r  asymmetry  were obta ined i n  severa l  NASA Ames and 
Langley  Research  Center  wind  tunnels. When p o s s i b l e ,   d a t a   a t   t h e  same t e s t  
cond i t i ons  were  acquired i n  more than one wind  tunnel ,   s ince it was recog- 
n ized   tha t   w ind- tunne l -dependent   charac ter is t i cs   m igh t   a f fec t   the   observed 
s e n s i t i v i t i e s .  The data  presented i n   t a b l e  3 were a l l   a c q u i r e d   u s i n g   t h e  
t r a v e r s i n g   p i t o t  probe. The most  complete  set  of  data,  which  also  appeared 
t o  be the  most se l f - cons i s ten t ,  was acqui red i n  the  NASA Ames 11- by  11-Foot 
Transonic Wind Tunnel  and 9- by 7-FOOt Supersonic Wind Tunnel. 

The t r a n s i t i o n  asymmetry da ta  were  acquired  by  p i tching  the  cone i n  
increments  through a range o f  angles o f   a t t a c k ;   t h e   p i t o t   p r o b e   t r a c e  was 
a long  the   top   cen ter   ray ,  as it was i n   t h e   f l i g h t   t e s t  program. The  yaw 
angle was h e l d   a t   z e r o   w h i l e   a n g l e   o f   a t t a c k  was changed so t h a t   a t   p o s i t i v e  
angles o f  a t t a c k   t h e   p i t o t   p r o b e   t r a c e  was along  the  leeward  ray (I$ = OO). 
A t  negat ive  angles o f  a t tack ,   t he   p i t o t   p robe   t raced   t he   w indward   s tagna t ion  
r a y  (I$ = 180O). The cone was then yawed i n  increments  through a range o f  
a n g l e s   o f   s i d e s l i p   a t   z e r o   a n g l e   o f   a t t a c k ,   p l a c i n g   t h e   p i t o t   p r o b e   a t  
$ = 90' f o r   p o s i t i v e   a n g l e s   o f   s i d e s l i p  and a t  270° f o r   n e g a t i v e   a n g l e s   o f  
s i d e s l i p .   T r a n s i t i o n  asymmetry was thereby  def ined  on  four   rays  c i rcumfer-  
e n t i a l l y   a b o u t   t h e  cone. 

The procedure  used i n   c o r r e c t i n g   t h e   f l i g h t   d a t a   f o r  nonzero  incidence 
was e s s e n t i a l l y   t h e  same as t h a t  used i n  re ferences 25 and 26 f o r  cones i n  
f r e e   f l i g h t  i n  an a e r o b a l l i s t i c  range,  except  that   references 25 and 26 
used  four measurement p o i n t s   a t   t h e  cone  edge rays as viewed i n   t h e   s i l h o u e t t e  
by t w o  shadowgraph  cameras o r ien ted  90' t o  one another. The t o t a l   i n c i d e n c e  
angle, r ,  i s   g i v e n  by 

r = (a2 + 8 2)1/2 
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I n  t h e   p r e s e n t   e x p e r i m e n t ,   t h e   l o c a t i o n   o f   t h e   p i t o t   p r o b e   t r a c e   r e l a t i v e   t o  
the  windward  s tagnat ion  ray  could be def ined  by  the  express ion 

$ = tan-' f? - 180° a 

Since $ and r can  occur i n  any random combination i n  f l i g h t ,  a r a t i o n a l e  
was developed f o r   i n t e r p o l a t i n g  between  the  four $ da ta   po in ts   o f   t he   p resen t  
c a l i b r a t i o n s .   I n   r e f e r e n c e  26, data  from  several  supersonic  and  hypersonic 
sources  were  col 1 ected, some d e t a i  1 i n g   v a r i a t i o n s   i n  $ as f i n e  as loo.  The 
fam i l y   o f   cu rves  shown i n   f i g u r e  35 was d e r i v e d   f o r   t r a n s i t i o n   o n s e t ,  Xt. 
Reference 27 showed genera l l y  good  agreement w i th   t hese   cu rves   f o r   f ree -  

launched  cones i n  a n o t h e r   a e r o b a l l i s t i c   r a n g e   f o r  d B c  - > 0.3  and MOD z 4.5. 

The present   ca l ib ra t ion   da ta ,   wh ich  were  acqui red  a f ter   the  data i n  
references 25 and  26, a re  shown i n   f i g u r e  36. The present   data  are i n  reason- 
a b l y  good agreement on the  leeward (OO) and  windward (180O) r a y s   w i t h   o t h e r  
pub l i shed   da ta   ( re f s .  26 and  28 t o  30) a t  Mach numbers a t   t h e  boundary  layer 
edge, Me, o f  approximately  2.0  and  from  4.36 t o  5.15 ( f i g s .  36(a)  and  36(b), 

respec t ive ly ) .  The s e n s i t i v i t y   o f   t r a n s i t i o n   t o   a n g l e   o f   a t t a c k  seems t o  be 
about  the same f o r   v a l u e s   o f  Me from  2.0 t o  5.5,   but ,  as will be shown i n  

f i g u r e  37,  changes d ramat i ca l l y  as Me decreases  from  2.0 t o  about  0.4,  and i s  
approx imate ly   cons tan t   fo r  Me = 0.4 t o  0.9. 

The curves i n   r e f e r e n c e  26 were  used t o   c r e a t e  a r a t i o n a l e   f o r   i n t e r p o -  
l a t i o n ,  and the  data  f rom  tab le 3 were  used t o  develop  the  curves shown i n  
f i g u r e  37. The method f o r   c o r r e c t i n g  Xt and X t o  zero  incidence  values was, 

t h e r e f o r e ,   t o   f i n d   t h e   c u r v e   f o r   t h e   v a l u e   o f  Me c l o s e s t   t o   t h a t   o f   t h e  

f l i g h t   d a t a   p o i n t ,   t o   o b t a i n   t h e   r a t i o   o f  X / X  f r o m  t h i s   c u r v e  f o r  t he  known 

values o f  r and @, and t o   d i v i d e   t h e  measured va lue o f  Xt  o r  XT by t h a t   r a t i o .  

T 

To 

The r a t i o s  (X,)/(X ) and ( X T ) / ( X  ) were assumed t o  be i d e n t i c a l .  
TO 
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APPENDIX E 

WEATHER  DATA 

Radiosonde  data fo r   the   a tmospher ic   cond i t ions   o f   each day o f   f l i g h t  
were prov ided  by  the USAF F l i gh t   Tes t   Cen te r  Ground  Weather Mon i to r ing  
S t a t i o n   a t  Edwards Air Force Base. Data  were  acquired a t   r e g u l a r   i n t e r v a l s  
f r o m   t h e   s u r f a c e   t o   a n   a l t i t u d e   o f  15,000 meters (50,000 fee t ) .  The data 
inc luded  barometr ic   pressure,   a tmospher ic   densi ty ,   temperature,   re la t ive 
humidi ty,   windspeed,  and  wind  direct ion,   and  are  tabulated i n   t a b l e  4. The 
sources o f  measurement uncer ta in ty   a re   d iscussed i n  re fe rence 31. 

The s i g n i f i c a n c e   o f  the radiosonde  temperature  data  to  the  present 
i n v e s t i g a t i o n  was mentioned i n  appendix 6. The windspeed  and  wind  direct ion 
data  are  important  because  these  disturbance  environment  data may be cor-  
r e l a t e d   w i t h   t h e   t u r b u l e n c e   e n c o u n t e r e d   a t   v a r i o u s   t e s t   a l t i t u d e s  on p a r t i c u l a r  
days. 

Week-to-week o r  season-to-season changes i n  t h e  atmosphere  could have 
a f fec ted   t he   resu l t s   p resen ted   he re in .  However, t he   da ta  i n  t h i s  appendix 
show t h a t   t h e  atmosphere was remarkab ly   s tab le   du r ing   t he   pa r t i cu la r  days 
when f l i g h t   t e s t s  were made. . .  

24 



REFERENCES 

1. Credle, 0. P.; and  Carleton, W. E.:  Dete rm ina t ion   o f   T rans i t i on  
Reynolds Number i n  the  Transonic Mach  Number  Range.  AEDC-TR-70-218, 
Arnold Eng. Dev. C t r .  , Oct. 1970. (Avai lab le  f rom DTIC as AD 875995.) 

2. Dougherty, N. S., Jr. ; and Ste in le ,   Frank W., Jr.: Transi t ion  Reynolds 
Number Comparisons i n  Several  Major  Transonic  Tunnels. A I A A  Paper 
NO. 74-627, J u l y  1974. 

3. Vaucheret ,   Xavier:   Acoust ic  Fluctuat ions  Generated  by  the  Vent i lated 
W a l l s   o f  a Transonic Wind Tunnel.  Windtunnel  Design and Tes t ing  
Techniques, AGARD-CP-174, Mar.  1976,  pp. 25-1-25-10. 

4. ROSS, R. ; and Rohne, P. B.: The Character  of  Flow  Unsteadiness  and I t s  
I n f l uence  on Steady  State  Transonic Wind  Tunnel  Measurements. Wind- 
tunnel  Design  and  Testing  Techniques, AGARD-CP-174, Mar.  1976, 
pp. 45-1-45A-2. 

5. Mabey, D. G.: Boundary  Layer  Transit ion Measurements  on the  AEDC loo 
Cone i n  Three RAE Wind Tunnels and The i r   Imp l i ca t i ons .  R & M No. 3821, 
B r i t i s h  A. R. C. , June  1976. 

6. Whi t f ie ld ,   Jack  D . ;  and  Dougherty, N. Sam, Jr.: A Survey o f   T r a n s i t i o n  
Research a t  AEDC. Laminar-Turbulent  Transi t ion,  AGARD-CP-224, 
Oct.  1977,  pp. 25-1-25-20. 

7. Dougherty, N. Sam, Jr.: In f l uence  o f  Wind Tunnel  Noise on the   Locat ion  
o f  Boundary-Layer  Transit ion on a Slender Cone a t  Mach Numbers from 
0.2 t o  5.5. AEDC-TR-78-44, Arnold Eng. Dev. C t r . ,  Mar.  1980. 

8. Dougherty, N. S. , Jr. ; and F isher ,  D. F . :  Boundary  Layer  Transit ion on 
a 10-Degree Cone: Wind Tunnel /F l ight   Data  Corre la t ion.  A I A A  Paper 
No. 80-0154,  Jan.  1980. 

9. Dougherty, N. Sam, Jr. ; and Fisher,   David F.: Boundary-Layer  Transit ion 
C o r r e l a t i o n  on a Slender Cone i n  Wind Tunnels  and F l i g h t   f o r   I n d i c a -  
t i o n s   o f  F l o w  Q u a l i t y .  AEDC-TR-81-26, Feb. 1982. 

10. Pate, S. R.: Measurements  and Cor re la t ions   o f   T rans i t ion   Reyno lds  
Numbers on Sharp  Slender Cones a t   H i g h  Speeds. A I A A  J., vol .   9,  no. 6, 
June  1971,  pp.  1082-1090. 

11. Herrington,  Russel M. ; Shoemacher, Paul E. ; B a r t l e t t ,  Eugene P. ; and 
Dunlap,  Everet t  W. :  F l i gh t   Tes t   Eng ineer ing  Handbook. AF Tech. Rept. 
No. 6273, Air Force   F l igh t   Tes t  Ctr., Edwards AFB. Rev. June 1964. 

12.  Larson,  Terry  3.;  and  Ehernberger, L. J.: Techniques Used fo r   De te r -  
mina t ion  o f  S t a t i c  Source   Pos i t ion   Er ro r   o f  a H i g h   A l t i t u d e  Super- 
sonic   A i rp lane.  NASA TM X-3152, 1975. 

25 

L 



13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Webb, Lannie D.:  Charac te r i s t i cs  and Use o f  X - 1 5  Air-Data  Sensors. 
NASA TN D-4597, 1968. 

U.S. Standard  Atmosphere,  1962. NASA, U.S. Air Force, U.S. Weather 
Bur. , Dec. 1962. 

Ames Research Staff:   Equations,  Tables,  and  Charts  for  Compressible 
Flow. NACA Rept.  1135,  1953.  (Supersedes NACA TN 1428.) 

Evvard,  John C.; Tucker,  Maurice;  and  Burgess,  Warren C. ,  Jr.: 
Trans i t ion-Po in t   F luc tua t ions   in   Superson ic   F low.  J. Aeronaut.  Sci., 
vo l .  21, no. 11, Nov. 1954,  pp.  731-738, 748. 

Reshotko, E.: Drag  Reduction  by  Cooling i n  Hydrogen  Fueled A i r c r a f t .  
J. A i rc ra f t ,   vo l .   16 ,   Sept .  1979,  pp.  584-590. 

Beckwith,   Ivan E. ; Bertram,  Mitchel H.: A Survey o f  NASA Langley 
Studies on High-speed  Transi t ion and the   Qu ie t   Tunne l .  NASA 
TM X-2566, 1972. 

Po t te r ,  J. Le i th ;  and Wh i t f i e ld ,   Jack  D.: E f f e c t   o f   U n i t  Reynolds 
Number,  Nose Bluntness,  and Roughness on Boundary  Layer  Transit ion. 
AEDC TR-60-5, Arnold Eng. Dev. Ctr., Mar. 1960. 

Mack, L e s l i e  M.: Boundary-Layer S t a b i l i t y  Theory. NASA CR-131501, 1969. 

Hsieh, T.: Flow-Field  Study  About  a  Hemisphere-Cylinder i n   t h e  Tran- 
sonic and Low Supersonic Mach  Number  Range.  AEDC-TR-75-114, Arnold 
Eng.  Dev. Ctr., Nov. 1975. 

Hess, J. L.;  and Smith, A. M. 0.: Ca lcu la t i on   o f   Po ten t i a l   F low   Abou t  
A rb i t ra ry   Bod ies .  Progress in   Aeronaut ica l   Sc iences,   Vol .  8, 
D. Kuchemann, ed . ,  c.1967, Pergamon Press  Ltd., pp.  1-138. 

Beeler,  De E.; Bellrnan,  Donald R.; and Saltzman,  Edwin J.: F l i g h t  
Techniques f o r  Determin ing   A i rp lane  Drag  a t   H igh  Mach Numbers. 
NACA TN 3821,  1956. 

Wu, Jain-Ming; and  Lock,  Robert C.: A Theory f o r  Subsonic  and  Transonic 
Flow Over  a Cone - With and Without  Small Yaw Angle. Tech. Rept. 
RD-74-2, U.S. Army M i s s i l e  Command, Dec. 1973. 

Pot te r ,  J. Le i th :   S tud ies   o f   Boundary-Layer   T rans i t ion   on   Aeroba l l i s t i c  
Range Models. AEDC-TR-73-194, Arnold Eng. Dev. Ctr., May 1974. 

Po t te r ,  J. Leith:   Boundary-Layer  Transi t ion on Cones Near Mach One i n  
an A e r o b a l l i s t i c  Range.  AEDC-TR-74-115, Arnold Eng. Dev. Ctr., 
Jan. 1975. 

26 



27. Reda, Daniel  C . :  Boundary-Layer  Transition  Experiments  on  Sharp, 
Slender Cones i n  Supersonic   Freef l ight .  NSWC/WOL  TR 77-59,  Naval 
Surface Weapons C t r . ,  Sept.  1977. 

28. Krogmann, P.: An Experimental  Study o f  Boundary  Layer T r a n s i t i o n  on a 
Slender Cone a t  Mach  5. Laminar-Turbulent  Transi t ion,  AGARD-CP-224, 
Oct.  1977,  pp. 26-1-26-12. 

29. Stetson, K. F.: Ef fec t   o f   B lun tness  and  Angle o f   A t t a c k  on Boundary 
Layer   T rans i t ion  on Cones and Biconic   Conf igurat ions.  A I A A  Paper 
No. 79-0269 , Jan.  1979. 

30. Stetson,  Kenneth F.; and  Rushton, George H.: Shock Tunnel I n v e s t i g a t i o n  
o f  Boundary-Layer   T rans i t ion   a t  M = 5.5. A I A A  J., vo l .  5, no. 5, 
May 1967, pp. 899-906. 

31. Meteorological   Data  Error  Est imates.  Document 110-77, Range  Commanders 
Counci l ,   White Sands M i s s i l e  Range. Second rev . ,  Jan. 1977. 

27 



TABLE 1.-loo TRANSITION CONE FLIGHT DATA 
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TABLE 1.-Continued 

(a)  Continued 

H ,  m; Um/um. per m x l o 6 ;  qm, kH/m2; Xt  and X T ,  cm; Re and ReT , x l o 6 ;  Tt,  Tw, Tm, and Tm , K ;  
t 0  0 b 
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TABLE 1.-Continued 

(a)  Continued 

H ,  m; U,/Y,, per  m x lo6; qm, kN/m2; X t  and XT, cm; Re and ReT , x lo6; Tt. T w 3  Tm, and Tm I K ;  
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TABLE 1.-Continued 

(a)  Continued 
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TABLE 1.-Continued 

(a)  Continued 

H ,  m; Um/um, per  m x lo6; qm. kN/m2; Xt  and XT, cm; Re and ReT , x lo6; Tt,   Tw, Tm. and Tm , K; 
t 0  0 b 

F L l  3 4 7  1:-12-75 A I R L ’ I I F T  T Q X M  At4IC.I.F - m75 DFG 

FLl 3 4 8  l1!-1?-78 4 I H T L A F T  T R I P  AhGlF - - 7 5  C € G  

~ 4 1 4 6  1.55 9 7 3 1  i3.: $6 .59  43.2 49.U e 9 9 0  5 . 6 9  6 . 5 0  345.5  326.9 232.4 23l1.7 - e 3 9  

F L T  3 4 9  i:)-’4-7e b I Q C R P F T  T Y l P  L N G L E  - 2 - 5 2  P E G  

.4e I***** 

.65 *+**** 

.4e * * * * * I  

.45  ****** 

.57 **+*** 

. 56  ****** 
.24 *****+ 
. L E  + * * * * *  
,GI ****** 
. 2 t  I***** 
.45 ****** 
.73 **+.** 

****** 
* * * * * *  ****** 
****I* ****** ****** 
I***** ****** ****** ****** ****** 
****I* 

****** ****** 
**I*** *****+ +***** ******  ****** ******  
***r** ****** ****** ****** ****** *+****  ***+** ****** ****** ****** 
****I* ***I** 
*I**** ****** ****** ****** 



TABLE 1.-Continued 

(a)  Continued 
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TABLE 1.-Continued 

(a) Concluded 
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TABLE 1.-Continued 

(b) U.S.  Customary U n i t s  
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377 19.9 22.7 1.046 4 . 8 8  5.74 503.1 512.6 395.0 389.7 -a39 -e09 -0517 e0213 . O S 8 C  ,1170 
362 23.4  28.0 1.068 6.30 7.38  510.0  527.2  312.3  376.3 -e19 -.C5 ,0413  e0177 .C800 .OF18 

F L T  329  8-18-78 A I h C P A F I  T P l h  LYGLE - 2.50 O E C  

.- 

1-30 45921 
le?? 4 N 6 7  
1.1' 38292 

. R 5  32110 

.96 32077 

75 26951 
e 6 F '  19983 
e54 9667 

2.15 
2.29 
2.25 
2.15 
2.12 
2.23 
2.46 
2.82 

4 * * * *  HOT H E A S U S E D  DURING  FLIGHT 

.. . . - .  . " 

5.62 
7.08 

4.e7 
4.20 
4.33 
4.20 
4.19 **** 

504.8 
511.2 

498.U 
485.3 
484.3 
493.3 
512.7 
530.2 

490.C 
511.7 

4b6.7 
480.3 
479.3 
481.4 
490.4 
510.7 

377.3 
390.7 
3 4 t . 4  
423.e 
423.C 
445.2 
472.4 
503.9 

-e16 O.CC e030t 

"31 e 1 5  ,0613 
-.C2 e03 e0934 
-.11 -.u1 .u953 

- e 1 0  -.C1 ,1057 
0 . 0 0  .ll .lo80 

- e 1 6  -.C9 e0487 

.oe .oe , 1 0 0 ~  

e0132 
et204 
, 0 2 4 5  
,0296 
C 300 

.G212  

.C244 
e0179 

eO4e1  -0493 
.c49a .c478 

. l o w  .22e0 

.QSCI . c I f c  

.C7OF ,0613 
e1224 e C 2 7 5  

l.tFOO 1.CClC 
.cs54 . ? C , C O  



w cn TABLE 1.-Continued 

(b) Continued 

H, f t ;  U,/Y,, p e r   f t  x IO6; s, lb/ft2; Xt and  XT, i n . ;  Re and ReTo, X lo6; T t ,  Tw, Ta, and Ta , O R ;  

t 0  b 

O f 1 5  1.44 39832 2.79 

9 1 4 3   1 . 2 3  34946 2.86 
1 1 3 9  1.35 37805 2.85 

9 1 4 7  1.1'7 32185 3.OJ 
9 8 5 1  -81 24206 k.90 

9 1 3 4  r.57 42065 2.67 
9 1 4 1  l . ? ?  35046 2.94 
Q 1 4 7  .94 1 8 5 7 8  3.27 
9 1 5 1  . V 7  l i 9 7 1  3 . 4 6  
9 1 5 3  .vz 11874 3.44 

.C4 -11 .067C .C2t2 .C440 e C 4 4 0  

.C6 e 1 0  e 0 6 2 1  e0267 eC820 ,1870 
-07 0 0 5  e0417 e0175  ,1430 1 . 2 5 3 0  

-01 a 0 5  e0905 eC300 ~ 7 C 1 0  e 6 3 2 0  
.C3 e07 - 0 3 5 5  .a145 . 3 t C O  . 2 5 t O  



TABLE 1.-Continued 

(b)  Continued 

H ,  ft; urn/.,. Per ft x 10 ; q,, l b / f t 2 ;  X t  and X T ,  i n . ;  Re and Re , x lo6; Tt,  Tw, T,, and T, , OR; 
6 

t o  To b 

FLT 3 3 4  0 -  1-78 AIRCKAFl lEIH ANGLE - 1.00 OEG 

1013'1 1.56 35683 3.51 
1 0 1 3 9  1-41 3.3398 3.86 
l014? 1.33 26017 4.13 

817 26.0 3u.l 1.005 7.94 9.19 597.8 577.L 402.1 404.5 .C3 -.a7 .039? 
855 20.9 24.5 1.004 C.98 8.02 583.3 565.5 417.3 421.3 -.(A -.OB e 0 2 9 9  
924 ***** ***I* -976 **** **** 595.5 562.F 439.9 442.0 -.C3 -.Ob -0371 

FLT 3 3 5  9-  1-78 AAkiCAFT T R I H  ANGLE - 1-00 OEG 

FLT 336  9- 6-78 AILCPLFT T P I H  ANGLE - 1.00 DE6 

FLT 337 9- 8-78 AIkCkAFT TRlh ACGLE - 1.00 DEG 

FLT 338  9-15-78 A~LLYAFT TRIh ANGLE - 1.00 DEG 

k L T  ?39 9-25-78 AI R C R A F I  T R A H  AhGLE - 1.00 OEG 

-0167 
.G12F 
e C 1 5 9  

. Cl07 .c102 

eC198 

.0218 

0140 
a0139 
.015t 

e 0 1 3 3  
.0207 

e 6 1 3 2  
E099 

.0127 

- 0 4 3 9  00279 
e1221 .Ol7h 
.42EC etC40 

. 04@7 n 0 2 t l  

.4@2C .et70 
mC573 e1177 

.c43c .1c21 

,0551 ,1984 
el2369 ,5210 

n o t 5 4  a1434 
. c 4 c 4  .Est@ 
.3EZO . ? & t o  



TABLE 1.-Continued 

(b)  Continued 

F L T  34(i  9-28-78 A I k C C A F T  TRIM bKGLE - - 7 5  O E G  

l k r ? O  1.47 30699 1.99 919  
1 4 1 ? 4  1 . 5 1  34361 3.88 93'1 

FLT 342  10-  2-78 A I I I C L A F T  T R A M  bLGLE - e 7 5  L E C  

16.1  21.8 1.023 7.26 8.86 615.6  604.5  412.3 41C.C "26 - e 0 5  .a277  eC118 l.CC4C l.!t!O 

FLT 343 10- 4-78  AIkChAF1 TPAM bhGLE - e 7 5  O E G  

F L l  344  lb-  4-78 AlhCPhF1  T P 1 R  AhGLE - - 7 5  D E G  

20.2 
19.1 

17.6 
19.1  

**+** 

bLT 345 10- 5-78 AIhCPAFT TRAM l N G L E  - - 7 5  PEG 

FLT 34.5 io-11-78  AikCLbFT TRIM r l r G L E  - - 7 5  D t G  

,030e 
.G289 

.a290 

.a252 

e0575 



TABLE l . -Cont inued 

(b)  Continued 

H,  ft; Um/vm, per f t  x lo6; a. l b / f t 2 ;  Xt  and X T ,  i n . ;  Re and Re , x lo6; Tt,  Tw, Tm, and T, , OR;  

t o  To b 

FLT 347  LO-12-78 I I R t k h F T  T P I R  INGLE - - 7 5  C E G  

FLT 349  10-24-78 LIKCkAr'T T R l R  LHGLE - 2.50 LEG 



P 
0 

TABLE 1.-Continued 

(b)  Continued 

H, f t ;  Um/um, per  f t  x l o6 ;  qm, lb / f t2;  X t  and XT,  i n . ;  Re and ReT , x lo6; Tt,  Tw, Tm. and Tm , OR;  

t 0  0 b 

FLT 350  10-25-78 hICCkAFT T P I R  ChGLE - 3.50 C E E  

1 3 1  7 
1 ? 1 1 3  
1 3  I22 
17 1 3 1  
1'3 144 
1 1 1 q 7  
1 3 1 5 9  
1 4 1  1 
1 4 8 1 1  

.'? 7 5 7 7  
8209  

1 - 0 9  4 6 6 1 ?  
- 5 7  1 7 3 6 0  

- 6 5  27736  
-88 4 1 3 1 3  
-97 40858  
e 9 0  4 0 7 5 5  
.77  34flus) 

2.84 

2.32 
2.65 

1 .56  
1.99 
1.56 
1.59 
1.63 
1.76 

9 1 1 4  037 1 7 7 5 7  2.39 
9 1 1 7  "I'l 1 9 2 8 6  2.47 
9 1 2 5  l . l h  4 7 3 0 4  1.53 
9 1 ? 9  7 - 1 7  4 8 1 2 5  1.48 
9 1 3 1  1.1- 4 7 8 ) 5  1.56 
9 1 4 4  1 - 0 9  4 7 1 2 5  1 - 4 5  
9 1 5 4  e ? ?  4 4 2 9 0  1.41 

jUB *It** 

2 5 0  **e+* 
212  *I*** 

239 22.8 
2 i 6  19.6 
198 26.6 
9 0 1  24.6 
216 24.5 
207 22.0 

***** ****. 
19.3 
26.8 
22.9 
29.8 
29.5 
30.0 
25.2 

.999 
1.000 
1 . 0 ~ 6  
1.043 
1.014 

1.022 
l . U i l 4  

1.004 
.999 

+**+ **e* 544.3 +*** *++* 539.1 
**I+ 3.90 S10.3 
4.10 4.98 469.9 
3 - 6 2  4.19 468.5 
4.02 4.50 453.2 
3.78 4.47 451.7 
3.24, 4.13 461.5 
3.25 3.79 457.4 

540.3 515.9 
53b.2 513.5 
509.4 478.b 
479.0 379.U 

456.6 392.9 
470.5 431.4 

454.5 391.9 
455.5 396.6 
451.2 409.2 

244 *+e+* +**** 1.521 **** **** 490.3 496.5 4 t 5 . 3  462.6 e 2 6  
2 6 3  ***** ***a+ l e ( r l 5  I*+* I*** 490.3  493.7 457.4 460.9 -014  
2 5 9  ++*** *I*** - 9 9 8  +e** **** 501.3 487.4 394.7 39b.8 - , 53  
248 ****I I**** 1.002 **** *+*+ 497.U 485.3 389.5 389.2 -.57 
LO3 **I** *e*** 1 . 0 0 2  **e* +e*+  491.4 486.4 3ti9.5 390.4 -.79 

1 8 9  27.U 31.U l . ( i Z l  3.76 4.40 461.5 463.0 394.8 394.7 - a 2 8  
226 33.2 ***** 1.000 I*** *+*+ 464.9 473.7 3q3.4 391.1 " 3 0  

F L T  352  15-31-78 A I R C P a F T  T P l H  ANGLE - 3.50 C F C  

222 +*IC+* 19.2 nC95 *+** 3.72 502.3 496.F 441.3 475.0 -.01 
209  1b.6 22.2 1.001 3.20 3.82 479.4 475.6 447.5 444.2 " 0 1  
176  22.2 2>.4 1.005 3.21 3.68 443.2 445.4 402.5 402.4 - e17  
177 24.t 27.5 - 9 9 7  3.30 3.71 443.2 437.1 402.3 402.4 -a16 
17J 21.7 24.4 - 9 9 1  2.70 3.06  446 .1  437.1 405.0 4 0 2 . 4  - .22 

. t o  

.49 
.54 

.49 

a 1 3  
50  

-.02 
.1c 

.48 

***+** *+**** +*++** ***++* 
I***++ *+**** ++**** +****+ ***++* 

****** ****** ****** 
***e** *+*++* 
****++ ++*++* 
**I*** ****** 

****** ****** ****+* 
****** ****** 
++*++* ****** 
* *e * * *  ****+* 

****** ******  ****** 
*+*I** 
*** * *a  *+**** *+*+** ****** 
*+**I* 

.E9 ,1093 . O i ! O C  e 4 4 4 0  e2140  

-16  a0643  -0263 . 0 :28  . a t 3 2  
.29 ****** *+**+* ****** ****** 
. O B  **+**+ ****+* ****** ****** 
- 5 1  e 0 9 0 3  e 0 3 0 9  e0838  .1C.L7 
- 4 8  .O74t .a292 .CC15 .07t2 

.49 .lo54 . a z o @  .3270 .z1aa 

.57 **++** ****** ****** *+***+ 

.57 ++++** +****I +***** ****** 

. 5 2  *++*** *+**** *+**** +**I+* 

.27 ++I*+* ****+* *+**** +***** 
.12 +*+*e+ *+*I** ****** ****** 



TABLE 1.-Concluded 

(b)  Concluded 

H, ft; Urn/.,, per  ft x 10 ; q,. l b / f t 2 ;  X t  and X T ,  i n . ;  Re and Re , x lo6; Tt ,  Tw, T,, and T, , OR; 6 
t o  To b 

E L 1  3 5 3  11-  1-78 b l K C k r F 1  T F I h  L N G L E  - 4.50 DE6 



TABLE  2.-LAMINAR INSTABILITY 

Uni ts   fo r  Ue a r e  m/sec and ft /sec;  for Ue/ue. per m x lo6 and per ft X lo6; 

for Fl and &. x 10‘; f o r  F1 , , F1, Flmax, FZmin. F2, and F , x lo4 
m i  n  %ax 

1.. I O  
* Q  6 

.‘5 
a h 6  

e 5 4  

1. 5 2  
1.96 
1.18  

l e 9 9  
1 . l 2  

- 9 6  
.9 5 
.7 5 
. 5 7  
- 5  4 

1 . 0 5  
s 8 2  

6 4  . ’53 
. 5 2  

1 . 4 7  
1. 3 2  
1 . 1 4  

1 . 3 4  
1 . 0 7  
.81 
. a 1  
. 7 2  

6 4  
5 2  

338 

201 
244 

1.73 
1 6 9  

4 2 1  
382 
3 3 5  

33 5 
31tr 
245  
242  
22i l  
202 
rb6 

1 0 1 1  
8 0 1  
660 
569 
553 

1 3 8 2  

1100 
1 2 5 2  

1 2 7 0  
1 0 4 2  

802 
794 
7 2 2  
661 
5 4 4  

FLT 327  8-14-78 

FLT 328 8-16-78 

****I NrJT RCASURED OURIN6  FLIGHT 



TABLE 2.-Continued 

U n i t s   f o r  Ue are m/sec and f t /sec;   for  Ue/ue, per m x lo6 and per f t  x lo6; 

91 35 
91'79 

91 47 
91 43 

91 52 

01 42 
91 47  
01 51 

1 O l ' l ?  
1 or 20 

1 3 1  34 

131 5 1  
131  43 

1 3 1  58 
13: 54 

131  59 

1 . 4 4  
I. 3 4  
1 . ? 5  
1 .1  6 

. 9 9  

I . ? ?  
.!34 
. 7 3  

1 . 4 9  
. 9 4  

r . 5 5  
l.'O 

. 0 3  

. 7 8  

. 9 9  

. 7 9  

i. 39 

1 . 2 1  
1 . 3 0  

1 . 1 2  
. 8 4  

1 . 2 3  . 0 0  
6 9  

1.  45 
e 8 8  

1 . 5 0  
1 . 1 6  

. 8 8  

. 7 5  

. 8 4  

. 7 5  

410  
388 
365 
338  
276 

252 
367 

2 2 3  

429 
270 

4 47 
34 7 
270 
260 
237 
239 

FLT 330  8-23-78 

FLT 331  8-24-78 

FLT 332 8-25-78 

FLT 3 3 3  8-25-78 

***** NOT M E A S U R t D  D U R I N G  FLiGWT 



I 

P 
P 

TABLE 2.-Continued 

101 39 

1 3 t 5 3  

14849 

11: 33 
llr 41 

L O t l l )  
10: l e  

13: 8 
13:13 

1.41 

1.50 

1.76 

T.57 
1.33 

1-79 
1.39 

U n i t s   f o r  Ue are m/sec and f t / s e c ;   f o r  Ue/ue, per m x 10  and  per ft x lo6;  6 

f o r  J";; and 6. X 10'; f o r  F1 . , F1,  Flmax,  FZmin. Fp. and F , x lo4  
m1 n  %ax 

1.60 
1.49 

1.36 

1.46  

1.71 

1 . 5 2  
1.29 

1.70 
1.34 

1.55 
1.44 

FLT 3 3 4  

FLT 335 

441 1447 10.94  3.34  22.4 

FLT 336 

516  1694 12.35  3.76 23.8 

FLT 337 

462 1515 11.38 3-41 22.8 
394 I291 10.94 3.34 22.4 

FLT 338 

509 1669 11.73 3.58 23.2 
412 1352 11.72 3.57 23.2 

FLT 339 

9- 1-78 

-151  -222 +**a+ 

e 1-78 

-171 e245 ++**+ 

9- 6-78 

,148  ,202 ++*** 

9- 8-78 

***** ***** ***** 
+*a++ , 2 6 1  *++e+ 

9-13-78 

***** .229 +++++ -134 e 2 1 3  *++*+ 

9-25-78 

- 1 5 3  ,219 *+**+ 
.16a .zro , 2 9 9  

28.8 

26.9 

*+a++ ,155 +*e++ 

***** ***** ***** 



TABLE 2.-Concluded 

Un i t s   f o r  Ue are m/sec and f t /sec;   for  Ue/ue, per m x lo6 and per f t  X lo6; 
for  f i  and &, x 10'; f o r  F1 , , F1, F F2, and F , x lo4 

%ax 

FLT 345  10- 5-78 

FLT 3 5 1  10-31-78 

9117 a b 0  . 5 7   1 7 8  583  7.87 2.40 19.0 *I+*+ .COP +++e+ 22.1) +++a+  ++e++  ++e++ 

FLT 353 11- 1-78 

R 



TABLE 3.-SENSITIVITY OF BOUNDARY LAYER TRANSITION 
TO CONE INCIDENCE ANGLE 

(a) Moo = 0.40; U,/u, Z 9.8 X 10 per  m (3.0 x 10 p e r  ft); source, 

NASA Langley 16-Foot Transonic Dynamics Tunnel ;   test  medium, f reon 

6 6 

a ,  deg 
Xt/L XT/L $ 9  deg B ,  deg 

2.0 

0.301 0.454 0 0 0 
0.292 0.463 0 0 1.0 
0.283 0.449 0 0 

-1.0 0 180 0.407 
0.335 0.404 180 0 -2.0 
0.328 

(b) M, = 0.60; U,/v, E 10.8 X 10 per  m (3.3 x 10 per  ft); 6 6 

2.0 
1.0 
0.5 
0 
-0.5 
-1.0 
-2.0 

0 
0 
0 
0 
0 
0 
0 

NASA Ames 14-Foot Transonic Wind Tunnel 

B ,  deg 

0 
0 
0 
0 
0 
0 
0 
2.0 
1.0 
0.5 
0 
-0.5 
-1.0 
-2.0 

$ 9  deg 

0 
0 
0 
0 

180 
180 
180 
90 
90 
90 
90 
270 
270 
270 

~~~ ". 

X,/ L 

0.335 
0.324 
0.315 
0.308 
0.299 
0.267 
0.272 
0.202 
0.288 
0.310 
0.308 
0.281 
0.252 
0.195 

". . 

x t/L 
~ 

0.238 
0.240 
0.243 
0.243 
0.267 
0.236 
0.247 
0.178 
0.229 
0.254 
0.243 
0.240 
0.202 
0.171 

46 



TABLE 3.-Continued 

(c) Moo = 0.80; Urn/”, E 9.8 x 10 per m (3.0 x 10 per  ft); 

source, AEDC 16-Foot  Transonic Dynamics Tunnel 

6 6 

I-;, deg 
~ ~~ 

B ,  deg Xt/L XT/L $ 9  deg 
~ ~~ 

1.0 
0.5 

0.189 0.279 0 0 

0.213  0.283 0 0 0 
0.198  0.283 0 0 

-0.5 0 180  0.267 
0.216 0.258  180 0 -1.0 
0.218 

.~ ~~ ~ 

(d) Moo = 0.90; Um/uoo E 9.8 x 10 per  m (3.0 x 10 per  ft); 

source, NASA  Ames 11- by 11-Foot  Transonic Wind Tunnel 

6 6 

a ,  deg Xt/L  XT/L $ 3  deg B ,  deg 

1.0 
0.5 

0.294  0.427 0 0 

0.324  0.413 0 0 0 
0.308 0.425 0 0 

-0.5 0 180  0.411 
0.333 0.402 180 0 -1.0 
0.328 

0.261 0.328 270 -1.0 0 
0.303  0.378  270 -0.5 0 
0.319 0.402  90 0 0 
0.315 0.387 90  0.5 0 
0.270 0.328  90  1.0 0 

47 



TABLE 3.-Continued 

(e) Ma = 0.90; UJua Z 12.5 x 10 per m (3.8 x 10 per ft); 
source, NASA Ames  l$-Foot Transonic Wind Tunnel 

6 6 

$ 9  deg Xt/L XT/L 
0 

0.227 0.279 0 
0.220 0.274 0 
0.202 0.276 0 
0.171 0.283 

180  0.263 0.222 
180 0.263  0.231 
180 0.247 0.274 
90 0.187 0.164 
90 0.283 0.213 
90 0.288 0.236 
90 a. 308 0.249 
270 0.301 0.236 
270  0.222 0.189 
270  0.182 0.155 

." . - 

48 



TABLE 3.-Continued 

( f )  Mop = 0.95; U,/'v, = 9.8 x 10 per  m (3.0 x 10 per  f t ) ;  

source, NASA Ames 11- by 11-Foot Transonic Wind Tunnel 

6 6 

a ,  deg 

2.2 
1.7 
1.2 
0.9 
0.7 
0.4 
0.2 
0 
-0.3 
-0.5 
-0.8 
-1.3 
-1.8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

B ,  deg 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.2 
1.6 
1.1 
0.8 
0.6 
0.3 
0 
-0.2 
-0.4 
-0.7 
-0.9 
-1.4 
-1.9 

$ 9  deg X,/ L 

0 

0.387 0 
0.384 0 
0.389 0 
0.393 0 
0.391 0 
0.391 0 
0.387 0 
0.373 

180 0.384 
180 0.384 
180 0.382 
180 0.387 
180  0.396 
90 0.261 
90 0.265 
90 0.308 
90 0.333 
90 0.360 
90 0.382 
90 0.389 
270 0.387 
270 0.373 
270 0.364 
270 0.339 
270  0.288 
270 0.272 

Xt/L 

0.211 
0.267 
0.274 
0.279 
0.290 
0.297 
0.297 
0.303 
0.315 
0.317 
0.317 
0.326 
0.346 
0.218 
0.220 
0.243 
0.261 
0.288 
0.301 
0.303 
0.301 
0.292 
0.281 
0.265 
0.225 
0.222 

49 



50 

TABLE 3.-Continued 

(9) Mm = 1.10; UJu, = 9.8 x 10 pe r  m (3.0 x 10  per ft); 
source, NASA Ames 11- by 11-Foot  Transonic Wind Tunnel 

6  6 

UY deg 

2.2 
1.7 
1.2 
1.0 
0.7 
0.5 
0.2 
0 

-0.3 
-0.5 
-0.8 
-1.3 
-1.7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

B Y  deg 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.2 
1.6 
1.2 
0.8 
0.6 
0.3 
0.2 
0 . 1  

-0.2 
-0.4 
-1.4 
-1.9 

$ Y  deg 
~ 

0 
0 
0 
0 
0 
0 
0 
0 

180 
180 
180 
180 
180 
90 
90 
90 
90 
90 
90 
90 
90 

270 
270 
270 
270 

___” 

XT/L 

0.344 
0.382 
0.418 
0.427 
0.436 
0.434 
0.434 
0.431 
0.431 
0.427 
0.425 
0.427 
0.438 
0.290 
0.297 
0.328 
0.362 
0.391 
0.413 
0.422 
0.429 
0.425 
0.413 
0.291 
0.283 

~~ 

~ 

Xt/L 

0.198 
0.263 
0.321 
0.326 
0.330 
0.337 
0.348 
0.353 
0.357 
0.362 
0.364 
0.378 
0.382 
0.236 
0.236 
0.272 
0.299 
0.315 
0.335 
0.360 
0.342 
0.344 
0.333 
0.218 
0.227 



TABLE 3.-Continued 

(h) MOD = 1.30; UOD/vOD z 9.8 x 10 per  m (3.0 x 10 per  ft); 

source, NASA Ames 11- by 11-Foot  Transonic Wind Tunnel 

6  6 

a ,  deg 

2.0 
1.5 
i. 0 
0.75 
0.5 
0.2 
0 
-0.3 
-0.5 
-0.75 
-1.0 
-1.5 
-2.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

B ,  deg 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.9 
1.4 
0.9 
0.7 
0.4 
0.2 
-0.1 
-0.3 
-0.6 
-0.8 
-1.1 
-1.6 
-2.1 

$ 9  deg 

0 
0 
0 
0 
0 
0 
0 

180 
180 
180 
180 
180 
180 
90 
90 
90 
90 
90 
90 
270 
270 
270 
270 
270 
270 
270 

XT/L 

0.337 
0.353 
0.387 
0.404 
0.404 
0.404 
0.404 
0.404 
0.404 
0.411 
0.416 
0.431 
0.449 
0.261 
0.258 
0.306 
0.360 
0.378 
0.398 
0.400 
0.387 
0.360 
0.301 
0.279 
0.252 
0.247 

Xt/L 

0.247 
0.261 
0.288 
0.315 
0.317 
0.321 
0.324 
0.326 
0.326 
0.346 
0.355 
0.371 
0.382 
0.216 
0.206 
0.231 
0.258 
0.281 
0.317 
0.319 
0.294 
0.267 
0.231 
0.218 
0.200 
0.204 
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TABLE 3.-Continued 

(i) M, = 1.50; source, NASA  Ames 9- by 7-Foot Supersonic  Wind Tunnel 

8.2 x l o6  (2.5 x l o6 )  1 . 0  
0.8 
0.6 
0.3 
0 . 1  

-0.2 
-0.4 
-0.7 
0 . 1  
0 . 1  
0 . 1  
0.1 
0.1 
0.1 
0.1 
0 .1  
0.1 

$ 9  deg 

-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
1.1 
0.8 
0.6 
0.2 
0 . 1  

- 0 . 1  
-0.4 
-0.7 
-0.9 

~ 4 Y  deg XT/L 

0 
0 

0.593 

0 
0.724 0 

0 

-"" 
-"" 
""- 

180 

0.699 180 
0.719 180 
0.730 

90 0.272 
90 0.373 
90 0.490 
90 

0.631 90 
0.591 

270 0.618 
270 0.562 
270 0.492 
270 0.434 

Xt/L 

0.404 
0.474 
0.564 
0.587 
0.609 
0.602 
0.596 
0.542 
0.182 
0.209 
0.281 
0.436 
0.485 
0.488 
0.429 
0.342 
0.306 

-_= 
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TABLE 3.-Continued 

(j) Mm = 1.60; Um/vm Z 9.8 x 10 per  m (3.0 x 10 per  f t ) ;  source, NASA 
Langley  Unitary  Plan Wind Tunnel  (low Mach  number t e s t   s e c t i o n )  

6 6 

" 

a, deg 

1.0 
0.75 
0.5 
0.25 
0 
-0.25 
-0.5 
-0.75 
-1.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 - 

"- 
B ,  deg 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1.0 
0.75 
0.5 
0.25 
0 
-0.25 
-0.5 
-0.75 
-1.0 

~ ~ 

~" - 
($9 deg 

0 
0 
0 
0 
0 

180 
i80 
180 
180 
90 
90 
90 
90 
90 
270 
270 
270 
270 

~ ~~ 

XT/L 

0.458 
0.512 
0.564 
0.587 
0.582 
0.555 
0.571 
0.551 
0.548 
0.438 
0.490 
0.539 
0.578 
0.582 
0.566 
0.508 
0.438 
0.342 

Xt/L 

0.171 
0.211 
0.245 
0.252 
0.256 
0.276 
0.254 
0.261 
0.283 
0.187 
0.209 
0.261 
0.288 
0.285 
0.274 
0.227 
0.202 
0.191 
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TABLE 3.-Continued 

(k) Mop = 1.60; U,/voo E 9.8 x 10  per  m (3.0 x 10  per  ft); 

source, NASA Ames 9- by 7-Foot  Supersonic Wind  Tunnel 

6  6 

01, deg B Y  deg 

0 1.0 
0 

-1.0 0 
-0.75 0 
-0.5 0 
-0.25 0 

0 0 
0.25 0 
0.5 0 
0.75 

~~ . . "" 

$ Y  deg 

90 
90 
90 
90 
90 

270 
270 
270 
270 

- 

XT/L "1 Xt/L 
" " 1 

0.315 

0.274 0.371 
0.301 0.422 
0.373 0.501 
0.418  0.589 
0.503 0.620 
0.436 0.598 
0.378  0.526 
0.274 0.384 
0.227 

(1) Mop = 1.70; UJv, z 9.8 x 10  per m (3.0 x 10  per ft); 

source, NASA Ames 9- by 7-FOOt Supersonic Wind  Tunnel 

6  6 

a ,  deg Xt/L XT/L $ 9  deg B Y  deg 

0.2 

0.263  0.360 270 -1.1 0.2 
0.315  0.407 270 -0.9 0.2 
0.346  0.449 270 -0.6 0.2 
0.407  0.537 270 -0.4 0.2 
0.476  0.587 270 -0.1 0.2 
0.458  0.598 90 0 .1  0.2 
0.362  0.542 90 0.4 0.2 
0.263  0.402 90 0.6 0.2 
0.227  0.324 90 0.9 

. ~ -  
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TABLE 3.-Continued 

(m) Mm = 1.80; UJvm E 9.8 x 10 per  m (3.0 x 10 per  ft); 
source, NASA Ames 9- by  7-FOOt Supersonic Wind Tunnel 

6  6 

a ,  deg 

0 
0 
0 
0 
0 
0 
0 
0 
0 

B ,  deg- 
. ~~ 

0.9 
0.65 
0.4 
0.15 
-0.1 
-0.35 
-0.6 
-0.85 
-1.1 

-6,- deg 

90 
90 
90 
90 
270 
270 
270 
270 
270 

- 
XT/L 

0.369 
0.422 
0.530 
0.604 
0.602 

1 0.537 
0.434 
0.389 

~ 0.355 

0.328 
0.413 
0.492 
0.481 
0.416 
0.344 
0.301 
0.272 

a ,  deg 

1.0 
0.75 
0.5 
0.25 
0 
-0.25 
-0.5 
-0.75 
-1.0 

8 ,  deg 

0 
0 
0 
0 
0 
0 
0 
0 
0 

$ 9  deg 

0 
0 
0 
0 
0 

180 
180 
180 
180 

XT/L 

0.366 
0.440 
0.515 
0.535 
0.544 
0.557 
0.564 
0.562 
0.564 

f t ) ;  source, NASA 

tes t   sec t ion)  

0.162 
0.193 
0.256 
0.290 
0.303 
0.404 
0.407 
0.413 
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TABLE 3.-Continued 

( 0 )  Mm = 2.00; Um/um = 9 .8  x 10 per  m (3.0 x 10 per  ft); 

source, NASA  Ames 9- by 7-Foot Supersonic Wind  Tunnel 

6 6 

01, deg 

1 . 5  
1 . 2  
1 . 0  
0 .7  
0 . 5  
0.2 
0 

-0.3 
-0 .5  

0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 . 1  
0 .1  
0 . 1  

$ 9  deg 

-0 .1  
-0 .1  
-0.1 
-0 .1  
-0 .1  
-0 .1  
- 0 . 1  
- 0 . 1  
- 0 . 1  

1 .0  
0.75 
0 . 5  
0.25 
0 

-0.25 
-0 .5  
-0.75 
-1.0 

$ 9  deg 

0 
0 
0 
0 
0 
0 
0 

180 
180 

90 
90 
90 
90 
90 

270 
270 
270 
270 

XT/L 
~~ 

0.234 
0.243 
0.267 
0.337 
0.449 
0.535 
0.566 
0.587 
0.598 
0.317 
0.373 
0.452 
0.544 
0.578 
0.546 
0.445 
0.384 
0.328 

" 

I -~ ~ 

Xt/L 
- . . . . . . -. - 

0.162 
0.180 
0.191 
0.227 
0.272 
0.382 
0.461 
0.485 
0.501 
0.247 
0.288 
0.333 
0.409 
0.454 
0.398 
0.339 
0.274 
0.225 
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TABLE 3.-Continued 

(p) MOD = 2.00; Uw/vm = 9.8 x 10 per m (3.0 x 10 per ft); 
source, NASA Langley 4- by +Foot Supersonic Pressure Tunnel 

6 6 

01, deg 

-0.25 
-0.25 
-0.25 
-0.25 
-0.25 
-0.25 
-0.25 

' -0.25 
-0.25 

B ,  deg 

0.75 
0.5 
0.25 
0 
-0.25 
-0.5 
-0.75 
-1.0 
-1.25 

$ 9  deg 

90 
90 
90 
90 
270 
270 
270 
270 
270 

0.387 
0.483 
0.580 
0.631 
0.616 
0.528 
0.407 
0.355 
0.310 

0.267 
0.316 
0.443 
0.488 
0.458 
0.321 
0.270 
0.254 
0.227 

(9) MOD = 2.20; um/vol = 9.8 x 10 per m (3.0 x 10 per ft); 
source, NASA Ames 9- by -/-Foot  Supersonic Wind Tunnel 

6 6 

a ,  deg 

1.0 
0.75 
0.6 
0.25 
0 
-0.25 
-0.75 

. . . . "~ " ~ 

" 

0 
0 
0 
0 
0 
0 
0 
0 
0 

~~ 

8 ,  deg 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 
0.75 
0.5 
0.25 
0 
-0.25 
-0.50 
-0.75 
-1.0 

$ 9  deg 

0 
0 
0 
0 
0 

180 
90 
90 
90 
90 
90 
270 
270 
270 
270 

180 

XT/L 

0.252 
0.288 
0.413 
0.555 
0.587 
0.600 
0.616 
0.270 
0.333 
0.416 
0.499 
0.542 
0.503 
0.402 
0.337 
0.299 

X t / L  

0.180 
0.207 
0.272 
0.425 

0.508 
0.519 
0.196 
0.256 
0.317 
0.396 
0.449 
0.373 
0.299 
0.234 
0.213 

0.488 
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TABLE 3.-Continued 

(r) Moo = 2.50; U,/voo E 9.8 x 10 per m (3.0 x 10 per ft); 
source,  NASA  Ames 9- by 7-FOOt Supersonic  Wind  Tunnel 

6  6 

UY deg 

1.1 
0.9 
0.6 
0.4 
0.1 

-0 .1  
-0.4 
-0.6 
-0.9 
-1.2 
-0 .1  
-0 .1  
-0 .1  
-0 .1 
-0.1 
-0.1 
-0 .1  
-0.1 
-0 .1  

. .  , 

B ,  deg 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.9 
0.6 
0.4 
0 .1  

-0.1 
-0.4 
-0.6 
-0.9 
-1.1 

C P Y  deg 

0 
0 
0 
0 
0 

180 
180 
180 
180 
180 
90 
90 
90 
90 

270 
270 
270 
270 
270 

XT/L 

0.222 
0.252 
0.351 
0.485 
0.534 
0.564 
0.589 
0.591 
0.591 
0.569 
0.310 
0.342 
0.427 
0.506 
0.490 
0.431 
0.355 
0.299 
0.274 

+ 0.137 
0.191 1 0.252 
0.357 
0.438 
0.461 
0.485 
0.494 
0.490 
0.485 
0.220 
0.254 
0.324 
0.402 
0.393 
0.328 
0.265 
0.229 
0.207 

' 
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TABLE 3.-Continued 

(SI Moo = 2.86; Uo3/uoo Z 8.2 x 10 per  m (2;5 x 10 per ft); source, NASA 
Langley  Unitary  Plan Wind Tunnel  (high Mach  number tes t   sec t ion)  

6  6 

a ,  deg 

0.75 
0.5 
0.25 
-0.25 
-0.5 
-0.75 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1.25 
1.0 
0.75 
0.5 
0 
-0.25 
-0.5 

0, deg Xt/L XT/L 

0 

0.339 0.479 0 
0.270 0.402 0 
.O. 196 0.294 

180  0.544  0.387 
180 0.578 

0.485  0.598  180 
0.440 

90  0.339 0.245 
90 0.353 G. 256 
90 0.389  0.290 
90 

0.404  0.515 90 
0.317  0.431 

270 0.503 0.373 
270  0.440  0.321 

(t) Moo = 3.51; U,/v, 2 9.8 x 10 per m (3.0 x 10 per f t ) ;  source, NASA 6  6 

Langley  Unitary  Plan Wind Tunnel  (high Mach  number section) 

a ,  deg 

1.0 
0.75 
0.5 
0.25 
-0.25 
-0.5 
-0.75 
-1.0 

0 
0 
0 
0 
0 
0 
0 
0 

$ 3  deg 

0 
0 
0 
0 
0 
0 
0 
0 
0.75 
0.5 
0.25 
0 
-0.5 
-0.75 
-1.0 
-1.25 

0, deg 

0 
0 
0 
0 

180 
180 
180 
180 
90 
90 
90 
90 
270 
270 
270 
270 

X,/ L 

0.222 
0.267 
0.335 
0.418 
0.494 
0.584 
0.566 
0.598 
0.353 
0.375 
0.411 
0.465 
0.400 
0.369 
0.317 
0.301 

Xt/L 

0.139 
0. I78 
0.234 
0.315 
0.418 
0.436 
0.456 
0.490 
0.263 
0.297 
0.330 
0.389 
0.308 
0.274 
0.216 
0.166 
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TABLE 3.-Concluded 

(u) Mm = 4.60; Um/vm E.9.8 x 10 6 per m (3.0 x 10 6 p e r  ft); source, NASA 

Langley  Unitary  Plan Wind Tunnel  (high Mach number tes t   sec t ion)  

a, deg 

0.9 
0.65 
0.4 
0.15 
-0.1 
-0.35 
-0.6 
-0.85 
-1.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 

$ 9  deg 

-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
1.1 
0.85 
0.6 
0.35 
0.1 
-0.15 
-0.4 
-0.65 
-0.9 

$ 9  deg 

0 
0 
0 
0 

180 
180 
180 
180 
180 
90 
90 
90 
90 
90 
270 
270 
270 
270 

XT/L 

0.301 
0.371 
0.429 
0.483 
0.566 
0.548 
0.602 
0.634 
0.654 
0.452 
0.456 
0.470 
0.492 
0.519 
0.524 
0.503 
0.479 
0.452 

Xt/L 

0.211 
0.265 
0.324 
0.364 
0.373 
0.438 
0.470 
0.501 
0.515 
0.326 
0.353 
0.362 
0.380 
0.409 
0.407 
0.384 
0.373 
0.335 
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TABLE  4.-ATMOSPHERIC  CONDITIONS FROM RADIOSONDE  BALLOON  AT EDWARDS, CALIFORNIA 

H .  1, THETA, v ,  RH I D ,  T .  RHO, P3 

m ft m deg knots m/sec percent O F   O C  ' C  [ O F  gm/m3 [ l b / f t 3  mb 1 l b / f t 2  f t  

928.9 
908.5 
876.8 

816.5 
846 .2  

787.8 
759.9 
732.9 

6 8 1 . 3  
706.7 

656.5 

609.2 
632.5 

586.6 
564.8 

523.3 
543  e7 

503.5 
4 8 4 . 4  
465 e 8  
447.9 
430.4 
413.5 

381.1 
397.1 

365.7 
350.9 
336.3 
322.2 
338 - 6  
295 .4  
282.6 
270.3 
258 - 4  
247 .0  
235.9 
225.2 
215.0 

195.6 
205 a 1  

186.4 

169.3 
177.7 

161  - 2  
153.5 
14h.0 
139.0 

125.9 
132  e3 

194U.U 
1897.4 

1767.3 
r705.3 
1645.4 
1567.1 
1530.7 
1476.0 
1422.9 
1371.1 
1321.0 
1272.3 
1225.1 
1179 I 6 
1135.5 
1092.9 
1051  6 
1011.7 

972.  8 
935.5 

863.6 
898.9 

795.9 
829.4 

763 8 
732.7 

183 i .2  

702 4 
672.9 
644.5 
617 -0  
590.2 

539.7 
564 a 5  

515.9 
492.7 
470.3 
449.3 
428.4 
408.5 
389.3 
371.1 
353.6 

320.6 
336.7 

290.3 
3u4.9 

276.3 
262.9 

1105.9 
l o @  1.6 
1043.8 
1008.1 

377.8 
948.4 
919.6 

8 6 4 . 3  
891. 6 

840.0 
817.3 
795.J 
769.3 
744.2 
719.9 
696.3 
673.3 
651.0 
631.4 
612.7 
594.5 
576.7 
559.3 
542.3 

510.1 
526.0 

4 9 4 .  6 
479.4 
464.6 
450.1 
435.; 
420.5 
406.2 
392.4 
378.8 

351.6 
365.3 

326.0 
338.6 

313.4 
330.8 

277.0 
288.7 

265.7 
254.R 
243.2 
231.3 
220.1 
2D9.4 

MONlH R O A Y  1 4  

.ob9039 

.Ob5162 
- 0 6 7 5 2 2  

- 0 6 2 9 3 4  
e061042 
-059207 
.0574a9 
.055661 
-053956 
ab52439 
,051022 

eL48CZb 
.049635 

eUk6459 
~ 0 4 4 9 4 2  

042033 
- 0 4 C t 4 1  

,038250 
-039417 

-037113  

-034916 
.03tG02 

-033895  
-032837 
-631845  
.030877 
-029928  
.029004 

U28099 
aIr27L87 
-026251  
-025358 
-024497 
. 0 2 3 6 4 8  
,022786 
,021950 

.U20352 

.021138 

-019565  
-01E778 
.018023 
e017293 
-016587 

,015162 
a 01 5 907 

. 0 1 4 4 4 0  

.01374C 
-013072 

,043469  

18.3 
18.3 
18.3 
18.1  
16.7 

14.0  
15.4 

12.6 
11.2 
8.9 
6.2 
3.6 
2.3 

-.l 
1.1 

-1.3 
-2.5 
-3.8 

-8 .3  
-5.9 

-1v.7 

-15.6 
-13.1 

-18.1 
-2U.7 
-23.3 
-26.0 

-31.5 
-28.7 

-34.2 
-36.8 
-38.9 
-41.2 
-43.6 
-45.9 
-47.9 
-49.8 
-51.8 
-53.9 
-55.6 
-57.1 

-60.1 
-58 .6  

-61.7 
-63.2 
-63.8 
-63.7 
-63.6 
-b3.5 

Y E A R  76 HOUP OF RELEASE 9002 

6 4 . 9  
64.P 
64  e9 

62 -1 
t 4 . 6  

59.7 
57.2 
54.7 
52.2 
48.0 
43.2 
38.5 

34.0 
36.1 

31.8 
29.7 
27.5 
25.2 
21.4 
17.1 
A2.7 
8.4 

"6 
3.0 

-5.3 

-14.8 
-9.9 

-24.7 
-19.7 

-34.2 
-29. 6 

-38.0 
-42.2 
-46.5 
-50.6 
-54.2 
-57.6 
-61.2 

-68.1 
-65.0 

-70.8 

-76.2 
-73.5 

-79.1 

-62.6 
-82.7 
-82.5 
-87.3 

-81.8 

7. 6 
7.3 

6.0 
3.5 

-1.6 
1.0 

- 4 . 3  
-7.2 
- 8 . 3  
-8.9 
-9.8 

-11.6 

-15.2 
-13.4 

-17.1 
-19.1 
-21.0 
-22.7 
-24.4 
-26.1 
-27.9 
-29.7 
-31.6 
-33.9 
- 3 6 . 3  
-38.6 

-43.4 
-41.0 

-45.9 
-48.1 
-50.0 
- 5 4 .  A 
-59.6 
-65.3 
-66.9 
-68.5 
-70.1 

-73.2 
-71.8 

-74.4 
-75.7 
-76.9 
-78.2 
-79.4 

-79.9 
-79.8 

6.a 

-80.0 

45.7 
45.1 
44.2 
42.7 
3 8 . 4  
33.8 
29.1 
24.2 

17.1 
1 g . c  

15.9 
14.3 
11.2 

4.6 
7.5 

1.2 
-2.3 
-5.9 

-12.0 
-8.9 

-15.1 
-18.2 
-21.5 
-24.9 
-29 .1  
- 3 3 . 3  
-37.5 

-46.1 
-5b.5 
-54.6 

-65.3 
-57.s 

-83.6 
-75.2 

- 8 8 . 4  
-91.3 
-94.2 
-97.2 
-99.M 

-162.0 
-104.2 
-106 .4  

-111.0 
-108.7 

-111.5 

-41.e 

-111.6 
-111.8 

-79.7  -111.5 

49.7 
48.6 
46.8 
44 .8  
41.4 

34.0 
37.6 

3 0 . 4  
26.7 
28.7 
32.9 
36.8 
35.a 

30.9 
3 3 . 0  

28.8 
26.8 
24.9 
25.1 
26.0 
26.9 
27.7 
28.8 
29.6 

29.5 
2 9 . 6  

29.7 
29.8 
30.0 
29.9 
30.2 

23.9 
30.3 

15.7 
9.6 
9.7 
9.6 

9.5 
9.7 

9.8 
9.8 
9.8 

10.0 
9.8 

10.c 
9.9 
9.9 
9.9 
9.9 

6.7 
6.7 
t.7 

12.3 
1e.o 

e. z 
15.9 

t .2  

9.3 
€.7 

6.7 
9.8 

10.8 
9.3 
8.2 
8.2 
9.3 
5.8 
9.8 
C.8 

10.8 
10.8 
10.8 
1c. e 
11.3 
10.8 
10.8 
11.3 
11.3 
11.3 
11.8 
12.3 

13.9 
12.9 

15.4 
17.0 
20 .  1 

25.7 
23.1 

28.3 
30.9 
31.4 
31.4 

c .0  

c .0  
C.0 
9.J 

a. o 

0.0 

13.0 
13.G 

24.0 
35 e 0  
31.0 
16.3 
12.0 
17.0 
18.0 
13.0 
19.0 
21.0 
18.0 
16.0 
10.0 
18 .o 
19.0 
19.0 
19.0 
21.0 
21.0 
2 1  .o 
21.0 
22.0 
21.0 
21.0 
22.0 
22.0 
22.0 
23.0 
24.0 

27.0 

13.0 

25.0 

30.0 
33.0 
39.0 

50.0 
45.0 

60 e 0  
55.0 

61.0 
61.0 

0.0 
0.0 
0 .o 
0.0  
0.0 
3.0 

235 .0  
249.C 
270.0 
274.0 
273.0 
281.0 
293.0 
m . a  
351.0 

841.0 
4.0 

281.9 
262.0 
?67.0 
273.0 
292.0 
303.0 
259.0 
300.0 

288.0 

278.0 

298.0 
296.0 

281.C 
279.0 

278.0 
278.0 
283.G 
2e7.0 
2ee.o 
288.0 

282.9 
285.0 

277.C 
271.0 
266.0 
262.0 

757.0 

256.0 
257.0 
257.0 

0 ;o 
c.c 
0 .c  
0 . 0  

259.0 

257.0 

0.0 

724. 2?7 f .  
914. 3000. 

1219. 400C. 
1524. 5 0 0 0 .  
1@29.  C C O C .  

243P. 8 0 0 0 .  
2134. 700C. 

2743. 9COC. 

3353.  11000. 

4267. 14C00. 
3 9 t 2 .  130OC. 

4877. 1 t C O C .  

3 0 4 8 .  I O C O O .  

365e. 12000. 

4572.  15000. 

5182. n a o o .  
5 4 8 6 .  l acoc .  
5791. 19ac0. 
6096. z c o o a .  

6706. 22000. 
6401. 21aoa. 

7010. 2 ~ 0 0 .  
7315. 24000. 
7620. 25000. 
7929. 26000. 
8230. 270cc. 
8 5 3 4 .  ZROCC.  
8839. 29000. 
9144. 2GCOC. 
9 4 4 9 .  31000. 

1 0 0 5 ~ .  33000. 
9754. ? Z C O C .  

10363. 340ac. 
10668. ?5aoo. 
10973. 36000. 
11278. 37ac0. 
1 1 5 ~ 2 .  3 8 0 0 ~ .  

12192. 4ooac. 

1 m h .  m o t .  

11887. 29COO. 

12497. 41000. 
1?@02. 4200C. 

13411. 44000. 

14021. k t 0 0 0 .  
13716. 4500C. 

14326. 4700C. 



TABLE 4.-Continued 

H,  
ft m deg knots m/sec percent O F  O C  ‘ C  I O F  gm/m3 I lb/ft3 mb I Ib/ft2 f t  m 

2 .  THETA, V ,  RH, 0. T ,  RHO, P. 

49E7. 16164. 

5499. 19038. 
5211. 17103. 

929.7 1941.7 
909.5 1899.2 
878.0 

817.6 
847.3 

788.8 
765 8 
733.8 
707 6 
682.2 
657.7 

610.8 
633.9 

566.6 
588.4 

545.5 
525.0 

485.9 
535.2 

467.2 
449.0 
431 e4 
414.3 
397.8 
381.7 
366.2 
351 -2 
336.7 

309.1 

283.3 
271.1 
259.3 
247.9 
236.8 
226.2 
216.9 
2J6.l 
196.6 
187.4 

170.2 
178.6 

162.0 
154.2 
146.7 
139.6 
132.7 
126 $ 2  

322.7 

236.0 

1833.7 
1769.6 
1707.6 
1647.4 
1589.0 
1532.6 
1477.9 
1424.8 
1373.6 
1323.9 
1275 -7 
1228.9 
1183.4 
1139.3 
1096.5 
1055.1 
1014.8 
975.8 
937.8 

865.3 
901 - 0  

830.8 
797.2 
764.8 
733.5 
743.2 
674.3 

618.2 
645.6 

591.7 
566.2 
541.6 
517.7 
494 -6 
472.4 
451 1 
430.4 
410. 6 
391 e4 
373.0 
355.5 

322.1 
3 3 8 . 3  

306.4 
291.6 
277.1 
263.6 

IGNTH 8 D A Y  16 

1097.r) 
1072.4 
1239.1 
1012.7 
98i.2 
950.5 
920.7 

863.6 
891.7 

836.4 
810.1 
786.3 
763.2 
740.7 
710.8 
697.3 
676.4 
655.9 
636.6 
617.9 
599.7 
581.9 
5 6 5 . 5  
547.3 
529.5 

495.3 
512.1 

478.9 
462.9 
447.4 
432.4 
418.4 
4~4.6 

376.5 
390.3 

3 6 3 . 3  
350.5 
338.1 
326.0 
314.0 
301.8 
290.1 
278.7 
267.7 
257.1 
246.4 
255 .6  
225.1 
214.6 

,068533 
,06694U 
.Oh4906 
. 0 6 3 2 2 1  
061254 

.059338 
-057477 
,055667 
.053913 
ei152215 
.05G573 
,049087 
.047645 . C4t240 
e046873 

,042226 
.043531 

,039742 
,040947 

-038574 
.G37438 

.035241 
,036327 

.034i67 

.033056 
,031969 
.G30921 
-029897 
.028898 
-027930 
,026994 . OZt120 
. 0 2 5 2 5 8  

,023504 
.024366 

.022680 

.021881 

.020352 

.621107 

,019662 
.Ol884l 

.017399 

.018110 

.Olt7A2 

.016050 
,015382 
.OL4708 
-014053 
.Ul3397 

21.4 
21.4 
19.9 

16.2 
17.3 

15.1 
14.0 
12.9 

10.5 
11.7 

4.3 

5.3 
7.3 

3.3 
1.3 

- 2 . 8  
-.7 

-4.9 
-7.2 
-9.7 

-i2.3 
-14.8 
-17.4 
-19.9 
-21.9 
-24.0 
-26.0 
-28 .1  
-30.2 
-32.3 
-34.6 
-37.1 
-39.6 

-43.7 
-41.6 

-45.9 
-48.2 
-50.5 
-52.8 
-54.9 
-56.7 

-60.3 
-56.5 

-62.7 
-64.0 
-65.6 
-66.7 
-67.6 

Y t A R  78 HbUk OF R E L E A S E  9002 

70.5 
70.5 
67.6 

61.2 
63.1 

59.2 
57 - 2  
55.2 
53.1 

48.7 
50.9 

41 .:, 45.1 

37.9 
34.3 
30.7 
27.0 
23.2 
19.0 
14.5 
9.9 
5.4 
.7 

-3.8 

-11.2 
-7.4 

-14.8 
-18.6 
-22.4 
-26.1 
-30.3 
-34.8 
-39.3 

-46.7 
-42.9 

-50.15 
-54.8 

-63.0 
-58.9 

-66.6 
-70.1 
-73.3 

-80.6 
- 7 6 .  f 

-83.2 
-86.1 
-88.1 
-89.7 

-3.6 
3.2 
5.8 
3.8 
2.1 

. 3  
-1.5 
-3.3 

-7.7 
-5.2 

-10.5 
-ii. 7 
-14.9 
-17.1 
-19.3 
-21.5 
-23.7 

-27.9 
-26.0 

-29.8 
-31.6 

-35.5 
-33.5 

-37.4 
-38.9 

-42.1 
-40 5 

-43.7 
-45.4 
-47.1 

-50.7 
-48.8 

-52.8 

-63.5 
-57.8 

-65.4 
-67.2 
-69.0 

-72.7 
-70.9 

-74.1 
-75.6 
-77.1 
-78.6 
-80.1 
-81.4 
-82.3 
-83.1 

25.4 
37.8 
42.4 
38.5 
35.8 
32.6 
29.4 
26.0 
22.6 
18.2 
13.1 
9.1 
5.2 

-2.7 
1.3 

-he7 
-10.7 
-14.8 

-21.6 

-28.3 
-31.8 

-38.1 
-35.3 

-40.9 
-43.8 
-46.7 
-49.7 
-52.7 
-55.8 
-59.2 
-63.1 
-72.1 

-83.6 
-82 .+ 
-8d.9 

-95.7 
-92.3 

-58. 8 
-101.4 
-104 1 

-18 e3 

-24 9 

-i06.7 
-109.4 
-112.2 

-1lb.i 
-114.5 

-117.5 

18.3 
30.1 
39.6 
40.7 
38.6 
36.4 
34.3 
32.1 
30.2 
27.1 
23.5 
22.5 
21.7 

19.9 
20.8 

19.0 
18.2 

17.4 
17.4 

18.3 
17.8 

18.7 
19.2 
19.6 
19.9 
20.4 
20.7 
21.i 
21.4 
21.0 
22.4 

23.4 
23.2 

15.8 

9.6 
9.6 

9.6 
9.7 
9.? 
9.7 
9.8 

9.8 
9.8 

10.0 
10.0 
10.1 
lU.1 
10.1 

4.6 
7.2 
1C.3 
7.7 

11.3 
9.3 

13.9 
14.9 
14.4 
13.4 
11.8 

11.3 
11.3 

16.8 
10.8 

11.3 
12.3 
13.4 
14.4 
15.4 
16.0 
21.6 
22.1 
22.6 
23.1 
23.7 
23.1 
21.6 
23.1 
27.8 
31.9 
35.0 
38.1 
46.6 

41.7 
53.2 

40.1 
39.6 
40.1 
41.2 
42.7 
44.8 
46.8 

0.0 
0.0 
6.0 
0.0 
0.0  

14.0 
9.0 

20.0 

18.0 
15 - 0  

22.0 
27.0 

28 .o 
29.0 

26.0 
23.0 
22.0 
22.0 
21.0 
21 .o 
22.0 

26.0 
24 e 0  

28.0 
30.0 
35.0 
42.0 
43.0 
44 -0  
45.0 
46.0 
45.0 
42.0 
45.0 
54.0 
62 e 0  
b8 a 0  

79 -0  
74.0 

84 a 0  

81.0 
78.0 
77.0 
78 .O 
80 .O 
83.0 

91.0 
87.0 

0.0 
0.0 
0.0  
0 .0  
0.0 

225.0 
243.0 
270.0 

27C.O 
278.0 

260.0 
260.0 
261.0 
266.0 
272.0 

276.0 
276.0 
275.0 
27Z.C 
272.0 
270.0 
261.0 
268.0 
26E.O 
268.0 
269.0 
266.0 
264.0 
262.0 
261.0 
262.0 
264.0 

260.0 
258.0 
258.0 
258.0 

258.0 
258.0 

259.0 

275.0 

263.0 

260.0 
261.0 
261.0 
261.0 
261.0 
260.0 
259.0 

C.0 
C.0 
0.0 
c .0  
0.0 

724. 
914. 

1524. 
1219. 

1829. 
2134. 
2438. 
2743. 
3048. 
3353. 
3 t 5 8 .  

4267. 
3962. 

4572. 
4817. 
5182. 
5486. 

6096. 
6401 

5791. 

6706. 
7010. 
7315. 
7620. 
7925. 

8534. 
1230. 

ee39. 
9144. 
9449. 

10058. 
9754. 

10363. 
10660. 
10973. 
11278. 
11582. 
11887. 
12192. 
12497. 

13106. 
12802. 

13411. 
,13716. 
14G21. 
14326. 
14630. 
14935. 

2375. 
3c0c. 
4c0c. 
5000. 
6000.  
700c. 
8000. 

10000. 
9g0c. 

llC00. 
120co.  
130OC.  
140GO. 
1500U. 

17000. 
18000. 
190GC. 
20000. 

22000.  
23000. 
24000 .  
zsooo. 
26000. 

Z E O O C .  
27000. 

30000. 

32000. 
31000. 

33000.  
34000. 
35000. 
36COO. 
31COC. 
38000. 

4 0 0 0 0 .  
39coo.  

41000. 
4200C.  
43000. 
44ccc. 
4 5 C O O .  
46000. 
41000. 
4800C.  
4900G. 

mot. 

21ooo. 

29000. 



TABLE 4.-Continued 

930.0 
910.0 
e73.7 
848 - 2  
818.6 

762.1 
789.9 

735.1 
709.0 
683.7 
659.1 
635.2 
612.1 
589.6 
567.8 
546.7 
526.2 
506.3 
487.0 
468 - 3  
450.2 
432 -6  
415.6 
399.0 
383.0 
367.5 
352.6 

324.0 
3 3 8 . 0  

310.4 

1942.3 
1900.6 
1835 - 2  
177A.5 
1709.7 
1649.7 
1591.7 
1535.3 
1480.8 
1427.9 
1376.6 
1326.6 
1278.4 

1185.9 
1231.4 

1141.8 
1099.0 
1057.4 
r017.1 
978.1 
940.3 
903 - 5  
868 .5  
833.3 
799.9 

736.4 
767.5 

705  -9 
676.7 
6 4 8 . 3  

1082.0 
1063.7 
1034 e9 
1006. b 
976.2 

917.5 
946.5 

861.9 
809.4 

836.2 
811.8 
768.0 
764i7 

719.9 
742.0 

677.2 
698.3 

656.6 
636.8 
617.6 
598.8 

562.7 
580.6 

528 2 
545.3 

51i.5 
495.2 
479.4 
464.0 
448.9 

MONTH 8 D A Y  16 

.Ob7547 

.b6C405 

.Ob4607 
-062840 
a060942 
.G59088 
mO57278 
-055523 
-053807 

.05C679 

.052202 

.U49193 
-047739 
-04 E322 
-044942 

,042216 
.04 3 593 

040990 
.u39754 
-038556 
,037382 
.03624C 
,035128 
-034042 
-032974 
ecJ31932 
.030914 
L29928 
02 8967 

.OP8G24 

25.4 
24.0 
21.7 
13.4 
18.2 
16.9 
15.6 
14.3 
13.1 
li.3 
9.4 
7.4 
5.5 
3.2 
1.5 

-2 .5 
-.4 

-4.5 
-6.7 
-9.0 

-11.2 

-15.8 
-13.5 

-18.1 
-20.4 
-22.7 
-25. i 
-27.4 
-29.8 
-32.1 

Y E A R  7 6  HOUR O F  R t L E A S E  16302 

77.7 
75.2 
71.1 
66.9 
64.6 

6 0 .  i 
62.4 

57.7 
55.6 

48.9 
52.3 

45.3 
41.9 

34.7 
36.3 

27.5 
31.3 

23.9 
19.9 
15.8 
11.8 
7.7 

- a 6  
3.6 

-4.7 
- b e 9  

-13.2 
-17.3 
-21.6 
-25.8 

3.0 
3.2 

2.9 
3.3 

-2.0 
.5 

-4.7 
-7.5 

-10.6 
-12.6 
-14.5 
-160 1 
-17.8 
-19.5 
-21.2 
-22.9 
-24.7 
-26.4 
-28.4 

-32.5 
-30.4 

-34.6 
-36.7 

-40.6 
-38.8 

-42.4 
-44.2 

-47. u 
-46.u 

-49.7 

37.4 
37.b 
37.9 
37.3 
32.9 
28.4 
23.6 
18.4 
12.9 
8.9 
5 .O 
3 - 0  
-.l 

-3.1 
-6.2 
-9.3 

-12 -4 
-J5.5 
- 1 9 . ~  
-2i.b 
-26.5 
-33.3 
-34.1 
-37.5 
-41.0 
-44.2 
-47.5 

-54 1 
-5u.7 

-57.5 

23.4 
25.6 
29.8 

30.3 
33.5 

27.4 
24.3 
21.3 
18.1 

16.9 
17.1 

16.7 
16.9 

16.7 
16.6 
16.4 
1C.4 
16.2 
16.0 
15.8 
15.4 
15.1 
14.8 
14.5 
14.7 
15.0 
15.3 
15.5 
15.8 
i5.9 

1C. 3 
lC.3 
10.8 
16.8 
12.3 

14.9 
13.9 

14.4 
14.4 

14.4 
14.4 

13.9 
13.9 

13.9 
14.4 
15.4 
15.9 
17.0 
15.9 
17.0 
17.5 

19.5 
21.1 
22.1 
23.1 
23.7 
24.7 

0.0 
c.0 

10.0 

20.0 
20.0 
21.0 
21.0 
24.0 

29.0 
27.0 

28.0 
28 .o 
28.0 
28 .o 
27 .O 
27.0 
27.0 
28.0 
30.0 
31 .O 
33.0 
31 .O 
33.0  
34 .o 
35.0 
38 -0  

43.0 
41.0 

45 e 0  
46.0 
48.0 

0 .0  
0.5 

230.0 
244.0 
263.0 
269.0 
269.0 

273.0 
271.0 
268.0 
267.0 
266.0 

264.0 
265.C 

265.0 
267.0 
269.0 
268.0 
266.0 
266.0 

271.0 

268.0 
26e.c 

215.0 

262.0 

267.0 

264.0 

259.0 
259.0 
259.0 
0.0 
0.0 

914. 
1219. 
1524. 
1829. 

2430. 
2134. 

2743. 
3 0 4 8 .  
3353. 
3650r 

4267. 
3962. 

4877. 
4572. 

5162.  
54eb. 

6096. 
5791. 

6401. 
6706. 
7010. 
7315. 
7620. 
7525. 
8230. 
8534. 

9144. 
9449. 

724. 

8139. 

2375. 

4000. 

70c0. 
ccoc. 
800C. 

10000. 
9000. 

11000. 
12000. 
13000. 
14000. 
15000. 
ICCCC. 
17000. 
1E000. 
1900C. 
20000. 

22000. 
23000. 
24000. 
25000. 

3 0 0 0 .  

5000. 

Z ~ O C O .  

2600a. 
27000. 

.roaoo. 

28COC. 
29coo.  

31COO. 



TABLE 4.-Continued 

H .  

f t  m deg knots  m/sec p e r c e n t  O F  OC "C I O F  gm/m3 I l b / f t 3  mb I l b / f t 2  f t  m 

z ,  THETA, V .  RH, 0 ,  T ,  RHO, P .  

MONTN 8 D A Y  18 Y t x r  7 8  HOUL OF R E L E A S E  150122 

932.4  1947.4  1125.0 

879.5  1836.9  1556.4 
848.6  1772.3  1016.9 
818.6  1709.7 
789 .6   i649 .1  

911.7  1904.1  i098.1 

761.4 
733.9 
757.3 

656.6 
681.5 

632 e 6  
609.3 
586.7 
564.8 

523.J 
543.6 

503.1 
403.7 
4h5 .O 
446.9 
429.4 
412.4 
396.0 
380.1 
364.7 
349.9 
335.5 
321.5 
309 -0  
295.0 
202.4 
270.2 
258.5 

225.7 
236.3 

205.7 
215.5 

196.2 

179.3 
169.9 
161.9 
154.2 
146.6 
139.7 
132.9 
126.5 

247.2 

187.1 

159b.Z 
1332.8 
1477.2 
1423.3 
1371.3 
1321.2 
1272.5 
1225.3 
1179.6  

1 0 9 2  3 
1135.3 

l(i59.7 
1UIO.2 

971.2 
933.4 
896.8 
861.3 
827.1 
793.9 

730.8 
761  7 

7 0 0  7 
6 7 1   - 5  
643.3 
616.1 
589.8 
§64.3 
539.9 
516.3 
493.5 
471.4 
450.1 
429.6 
409  8 
390.8 
372   -4  
354.8 
358. L 

306.6 
322.1 

291.a 
277.5 
2 6 4 . 2  

959.7 
988.3 

932.2 
905.3 
879.0 
049.0 
8 1 8 . 4  
793.0 
769.2 

723.3 
745.5 

701.2 
679.6 
658.6 
637.8 
617.4 
5Y7.6 
578.4 
559.6 
541.5 
524.5 
507.8 
491. b 
475.6 
460.4 

430.4 
445.4 

415.4 
400.9 
386.8 
373.3 
360.7 
346.4 
336.5 
324.8 
312.9 
3 0 0 . 3  
288.2 
276.5 
215.2 
2 5 4 . 3  
2 4 3 . 3  
232 .3  

211.7 
2 i l . d  

-07C231 
-066552 
-065949 

,061679 
,059912 

. U 5 t 5 1 t  
,058195 

-054874 

-051C91 
053001 

nUC9505 
. 0 4 8 0 2 0  
,046565 
.OS5154 
.043774 
. 0 4 i 4 2 6  
. U 4 l l r 5  
,039817 

.037307 
,038543 

- 0 3 t 1 0 8  
.u34935 
-033805 
, 0 3 2 7 4 3  
.U31701 

e 0 2 9 7 0 3  
. 0 3 0 t 9 0  

.028742 

.0278(i:, 

. 0 2 t 8 t 9  

.025933 

.025027 
aU24l.47 
e '223304 
.02251R 
,021750 

.a63483 

- 0 2  1 O C  7 
. ~ 2 0 2 7 7  
e019534 

-017992 
. C 1 7 2 6 1  
. 0 1 t 5 5 e  

,615169 
. ~ 1 5 8 7 5  

~ 0 1 4 5 0 2  
-013847 
-013216 

. G ~ e 7 4 7  

15.U 
15.5 
16.4 
17.1 
i 5 . 1  
13.0 
11.0 

8.9 
6.8 

6.2 
6 .2  

4 . 6  
2.7 
.e 

-1.1 
-3.0 
-5.0 
-7.0 

-13.7 
-8.9 

212.6  
-14.5 
- s 6 . 3  
-18.3 
-20. b 
-22 .8  
-25.1 
-27.4 
-29.7 
-32.1 
-34.3 
-36 .2  
-38.2 
-40.2 

-44.8 
-42.3 

-47.3 
-49.9 
-52.4 
-54.5 
-56. U 
-57.4 
-58.9 
-60.3 
-61.8 
-62.9 
-63.6 
-64.2 
-04.9 

59.9 
59.0 

61.5 
62.6 
59.2 
55.4 

48.0 
51.8 

44.2 
43.2 

40.3 
36.9 
33.4 
30.U 

23.0 
26 -6 

19.4 
16 - 0  
12.7 

9.3 
5.9 
2.7 
-.P 

-5.1 
-9.0 

-13.2 
-17.3 
-21.5 
-25.8 
-29.7 
-33.2 
- 3 6 . 8  
- 4 0 . 4  
-44.1 
-48.6 
-23.1 
-57.8 
-62.3 
-66.1 
- 6 b . t  
-71.3 
-74.0 
-76.5 

-81.2 
-79.2 

-82.5 
-83.6 
-84.6 

43.2 

-1.7 
-2.7 
-4.7 
-7.3 
-7.5 
-7.9 
-R. 5 
-9.2 

-10.0 
-13.4 
-19.5 
-22.4 
-24.1 

-27.5 
-25.b 

-31.0 
-29.3 

-32 8 
-33.9 
- i4 .9  
-35.9 
-37.0 
-38.2 
-39 .4  
-41.0 
-42.6 
-44.2 

-47.6 
-45.9 

-49.3 
-51.0 

-55.5 
-52.6 

-59.5 
-62.4 
-64.4 

-68.5 
-66 5 

-72.3 
-70.6 

-73.5 

-75.9 
-74.7 

-77.1 
-78.3 
-79.2 
-79.7 
-80.3 
-60.8 

2Y .O 
27.1 
23.5 
18.9 

17.7 
18.5 

16.7 
15.5 
14.0 

7.9 
-3.1 

-11.4 
-8.4 

-14.5 
-17.6 
- 2 ~ .  7 
-23.8 
-27.0 

-30.8 
-29.0 

-32.7 

-36.7 
- 3 4 . 7  

-39.0 
-41.E 
-44.7 
-47.6 
-50 - 6  
-53.7 
-56.8 
-59.8 
-62.7 
-67 9 
-74.2 
-80.4 
-84 .O 
-87 -6  

-95 1 
-91.3 

-98.2 
-100.3 
-102.4 
-104.6 
-106.7 
-1G8.9 
-110.6 
-1 i1 .5  
-112.5 
-113.4 

31.6 
28.4 

18.2 
23.1 

20.3 
22.5 
24.5 
26.8 
29.0 
23.0 
1 3 . 8  
12.0 

11.6 
1 l . E  

11.4 
11.1 
11.0 
10.8 
11.3 

12.3 
11.7 

13.3 
12.9 

13.9 
14.4 
14.7 
15.2 

1t.u 
15.6 

16.6 
l t . 9  
17.Q 
14.7 
11.8 

9.5 
9.6 
9.6 

9.7 
9.7 

9.7 
9. tl 
9.8 
9.9 
9.9 
9.9 
9.9 

10.0 

1 U . l  
10.0 

C.O 
3.1 

12.3 
8.2 

13.9 
14.9 
14.9 
13.9 

8.2 
4 . 1  

10.8 
6.7 

11.3 
11.8 
11.8 
11.8 
12.9 
13.4 
13.9 
1 4 . 4  

20.1 
21.6 
23.1 
29.2 
27.3 
29.3 
31.4 
33.4 
35.0 
3.5 .s 
3t.5 

36.5 
36.5 

36.5 
36.5 
36.0 

38.6  
37.G 

36.6 
36.1 
37.6 
36.5 
35.5 
34.0 
31  -4 
29.3 
26.8 
23.7 

1e.u 

0.0 
6.0 

16.0 
24 .0  

29.0 
27.0 

29 - 0  
27.0 
16.0 
8.0 

13.0 
21.0 
22.0 
23.0 
23.0 
23.0 
25.0 
26.0 
27.0 
28.0 
35.0 
39.0 
42 .O 
45.0 
49 e 0  
53.6 
57.0 
61  a 0  
65.0 
68.0 
71.0 
71.0 

71.0 
71.0 

71 .O 

70.0 
72.0 
75.0 
75.0 
74 - 0  
73.0 
71.0 
69.0 

6 1  -0 
66.0 

57.0 
52.0 
46.6 

71.0 

2a.a 
0.0 

f1.G 
55 - 0  

64.0 
60.0 

74.G 
81.C 

145.0 
70 e 0  

232.0 
225 .c 
261.0 
273.c 
271.0 
271.C 
268.0 
273.1~ 
273.C 

271.0 
274.0 

267.0 
268.a 

266.0 
267.0 
269.0 
269.0 
269.0 
268.0 
26t.O 
2t4.a 

259.0 

262.0 
260.0 

258.0 
257.0 
25?.0 

257.0 
257.0 

257.0 
257.0 
258.0 
259.0 
259.0 
260.0 
26C.O 
2t1.0 
263.0 

724.  2375. 
914. 3000. 

1219.  4000. 
1 5 2 4 .  50CC. 
1829. tcoc.  
2134. 7000. 
2438. 8000. 
2743. 9000. 
3048. 1 O O G O .  
3353. 11000. 
3658. 12000.  
3962. 1300G. 
4261. 14000. 

4877. lt!OOO. 
4572. 15000. 

5182. 17000. 
5486. 18000. 
5791. 190OC. 
6096. 20000. 

6706. 22000. 
6401.  2100C. 

7010. 1 3 C O O .  

7620. 24000. 
7925. 26000. 

7315.  2 4 0 0 0 .  

8230 .  2701~0. 
8534. 2e00a. 
8839. 29000. 
9144. 3000C. 
94.49. 31000. 

10058. 33C00. 
9754.  32aoo. 

10263. 3 4 0 0 0 .  

10973. 2 t O O C .  

11582. 3800C. 
11278. 37000. 

11887. ?9CCO. 

10668. 35COO. 

12192.  40000. 
12497.  4 1 O O C .  
12802.  420CC. 
13106. 43000. 
13411.  4406C. 
13716. 450CC. 
14021'. 460CC. 

1 4 t ? 0 .  ' 4 P C O C .  
14935.  4900C. 

1 4 3 2 6 .   4 ~ o a o .  



TABLE 4.-Continued 

H ,  2 ,  T H E T A ,  v, R H ,  0. T .  RHO, P .  

m f t  m deg knots m/sec percent O F  O C  O F  O C  gm/m3 I l b / f t 3  mb I l b / f t 2  f t  

930.7 16.43.8 

892.1  1842.3 
911.3 1903.3  

8 5 4 . 7  1785.1 
878.7  1730.9 
803.6  1678.4 
779.2 1621.4 
755.5 1577.9 
732.6 1533.1 

6 8 8 . 8  1438.6 
710.3 1 4 8 3 . 5  

66d.7 1396.6 
643.6 1356.7 
631.1 1318. i  
6 1 3 . 2  1280.7 
595.9 1244.6 
579.1 1209.5 
562.8 1175.4 
547.n 1142.4 

517.0 1079.b 
531.8 1115.7 

488.7 13tLJ.7 
502.5 1049.7 

475.2 992.3 
462.3 965.5 
449.7 939.2 
437 .5  913.9 
425.9 889.5 

403.5 6 4 2 . 7  
392.9 82J.b 

3 7 2 . 5  778.0 
382.5 798.9 

362.8 757.7 
353.4 738.1 
34412 71d.F 
3 3 5 . 3  700.3 
326 .6  682.1 
318.2 664.6 

414.5  865.7 

~ 0 6 2 . 4  
i019.5 
953.5 

895.5 
8e8.6 

83U.0 
805.3 
7 ~ 1 . 3  
7 5 8 . 0  

698.4 
7 5 5 . 4  

630.5 
653.U 

610.9 
5FL.9 
573.5 
555.6 
5 3 8 . 3  
521.J 
503.2 
489.4 
4 7 4 . 1  
458.6 
443.6 
429. i 
415.0 
401.4 
388.2 
375.4 
3 6 3 . 0  

341.8 
351.9 

3 3 1 . 9  
322.3 
312.9 
3b3.9 
295.1 
286.  6 
276 .3  

. 0 b t 3 2 3  

.059525 
~C163t45  

.0534U7 
-055573 

.051815 

.G5C273 
,048775 
-047320 
-045910 
. 043600  

C46628 
-039361 
.03Ea37 
.U3t951 
.L3..802 
,064685 

,032556 
.033605 

-031539 
.03C552 

.020b29 

.025597 

.u27 t93  
-026788 
.02  5908 
.025059 
.u24235 
. b 2 3 4 3 5  
rn UZLb6l 
eG11568 
a021338 . c L C 7 2 C  
. ~ 1 9 5 3 4  
.016972 
.u18422 
.u17892 
.017374 

. n 2 ~ 1 2 1  

31.5 

44.9 
3c.6 

52.8 
53.7 
55.i 
52.5 
51.d 
51.2 

54.3 
50.6 

60.4 
6 0 . 3  
6U. 2 
6 0 . 1  
6r.O 
59.9 
59.8 
59.0 
59.7 
39.6 
59.5 
59.6 

J9.d 
59.7 

59.9 
60.0 
60.  A 
0 0 . 2  

60.2 
bu.4 

59.9 
59.6 

59.0 
59.3 

58.7 
58.5 
58.2 
57.9 

Y E A R  78 H k U C  OF R E L E A S E  2 2 0 0 2  

8 8 . 3  
97 .P 

112.6 
127.0 
12E. 7 
127.6 
126.5 
125.2 
124.2 
123.1 
129.2 
14b.7 
140.5 
140.4 
140.2 

139.8 
140.0 

139.6 
i39.6 

139.5 
139.3 
139.1 
139.3 
139.5 
139.t 
139.6 
140.0 
140.2 
~40.4 
140.7 
140.4 
139.8 
139.3 
138.7 
138.2 
137.7 
137.3 
1 3 b . 6  
136.2 

11.2 
1.2 

2 4 . 7  
36.6 
38. 6 
39.0  
39.1 
39 .3  
3 9 . 4  

43.2 
3 9 . 4  

49.6 
49.8 
50.0 
50 .2  

50.6 
5b. 4 

50.7 
>U.9 
51.1 
51.3 
51.4 
51.7 
52.J 
52.3 
52.6 
52 - 9  
53.2 
5 3 . 5  
53.8 
53.a 

53.6 
53.7 

53.5 
53.4 
53.2 
53.1 

52.9 
53.3 

34.1 

76.5 
5 2 . 2  

97.9 
101.9 
102.2 
102.5 
102.7 
102.8 
193.0 
109.7 
i21.3 
121.6 
122.0 
122.3 
122.7 
123.0 
123.3 
1 2 3 . 6  
1 2 4 . 0  

124.6 
1 2 4 . 3  

125.1 
125.6 
126.1 
126.7 
127.2 
127.7 
128.2 
128.8 
125.8 
128.6 
128.4 
128 .2  
128.0 

127.6 
127.4 
127.2 

127.e 

14.6 
21.7 
32.6 
43.4 
4 t .9  
48.7 
50.5 

54.4 
52 e 6  

56.3 
58.2 

60.5  
59.6 

6 2 . 3  
61.4 

64.0 
63.1 

64.9 
65.4 
66.3 

68.0 
67.1 

68.6 
69.3 
70.0 
76.7 
71.4 

72.8 
72.1  

73.1 

74.5 
73.9 

75.2 

76.5 
75 .6  

77.1 
77.5 
78.1  
78. R 

5.1 
5.1 

4.6 
5.7 
7.2 
7.7 
8.7 

7.7 
8.7 

4 . 1  

7.2 
4.1 

7.7 
7.7 
7.7 
8.2 
E . ?  

10.3 
9.8 

11.3 

214.0 
59.2 

145.6 
15.4 

53.0 
17.5 

102.4 
111.1 

70.2 
45.3 
28.3 
30 .4  
31.9 

0 .O 
G.0 
0 .o 
0.0 
0.0  
c.0  

10.0 
10.0 

11.0 
9 .O 

14.0 
15.0 
17.0 

15.0 
17.0 

8.0 
8.0 

14.0 
15.0 
15.0 
15.0 
16.0 
17.0 
19.0 
20.0 
22.0 

l i 5 . J  
416.0 

30.0 
3 4 . 0  

103.0 
199.0 
216.0 
152.0 

55.0 
59.0 
62.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 

2a3.0 

a8.o 

t0 .c  

105  .@ 77.c 

1C6.0 
114.0  

F9.0 
89.C 
82.0 

101.0 
76.0 

240.0 
217.0 

244.0 
246 .0  
252.0 
257.0 
260.C 
263.0 
2bC.C 

263.G 
267.C 

2 4 8 . 0  
2 5 4 . 0  
765.0 
2t2.C 
311.0 

33.0  
22.0 

341 .0  
288.0 
261.0 
261.0 
262 .0  

G e G  
O.@ 

0.0 

a.o 

a.o 

724.  2379. 

1219. 400C. 
1924. 5COC. 
1829. 6 0 0 0 .  
2134. 7000. 

914. ~ a a c .  

243~. eooa. 

3 3 5 3 .  11aoo. 

4267.  14oaa. 

2743. FCOC. 
3048. 1 O O C O .  

3562. 13000. 
3658. IZCCC. 

4572. 15600. 
4877. I C O C C .  
5182. 17000. 
54e6. 1 P O O C .  
5791. 19GOC. 
6096. 20COO. 

6706.  22000. 
C ~ C I .  zlcac.  
7a10. 230ao. 
7315. i4COC. 
7620. 25000. 
7925. 260OC. 

8 5 3 4 .  28COC. 
8230. 27COO. 

9144. 3COOC. 
9449. 31000. 

10058. 33COO.  
9754. 3200C. 

I O t 6 8 .  ??CCC. 
10973. 3t00b. 

~ ~ 3 9 .  2900~1. 

103~3. 341100. 

11278.  37oao. 
11582. mcoc .  
11887.  ?900C. 

0.0 12,19i. icacc.  



TABLE 4.-Continued 

H. 2 .  THETA, V ,  RH I D .  T .  RHO, P. 
m f t  m deg knots  m/sec percent O F  O C  O F  O C  gm/m3 I Ib/ft3 mb I lb/ft* ft 

92S.6 1933.4 

876.5 1830.6 
908.1 i896 .6  

8 l S . 9  1704.0 
845.7 1766.3 

787.2 1644.1 
759.3 1585.8 
732.2 1529.2 
735.9 1474.3  
6 8 0 . 4  1421.9 
655.6 1369.2 
631.6 1319.1  
60d.2 1270.3 

563.6 1177.1 
595.6 1223.1 

542.3 1132.6 
321.6 1089.4 
5 0 1  -5 
4 8 2 . 0  
463.1 
444.9 
427.2 
415.1 
393.6  
377.6 
362.1 
347.1 
332.6 
319.5 
3d5.0 
291.9 
279.2 
267.0 
255.1 
243.7 
232.7 

212.0 
222.2 

202.1 
132.7 
1R3.0 
174.9 
166.5 
158.5 

1 4 3   - 7  
150.9 

135.9 
13'3.3 
124 1 

1047.4 
1006.7 
967.2 
929.2 
892 2 
856.5 
822.1 
788 -6 
756.3 
724.9 
694.6 
665 2 
637.u 
609.6 
583.1 
557.6 
532.8 
509.b 
486.0 
404.1 
442.8 
422.1 
402.5 
383.5 
365.3 
347.7 
3 3 1 . 0  
315 . 2  
3UU.1 
285.9 
272.1 
253.2 

MON1H 8 U A Y  23 

1114.1 
1082.8 
1043.4 
1016.8 

976.8 

921.0 
948.6 

894.1 
867.8 
842.7 
818.3 
794.5 
771.2 
748.5 
726.4 
704.7 
6E3.b 
663.0 
642.2 
622.O 
602.4 
S b 3 . 2  
564.5 
546.4 
528.8 

495 .I 
511.7 

478.9 
4 t3 .1  

C5Z.6 
447.7 

4lU.O 
403.6 
390.0 
376.2 
362.6 
3 4 9 . 4  
336.5 
324.1 
311.6 
299.3 
267.5 
275.1 
2b1.2 
2 4 8 . 0  
236.4 
225.4 

2uc.e 
214.9 

~ U 6 9 5 5 1  

,065137 
- 0 6 7 5 9 7  

-063477 
.Ob0980 
,059219 

.055017 
-057496 

- 0 3 4 1 7 5  
052608 

.051085 

.045599 
.U48144 
,046727 
,015348 
- 0 4 3 9 9 3  
,042676 
.u41390 
.040091 
. u 3 8 8 3 u  
-037607 
a036408 
- 0 3 5 2 4 1  
- 0 3 4 1 1 1  
~ U 3 3 0 1 2  
-031944 
.03CF08 
.029897 
.028510 

.027006 

.u27949 

,026095 
. 0 2 : 2 0 8  

,023465 
-024347 

.022636 

.O21812 

. CLG233 

.021007 

.OlF453 
-018685 
-017948 
-017174 
eGlb30C 
. 0 1 5 4 8 2  . 014758 
-014071 

e t 1 2 7 8 5  
-01 34i6 

15.9 
17.6 
i8.2 
i 5 .7  
17.3 
15.4 
13.6 
11.7 

9.8 
7.d 
5 .6  
3.  j 
1.3 -. 8 

- 3 . 0  
-5.2 
-7.4 
-9.7 

-13.6 
-11.7 

-r5.8 
-17.9 
-26 .0  
-22 .2  
-24.4 
-2t.6 
-28.8 
-31.1 
- 3 3 . 4  

-3b.0 
-35.7 

-42.7 
-40.4 

-45.1 
-47.3 
-49.4 
-51.5 
-53.6 
-55 .8  

-59.4 
-57.6 

-01.2 
-62.2 

-61.0 
-61.6 

-61.2 
-61.4 
-61.7 
-62.0 

Y t A A  78 HOUR G f  R E L E A S E  90CZ 

60 e 6  

64.6 
63.7 

6 0 . 3  
03.1 
59.7 
56.5 

49.6 
53.1 

42.1 
46.U 

3 8 . 3  
3 4 . 3  
30 .6  
26.6 
22.6 
16.7 
14.5 
10.9 

1 . 2  

-.2 
3.6 

- 4 . 0  
-8.0 

-15.9 
-11.9 

-r9.8 
- 2 4 . 0  
-28.1 
-32.3 
-36.4 
-40.7 
-44.9 
-49 2 
-53 -1 
-56.9 
-60.7 
-64 .5  
- 6 8 . 4  

-74.9 
-71.7 

-80.0 
-78.2 

-76.9 
-77.8 
- 7 8 . 2  
-78.5 
-79.1 
-79.t 

9.2 
9.4 
7.4 

-4.3 
2.1 

-5.6 
-6.9 
- 8 . 3  

-1l .u  
-9.7 

-12.4 
-13.8 

-16.8 
-15.3 

-18.3 
-19.9 
-21.5 
-23.2 
-24 .9  
-26.7 
-28.4 

-32.0 
-30.2 

- 3 4 . 0  
-36.1 
-38.2 
-40.4 
-42.5 

-46.9 
-44.7 

-50.0 
-53.9 

-63.0 
-5P. 1 

-66 5 
- 6 8 . 2  

-71.6 
-69.9 

-73 .3  
-74.8 
-76.3 
-77.8 
-78.6 

-77.6 
-76.1 

-77.8 
-78.0 
-70 .2  

48.5 

45.3 
4 8 . U  

35.8 
24.2 
21.9 
19.5 
17.1 

1 2 . 2  
14.0 

9.7 
7.1 
4.5 

-1.0 
1.8 

-3.8 
-6.8 
-9.7 

-12.5 
-16.0 
-19.2 
-22.4 
-25.7 
-29.1 

-36.b 
- 3 3 . 0  

-40.7 
-44.b 
-4e.5 
-52.5 
-58.0 
-64.9 
-72.5 
-81.3 
- 0 7 . t  
- 9 0  7 
-93.7 
-96.8 

-100.0 

-105.3 
-102.7 

-108.0 
-109.5 

-107.7 
-108.6 

-1tl8.O 
-108.4 
-108.8 

6 4 . 3  

49.3 
58.4 

39.9 
22.5 
23.0 

2 3 . e  
24.3 

23.3 

25.0 
26.0 
23.6 
27.8 
28.6 
29.5 
30.4 
31.3 
32.4 

32.9 
32.9 
33.2 
33.4 
33.6  
33.1 
32.6 
32.0 
31.7 
31.3 

27.5 
3 0 . 8  

22.5 
i 7 . 2  
12.@ 

4.6 
9.7 
9.7 
5. 1 
4.b 
9.8 

10.0 
9.9 

9.9 
5.9 

lU.0 
9.9 

9.9 
9.9 

10.0 

32.5 

7.2 
8.7 

11.3 
12.3 
13.4 
13.9 

13.4 
13.4 
13.9 
13.9 
14.4 
13.9 
13.4 
13.4 
14.4 
15.4 
16.5 
17.0 
17.5 

1c.o 
19.5 
23.7 

2E.B 
26.2 

30 .4  
31.9 
3 3 . 4  

34 .0  
3 4 . 0  

34.5 
34.5 

3 4 . 5  
3 4 . 0  
34.0 
34.0 
3 4 . 0  
34.5 
33.4 
32.4 
31.k 
30.9 
2 9 . 8  
29.3 
27.8 
25.7 
24.2 
22.1 

13.9 

1e.o 

14.0 

22.0 
17.0 

24.0  
26.0 
27.0 
27.0 
26 .O 
26.0 
27.0 
27.0 
28.0 
27.0 
26.0 

28 .Q 
26.0 

30.0 
32.0 
3 3 . 0  
34 .0  
35.0 
37 .a 
38 -0 

51.0 

59.0 

46.0 

56.0 

62.0 
65.0 

66.3 
66.0 

67.0 
67.0 

66 -0 
67.0 

66.3 
66.0 

67.0 
66.0 

63.0 
63.0 

61 .o 
60.0 

57.0 
58.0 

54.0 
50.0 
47.0 
4 3 . 0  

2 4 0 . 0  

250.0 
244 .0  

254.0 
258.0 
257.0 
254.0 
252.0 
250.0 
249.0 

242.0 
246.0 

286.0 
234 .0  
234 .0  
235.0 
235.0 
229.0 
226.0 

246.0 
230.G 

263.0 
251.0 
259.0 

255.0 
215.0 
258.0 
259.0 
256.0 
254 .0  

260.0 

251.0 
248 .0  
245.0 
244.0 
2 4 2 . 0  
241.0  

238.0 
239.0 

240 .0  
2 4 2 . 0  
2 4 4 . 0  
246.0 
2 4 7 . 0  
249.0 
249.0 

724. 2 3 7 5 .  
934. 3000.  

1859. oooa.  
2134. x o c .  

1219. 4 0 0 0 .  
1524. 5 0 0 0 .  

2 4 8 8 .  0 0 0 0 .  
2 1 4 3 .  9000. 
3 0 4 e .  10000. 
3353.  11000. 

3962. 1300'2. 
3358. 12000. 

4267.  14000. 

4877. 1cooo.  
5102 .  17000. 
5486. 1 8 ~ 0 0 .  

6096. 20000. 

6706. 22000. 
7010. 23000. 
7315. 2 4 c o o .  

7925. 26000. 

8839.  29000. 

4572. 150CC. 

5791. 1900C. 

6 4 0 1 .  i 1 O O C .  

7620.  25000. 

8230. 2700C. 
8534. zeooo. 

9449. 310OC. 
9144. 3000C. 

10058. 3 3 0 0 0 .  
9754. ? Z O O O .  

10668. 35OOC. 
10973. 3tCOC. 
11278. 3700C. 
11502. 3 8 0 0 0 .  
11887.  ?9COC. 

10363. 3 4 0 0 0 .  

12142. ~ O O O O .  
12497.  4 1 0 ~ ~ .  
12802. 4 2 0 0 0 .  
13106. 4 3 0 0 0 .  
134 , l l .  44000.  
13716. 45000. 
14021.. 46COC. 
1 4 3 2 6 .   4 7 0 ~ 6 .  

25o.c 
250.0 



TABLE 4.-Continued 

H.  1 ,  THETA, v .  R H  I D. 1 ,  RHO, P. 
m deg knots d s e c  percent "F f t  m O C  OF O C  gm/m3 1 I b / f t 3  mb 1 I b / f t 2  f t  

739. 2324. 
994 .  2332. 

1195. 3893. 
1479. 485n. 
1771). 5808. 

? 1 5 ? .  7717. 
?351- 6763. 

?643. 9671. 

1 2 ? 1 .  13575. 
7933.  9622. 

2512. 11523. 
1902. 12473. 
4 9 9 ) .  17415. 
4 37b. 14 357. 
6664. 15332. 
$951. 15250. 
5P41. 17201. 

5876. 19113. 
5535. 19158. 

5 4 0 9 .  71024. 
5111. ?r1068. 

5997. '293.2. 
6693. ?1979. 

7991. 73889. 
757?1 24842. 

9157. 26761. 
7945. 25804. 

9 4 5 3 .  2'725. 
A744.  2 9 6 8 8 .  
7043.  29659. 
7315. 30627. 
7637. 11601. 

13724. 33545. 
9979. 32571. 

l?5?2. 44521. 
13920. 35500. 
11114. 36471. 
lt'414. 3'449. 

12017. 39424. 
11715. 39434. 

1?323. 40419. 
12674. 41416 .  
1?9'1. 42413. 
13?37 .  47421. 
13541. 44426. 

1 4 l h ? .  46457. 
1785r). 45438. 

14467. 47465. 
14793. 59490. 

931 -0 
91014 
878 6 
847.9 
817.9 
739.9 
760.8 

707.1 
713.5 

656.6 
681.4 

632.5 
609.3 
58h.8 
564.9 
543.6 
522.9 
502.7 
4 0 3 . 2  
464 .3  
446.0 
428.3 
411.2 
394.6 
379.6 
363.0 
3 4 8  -0 
3 3 3 . 4  
319.3 
305.6 
292.4 
279.6 
267.3 
255.4 
243.9 
232.8 
222.2 
212.0 
202.2 

183.R 
192.8 

175.2 
167.0 
159.1 
151.6 

137.5 
144.4 

131 a 0  
125.7 

1944 "4 

1835.0 
1901.4 

1770.7 
1708.2 
1647.7 
1589.0 
1531.9 
1476.U 

1371.3 
1423.i 

1321.u 
1272.5 

1179.8 

1092.1 
1135.3 

~009.2 
1049.9 

969.7 
931.5 
894.5 
858.8 
824.1 
790.7 
758.1 
726. b 
696.3 
666.9 
638.3 
615.7 
584 -0 
558.3 
5 3 3 . 4  

486.2 
509 - 4  

464.1 
442.d 
422.3 
402.7 
383.9 

348.8 
365.9 

332.3 
316.6 

287.2 
301 6 

273.6 
260.4 

1225.6 

1122.4 
1086.4 
1446.4 
~ ~ 1 6 . 6  
986.4 
956.8 

900.0 
928.1 

872.6 
845.8 

791.6 
766.3 
745.3 
724.7 
704.5 
68+.8 
665 5 
644 .5  

603.6 
583.V 
564.8 

529.7 
546.6 

513.3 
497.2 
481.6 

451 e4 
4 6 6 . 3  

436.5 
421.7 
407.4 

378.9 
393.4 

364.1 
349.7 
335.9 
322 .6  
308.9 
295. 6 

270.6 
282.9 

258.9 
247.6 
236.2 
225.2 
214.7 
205.1 

a19.6 

bz3.n 

.L7GO69 

.Ob7822 
,065449 

.Obi579 
,063464 

,059731 

.05t185 
,057539 

.554475 
-052802 
.051166 
-049418 
047839 

. 0 4 5 2 4 2  

.04t528 

.0+275i 
,043980 

.04C235 

.03@943 
,037682 
-036452 
.0352:9 
.u34123 
.033068 
.032044 
,031039 . 53GGb5 
.029110 
.026180 
.027250 

.025433 
m026326 

-023654 
.024559 

.u22730 

.021831 
e0209713 
.(r20139 
-019284 
.0i0454 
.017661 
.ole893 
.0161t3 
.u15457 
-014745 
.0~4059 

, 0 1 2 8 C 4  
,013403 

.a41546 

15.1 
17.8 
17.9 
i 6 . 6  
i5.1 
13.5 
12.0 
10.4 

0.6 
7.2 
5.7 
4.9 
3. 6 
.5 

-1.7 

-7.2 
-4.4 

-10.0 
-12.0 
-13.8 
-15.7 
-17.6 
-19.5 
-2i.6 
-24.1 
-26.7 
-29.2 
-31.9 
-34.5 

-39.7 
-37.2 

- 4 2 . 1  
-44.5 
-46.9 
-48.8 
-50.2 
-51.7 
-53.2 
-54.6 
-55.6 
-56.4 
-27.3 
-58.1 
-58.9 
-59.0 

-6G.3 
-60.1 

-bo. 5 
-61.2 

64.0 
59.2 

64.2 
61.9 
59.2 
56.3 
53.6 
55.7 
47.8 

4 2  - 3  
40.8 

33.6 
38.5 

28.9 
24.1 
19.0 
14.0 
10.4 
7.2 
3.7 

-3.1 
.3 

-6.9 

-16.1 
-11.4 

-20.6 
-25.4 

-35.0 
-30.1 

-39.5 
- 4 3 . 8  
-48.1 
-52.4 
-55.8 
-58.4 
-61.1 
- 6 3 . 8  
-66.3 

-69.5 
-68.1 

-71.1 
-72.6 
-74.0 
-7>.6 

-76 5 
-76.2 

-78.2 
-76.9 

4 5 . 0  

.u 
3.9 
2.8 

-2.7 
-. 5 

-4.9 
-7.2 
-9.5 

-11.8 
-13.5 
-14.9 
-15.9 
-17.1 
-1e.9 
-20.7 

-24.6 
- 2 2 . 7  

-26 .  6 
- 2 8 . 4  
-30.2 
-32.1) 

-35.7 
-37.6 
-39.7 
-41.3 
-43.9 
-46.1 
- 4 8 . 3  

-53.4 
-50.5 

-60.7 
-56.9 

-64.9 

-68.8 
-67.7 

-70.0 
-71.2 
- 7 2 . 4  
-73.2 
-73.9 
-74.6 
-75.2 
-75.9 
-76.6 

-77.1 
-76.9 

-77.2 
-77.8 

-33.8 

32.0 
38.5 
37.0 
jl.1 
27.2 
23.2 
19.1 
15.L 
10 -7 
7.7 
5 - 2  
3 . 4  

- 2 . 0  
1.2 

-5.3 
-8.8 

-12.3 
-15.9 
-19.2 

-25.7 
-22  -4 

-26.9 
-32.2 
-35.6 
-39.4 
- 4 3 . 2  
-47.c 
-50.9 
-54.9 
-58.9 
-64.1 
-70.4 
-77.2 
-84.6 
-89.6 
-91 .C  
-94.1 

-98.4 
-96.2 

-99.8 
-101 .o 
-102.2 
- 1 0 3 . 4  
-1d4. e 
-105.9 

-106.7 
-106.4 

-107.0 
-108.0 

35 .6  
39.5 
36.4 
31.1 
29.2 
27.4 
25.5 

21.8 
23.7 

21.3 
21.1 
20.5 
20.3 
21.1  
21.8 

23.5 
22.6 

24.3 
24.1 

23.3 
22.9 
22.5 

22.5 
22.3 

22.8 
22.9 

23.6 
23.4 

22.1 
2 4 . 0  

18.6 
15.1 

23.6 

11.3 
9.6 
9.6 
9.7 
5.8 
9.7 
9.8 
9.7 
9.9 
9.8 
9.8 
9.9 
9.9 
C.F 
9.9 
9.9 

7.2 
4.1 

11.3 

11.3 
10.3 
8.7 

7.7 
8.2 

7.7 
7.1 
7.7 

6.7 
7.2 

6.7 
t.7 
7.7 

11.3 
9.3 

11.3 
10.8 
11.3 
11.8 

13.9 
12.9 

15.4 
16.5 
18.0 
19.0 

21.6 
20. 6 

23.1 
22.6 

24.2 
24.7 
25.7 
26.8 

28.8 
27.8 

29.8 
30.4  
31.4 
31.4 
31.4 
30.9 

25.3 
29.8 

27.8 
26.8 

11.3 

8.0 

22.0 
22.0 
22.0 
20 .o 
17.0 
16.0 
15 a 0  
15.0 

14.0 

15.0 
15.0 
14.0 
13.0 

13.0 
15.0 
18 .o 
22.0 
22.0 
21.0 
22.0 
23.0 
25.0 
27.0 
30.4 

13.0 

32.0 
35.0 
37.0 
40.0 
42.0 
44 .0  
45.0 
47.0 
48.0 
50.6 
52.0 
54 .o 
56.0 
58.U 

61.0 
59.0 

61.0 
61.0 
60.0 

57.0 
58.6 

52.0 
54.0 

205.0 
229.0 
257.0 
246.0 
243.E 

258.0 

254.0 

236.0 

249.0 

260.0 

244.0 

233.0 

230.0 
232.0 

227.C 
229.0 
236.0 
243.0 
248.0 
250.0 
252.0 

2eb.C 
254.0 

257.G 
257.C 

258.0 
25E.O 
258.0 

257.0 
257.0 
258.0 

256.0 
255.C 
254 .0  
2 5 4 . 0  
254 .0  

254.0 

259.0 

2tt.0 

258.0 

254.0 

255.0 
257.0 

2ec.o 

2eo.o 
260.0 

257.C 
25-5.0 
256.0 

724. 

1219. 
914. 

1524. 
1829. 
2134. 
2 4 3 8 .  
2 7 4 3 .  
3 0 4 8 .  

3658. 
3353. 

39t2. 
4 2 6 7 .  
4572. 
4877. 
5182. 
5486. 
5791. 

6401. 
t096. 

6706. 
7013. 
7315. 
7620. 
7925. 

8534. 

9144. 
8839. 

9754. 
9449. 

10363. 
10t68. 

82311. 

1oa5a. 

10973. 
11278. 
11582. 
11887. 
12192. 
124P7. 
12802. 
13106. 
13411. 
13716. 

14326. 
15630.  
14935. 
15240. 

14021. 

2375. 
3000. 
4000. 

tooc. 

1ocao .  
9000. 

:coo. 

7COO. 
8000. 

11000. 
12COC. 
1300C. 

1.OOC. 
14oaa. 

ltooa. 
17000. 

20000. 

23ooa. 

18000. 
1900C. 

2100c. 
ZZGOC. 

2400C. 

26OOC. 
25000. 

27OUO. . 
2800G. 
m o a .  
3oaoo. 

32000. 
33000. 

36000. 

3 ~ 0 0 0 .  

slaoo. 
4 2 0 0 ~ .  
4300~. 

4cooa.  

47000 .  

eoooo. 

310CO. 

3 4 0 0 0 .  
35000. 

3700C. 

?9000. 
40000. 

4400c. 

46GOO. 

4 e O t O .  
49000. 



TABLE 4.-Continued 

~ 

H ,  z, THETA, RH, 'J , D .  1, RHO. P .  

m f t  m deg knots percent  m/sec O F  "C ' C  1 O F  gm/m3 1 Ib/ft3 mb 1 Iblft' f t  

MCNlH 8 D A Y  25 Y E & R  78 HUUY OF RELEASE 9007 

'31d. 
79?3. 
3893. 
4847. 
5 804. 

7710. 
9 6 5  7. 

13553. 
7607. 

11500.  
1?449.  
17394. 
14  344. 
1 5 7 8 9 .  
15241. 
17187. 
Iq139.  
17093. 
>7043. 
?0?9 2. 
'1946. 
2?9'34. 
Z'4PbO. 
?4818. 
75773. 
'5735. 

29661. 
77698. 

?'? 62 3. 
3J593. 
31562. 
77531. 

34478. 
33503. 

75455. 
36425. 

3 9  393. 
73381. 
47385. 
4 1  380. 
9'376. 

44385. 
4 1 3 8 2 .  

45395. 
44412. 
67433. 
44 4 57. 

6757. 

37400. 

931.2 
910.7 
P78.7 
847.9 
F1d.O 
739.1 
761.0 
733.9 
707.5 
682 -0  
657.2 
633.1 
609  8 
587.1 
565.2 
543.8 
523.2 

483.6 
503.1 

464.8 
446.6 
428.9 
41'1.7 
395.1 
379.0 
363.5 
348.4 

319.7 
313.6 

292.9 
306.1 

267.8 
280.1 

255.9 
244.4 
2 3 3 . 3  
222.7 

232.6 
212.5 

193.2 
184.1 
175.5 
167  -3 
159.4 
151.9 
144.7 
137.8 
131.2 
124.9 

1944  e9 

1635.2 
1902 - 0  

177d.J  
i706.4 

1589.4 
1648.1 

1532.8 
1477. 6 
1424.4 
1372. 6 
1322.3  
1273.0 
1226.2 
1180.4  
1135.7  
1092.7 
1050.7  
1u10.0 

979.8 
932.7 
095  8 
859.3 
825 e 2  

759. i 
791.6 

727.6 
657.2 
667.7 
639.3 
611.7 
585.0 
559.3 
534.5 
510.4 
487.3 
465.1 
443.0 
423.1 
403.3 
384.5 
366.5 
349.4 
332.9 
317.2 
302.2 
287.8 
274.0 
260.9 

111A.8 

1d51.2 
1088.1 

1015.9 
964.9 

925.4 
9 5 4 . 8  

869.0 
896.8 

843.2 
8 i 8 . b  

771.1 
794.5 

748.1 
725.8 
705  0 
682  e7 
6 t1 .9  
641.7 
6 i 2 . 1  
603.0  
584.4 
566.2 
548.4 
531.0 
514.6 
497.5 
481.4 
465.7 

435.4 
420.9 
4 0 6 .  b 
393.0 
376.9 
3 6 4 . 6  

324.4 
337.3 

310.5 
296.7 
263.6 
271.0 

247.3 
2 5 8 . 9  

236.6 
226.6 
216.9 
267.5 

450.4 

35u.a 

,069407 
.06792R 

065624 . C 6 3 4 2 1  
, 061465  
,059606  
-657771  
.055985 . (r54250 
-052639 
.051104 
,049599  

. 0 4 t 7 0 2  

.045310 
, 043949  
.OCi620 

0 4 s 3 2 r  
.GCLO6u 
.C3b83C 
~ 0 3 7 t 4 4  
eU3t463 
.035347 
,034235 

. L-32088 
-033149  

-031C58 
.b3G053 

.028118 
,029073  

- 0 2 7 1 8 1  
,026276 

,024534 
-025356 

.023654 

.O227 t l  
,921900 
. C Z l C j l  . ~ 2 0 2 5 2  
-019384  

-017705  
aC1852i  

.O l t918  

. b l t 1 b 3  
,015438 
eOL4770 
.014146 
-013541  
~ ' ~ 1 2 9 5 4  

. ~ 4 e 1 3 8  

17.4 
17.4 
17.3 
17.1 
15.3 

13.d 
14.4 

11.6 
10.2 

8.4 
6 . 3  
4.1 
2.2 

-1.9 
.1 

-4.0 
-6.1 
-8.3 

-12.8 
-10.5 

-15.1 

-+9.7 
-1  7.4 

-24.4 
-22.1 

-26.7 
-29.1 
-31.4 
- 3 3 . 8  
-36.3 
-38.7 
-4i. 2 
-43.7 
-46.2 
- 4 8 . 3  
-50.1 
-51.8 
-S3.6 
-55.4 
-56.3 
-56.8 
-57.4 
-58 .u 
-28.5 
-59.1 
-60.0 
-61.2 
-62.3 
-63 .4  

63.3 
6 3 . 3  
63.1 
62.P 
60.4 
57.9 
55.4 
5 2  .9 
50.4 
47.1 
4 3 . 3  
39.7 
36.b 

28.6 
32.2 

Z 1 . G  
17.1 
13.1 

9.c 
4.6 

.7 
-3.5 
-7.8 

-11.9 
-16.1 
-20.4 

-28.6 
-24 - 5  

- 3 3 . 3  
-37.7 
-42.2 
- 4 6 . 7  
-51.2 
-54.9 
-58.2 
-61.2 
-64.5 
-67.7 

-70.2 
-69 - 3  

-71 - 3  
- 7 2 . 4  
-73.3 
-74.4 
-76.0 
-70.2 

-82.1 
-80 .1  

2 4 . e  

7 . 4  
5.1 

.4 
-5.0 
-7.3 
-8.9 

-10.4 

-13.5 
-12.u 

-15.3 
-17.1 
-18.9 
-20. I 
-22.6 
-24.5 
-26.4 
-2e.3 
-30.2 
- 3 2 . 0  
-33.8 
-35.6 
-37.4 
-39.2 
-41.1 
-42.$ 
-44.7 
- 4 6 . 5  

-5'2.3 
-48.4 

-52.2 
-54.8 
-57.9 
-61.2 
-64.7 
-67.3 
-68.7 
-70.1 

-73.0 
-71.6 

-73.8 
-74.2 
-74.7 
-75.1 
-75.6 
-76.1 
-76.0 
-77.8 
-78.7 
-79.6 

45.4 
41.1 
32.7 
21.5 
18.8 
16.0 
13.2 
10.5 

4 . 5  
7.6 

-2.1 
1.2 

-5.4 
-8.7 

-12.1 

-18.9 
-15.5 

-22.3 
-25.5 
-28.8 
-32.0 
-35 .3  
-38  m 6 
-42.G 
-45.2 
-48.4 
-51.8 
-55.1 
- 5 8 . 5  
-62 .G  
-66.6 
-71.3 

-84.5 
-78.2 

-89.1 
-91.7 
-94.5 
-96.8 
-99.5 
-100.8 
-101 . e  
-103.2 
-102.4 

-1b4.1 
-104.9 
-106.3 
-108. c 
-111.2 
-109.6 

51.9 
44.0 
31.8 
2 0 . 3  

19.1  
19.6 

18.5 

17.3 
17.9 

l t . 9  
l t . 8  
16. 6 
l t . 4  
l t . 2  
15.9 
15.7 
15.4 
15.3 
15.3 
15.5 
15.7 
15.8 
15.9 
l t . 2  
l t . 5  
16.7 
17.1 
17.2 
17.5 
17.9 
16.9 
s4.9 
12.5 

9.6 
q.7 
5.7 
c. 7 
9. H 
9.8 

4.8 
9.9 
9.8 
9.9 
9.6 

10.0 
10.0 
10.0 

la.  7 

9.e 

5.1 
7.2 

10.3 
10.3 

e.7 

6.7 
7.7 

5.7 
5.1 
4.6 
4.1 
3.6 
3.6 
4.1 
4.1 
4.6 
t.2 
6.2 

1C.8 
12.3 
13.4 
14.4 
15.9 
17.5 

18.5 
18.U 

19.0 
1%. 5 
19.5 
20.1 
21.1 
22.1 
23.7 
25 .2  
26.2 
26.8 
27.3 
27.3 
27.3 
26.2 
25.2 
23.7 
22.6 
21.i 

15.9 
13.4 
14.4 

1e.5 

19.0 

10.0 
14.0 
20 .U 
20.0 
17.0 
15.0 
13.0 
11 .o 
10.0 
9.0 
8.0 
7.0 
7.0 
8 .O 
8.0 
9.0 

12.0 
16.0 
21.0 
24.0 
26.0 
28.0 
31.0 
34.0 
35.0 
36.0 
36.0 

38 .o 
37 - 0  

38 .o 

41.0 
39.0 

4 3 . 0  
46.6 
49.0 
5 1  e 0  
52  e 0  
53.0 
53.0 
53.0 

49.0 
51.0 

46.0 

41.0 
44.0 

31.0 
37.0 

26.5 
2E e 0  

285.0 

278.0 
282.0 

266.0 
266.0 
265.0 
275.0 
281.0 
287.0 
293.0 

2 8 P . O  
290.0 
27e.O 
283.0 
286.0 
287.0 
265.0 
279.0 
275.0 
271.0 
271.0 
272.0 
273.0 
273.0 

293.0 

2 n . a  
272.0 
273.0 
273.0 
273.0 
274.0 
276.0 
279.C 
281.0 
282.0 
284.0  

286.0 
285.C 

2 8 t . 0  
2 8 5 . 0  

,283 .0  
281 .a 
279.0 

272.0 
276.0 

267.0 
26O.C 
252.0 
253.0 

914. 
124. 

1219.  
1524. 
1829.  
2134. 
2 4 3 8 .  
2143. 
3048. 
3353. 
3658. 
3962. 
4267. 
4572. 
4877. 
5182. 
5486. 
5791. 
6096. 
6401. 
6706. 
7010. 
7315. 
7620. 
7925. 
8230. 
P5?4. 

9144. 
8839. 

9449. 
9754. 

10363.  
10668. 
10973. 
11278. 

11887. 
11582.  

12192. 
12497. 

1 0 ~ 5 a .  

12602. 
13106. 
13411. 
13716. 
14021. 
1 4  326. 
14630. 
14935. 
15240. 

2375. 
2060.  
5 0 0 0 .  
5000. 
600C. 

8000.  

1oooc. 
1 l O O C .  
12QOC. 
1300C. 
14GOO. 

7coa. 

9aoc .  

1 5 C O O .  
1 t O C C .  
17000. 
1800C. 
190CO. 
2ococ. 

22000. 
21ooc. 

24COC. 
25COO. 
26000. 

23006. 

27cca .  
2eOOG. 
29000. 

31000. 
30CGC. 

33000. 
2zoac. 
34000. 
?5oac. 
?tCOC. 
37COOe 
3cccc .  
39000. 
40000. 
4lOOC. 
42GGCe 
43ccc. 

45000. 
4tC00. 
47COC. 

4900C. 
5OOtC. 

44000. 

48000. 



TABLE 4.-Continued 

H. 2 ,  THETA, v .  RH I 0 .  T .  RHO, PV 
m f t  m deg knots  m/sec percent “F O C  O F  O C  gm/m3 I l b / f t 3  mb I I b / f t 2  f t  

M ON 

927.1 
906.9 
875   -7  
845.6 
816.4 
788 .r) 
75J.4 

757.3 
733.5 

657.3 
681.9 

633.4 
610.2 
537.7 
565  -9  

524.3 
544.8 

504 3 

466.2 
485.0 

448 - 0  

413.1 
430.3 

396.5 
380.4 
3 6 4 . 0  
349.6 
335.0 
320.8 

293.8 
307.1 

281.0 
2b8  a7 
256.8 
245.3 

223.7 
234.3 

213.6 
233.8 
194.5 

1936.3 
1894.1 
1828.5. 
1766.1 
1705.1 
1645.8 
1588.1 
1531.9 

1424.2 
1477.2 

1372.8 
1322.9 
1274.4 
1227.4 
1181.9 
1137.8 
1095.0 
1053.3 
1012.9 

973.7 
935.7 

862.8 
898.7 

794.5 
828.1 

730.2 
761.9 

699.7 
670.0 
641.4 
613.6 
586.9 
561.2 

512.3 
536.3 

489.3 
467.2 
4 4 6 . 1  
425. 6 
406.2 

1105.0 
1065.0 
1024 5 

965.7 
992.5 

939.4 
913.7 
888.6 
d b 4 . 5  

813.5 
838.7 

768.9 
764.9 
741.5 
719.5 
698 -8 
678. 6 

639.6 
658.9 

620.7 
6 ~ 2 . 3  
564.3 
566.7 
549.5 
532.4 
515.8 
499.5 

468.3 
403.7 

453.2 
437.8 

407.0 
422 . 2  

377.5 
392.2 

362.6 
348.2 

320.9 
334.3 

3u7.9 

1 H 9 OAY 1 

060983  
Ob6486 
063957 

060207  
Ob19tO 

- 0 5 8 6 4 5  
- 0 5 7 0 4 0  
-055.573 
,553936 
-052358  
.rr50185 
.049259 

- 0 4 6 2 9 0  
- 0 4 7 7 5 1  

- 0 4 3 6 2 5  
- 0 4 4 9 1 7  

- 0 4 1 1 3 4  
.042364 

.b38749 
- 0 3 9 9 2 9  

-037600  
n o 3 6 4 7 1  
- 0 3 5 3 7 8  
-034304  
- 0 3 3 2 3 7  
.0322bO 
,031183 
.03U196 
ai129235 
.028292 
.021331  

- 0 2  5408  
.026357 

.b24484 

. 5 2 3 5 t 7  
.02263 t  

.uZC87O 
- 0 2 1 1 3 7  

.020033 
- 0 1 9 2 2 2  

18.1 
22.3 
23. 6 
22.9 
20.7 
18.4 
L t . 1  
13.8 
1r.5 

9. 6 
7.9 
6.2 

2.7 
4.5 

.7 
-1.6 

-6.5 
-4.1 

-11.5 
-9.0 

-14.0 

-r9.1 
-16.6 

-21.7 
-24.2 
-26.7 
-29.2 
-31.8 
-34.4 
-37.0 
-39.3 

-43.0 
-41.1 

-45.u 
- 4 6 . 6  
-47.9 
-49.2 
-50.5 
-51.8 
-53.6 
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6 4 . 6  
72.r 
74.5 
13.2 
69.3 
65.1 
6 1  - 0  
56.8 
52.7 
49.3 
4 6 . 2  
43.2 
40.1 
36.9 
33.3 
29.1 
24.6 
20.3 
15.8 
11.3 

6.8 
2.1 

-2.4 
-7.1 

-16.1 
-11.6 

-20.6 

-29.9 
-25.2 

-38.7 
-34.6 

-42.0 
-45.4 
-49.0 
-51.9 
-54.2 
-56.6 
-58.9 

- 6 3 . 4  
-61.2 

6.2 
7.2 -. 3 
4.2 

-1.3 
-2.3 
- 3 . 4  
-4. 6 
-5.9 
-8.U 

-10.3 
-12.7 
-15.2 

-2Q.O 
-17.8 

-21.7 
-23.5 
-25.3 

-29.2 
-27.2 

-31.2 

-35.2 
-33.2 

-37.3 
-39.4 
-41.6 
-43.7 
-45.9 
-48.1 

-53.0 
-50.4 

-59.3 
-56.0 

-66.9 
-65.9 

- 6 8 . 0  
-69.0 
-70.1 
-71.1 

-63.0 

43.2 
44.9 
39.5 
31.4 
29.7 
27.8 
25.8 
23. t  
2 1  - 3  
17.7 
13.4 

9.1 
4 . t  

.O 
-3.9 
-7.1 

-10.2 
-13.5 

-20.5 
-17.0 

-24.1 
-27.7 
-31.4 
-35.2 
-39.0 
-42.b 
-46.7 
-50.6 
-54.6 

-63 .3  
-58.7 

-68.8 
- 7 4 . 8  

-86.6 
- 8 1  -4 

-90.3 
-92.2 
-94.1 
-96.0 

-88.5 

45.7 
37.6 
28 .2  
21.3 
22.8 
24.3 
25.9 

29.0 
27.4 

28.1 
26.2 
24.3 
22.3 
20.4 
19.6 
19.9 
20.5 
20.9 
21.3 
21.1 
22.0 

22.7 
22.4 

23.0 
23.2 
23.3 
23.4 
23.6 
23.7 

22.3 
23.8 

18.7 

11.8 
15.2 

9.6 
9.6 
9.7 
9.7 
9.7 
9.7 

3.1 

t.7 
4.6 

1.2 
5.1 

10.3 

14.4 
12.9 

15.9 
15.4 
13.4 

9.8 
7.2 
4.6 
2.6 
2.6 
3.1 
3.1 
3.1 
1.5 
1.5 
2.6 
2.6 

4.1 
3.1 

4.1 

4.6 
4.1 

4.1 
3 . i  
3.1 
2. 6 
3.6 

4.1 

5.1 
6.2 
7.7 
0.0 
0.0 
0.0 

6.0 
9.0 

13.0 

14.0 
10.0 

2u.u 
25.0 
28 .o 
31.0 
30.0 
26.0 
19.0 
14.0 

9.0 
5.0 
5.0 
6.0 
6.0 
6.0 
3.0 
3 e 0  

5.0 
5.0 

b.0  
8.0 
8 .O 
8.0 
8 .0  
9.0 
8.0 
6.0 
6.0 
5.0 
7.0 

10.0 

15.0 
12.0 

0.0 
0.0 
0.0 

235.11 
241.0 
249.C 

2C3.0 
223.0 

215.0 
208.0 

211.E 

200.0  
205 - 0  

197.0 
196.0 
199.C 
202.0 
201.0 
2c4.0 

212.0 
217.0 
241.0 
2e9.0 

3 3 4 . 0  

za7.0 

327.t 

341.0 
347.11 

3ce.o 
353.0 

6.0  
2.0 

7.0 
3.0 

347.0 
31t.C 
293.0 
277.0 
269.0 
210.0 

0.0 

0.0 
c.0 



U 
0 

TABLE 4.-Continued 

H ,  z ,  THETA, V .  RH I 0, 1, RHO, P .  
m ft m deg knots m/sec percent "F O C  

O C  1 O F  gm/m3 1 Ib/ft3 m b  I lb/ftZ f t  

925.5 1932.9 
905.2 1890.5  
873.6 1824.6 
842.8 1760.2 
813.5 1698.0 
784.0 1637.4 
755.9 1578.7 

702.2 1466.6 
728.6 1521.7 

651.8 1361.3 
675.6 1413.1 

627.6 131r .2 
604.7 1262.9 

560.9 1171.5 
582.5 1216.6 

540.0 1127.8 
519.6 1085.2 
499.9 
480.8 
462.3 

426.8 
444.3 

409.9 
393.5 

362.3 
377.6 

347.5 
333.2 
319.4 
306.1 

280.7 
293.2 

268.7 
257.1 
245.8 
235.0 
224.6 
214.5 
204  -7 
195.3 
186.3 

169.2 
177.6 

1 6 1   - 2  
153.5 
146.1 
139.0 
132.2 
125.7 

1044.1 
1004.2 

965  a5 
927.9 
891.4 
856.1 
821.8 
788.6 
756.7 
725.8 
695 m9 
667.1 
6 3 9 . 3  
612.4 
586.3 
561.2 
537.0 
513.4 
490.8 
4b9.1 

427.5 
407.9 
389.1 
370.9 
353.4 
336.7 

305.1 
320.6 

294.3 
216.1 
262.5 

448.0 

wan 

1096.7 
1075.9 
l o 4 5  a2 
l J 1 5 . 6  

985 .6  

927.6 
956.3 

e99.7 

b 4 3 . L  
872.5 

816.8 
792.6 
757.7 

712.7 
734.2 

691.6 
671.1 
65l.u 
631.8 
613.0 
594.6 
516.7  
559.2 

523.3 
541.5 

C b 9 . 4  
505.6 

455.5 
471.7 

439.8 
424.9 
410.9 
397.2 

370.4 
383.9 

357.7 
345.3 
333.3 
3 2 ~ .  6 
359.8 
297.9 
2 8 6 . 4  
275.3 
264. 6 
2 5 4 . 2  
243.8 
233.6 
223.7 
214.2 
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,068465 
,067166 
.Ob5250 
.Ob3402 
- 0 6 1 5 2 9  

059760 
.051908 
" 2 5 t l t 6  
.U544t8 

052633 
.C50991 

- 0 4 5 8 3 9  
-047302 

-044492 
.043175 
- 0 4 1 8 9 5  . U4G641 
eU39442 
. 0 3 @ 2 t 8  

.ti36Ou2 
,037120 

.0349lO 

.033805 
-032669 

.u3(1490 
-629447 
-026436 
.027456 
- 0 2 6 5 2 6  

0 2  5652 
mO24196 
-023966 

023123 
.02233U 

.020607 
-021556 

.020071 
-019340 
. d l 8 5 9 7  

01  7879 
.017186 
.01b518 

. i l l5220 
~ b 1 5 8 t 9  

.U14583 

.013S65 
,013372 

. I A S ~ ~ O  

.a31564 

i8.1 
i 7 . 9  
16 .1  

22.5 
14 .1  

IU.9 
9.3 
7.7 
6 . 0  
5.9 
4.7 
2.7 
4.8 
3.1 

- l . L  
.9 

- 3 . 4  
-5.6 

-10.4 
-8.0 

-15.2 
-12.8 

-17.7 
-19.9 
-21.7 
-23.4 
-L5.2 
-27.0 
-28.8 
-31) * 6 
-32.7 
-35.J 
-37.4 
-39.7 
-41.8 
-44.1 
-46.5 
-48.9 
-51.2 
-53.4 
-55.2 
-57.0 

-60 .0  
-58.9 

-62.7 
-64.3 
-65.8 
-57.2 

65 e7 
64.2 
61.0 
57.4 
'54.5 

4b.7 
51 .t 

45.9 
42.6 
42.6 
40.5 
36.9 
40. 6 
31.6 
33.6  
29.6 
25.9 
21.9 
17.6 
13.3 

9.0 
4.b 
.1 

-7.1 
-3.6 

-10.1 
-13.4 
-16.6 

-23.1 
-26.9 
-31.6 
-35.3 

-43.2 
-39.5 

- 4 7 . 4  
-51.7 
-56.0 
-60.2 
-64.1 
-67.4 
-7U.6 
-74.0 
-77.4 
-80.9 

-86.4 
-83.7 

-89.0 

-19 8 

15.3 
15.9 

13.8 
12.1 
10.5 

8.9 
7.4 
5.7 
4.1 

-6.8 
-20.8 
-25.3 
-23.9 
-25.1 
-26.6 
-28.1 
-29.7 
-31.3 
-33.0 
- 3 4 . 8  

-38.4 
-36.6 

-40.2 

-43.2 
-41.9 

-44.5 
-45.9 
-47.2 
-48.6 
-50.0 
-51.6 
-53.4 
-55.3 
-57.1 
-62.0 

-65.8 
-63.9 

-67.7 
-69.7 
-71.4 
-12.9 
-74.4 
-75.9 
-77.4 
-79.0 
-80.4 
-81.5 
-02.7 

60.5 
59.6 
56.9 
53 .8 
51.u 
48.1 
45.2 
42.3 

19.8 
39.4 

-13. t  
-5. 4 

-11.0 
-13.1 
-15.8 
-18.6 
-21.5 
-24.4 
-27.5 
-30.6 
-33.8 
-37.1 
-40.4 
- 4 3 . 3  
-45.7 
-48.1 
-50.5 
-43.0 
-55.5 
- 5 8 . 0  
-60.9 
- t 4 . 2  
-b7.5 

-19.7 
-83.0 

-89.9 
-86.4 

-93.4 
-96.S 

-101.9 
-99.2 

-104. t  
-107.4 
-110.2 

-A14.6 
-112 .c  

-116.9 

-70.9 

-83.9  -119.1 

83.5 
84.8 
86.4 
87. b 
87.8 
87.7 
87.6 
87.4 
87.8 
39.7 
13.7 
10.6 

10.5 
10.4 

L0.7 
10.8 
11.0 
11.2 
11 .4  
ll.t 

i 1 . 9  
11.8 

12.2 

12.6 
12.4 

12. t 
12.8 
13.0 
13.2 
1 3 . 3  
13.5 
13.7 
14.0 
1 4 . 1  

9.5 
9.5 
9.6 

9.6 
9.7 

9.8 
9.8 
9. E 
9.9 
9.9 

l u . 0  
10.0 

10.1 
10.1 

10.1 

1.5 
4.1 
t .2 
4.1 
3.1 
3.6 

7.2 
5.7 

8.2 
8.2 

11.8 
9.8 

13.4 
13.9 
12.9 
12.9 

14.4 
13.4 

14.4 
14.9 
15.9 
17.0 
18.5 
20.1 
20.6 
21.6 
22.6 
2 3 . 1  
23.7 
24.2 
25.2 
26.2 
26.2 
26.8 
27.3 
26.8 
26.8 
26.8 
26.8 
25.7 
23.7 
19.9 
19.0 
23.1 
2k.7 
24.2 
27.0 
33 .4  
30.9 

3.0 

12.0 
8.0 

8.0 
6.0 
7.0 

11.0 
14.0 
16.0 
16.0 
19.0 

26.0 
23.0 

27.0 
25.0 
25.0 
26.0 
28.0 
28.0  
29.0 
31.0 
33.0 

39.0 
40.0 
42.0 
44 e 0  
45 .0  
46.0 

49.0 
47.0 

51 - 0  
51.0 
52.0 
53.0 
52.0 

36.0 

52.0 
52 -0 
52 .O 
50.0 
46.0 
37.9 
37.0 
45.0 
48 - 0  
47.0 
54.0 
65.0 
60.0 

227.6 
210.0 

244.0 
241.0 
232.0 

221.0 
235.0 
241.0 
239.0 
23?.0 
235.0 
227.C 
217.C 

212.C 
215.0 
217.0 
215.0 
212.0 
211.0 
210.0 
211.0 
211.0 
212.0 
212.0 
211.0 

210.0 
209.0 
209.0 
208.0 
203.0 
2as.o 
207.6 
207.0 

205.0 
204.0 

211.c 
233.0 
232.0 

202.0 
202.0 

218.11 

210.11 

211.a 

2ae.a 

202.0 

210.0 

914. 3000. 
724. 2375. 

1219. 4000. 
1424. 500C. 
1829. 6000.  
2134. 7ooa. 
2438. m o o .  
2743. 900C. 
3 0 4 8 .  10000. 
3353. 11000. 
3658. l2000. 
3962. 13009. 
4267. 14000. 
4572. 15000. 
4877. ltoca. 
5182. 17000. 
5486. 18000. 
5791. 19000. 

6401.  21000. 
6096. raaaa. 
6706. 22000. 
7010. 23000. 
7339. 24000. 
7620. ~ 5 a o o .  

8230. 27aou. 

0 ~ 3 9 .  29000. 

7925. 2 t O O O .  

8 5 3 4 .  28GOO. 

9144. 30000. 
9449. 31000. 

10C58. 3300C. 
9744. 32000. 

10363. 3 4 0 0 0 .  
10668. 35000. 
10913. 3bOOO. 
11278. 37000. 

11887. x ~ o o a .  
1 2 ~ .  41aoo. 
12802. mat. 

13411. 44aoa. 

14021. 46000. 

11582. 38000. 

12192. 40000. 

13106. 43000.  

13116. 45000. 

14326. 47020. 
197.0  14630. 4PCCO. 

189.0  15240. 19000. 
187.0  14935. 49000. 



TABLE 4.-Continued 

MONTH 9 D A Y  8 Y E A R  7 8  HUUR OF R E L E A S E  9 0 0 2  

927 .2  
906 .5  
874 .5  
8 4 3 . 4  
813.4 
7 8 4 . 4  
756 .3  

7 0 2 . 6  
729.0 

6 5 2 . 2  
676.9 

628  - 4  
605.4 

561 .2  
583.0 

540 .0  
519 .5  
499 .5  
480.2 
461.4 
443.2 
425.6 
408.6 

3 7 6 . 1  
392.1 

353.7 
345.7 
391.2 
317 .2  
303.7 
293 .6  
277.9 
265.7 
2 5 3 . 9  
242.5 

221.0 
231.5 

210 .8  
2 0 1 . 1  
1 9 1 . 7  
1 8 2 . 8  
1 7 4 . 2  
1 6 6 . 0  
1 5 8 . 2  
1 5 0 . 7  

136.6 
1 4 3 . 5  

1 3 0 . 1  
123 .8  

1 9 3 6 . 5  

1 8 2 6 . 4  
1 8 9 3 . 3  

1 6 9 6 . 8  
1 7 6 1 . 5  

1638.3 
1 5 7 9 . 6  
1522 .5  
1 4 6 7 . 4  
1413 .7  
1 3 6 2 . 1  
1 3 1 2 . 4  
1 2 6 4 . 4  
1 2 1 7 . 6  

1127 .8  
1172 .1  

1 0 8 5 . 0  

1002 .9  
1 0 4 3 . 2  

9 2 5 . 6  
963 7 

8 5 3 . 4  
868 .9  

610.9 
785 .5  
7 5 3 . 3  
7 2 2 . 0  
6 9 1  7 
6 6 2 . 5  
634 .3  
6 0 6 . 9  

554.9 
560 .4  

530 .3  
506 .5  
4 6 3 . 5  
461.6 
440.3 
420 .0  
400 .4  
381.8 
363.8 
346 .7  
330 .4  
314 .7  
299 .7  

2 7 1 . 7  
2 5 8 .  6 

285 .3  

1123 .6  
1093 .7  
1U57.1 
1 0 2 3 . 4  
966.1 

9 2 a . 4  
9 5 6 . 9  

900 6 
873 .4  

812 .9  
7 8 4 . 0  
7 6 2 . 0  
740 .6  
719 .7  
699.2 
6 7 9 . 2  
6 5 9 . 6  
639.2 
619.3 
599 .9  
581 .0  
562.6 

5 2 7 . 4  
544 .7  

51U.6 
494.2 
478.2 
462.6 
$ 4 7 . 4  
4 3 2 . 4  

+03.5 
417.8 

389.7 
375 .4  
361.2 
347.5 

321 .3  
334.2 

L94.5 
307 .7  

261.b 
26Y.b 
257 .9  
24b.7 

225 .7  
235 .9  

215.8 
206.4 

842 .8  

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

. 0 6 1 5 6 u  
, 0 6 3 8 8 9  

.059737  

. 0 5 7 9 5 8  

.054525  
, 0 5 0 2 2 3  

, 0 5 0 7 4 8  
. 0 5 2 k 1 4  

04E944 
.us7570  
, 0 4 6 2 3 4  
a044529  
aG43650 
. 0 4 2 4 0 1  

, 0 3 5 9 0 4  
.038662 
, 0 3 7 4 5 1  
. 0 3 6 2 7 1  
.U35122 

- 0 3 2 9 2 5  
.034005  

ab31876  
- 0 3 0 8 5 2  
. 029853  
-02E879  
.C27930 
, 0 2 6 9 9 4  . czeoat 
.G2519U 
- 0 2 4 3 2 8  
- 0 2 3 4 3 5  
.022 :49  
- 0 2 1 6 9 4  

.020058  

.OZU863 

. 0 1 9 2 0 9  

, 0 1 7 5 9 2  
- 0 1 6 8 3 1  
.LltlGO 
. 0 1 5 4 0 1  
.014727  

. 613472  
no14090 

.a41177  

. o l e 3 8 5  

. t ~ 1 2 8 8 5  

1 4 . 5  
13 .1  

1 4 . 1  

13.5 
1 3 . 1  

1 1 . 8  
l d . 2  

8.6 

6.5 
6 . 9  

6 .2  
5 . 9  
3 . 4  

.9 

- 4 . 1  
-1 e 6  

-6 .7  

-11.4 
- 9 . 3  

-15.6 
-15.7 

-24J.o 
-17 .9  

-22.3 
-24 .6  
-27.0 
-29 .3  

- 3 4 . 1  
-31.7 

- 3 6 . 6  
-38 .9  
-41 .3  

- 4 6 . 1  
- 4 3 . 7  

-48.0 
-49 .7  
-51.5 

-55 .0  
-53 .2  

-56.8 
-55 .9  

-57.6 
-58 .5  
-59 .4  
-60.2 
- 6 1 . 2  

-63 .1  
-62.1 

-64.1 

5 8 . 1  
55.6 

57 .4  
55.6 
56.3 
53 -2 
50.4 
47.5 
44.4 
43.7 
43.2 
42.6 
38 .1  
33.6 
29 .1  
24.6 

1 5 . 3  
1 9 . 9  

1 1   - 5  
7 .5  
3 . 7  

-4.0 
-.2 

-8.1 

- 1 6 . 6  
-12 .3  

-20 .7  
-25.1 
-29 .4  
-33.9 
-38 -0 
-42.3 
-46 .7  
-51 .0  
-54.4 
-57.5 
-60.7 

-67 .0  
-63.8 

-70 .2  
-68.6 

- 7 3 . 3  
-71.7 

-74.9 
-76 .4  
- 7 8 . 2  

-81 -6 
-79 .e  

-83 .4  

7 .5  
6.3 
3 .7  

- .5 
1 . 3  

-4 .2  
-8 .2  

-12 .8  
-18.2 
-18.3 
-17.7 
-17 .2  

-20. I 
- 1 8 . 6  

-21 .7  
- 2 3 . 3  
-25 .0  
-26 .7  
-29.1 
-31 .4  
- 3 3 . 8  
-36.3 
-38.7 
-40 .9  

-44 .5  
-42 .7  

-46 .3  

-50 .1  
-52 .1  
-54.8 
- 5 8 . 0  

-64.8 
-61.3 

- 6 7 . 0  
-68 .4  
-69. b 
-71 .3  
-72 .7  
-73 .5  
-74.2 
-74.9 
-75.6 
- 7 6 . 3  
-77.0 
-77.8 

-79.4 
-78 .6  

-0u.1 

-48.2 

45 .4  

3 8 . 7  
43.3 

31 .1  
3 4 . 3  

24.5 
17 .2  

-.6 
9 . 0  

- . c  
.1 

1 . u  
- 1 . 5  
-4.2 
-7.0 
-9.9 

-12.4 
- 1 6 . 1  
- 2 0 . 3  
- 2 4 . 5  
-28 .5  
- 3 3 . 3  
-37.7 
-41  -6 
- 4 4 . 8  
- 4 8 . 1  
-51 .4  

- 5 8 . 2  
-54 .II 
-61.7 
-60 .7  

-7R.3 
- 7 2 . 3  

-84 .7  

- 9 1 . 2  
- 8 8 . 7  

-93.7 
- 9 6 . 3  
- 9 8 . 8  

-101 .5  
-100.2 

- 1 0 4 . 0  
-105 .3  
-106.6 

-102.8 

-1oa.o 

-110.8 
-109 .4  

- 1 1 2 . 3  

68.6 

49 .6  
57.8 

44.5 

3 2 . 4  
2 6 . 5  

14.7 
20.5 

15 .0  
1 6 . 1  
1 7 . 1  
1 8 . 1  
1 0 . 1  
20.0 
ZU. 9 
21.9 
2 2 . 8  
21.7 
20.8 
1 9 . 6  
18 .5  
17.3 

3 e . 1  

1 6 . 9  
1 7 . 2  
1 7 . 6  
1 7 . 8  
18 .1  
1 8 . 4  
1 8 . 8  
17 .2  

1 2 . 8  
1 5 . 0  

1 0 . 4  
9.6 

9.7 
9.6 

9 . 7  

9 .8  
9 .8  

9 .8  

9 .8  
9.8 

5 .9  
9 . 9  
9.9 

1 0 . 0  
9 .9  

1c .o  

1.u 
.5 

1.5 

6.2 
3 .1  

8 .7  
9.8 
7.7 

2.1 
4.i 

6.2 
4.1 

7 .2  
8.7 

10 .8  
9 .3  

17 .0  
1 3 . 9  

17 .5  
15.9 
15 .9  
16.5 
17.5 
18 .0  
19.0 
20.1 
21.6 
23.1 
24.7 
26.2 

25.3 
27.8 

30.9 
31.9 
32.4 
32 .9  
32.9 
33.4 

33.4 
34.0 

31 .9  
32.4 

30.9 
28.6 

24.7 
26.8 

21.1 
22.6 

19.5 

1.0 
2.0 
3.0 
6.0 

12.0 
17.0 
19 .0  ~~ 

15.0 

5.0 
8.0 

12 .0  
8.G 

17.0 
14.0 

1 8 . 0  
21.0 
27.0 
33.0 
34 .O 
31.0 
51.0 

34.0 
32.0 

37 .0  
39.0 
42.0 

48 .0  
45 e 0  

54.0 
51.0 

57.0 
60 .G 

63 .0  
62.0 

64.0 
64.0 
65.0 
t6.0 
65.0 
t3 .0  
62  e 0  
60.0 
56.3 

48.0 
52.0 

45.0 
41.0 
38.0 

35.0 

130.0 
195.0 

35 -0  
39.0 
52.0 
C2.0 
C7.0 
72 .0  
87.0 

265.0 
2t7.O 
257 .0  
247.0 

204.0 

238.0 
243 .0  

239.0 
240 .0  

235.C 
237 .0  
241.0 

255.0 
243.0 

249.0 
250.0 
240.0 
250.0 
249.0 
248 .0  
2 4 7 . 0  
246.0 
244 .o 
2 4 4 . 0  
242.c 

237 .0  

247 .0  

239.0 

295.0 
234.0 
233.0 
232 .0  
233.0 
2 3 4 . 0  
235.0 

235.0 
235.0 

233 .0  
230 .0  
2 2 7 . 0  

914 .  
724 .  

1 2 1 9 .  
1524 .  
1 8 2 9 .  

2 4 3 8 .  
2134 .  

2743 .  

3353 .  
3658 .  
3 9 6 2 .  
4267 .  
4 572 .  
4 8 7 7 .  

5486 .  

6 0 9 6 .  
5791 .  

6 4 0 1 .  
6706 .  

3 0 4 8 .  

5 1 e z .  

7315 .  
7 6 2 0 .  
7 9 2 5 .  
8230 .  
8 5 3 4 .  
8 8 3 9 .  
9 1 4 4 .  
9 4 4 9 .  

1 0 0 5 6 .  
9 7 5 4 .  

10263. 
1 0 6 6 8 .  

7 0 1 0 .  

10973 .  

1 1 5 8 2 .  
11278 .  

1 1 8 8 7 .  
1 2 1 9 2 .  
1 2 4 9 7 .  
12802 .  
1 3 1 0 6 .  
1 3 4 1 1 .  
1 3 7 1 t .  
14C21. 
1 4 3 2 6 .  

11935. 
14630 .  

15240. 

237: .  
3000. 
4 c o c .  
5OGO. 
6000 .  
700C. 
8000. 
9 0 0 0 .  

1aooo. 
Ilaoc. 

13000 .  
12000 .  

1 4 c o o .  
150CC. 
1600C. 
1 7 0 0 0 .  

19COO. 
1 8 0 0 0 .  

20000 .  
21coo; 
22000. 
2300C. 
24000 .  

26000. 
24000. 

2 ~ 0 0 0 .  
zsaoo.  
2700C. 

30000 .  
31000 .  
3200C. 
33000 .  
34000 .  

3 C O O O .  
? 7 C C C .  

400UO. 
3900C. 

35000 .  

3eooc .  

4 2 0 0 ~ .  
41000 .  

43000 .  

4 5 0 0 0 .  
4 4 c o c .  

4 6 0 O C .  
47000 .  
48000 .  
49000. 
5oooc.  



TABLE 4.-Continued 

RHO, THETA. 

m f t  "F percent  m/sec knots deg m ' f t  

744. 2441. 

1227. 4 0 0 3 .  
929. 3 0 4 8 .  

1539. 4952. 
Y 9 w L  5905. 

' 3 8 t .  7814. 
?674. 9774. 
?959. 3739. 
1264.  19707. 
3 5'7. 11 67L. 

4139. 13580. 
3443. 1?629. 

7 n 9 ~  6857. 

4479. 1'4527. 
4715 .  15469. 

5287 .  1 7 3 4 6 .  
5001. 16409. 

5861'. 19227. 
7 5 7 3 .  14294. 

6147. P7166. 
4 4 3 4 .  21  109. 

7007. t?989. 
5721. 2?050.  

7294. 73936. 
7583. 24879. 
7973. ?5829. 

95.15. 77738. 
9 7 4 5 .  29  695. 
9949. 29659. 
7 3 9 5 .  27627. 
7 6 3 0 .  31593. 

10219. 33528. 
99'5. 39563. 

l'I517. 34504. 
1?Al?. 35473. 

11412. 37439. 
11111. 35453. 

11711. 18424. 
1tO13. '39413. 
1?313. 41396. 
12613. 4138J. 
12915. 4?376. 
13?19. 43369. 
13 5 9 3 .  4438 5. 
13434. 45395. 
14145. 46412. 
1445q. 47433. 
lbt~0, 48457. 

~ 1 ~ 9 ,  767ao. 

927.0  1936.1 
906.5  1893.3 
875.0  1827.5 
8 4 4 . 6  1764.0 
814.9 1732.0 
786.1  1641.8 
759.0  1583.1 
730.6  1525.9 
703.9  1470.1 
677.9  1415.8 
6 5 t . 8  1363.4 
628.6 1312.9 
605.3 1264.2 
582.8 1217.2 
561.1  1171.9 
540.1  1128.0 
519.8 108'1.6 
500.1 1044.5 
480.9  1004.4 
462.4 965.7 
444.4 
427.0 
410.2 
393.8 
378 .o 
362.6 
347 .? 
333.2 
319.2 
305.6 

279.7 
267.4 
255.6 
244.1 

292.4 

233.1 
222.4 
212.1 
202.3 
172.9 

175.5 
167.3 
159.5 
151.9 
144.7 
137.8 
131.2 
124.9 

184.0 

928.1 
691.8 
856.7 
822.5 
789.5 
757.3 
726.2 
695.9 
666.7 
638.3 
610.7 
5 8 4 . 2  
558.5 
533.8 
509.8 
4b6 .b  
464.5 
443.0  
422  -5 
402.9 
3 8 4 . 3  
366.5 

333 1 
3 4 9 . 4  

317.2 
302 2 
287.8 
274.0 
200.9 
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1119.4 

1037.0 
1077.8 

1005.0 
v79.3 
954.2 
929.6 
905. b 
882.7 
857.9 
825 .4  
796.3 
768.1 
740.8 
714.5 

672.0 
692.8 

651.7 
631.8 
612.4 
593.5 
575.0 
557.0 
539.9 
523.9 
508.2 
492.9 
477.9 
4 6 3 . 3  

434.5 
449.1 

419.9 
405.6 
391.8 

3b4.8 
378.1 

351.9 
337.7 
322.5 

292.4 
307.2 

280.6 
269.4 
258.6 
248 .2  
237.6 
227.2 
217.3 
207.8 

,069882 
.Ob7285  
.Ob4738 
.Ob2740 
.Ob1136 
.Ob9569 
.058033 
,056535 

.05355? 

.055105 

-051928 

,047951 
.04b247 
- 0 4 4 6 0 5  
. 0 4 3 2 5 0  
.041952 

.039442 

.03€231 
-037051 
-035896 
,034772 
.b33705 
-032706 
.031726 
,030771 
,029834 
.028923 
.028036 
,027125 
.G26214 
.Q2:321 
,024459 
.023604 

-021968 
,022174 

.IJ21082 

.020133 
,019170 
. 0 1 8 2 5 4  
,017517 

.016144 
eGl5495 
,014833 

.a49711 

. 0 4 0 6 a 4  

.01681~ 

14.2 
18.9 
20.1 
19.J 
16.2 
i 3 . 3  
1u.4 
7.3 
4.0 
1.4 
2.2 
1.7 
1.2 

.8 

. 3  
-1. 6 
-3.7 

-8 .0  
-10.1 
-12.2 
-14 -4 
-16.6 
-19.0 
-21.7 
- 2 4 . 5  
-27.3 
-30.2 
-33.5 
-35.9 
-36.6 

- 4 3 . 3  
-45.8 
-48.1 
-50.5 
-52.8 
-54.2 
-34 .3  
-54.2 
- 5 3 . 6  
-55.1 

-58.2 
-56 .6  

-59.7 
-60.8 

-5.8 

-40.9 

.014184 
-013566 

-61.8 
-62 7 

io12973 -63.6 

57.6 
66.0 

66.2 
68.2 

61.2 
55.9 
50.7 
45.1 
39.2 
34 .5  
36.b 
35.1 
3 4 . 2  
3 3 . 4  
32.5 
29.1 
25.3 
21.6 

13.6 
17.6 

10.0 
6.1 
2.1 

-2.2 

-12.1 
-7.1 

-17.1 
- 2 2 . 4  
-27.4 

-37.5 
-32.6 

-41.6 
-45.9 

-54.6 
-50.4 

-58.9 
-63.0 

-66.1 
-65.6 

-65 .6  

-67.2 
-69.9 
-72.8 
-75.5 
-77.4 
-79 2 
-80.9 
-82.5 

- 6 4 . 8  

HOUR OF R E L E A S E  n o a z  

7.1 
4.2 -. 6 

-3.5 

-4.0 
-3 .6  

-4.8 
-5.1 

-2.3 
-4 .3  

-17.0 

-20.0 
-21.7 
-23.5 

-25.2 
-24.3 

-26.2 
-28.2 
-30.3 
-32.4 

-36.6 
-34.5 

-38.6 
- 4 0 . 3  
-42.1 
- 4 4 . 0  
-45.9 

-50.0 
-47.9 

-52.8 
-56.3 
-60.0 
-64.0 

-18.5 

-67.1 
-69.0 

-72.1 
-72.3 
-72.1 
-71.7 
-72.8 
-74.0 
-75.3 
-76.6 
-77.5 

-79 .0  

-71.0 

-78.2 

44.8 

30.9 
39.5 

25.7 
25 e 6  
24.8 
23.3 
22.8 
24.2 
27.9 
1.4 

-1.3 
-4.0 
-7 .o 

-10.2 
-11.8 
-13.4 
-15.1 
-18.8 
-22.5 
-26.3 
-30.1 
-33.9 
-37.4 
-40.5 
-43.7 
-47.1 
-50 .6  
-54.3 
-58.0 
-63 -1 
-69.3 
-75.9 
-83.2 
-88.8 

-95.7 
-92 3 

-97.7 

-97.6 
-98.1 

-97.1 
-99 0 

-103.5 
-101.3 

-107.5 
-105.e 

-108. a 

62.3 

2 4 . 0  
37.7 

Zi.5 
25.5 
29.7 
33.9 
40.8 
54.5 
76.5 
22.6 
20.7 

lb. 8 
18.8 

14.8 

11.0 
15.8 

18.3 
17.9 
17.4 
16.9 
16.5 
16.0 
16.1 
17.0 
18.1 
19.1 

21.2 
20.3 

21.1 
22.2 

17.7 
14.5 
il. 3 

4.6 
9.7 
9.7 
9.7 
9.8 

9.7 
9.7 

9.8 

9.9 
9.8 

9.8 
9.9 
10.0 
10.0 
9.9 

1.5 
2.1 
3.1 
4.6 
5.1 
5.1 
4.6 
3.6 

3.6 
2.6 

5.7 

13.9 
15.4 
14.4 
13.4 
13.9 
14.9 
16.5 
18.0 
18.5 
19.5 
19.5 
19.5 

20.1 
20.6 
20.6 
20.6 
21.1 
21.1 
20.1 

21.1 
22.6 

23.1 
23.1  

23.1 
23.1 
23.1 
22.1 

19.5 
20. 6 

1F.O 
1e.o 

11.3 
15.4 

7.2 
6.2 

9.8 

2a.1 

19. a 

3.0 

6.0 
4.0 

9.0 
10.0 
10.0 
9.0 
7.0 
5 .o 
7.0 
11.0 
19.0 
27.0 
30.0 
28.0 
26.0 
27 .O 
29.0 
32.0 
35 .o 
36.0 
38.0 
38 .O 
38.0 

39.0 
39.0 

40.0 
40.0 
40.0 
41 .o 
41 .o 
39 -0  
37.0 
41.0 

'45 e 0  
44.0 

45.0  
45.0 
45 .0  
45 e 0  
43.0 
40.0 
38.0 
37.0 
35 -0  
30.0 
22.0 
15.0 
12.0 

295.0 
344.0 

64.0 
54.0 

76.C 
97.c 

112.0 
123.C 
164.0 
228.0 

303.0 
277.0 

~ 4 . a  
313.0 
312.0 
316.C 
321.0 
322.0 
321.0 
321.0 
322.0 
323.0 
322.0 
321.0 
320.0 
319.0 
319.0 
319.0 
319.0 
320.0 

31U.O 
32C.O 

317.0 
315.C 
313.0 

307.0 
310.0 

303.0 
299.0 
294.0 

286.0 
282.0 
277.0 
272.0 
227.0 

290.0 

6706. 22000. 

7315. 2400C. 
7010. 23000. 

7620. 25COO. 
7925. 26000. 
8230. 270oo. 
8534. 28000. 
8839. 29aoo. 

337.0 14630.  48ooc. 
19.0 14915. 49OCC. 
24.0 1 5 2 4 0 .  5C000. 



TABLE 4.-Continued 

H.  z, THETA, V ,  RH.  0, 1, RHO, P. 
m f t  m deg knots m/sec percent O F  gm/m3 1 I b / f t 3  mb I l b / f t 2  O C  O F  O C  f t  

699. 2295 .  
8 3 4 ,  7899 .  

1171.  1841. 

1747.  5707.  
2024 .  6 6 4 0 .  
?339.  7576 .  
? 5 9 ' ~ .  q516. 
7 8 9 2 .  9 4 5 4 .  

3419 .  1 1 3 4 9 .  
3749.  1 2 2 9 7 .  
4 0 4 9 .  1 1 2 5 4 .  
4329.  14204 .  
4619.  15153 .  
4905.  15097 .  

5 4 9 3 .  17990 .  
5195.  17042.  

6062. 13889 .  
5773.  18939 .  

635'3. ?lr844.  
6642.  71'793. 
59q3.  2'746. 
7223.  23696 .  

7806.   ?5610.  
7415.  95655 .  

9098. 25567 .  

9 6 8 5 .  2 9  494.  
8391.  ?7530. 

9979 .  29457 .  
7274.  39426.  
?571 .  31400 .  
7967.  3?371.  

1J164. 13346 .  
11k64. 34332.  
17750. 3'1303. 
11057.  36276.  
11355. 37254.  
11655. 38239.  
1195R. 19231 .  
12258.  4 3 2 1 6 .  
12562. 41'215. 
12Rhl. 42215.  

13493.  44235 .  
13175. 43226.  

1378R. 4 5 2 3 8 .  
14105.  46261 .  
14414. 4 -291 .  
14729. 49324.  

1 4 5 5 .   4 1 7 5 .  

3171.  10402. 

9 3 2 . 0  

890.3 
911 .5  

850  - 2  
821 .0  
7 9 2 . 6  
7 6 4 . 9  
737.9 

686.0 
7 1 1 . 7  

6 6 1 . 1  
t 3 6 . 9  
613 .2  
5 9 3 . 4  
568.3 
547.0 

506 - 2  
526.3 

486 .7  
4 6 7 . 8  
449.4 
431.7 
414.5 
397 .9  

366 .1  
351 .0  
336 .3  
322.1 
3 3 8 . 4  
235 .1  

269 .8  
282 .2  

257.8 
246.1 
235.0 
224 .3  
214.0 
204 .1  

185 .6  
194 .6  

381 .7  

1 7 6 . 9  
168 .6  
160 .6  
153 .0  
145 .8  
138 .8  

125 .7  
1 3 2 . 1  

1 9 4 6 . 5  

1 6 3 8 . 5  
1903  7 

1 7 7 5 . 7  
1714 .7  

1 5 9 7 . 5  
1541 .1  

1 4 6 2 . 7  
1486 .4  

1 3 8 0 . 7  
1 3 3 0 . 2  
1 2 0 0 . 7  
1 2 3 3 . 1  
1 1 8 6 . 9  
1 1 4 2 . 4  

1057 .2  
1099.2 

1016 .5  
9 7 7 . 0  
9 3 8 . 6  
YO1.6  
8 6 5 . 7  
931.U 

7 6 4 . 6  
797.2 

733 .1  

6 7 2 . 7  
702 .4  

616.3 
644.1 

589 .4  
563.5 
538 .4  

490 - 6  
5 1 4 . 0  

468 - 5  
4 4 6 . 9  
426 .3  
4 0 6 . 4  
307.6 
3 6 9 . 5  
352 .1  
335.4 
319 5 

2 8 9 . 9  
304.5 

2 7 5 . 9  
262.5 

1 6 5 5 . 4  

HONlh 9 O A Y  25  

1120 .3  
1077 .0  
1023.3 
9 9 0 . 1  
964 .9  
940 .2  
9 1 6 . 0  
892 .3  

8 4 6 . 4  
869 .1  

8 2 4 . 2  
802 .5  
7 8 1 . 0  
753 .r  
726 .2  
70k.9 
664.4 
664 .3  
6 4 4 . 2  
6 2 4 . 3  
604 9 
586.0  
567.5 
549 b 
532.7 
516 .1  
500 .0  
484.2 
4b8.9 

439.2 
453 .9  

424 .8  
410 .7  
397 .1  
382 .9  
367 .7  
353.0 

3 2 5 . 1  
3 3 8 . 8  

311.5 
298.2 
265.4 
273.1 
261.2 
249 .9  
239.6 
229.5 

209.6 
219 .3  

- 0 6 9 9 3 8  . Ob7235 
- 0 6 3 8 6 3  
, 0 6 1 8 1 0  

ir6C237 

- 0 5 7 1 8 4  
. 0 5 8 6 9 5  

.OS5704 
a U 3 4 2 5 6  
- 0 5 2 8 3 9  
, 0 5 1 4 5 3  
- 0 5 0 0 9 8  
, 0 4 6 7 5 6  
.047014  
, 0 4 5 3 3 5  
.044005  
.042726  
. 0 4 1 4 7 1  
- 6 4 0 2 1 6  
e030974  
. 0 3 7 7 t 3  

- 0 3 5 4 2 8  
. 036583  

~ U 3 4 3 1 0  
.C33255 

032219  
. 0 3 1 2 1 4  
.030228 
.(rZ9Z72 
- 0 2 8 3 3 6  
1027418  
- 0 2 6 5 1 9  
, 0 2 5 6 3 9  

. 0 2 3 9 0 4  
- 0 2 4 7 9 0  

.022955  

.022037  
a021A51 
. 0 2 0 2 9 5  
. U 1 9 4 4 6  
. 018616  
- 0 1 7 8 1 7  
.Ol7049  
e016306 
. 0 1 5 6 0 1  
- 0 1 4 9 5 8  
- 0 1 4 3 2 7  
- 0 1 3 6 9 0  
,013085 

2 0 . 9  
16.0 

2 9 . b  
25 .3  
2 2 . 6  
1 9 . 9  
1 7 . 2  

1 1 . 7  
8 . 8  
5 . 9  
3.0 

- .2  
. 1  

-2 .8  
- . 5  

-7 .7  
-5.2 

-9 .9 
-12 .1  
- & 4 . 2  
-16 .4  
-18.6 

-23.4 
-LO. 9 

-25.9 
-28 .5  
-31 .1  
-33.7 

-39 .0  
- 3 6 . 3  

-44.2 
-41.6 

- 4 9 . 1  
-46 9 

-51 .7  
-50.4 

- 5 3 . 0  
- 5 4 . 3  
-55.4 

-57 .1  
-56 .2  

- 5 6 . 6  
-56.6 
-59 .7  
-61 1 
-62.4 
-63 .2  
- 6 4 . 0  

a4.4 
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6 9 . 6  
tO .6  

71 .4  
77.: 
7 2 . 7  
6 7 . 0  
63 .0  
57 .9  
53 .1  
47.6 
42.6 
37.4 
3 2 . 2  
31 .6  
31 .1  
27 -0 
22 ab 
18 .1  
1 4 . 2  
1 0 . 2  

6 . 4  
2 . 5  

-1 .5  
- 5 . 6  

-1u.1 
-14.6 
- 1 9 . 3  
- 2 4 . 0  
-28 7 
-33 .3  
-38 .2  
-42 .9  
-47 .6  
-52 .4  
-56 .4  
-58 .7  
-61 .1  
- 6 3 . 4  
-65 .7  
-67.7 
-69 .2  
-70.8 
-72 .4  
-73 .8  
-75 .5  
-7a.u 
- 8 0 . 3  
-81 . 8  
-83 .2  

1.3 
.8 

-.l -. 5 
-1.8 
-3 .2  
-4.7 
- 6 . 3  
-8.0 
-9 .6 

-11. 6 
-13.5 
- 1 5 . 6  
-19 .5  
- 2 4 . 8  
-26 .9  
-28.7 
-30 .6  
- 3 2 . 3  

-35.8 
- 3 4 . 0  

-37 .5  
-39.3 
-41 .1  
-43 .0  
-45.0 
-47 .0  
-49 .0  
-51.1 
-53.2 
-55.6 
-58.7 
- 6 1 . 9  
-65 .2  
-67.9 

-7G.O 
-69.0 

-71 .1  
-72.2 
-73.0 
-73.7 
-74 .4  
-75 .1  
-75 .8  
-76 .5  
-77 .7  
-78 .8  
-79 .4  

3 4 . 3  
33.5 

3 1 . 9  
31 .1  
28.7 

23 .5  
26 .2  

20.6 

14 .4  
17 .6  

1 1 . 1  
7.6 
3 . 9  

-12 .7  
- 3 . 1  

-16 .4  
-19 .7  
-23 1 
-26.2 

-32 4 
-29 .3  

-35 .5  

-41 .9  
-38 .7  

- 4 5 . 4  
-48.9 
- 5 2 . 5  

- 5 9 . 9  
-56 .2  

-63 .7  

- 7 3 . 7  
-68 .2  

-79 .5  
- 8 5 . 4  
-90.2 
-92 .1  
- 9 4 . 0  
-95 .9  
- 9 7 . 9  
-99 .4  

-100 .7  
-102 .0  
- 1 0 3 . 2  
- 1 0 4 . 5  
-105 .8  
-107 .9  

-111.0 
-80 .1   -112 .2  

- 1 ~ 9 . e  

3 s . 7  

18 .3  
27 .1  

1 9 . 5  
1 8 . 3  

20 .7  
21.9 
23 .2  
24 .3  
2 5 . 7  
2 7 . 1  
28 .4  
2 9 . 6  
21 .7  
1 3 . 9  
1 3 . 7  

14.  1 
1 4 . 0  

1 4 . 3  
1 4 . 3  
1 4 . 4  

1 4 . 6  
14 .5  

14 .9  
15 .1  
1 5 . 5  
15 .6  
1 5 . 9  
16 .1  
1 5 . 7  

1 2 . 4  
1 4 . 1  

1 0 . 8  
9.7 

9 . 7  
9 . 7  

9 .7  
9 . 7  

9 . 6  
9.8 

9 . 9  
9 . 8  

9 . 9  
9 . 8  

9 .9  
1 0 . 0  
10 .0  

9 . 9  

1 3 . e  

2 .1  

2 .6  
2.  6 

2.6  
3 .1  

4.6 
3 . 1  

t . 2  
7 .7  
9 . 3  
9.8 
9 . 3  
8.7 
8 . 2  
8 . 2  
9 .8  

10.8 
10.3 

9 .3  

7.2 
7.7 

7 . 2  

8 .2  
7.7 

5.8 
8 .7  

1C.8 
12 .3  
13 .4  
14.4 
14.9 
14.9 
1 4 . 9  
14 .4  

13 .4  
12 .9  

11 .6  
12.3 

11 .3  
11.3 

11 .8  
12 .9  
13 .9  
13 .9  
13 .9  
13 .9  
13.4 
12 .9  

i 3 . 9  

4 -0  
5.0 
5 . 0  

6.0 
5.0 

6.0  
9.0 

1 2 . 0  
15 .0  
16 .0  
19 .0  
18 .0  
1 7 . 0  
16 .0  
16.0 
19.0 
21 .o 
18.3 
20.0 

i4.0 
15.0 

1 4 . 0  
15 .0  
1 6 . 0  

19 .0  
1 7 . 0  

21 .o 
24.0 
26.0 
28.0 
29.0 
29 .0  
29 .0  
28.0 
27.0 
26.0 
25 .0  
24 .0  
23.0 
22 .0  
22.0 
23.0 
25.0 

27 .0  
2 7 . 0  

27 .0  
2 7 . 0  
26.0 
25 a 0  

275.0 
335.0 

57 . c  

6 1  a 0  
61.0 

71 .0  
86.0 
83.0  
79 .0  
74 a 0  
75.0 
71 . c  
6 l .C  
44 .0  
23.0 

9.0 

359 .0  
2.0 

358.0 

36C.0 
360.0 

356.0 
349.0 
345 -0  
341.C 
330 .0  
336.0 
336 .0  
335.0 
335.0 
334.0 
333.0 
331.0 

326.0 
328 .0  

323 .0  
319.0 
313.0 

296.0 
305.0 

287.C 

269.0 
278 .0  

261 .0  
261.0 

262.0 

261.C 
261.0 

914. 3000.  
724. 2375.  

1 5 2 4 .  5C06. 
1 2 1 9 .  4 0 0 0 .  

l e m .  t o a c .  
2134.  70CO. 
2 4 3 8 .  8000.  
2743 .  9000 .  
3 0 4 8 .  10000 .  
3353.  l m o .  
3658. 12000. 

4267 .  14OOC. 
3 9 t 2 .  13000 .  

4572 .  15000.  
4877 .  l t c a o .  
54.36. 1eooa .  
5791.  19acc .  

5182.   170000 

6096 .  2OCOO. 
6401.  2100C. 
6706 .  22000 .  

7335 .  2 4 0 0 0 .  
7010 .  230CO. 

7620 .  25000. 
7925 .  26000. 

8534.  28COO. 
8 2 3 0 .  27000.  

9144 .  ? C O O C .  
8839.  29000.  

9449.  3100C. 

10058.  3300C. 
10363.   34000.  

10973 .  36COO. 
10668.  3500C. 

11582 .  2 8 0 0 0 .  
11887.   39000.  

12497.   4100G. 
12192 .  40000.  

128C2. 4 2 0 0 0 .  
13106 .  4 3 0 0 0 .  

9754 .  32aoa.  

11278.   ?7aoo.  

13411.  44000 .  
1 3 7 1 6 .  45000.  
14021 .  4 t 0 0 C .  
14326 .  47000.  
15620 .  4 8 O O C .  
14935 .  49000 .  

261.0   15240.  50000. 



I 

TABLE 4.-Continued 

P, RH I D .  T .  RHO, 

mb I l b / f t 2  percent "F OC O F  gm/rn3 I Ib/ft3 I O C  

932.5 
912.2 
881.9 
850.8 
821.5 

765.2 
793.0 

738.1 
711.8 
686.1 
661.1 
696.8 
613.5 
490.9 
568.9 
547.7 
527.0 
506.9 
487.4 
468.5 
459.2 
432 e 4  
415.2 
398.4 
382.3 
356.6 
351.5 
336.8 
322.7 
309  -0 
295.7 
282.9 
270.5 
258.5 
247.0 

225.1 
235.8 

214.7 
204.7 
195.1 
185.8 

168.3 
160.2 
152.5 
145.1 
138  -0  
131.3 
124 .8 

176.9 

1947.6 
1905.2 
1840.0 

1715.7 
1776.9 

1656.2 
1598.2 

1486.6 
1541.6 

1432.9 
13b0.7 
1330.0 
~ 2 8 1 . 3  
1234  1 
1188.2 

1100.7 
1143.9 

1018.0 
1058.7 

978.5 
940.3 

867.2 
903.1 

832.1 

765  -7  
798.5 

734.1 
703. 4 
674.0 
645   -4  
617.6 

565.6 
590.8 

539.9 
515.9 

470.1 
492.5 

448 .4 
427.5 
4u7.5 
388.1 
369 5 
351.5 
3 3 4 . 6  
318  e5 
303.0 
288.2 
274.2 
260  7 
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1107.1 
1070.7 
1026.2 

994.3 
968.5 
943.5 
V19.0 

871.5 
895.0 

848.9 
827.2 
797.5 
769.7 
746.6 
724  -1 
703  - 5  
b83.4 
663.8 
644  2 
624.7 
605.8 

569.3 
587.3 

551.6 
534 e 0  
516.8 

4 8 3 . 8  
500.1 

467.9 
452.5 
437.4 
422.9 
4U8.8 
395.0 
381.5 

354.8 
367.9 

329.6 
342.0 

317.8 

293.4 
306.5 

279.9 
267.0 

243.0 
254.6 

231.9 
221.3 
211.2 

,069114 
e 0 6 6 8 4 2  
.Ob4964 
.062C72 
. 0 6 0 4 t l  

- 0 5 7 3 7 1  
- 0 5 8 9 0 1  

- 0 5 5 8 7 3  
.054406 
,052995 
,051640 
- 0 4 9 7 8 6  
- 0 4 8 0 5 1  
.046609 
.C45204 

.042663  

.G43918 

.041440 

. 040216  

.03€95!9 
no37819  
- 0 3 6 6 6 4  
e035540  
eU34435 
.a33337 
,032263 . t ~ 3 1 2 2 0  
e030203  
, 0 2 9 2 1 0  
.028249  
- 0 2 7 3 0 6  
.O2b401 

- 0 2 4 6 5 9  
02 5521 

e623816  

.0221+9  
- 0 2 i 9 t 7  

,020576 
- 0 2 1 3 5 0  

.O i9840  
,019134 
- 0 1 6 3 1 6  
.017474 

0 1  t 6 6 8  
,015894 
.a15170 
e014477  
.013815 
,013185 

22.5 
18.9 

25.2 

21.7 
24.4 

19.1 
16.3 
13.6 
10.8 

7.9 
4.7 
4.8 
4.5 
L.  5 

-1.9 
.5 

-4.5 
-7.1 

-L1.8 
-9.5 

-14.2 
-16.6 
- i9 .0  
-21.4 
-23.7 
-25.9 
-28.2 
-30.5 
-32.8 
-35.2 
-37.6 
-40.0 
-42.5 
-45.0 
-47.5 
-49.7 
-52.0 
-54.3 

-59.2 
-61.9 
-63.0 
-03.5 
-63.9 
-64.4 
-05.0 
-65.7 
-66.4 
-67.1 

-56.7 

66.0 
72.5 
17 e 4  
75.9 
?1.1 
66.4 
61.3 
56.5 

46.2 
40 .5  

40.1 
40.6 

36.5 
32.9 
28.6 
2 3   - 9  

14.9 
19.2 

10 .? 
6.4 

-2. i  
2.1 

-6.5 
-10.7 
-14.6 

-22.9 
-18.8 

-27.0 
-31.4 
-35.7 
-40.0 
-44.5 
-49.0 
-53.5 
-57.5 
-61. b 

-70.1 
-65.7 

-74.6 

-81.4 
-79.4 

-82.3 
-83.C 
-83.9 
-85 .0  
-86 3 

-88.8 
-87.5 

51.4 

9.3 
6.8 
-4 

- 3 . 3  
-3.5 
-3.9 
-4.5 
-5.4 
-6.5 
-7.0 

-15.6 
-7.3 

-30.0 
-2 7.7 
-26.5 
-28.2 
-30.1 

-33.8 
-31.9 

-35.6 
-37.4 
-39.2 
-41.1 
-43 .0  
-44.6 
-46.2 
-47.8 
-49.5 
-51.2 
-53.0 
-55.1 
-57.9 

-63.8 
-60.8 

-66.6 
-6R.4 
-70.3 
-72.2 
-74.1 
-76.1 
-78.3 

-79.7 
-79.3 

-80.0 
-80.4 
-80.9 
-61.5 
-82.1 
-82.6 

48.8 
44.3 
32.7 
26.1 
25.8 

23.8 
25.0 

22.2 

19.5 
20.3 

19.0 
3.9 

-22.0 
-17. '4 
-15.6 
-18.7 
-22.1 
-25.5 
-28.8 
-32 - 0  
-35.3 
- i 8 . 6  

-45.4 
- 4 8 . 2  
-51.1 
-54.1 
-57.1 
-60.2 
-b3 3 
-67.1 
-72.2 
-77.5 

-87.9 
-82 .P  

-91.2 
-94.5 
-97.9 

-101.3 
-105.0 
-109.0 
-110.7 
-111.4 

-112.8 
-112.1 

-113.7 

-115.7 
-114.7 

-116.7 

-42.0 

53.7 
36.3 
19.6 
15.7 
18.2 
20.7 
23.5 
26.2 
29.0 

41.5 
34.1 

21.1 
6.1 
8.6 

11.1 
11.4 
11.6 

11.9 
11.8 

12.0 
12.1 
12.3 
12.4 
12.5 
12.9 
13.2 
13.6 
14.0 
14.3 
14.8 
14.6 
13.2 
11.9 
10.6 

9.6 

9.7 
9.6 

9.9 
9.7 

9.9 
10.0 

9. v 
10.0 

9.9 
10.0 
10.0 
10.0 
10.1 
10.1 

v ,  z ,  THETA, 

m/sec f t  rn deg k n o t s  

.5 

.5 

.5 

1.U 
1.5 
2.1 
2;6 
3.1 
3.6 
3 . 6  
3.1 
2.6 
3.1 
4.1 
4.6 
4.6 
4.6 

6.2 
Y.1 

7.7 

10.3 
9.8 

11.3 

13.9 
12.3 

14.9 
l t . 5  
17.5 

19.0 
20.1 
20.6 
21.6 
23.1 
24.2 

28.3 
26.2 

29.8 
30.4 
30.4 
28.8 
27.3 
24.7 

21.6 
22.6 

20.6 
2c .1  
19.0 
18.5 

1 e . 5  

1.0 
1 .o 
1 .o 
2.3 
3.0 
4 .O 
5.r) 
6.0  
7.u 

6.0 
7.0 

6.0 
5.0 

8 .O 
9.0 
9.0 

10.0 
9.0 

12.0 
15.0 
19.0 
20.0 
22.G 
24 .O 
27.0 
29.0 
32.0 
34.0 
36.0 
37.0 
39.0 

42.0 
40.0 

45 -0  
47.0 
51.0 
55 -0  
58.0 
59.0 
59 a 0  

56 e 0  
53 -0 
48 a 0  
44.0 
42.0 
40.0 
39.0 
37.0 
36.0 

210.0 
268.0 
334.0 
292.0 
259.0 
204.0 
160.0  

129.0 
130.0 
143.C 
183.0 
228.0 
238.0 
240.0 
245.0 
255.0 

262.C 
263.0 

260.C 
259.0 
259.0 

26l.C 
261.0 
261.0 
260.0 
259.0 
257.0 
257.0 
256.0 

133.11 

260.0 

256.0 
256.0 
258.0 
259.0 
261.0 
262.C 
263.0 
264 .0  
2t4.0 
263.0 
267.0 
260.0 

260.0 
259.0 

260.0 
261.0 
261.0 
262.0 

124. 

1219. 
914. 

1524. 
1829. 
2134. 
2438. 
2743. 
3048. 

3658. 
3353. 

39t2.  
4267. 
4572. 
4077. 
5182. 
5486. 

6C96. 
Y791. 

6 4 0 1  
6706. 
7C10. 

7620. 
7315. 

7925. 
8230. 
8934. 
8839. 

9449. 
9144. 

10050. 
9754. 

10363. 
10668. 
10973. 
11278. 
11582. 
11887.  
12192. 
1 2  497 e 

12802. 
13106.  

'13716. 
13411. 

14021. 
14'326. 
14630.  
14935.  
15240. 

2375. 
30000 
400c5 
5000. 
ecoc. 
7000. 

9000, 
8000. 

10000. 
11000. 
12000. 
1300C. 
14COO. 
15000. 

17000. 
16000. 

18000.  

20000. 
19000. 

21000. 
22000. 
23000. 
240OC. 

26000. 
27000. 
28000. 
i90CO. 

31COO. 
32000. 
33000. 
34000. 

3 6 0 0 0 .  
37060. 
18COC. 
39000. 
40000. 
41OCC. 
s2000. 
4 3 0 0 0 .  
44000. 

46000. 
45000. 

47000. 
4 8 0 0 0 .  
49CCO. 
~ 0 0 0 0 .  

25coo. 

30000. 

35ooa. 



TABLE 4.-Continued 

H, 2 ,  THETA, V ,   R H .  0, T ,  RHO, P9 
m f t  m deg knots rn/sec percent O F  OC O F  OC gm/m3 1 lb/ft3  mb I lb/ft2 f t  

933.3 1949 .2  
913.2 1 9 0 7 . 3  
881.9 184A.9 
851.8 1 7 7 9 . 0  
822.6 1 7 1 8 . 0  
794 .1  1 6 5 8 . 5  
766.4 1 6 0 0 . 7  
739.4 1544 .3  
713.0 14BQ.1 
687.3 1 4 3 5 . 5  
662.4 1383 .5  
638.2 1 3 3 2 . 9  
614.7 1283.8 
592.0 i236.4 
569 .9  1 1 9 0 . 3  
548.5 1 1 4 5 . 6  
527.7 1102 .1  

488.1 1019 .4  
597.6 1060.1 

469 .2  979 .9  
450.8 941 .5  
433 .1  904 .5  
415.8 8 6 8 . 4  
3 9 9 . 1  833  - 5  
382 .9  799 .7  
367 .2  766 .9  
352 .0  735 .2  

323 .0  675.6 
337.2 704.3 

3 1 9 . 1  6 4 5 . 6  
295.7 6 1 7 . 6  
282.8 590.6 

1092.0 
1066.6 
1U27.9 

990.5 
965.4 
941.4 
918 .0  

872.3 

823 .4  
848.4 

798 .9  
775.0 
751.7 
729 .0  
706.U 
6 6 5 . 1  
664.0 
643 .9  
624.7 
bU6.0 
587.7 
569 .8  

535 .4  
552 e 4  

518 .9  
502.8 
487 .0  
471 .6  
456.7 
441.5 
425.9 

894 .9  

r(0Mlh 9 DAY 2 7  

- 0 6 8 1 7 1  
- 0 6 6 5 9 8  
.U6417U . (160268 
.Ob1835 

. 0 5 8 7 7 0  

. 0 5 7 3 9 9  

, 0 5 4 4 5 6  
. 0 5 5 8 6 7  

- 0 5 2 9 6 4  
- 0 5 1 4 C 3  
e 0 4 9 8 7 4  
. 0 4 8 3 8 2  
e 0 4 6 9 2 7  
. 0 4 5 5 1 0  
.u44124  
- 0 4 2 7 6 9  
. 0 4 1 4 1 2  
.04C197 

. 0 3 7 8 3 1  
0 3 6 6 8 9  

. 0 3 5 5 7 1  

, 0 3 3 4 2 4  
. 0 3 4 4 8 5  

- 0 3 2 3 9 4  
. 0 3 1 3 8 9  

.O29441  

. 0 3 0 4 0 2  

~ 0 2 6 5 8 8  
, 4 2 7 5 6 2  

. 0 3 a 9 9 9  

. o z a 5 1 1  

23 .5  
23.9 
24.5 
2 5 . 1  
22.5 
19 .6  
16 .7  
13 .8  
10.8 
8.4 
e.5 
4.7 
2.8 

- 1 . 0  
.8 

-2.9 

-6.8 
-4 .9 

-11 .5  
- 9 . 1  

- 1 3 . 9  
-16.4 
-1b.9 
-21.4 
-24.0 

-29.2 
-26 .5  

- 3 1 . 8  
-34 .5  
-37 .2  
-39 .7  
-41 .7  

Y E A R  78 HOUR O f  RELEASE 1 7 3 0 2  

74 .3  5.8 
75.0  6 .1 
76.1  6 .7 

72.5 5.8 
77.2  7.3 

67.3  4.0 
6 2 . 1  2.2 
36.8 
51.4  -1.7 

.3  

47 .1   -3 .9  

40.5 -8.8 
43.7 -6.3 

37.0 -11 .3  
33.4 -13.9 

26.8 - 1 9 . 1  
23.2 -21.9 

30.2 -16.5 

19.6 -24.7 
15.6 -27.2 
11.3 -29.5 

7.0 -31 .8  
2.5 -34.2 

-2.0 -36.5 

-11 .2  - 4 0 . 3  
-6.5 -38.8 

-15 .7  -41.9 
-20.6 - 4 3 . 6  
-25 .2  -45.4 
- 3 0 . 1  -47.2 
-35.0 -49 .1  
-39.5 -52.5 
- 4 3 . 1  -61.2 

42.4 
4 3 . 0  
44 e 0  
45 .1  
42.4 
39.3 
36.0 
32.6 
29  -0  
25.0 
20.6 
1 6 . 2  
11.6 

7 .1  
2 . 4  

-2 .4  

-12  4 
-7 .3  

-17 - 0  

-25 .3  
- 2 1 . 1  

- 3 3  1 
-29.5 

-37 .9  
-40. 6 
- 4 3 . 5  
- 4 6 . 5  
-49 .7  
-53 .0  
-56 .4  
-62.5 
-78 .1  

31.7 
31.7 
31.8 

33.7 
32.0 

35.7 
37.7 

41.7 
39.6 

41 .5  
39.3 
36.8 
3 4 . 5  
32.4 
29.8 

2 5 . 1  
27.4 

21 .5  
22.6 

21.0 
20.5 

1C.6 
2 0 . 1  

19 .2  
20 .7  
22.0 
23.6 
25.0 
26.5 
28 .0  
24 .6  
10.5 

2.1 
2.1 
2.1 

4.1 
3.1 

4.6 
4.6 

4.6 
4 . 1  

4.6 
4.1 
3.1 
2.6 

'1.6 
3.1 

4.1 
5.1 

5.1 
5.1 

6.7 
6.2 

9.3 
8.2 

9.8 
19.8 
11.8 
12.9 
13.9 

0.0 
0.0 
0.0 
0.0 

4 .0  

4.0 
4.0 

6.0 

9.0 
8 .O 

9.0 
8.0 

9 .0  
9.0 

8.0 
6.0 
5.0 
6.0 

10.0 
9.0 

10.0 
8.0 

10.0 
12.0 
13.0 
16.0 
18.0 
19.0 
21.0 

25.0 
23.0 

27.0 
0.0 
0.0 
0.0 
0.0 

30.C 
33.0 

65.0 
42.0 

76.0 
79.0 
84 .0  
90.0 

100.0 
97.0 

104.0 
115 .c  
151.0 
195.C 
210.0 
214.0 
208.0 
207.0 
207.0 
205.0 
203.0 
199.0 
196.0 
1 9 6  - 0  
194.0 
192.C 
le9 .0  
m 6 . a  

0.0 
0.0 
0.0 
0.0 

914 .  3000.  
1219 .  400C. 
1524 .  5000. 
1829 .  6000. 
2134 .  7000 .  
2438. 8000. 
2749.  9000. 
3 0 4 8 .  10000 .  
3353 .  11000 .  
3658.  12000. 
3962 .  1 3 C O C .  
4267.  14000.  
4572 .  15000. 
4877 .  16000 .  
5182 .  17000. 
5486 .  18OOC.  

724.  2375. 

5791 .   19000 .  
6096. Z C O Q O .  

7010.  2 3 a o o .  

7620. 241100. 

6401.   21000.  
6706 .  22COC. 

7315 .  24000 .  

7 9 2 5 .  26000. 
8230. 2700C. 
b 5 3 4 a  28000. 

9144 .  30000. 
8839 .  29COO. 

9449.  21000.  

1 0 0 5 8 .  33000. 
9754.  32000. 



TABLE 4.-Continued 

717.  2 3 5 3 0  
910. 7 9 5 3 .  

1 1 8 8 .  3899 .  
1474 .  4 8 3 5 .  
1759. 5 7 7 2 .  
?04S. 5 7 1 0 0  

?bib. 0 5 8 3 ,  
?331 .  7 6 4 8 .  

2902.  7 5 2 0 .  
3184 .  1 3 4 5 9 .  
3 4 7 5 .  11  399.  
7 7 4 9 .  1 1 3 3 7 .  
4047 .  1 3 2 7 9 .  
4333 .  1421T.  
66'1. 1 5 1 6 2 .  
4909 .  T4106 .  

930.0 1 9 4 2 . 3  
9 0 9 . 7  1 8 9 9 . 9  

8 4 8 . 3  1771.7 
878 .4  1 8 3 4 . 6  

8 1 9 . 0  1 7 1 0 . 5  
790 .5  1 6 5 1 . 0  
7 6 2 . 8  1 5 9 3 . 1  

7 0 9 . 9  1 4 8 2 . 7  
736 .0  1 5 3 7 . 2  

6 8 4 . 5  1 4 2 9 . 6  
6 5 9 . 8  1 3 7 8 . 0  
6 3 5 . 9  1 3 2 8 . 1  
6 1 2 . 6  1 2 7 9 . 4  
5 9 0 . 1  1232 .4  
5 6 8 . 1  1 1 8 6 . 5  
546 .8  1 1 4 2 . 0  

5 0 6 . 1  1 0 5 7 . 0  
5 2 6 . 2  1 0 9 9 . 0  

4 8 6 . 5  1 0 l b . l  
467 .7  9 7 6 . 8  
4 4 9 . 3  9 3 8 . 4  
4 3 1 . 6  9 0 1 . 4  
414 .3  8 6 5 . 3  
397 .6  8 3 0 . 4  
381 .4  796.6 
3 6 5 . 7  763 .8  
3 5 6 . 5  7 3 2 . 0  
3 3 5 . 8  7 0 1 . 3  
3 2 1 . 6  6 7 1 . 7  
3 0 7 . 8  6 4 2 . 9  
2 9 4 . 4  6 1 4 . 9  

2 6 9 . 1  562.0 
281 .5  5 8 1 . 9  

2 5 7 . 0   5 3 6 . 0  
245 .4   512 .5  
2 3 4 . 2   4 8 9 . 1  
2 2 3 . 3   4 6 6 . 4  
2 1 2 . 9   4 4 4 . 7  
2U2.9 
1 9 3 . 2  
i a4 .o  
1 7 5 . 2  
1 6 6 . 9  
1 5 8 . 9  
151 .3  

1 3 7 . 2  
144 .1  

1 3 0 . 6  
1 2 4 . 3  

4 2 3 . 8  
4 0 3 . 5  
364 .3  

3 4 8 . 6  
365 9 

331 - 9  
3 1 6 . 0  
301 -0  
286 .5  
272 .8  
259 a 6  

MCNfh 1 0  D A Y  2 

1115.7 
1 0 6 5 . 9  

9 9 5 . 2  
9 6 7 . 4  

iO28 .1  

V40.2 
9 1 3 . 6  
8 8 7 . 7  
8 6 2 . 3  
837 .9  
814 .2  
791  -1 
7 6 8   - 5  
746 .5  
7 2 4 . 9  
7 0 3 . 8  
683 3 

6 4 3 . 4  
663 .1  

6 ~ 5 . 5  
6 2 4 . 3  

587 .2  
5 6 9 . 4  
551 .9  
5 3 4 . 9  
518 .2  
5 0 2 . 0  
4 8 6 . 1  
470 .6  

4 4 0 . 7  
425 .9  
411 .6  
397 .6  
383 .9  
3 7 0 . 3  
3 5 7 . 1  
344 .2  
331 .8  
3 1 7 . 1  
302.1 
207 .7  
2 7 4 . 1  
2 6 1 . 1  
2 4 8 . 7  
237.4 
226 .8  
216 .5  
206 .8  

4 5 5 . 6  

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

0 6 2 1 2 8  
- 0 6 4 1 8 2  

- 0 6 0 3 9 3  
005bC95 
, 0 5 7 0 3 4  

- 0 5 3 8 3 2  
- 0 5 5 4 1 7  

e 0 5 i 3 0 8  

-04,9387 
e(147976 
e0466102 
, 0 4 5 2 5 4  

- 0 4 2 6 5 7  
. 0 4 3 9 3 7  

. 0 4 1 3 9 6  

- 0 3 8 9 7 4  
.G40166 

.U37800 
- 0 3 6 6 5 8  
e(135546 

- 0 3 3 3 9 3  
- 0 3 4 4 5 4  

. 0 3 2 3 5 0  
0 3 1 3 3 9  

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

. 0 5 a 8 2 9  

. o m 3 4 6  

.02C714 

.GI9796  

.O'A8859 

. (117112 
- 0 1 7 9 6 1  

- 5 1 6  300 
e 0 1 5 5 2 6  
e 0 1 4 8 2 0  
- 0 1 4 1 5 9  
- 0 1 3 5 1 6  
e 0 1 2 9 1 0  

1 7 . 1  
2 3 . 9  
2 4 . 2  
2 3 . 5  

1 9 . 5  
21 .5  

1 7 . 5  
1 5 . 5  
1 3 . 5  
11.3 

9 . 0  

4 . 5  
6.8 

- . l  
L. 1 

- 4 . 8  
- 2 . 4  

- 7 . 2  

- 1 2 . 1  
- 9 . 6  

- 1 4 . 5  
- 1 7 . 0  
-19.5 
- 2 2 . 1  

-27.2 
- 2 4 . 6  

-29 .7  
- 3 2 . 4  
- 3 5 . 0  
-37 .7  
- 4 0 . 3  
-42 .8  
- 4 5 . 3  
- 4 7 . 8  

-52 .7  
- 5 0 . 3  

- 5 5 . 1  
-57 .5  
-69.0 
-60.8 
-6G.8 
-60 .9  
-60 .9  
-61 .0  
- 6 1 . 1  

-62 3 
-61.6 

-62 9 
-63.6 

Y E A R  78 HOUR bF R E L F I S E  9002  

62 - 8  

7 5 .  6 
75 .0  

7 4 . 3  
70 .7  
6 7 . 1  
63 .5  
59 .9  

5 2 . 3  
5 6 . 3  

48 .2  
44 .2  
4 0 . 1  
35.b 
31.8 

23 .4  
2 7 . 7  

1 9 . 0  
1 4 . 7  
1 0 . 2  

5 . 9  

- 3 . 1  
1 .4  

-7 .8  
- 1 2 . 3  
- 1 7 . 6  
-21 .5  
-26.3 
- 3 1 . 0  
- 3 5 . 4  
- 4 0 . 5  

- 4 9 . 5  
- 4 5 . 0  

- 5 4 . 0  
-58 .5  
-62.9 
-67 2 
-71 .5  
-76 -6 
- 7 7 . 4  
-77.4 

-77 .6  
- 7 7 . 6  

-78 .0  
-77 .8  

- 7 8 . 9  
-8U.1 
-81.2 
-82 .5  

-16.0 
- 1 0 . 9  
-io. 6 
- 1 1 . 2  
-12 .6  
- 1 4 . 2  
-15 .7  
-17 .2  
-18.7 
-20.4 
-22 .1  
-23 .8  
-25 .6  
-27.4 
- 2 9 . 2  
-31 .0  
- 3 2 . 8  

-36 .6  
-34 .7  

-40 .4  
-38 .5  

- 4 2 . 3  
- 4 4 . 3  
- 4 6 . 3  
- 4 8 . 3  
- 5 0 . 3  
-52 .4  
- 5 4 . 5  
-56 .6  
-58.7 
-60 .8  
-62 8 
- 6 4 . 8  
-66 .9  
- 6 8 . 9  
-70. B 
-72 .8  
- 7 5 . 8  
- 7 6 . 8  
-77 .4  
-77.5 

-77 .6  
-77 .5  

- 7 7 . 6  
- 7 7 . 1  
-78 .1  
-78 .7  
-79 .2  
-79.7 

3 - 2  
1 2 . 4  
1 2 . 9  
1 1 . 9  

9 . 2  
6 .5  
3 . 8  
1 . 1  

- 1 . 7  
-4 .7  

- 1 0 . 9  
-7 .8  

- 1 4 . 1  
- 1 7 . 3  
-20 .5  
-23 .8  
-27 1 
- 3 0 . 4  
- 3 3 . 8  
- 3 7 . 2  

- 4 4 . 2  
-40  7 

- 5 1 . 4  
- 4 7 . 8  

-55 .0  
-58 .6  
-62.3 
- 6 6 . 0  
-69 .8  
- 7 3 . 6  
- 7 1 . 4  
- 8 l . b  
-84 .7  
- 8 8 . 4  

-95 .5  

- 1 0 2 . 6  
-99 .0  

-107 .4  
-106 .2  

- 1 0 7 . 6  
-107 .5  

-107 .6  

- 1 0 7 . 8  
-107 .7  

-109 .6  
-108 .6  

-11u.5 
-111.) 

- 9 2 .  a 

9 .0  
9 . 0  
9.0 
9.0 
9 .0  
9 . 0  
9 . 0  
9 . 0  
9 . 0  
9 . 1  
9 . 1  

9 . 1  
C . l  
9 . 1  
9 . 0  

9 . 1  
9 . 1  

9 . 1  

9 .  1 
9 .2  

9.2 

9 . 3  
9.2 

9 .3  
9 .3  
9 .3  
9 . 4  
9 . 4  
9 . 5  
9.5 

91 6 
9.6 

9 . 6  
9 . 6  
9 .7  
9.8 
9 .8  
9 . 9  
9 . 9  

9 . 9  
9 . 9  

9 . 8  
9 . 9  
9.9 
9.9 

1 0 . 0  
9 . 9  

1 0 . 0  

9 . 1  

1 .5  

1 . 5  
1.s 

1.0 
2.1 
3.1 
1.5 

. 5  
2 .1  
1 .5  
2 .6  
5 .1  
5 . 1  
3 .6  
3 .1  
3.6 
5 .1  
6 . 2  
6.2 
6 . 2  
7 . 2  
8 . 2  
9 . 3  

1 0 . 3  
9.8 

10 .3  
10 .6  
1 1 . 3  
1 1 . 3  
1 1 . 3  
11.3 
1 1 . 3  

11.8 
11.3 

12 .3  
11.6 
11 .3  
10 .3  

0 .7  
7 . 7  
6 . 7  
6 . 7  
7 .2  
7.2 
8 . 2  
8 .7  
8 .7  
6 .7  

11 .8  

3 -0 
3.0 
3 .0  
2 . 0  
4.0 
6.0 
3.0 

4.0 
1.0 

3 -0  
5.0  

1 0 . 0  
7 . 0  
6.0 
7 . 0  

1 0 . 0  

1 0 . 0  
1 2 . 0  
1 2 . 0  
1 2 . 0  
14.0 
16.0 
18.0 

20.0 
19 .0  

20.0 
21.0 
2 2 . 0  
2 2 . 0  
2 2 . 0  
22.0 
22.0 

23.0 
2 2 . 0  

24 .0  
23.0  

22 .0  
23 .o 

1 7 . 0  
20.0 

1 5 . 0  
1 3 . 0  
1 3 . 0  
1 4 . 0  
14 .0  
1 6 . 0  
1 7 . 0  
17 e 0  
13 .0  

2C5.0 
207 .0  

263.0 
214.11 

328.0 
325 .0  

1 ~ 4 . 0  

283.0 

311 .0  
2 2 8 . 0  

44 .0  
2 8 3 . 0  

2es.o 
304 .0  
318.0 
322 .0  
334 .0  
935.0 
342 .0  
335.0  
336 .0  
336.11 

332.11 

~ 6 . a  

321.a 
320.0 

315.a 

311.11 

335 .0  
334 .0  

329.C 

323 .0  

31800  
317 .0  

313 .0  

309 .0  
309 .9  
310 .0  
312 .0  
324.0 
337 .0  
350.0 

18  4 
30.0 

41.0 
39 .0  

4.0 

36.0 . 

11 .0  

7 2 4  
9 1 4 .  

1 2 1 9 .  
1524 .  
1629. 
2 1 3 4 .  
2 4 3 8 .  
2 7 4 3 .  
3048.  
3353 .  
3658 .  

4267 .  
3962 .  

4 5 7 2 .  
4 8 7 7 .  
5182 .  
5486.  
5791.  
6 0 9 6 .  
6401 .  
6 706.  
7010 .  
7 3 1 5 .  
7620 .  
7925 .  
8230. 
8534 .  
8839 .  

9 4 4 9 .  
9 1 4 4 .  

9154.  

10363 .  

1 0 9 7 3 .  
1 1 2 7 8 .  
11582 .  
11887 .  
12192 .  
12497 .  
128C2. 
13106 .  

1oaw. .  

1 0 6 6 e .  

1 3 4 1 1 .  
13716 .  
14021. 
1 4 3 2 6 ;  
1 4 6 3 0 .  
14934 
1524G. 

2374 .  

4000.  
YOQC. 

3oac .  

taoo. 
7 a a c .  
stoa. 

l acac .  

14ooa .  
m a o .  

16000.  

l e a o c .  
190011. 
20000. 
m o o .  
231100. 
t 2 a o a .  

24006. 

zcooa. 
250110. 

z7oaa .  
28000.  
29aa0. 
aaooo. 
m o a .  
u o a a .  
3sooa .  
36aaa .  

39000. 
4aoao. 
mas. 
4 2 0 0 0 .  
43000.  
44oaa .  
was. 
4 6 1 1 0 ~ .  
47aoa .  
48aaa. 

f a a o a .  

900C. 

1 1 o o c .  
12000 .  

1 5 0 0 0 .  

17000 .  

32000.  

3 4 0 0 C .  

37000 .  
38000 .  

49000. 



TABLE 4 . 4 o n t i n u e d  

H .  z.  THETA, V ,  RH, 0, T .  RHO, P .  

m f t  m deg knots  m/sec p e r c e n t  "F O C  O F  OC gm/m3 I l b / f t 3  mb I I b / f t 2  f t  

932 .0  1 9 4 6 . 5  
9 1 2 . 1  1905 .0  
8 8 1 . 0  1 8 4 0 . 0  
850.7 1776 .7  
821 .1  1714 .9  
792 .4  l 6 5 5 . b  
764.5 1 5 9 6 . 7  

7 1 1 . 1  14615.2 
737.4 1540 .1  

685 .4  1431 .>  
660.6  1 3 7 9 . 7  

613  -0 1280 - 3  
636 .4  1 3 2 9 . 1  

5 6 8 . 1  1 1 8 6 . 5  

5 2 5 . 9  1098 .4  
546 .7  lA41 .8  

505 .8  1056 .4  
486 .1  1 0 1 5 . 2  
4 6 7 . 2  975 .8  
448.8 9 3 7 . 3  
431.0 900.2 
413.8 8 6 4 . 2  
397.0 829.2 
389 .9  795 .5  
365 -2 762  e7 
350 .1  7 3 1 . 2  
335 .4  700.5 
321 .2  670 .8  
307.4 642 .0  
2 9 4 . 1  6 1 4 . 2  
2 8 1 . 2  5 0 7 . 3  
268.8 561 .4  
256 .8  5 3 6 . 3  

5 9 0 . 2   1 2 3 2 . 7  

1072.; 
1055.7 
IO29 5 
1003 -6 
975.8 
948 .6  
922 .0  

870.5 
8 4 5 . 6  
821 .3  
797 .6  
774.4 
751 .8  
729.7 
708 .1  
6P7.0 
666 .4  
646.0 
626 .1  
606 .7  
567.8 
569 .3  
551 .3  
534 .1  

5 0 1 . 0  
517 .4  

4 8 5 . ~  
469 .5  
454.3 
439 .4  
424 .9  
410 .7  
396 .9  

896.0 
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e066942  

-06527b  
- 0 6 5 9 0 5  

e062653  
.06C917 

- 0 5 7 5 5 9  
e059219  

.(I55935 
- 0 5 4 3 4 4  
- 0 5 2 7 8 9  
e051272  
- 0 4 9 7 9 3  
.048344  
, 0 4 6 9 3 3  
- 0 4 5 5 5 4  

. 0 5 2 8 0 8  

. 0 4 4 2 0 5  

.CkC328 

.041602 

, 0 3 9 0 8 6  

eU3t695  
- 0 3 7 8 7 5  

.03554ri 

. a34417  
- 0 3 3 3 4 3  

.C31276 

. 0 3 2 3 0 0  

.u3b278 

.029310  
, 0 2 8 3 6 1  
.027431  

- 0 2 5 6 3 9  
. 0 2 t 5 2 6  

- 0 2 5 7 7 0  

2 8 . 3  
26.7 
2 4 . I  
21.4 
19.k 
1 7 . 3  
1 5 . 2  
1 3 . 1  
11.0 

8 . 9  
6 .7  
4 .6  
2 . 4  
.1 

-2.0 
-4.2 
-6.5 
- 8 . 8  

-11 .0  

-15 .4  
-13.2 

-17 .6  
-19 .9  
-22.2 
-2k.6 

- 2 9 . 6  
-27 .1  

-32 .2  
- 3 4 . 7  
-37.3 
-39 .9  
-42 .5  
-45 .0  
-k7.7 

8 2 . 9  
80.1 

70 .5  
75.4 

6 6 . 9  
6 3 . 1  
59.4 
5 5 . 6  
51 .0  
48 .0  
44 .1  
40 .3  
36 .3  
32.2 
28 .4  
24 .4  
26.3 
16.2 
1 2 . 2  
8.2 
4 .3  

.3 
-3 .8  
-8.0 

-12.3 

-21.3 
-16.8 

-26.0 
-30 .5  
-35.1 
-39 .8  
- 4 4 . 5  
-49 .0  
-53 .9  

8 . 7  
6.5 

- . 8  
2.9 

-2 .7 
-4 .7 
-6.6 
-8.6 

-10 .5  
-12 .3  
-13 .9  
-15.4 
- 1 7 . i  
-18 .7  
-20 .4  
-22 .1  
-23.8 
-25 .6  
-27 .6  

-31 .8  
-29 .7  

-33.9 

-38.2 
-36.u 

-40.4 
-42 .7  

- 4 7 . 3  
-45 .0  

-49 .7  
-52.0 
-54 .6  
-58 .2  
-61.8 
-65 .6  

47 .6  

37.2 
43 .7  

33 - 6  
2 7 . 1  
2 3 . 6  
2u. 1 
16.6 
13 .0  

9 . 9  
7 .1  
4 . 2  
1 . 3  

-1 .7  
-4 .7  
-7 .8  

-10 .9  
- 1 4 . 1  
-17 .7  
-21 .4  
-25.2 

-32.8 
-29 .0  

-4o .n  
- 3 6 . 1  

- k 4 . 9  
-49 .0  
- 5 3 . 2  
-57 .4  
-61 7 
- 6 6 . 7  
- 7 2 . 0  
- 7 9 . 2  
-86 .1  

2 9 . 1  
27.6 
25.1 
2 2 . 7  
2 2 . 2  
2 1 . 9  
21.6 
21 .3  
2 0 . 9  
2U.9 
21 .4  
21 .7  
22.2 
22.7 
2 3 . 0  
23 .3  
2 3 . 8  
24 .3  
2 4 . 1  
23 .7  
2 3 . 2  
2 2 . 6  
22 .5  

21.7 
22 .1  

21 .4  
2 1 . 1  
20 .9  
20.5 
20 .3  
1 9 . 0  
1 6 . 5  
1 3 . 8  
1 1 . 3  

2.1 
2.1 
1 .5  
2.1 

1 .0  
2.6 

1.0 
1 .5  
2.6 
a. 1 
3.6 

7 . 2  
2.6 

10 .3  
6.2 
k.6 
7.2 
7 .7  
6 . 7  
t . 7  
7.2 
7 .7 
7 .7  
8 .7  

1 0 . 3  
9.3 

10.8 
10 .3  
10.3 
11.3 
1 0 . 8  

0.0 
0.u 

C.0 

4.0 
4.0 
3.0 
4.0 
5 . 0  
2 .o 
2.0 
3 -0 
5 . 0  
6.0 
7.0 
5.0 

20.0 
14 .0  

12.0 

1 4 . 0  
15 .0  
13 .0  
13 .0  
14 -0 
15  a 0  
15 .0  

18 .0  
17 .0  

20.0 
21.0 

20.0 
22 .o 
21 .o 
0.0 
0.0  
0.0 

9.0 

20.0 

1 1 5 . 0  
79.0 
27 .0  

356.0 
339.0 
347.0 

~ 7 . 0  
133.0 
134 .0  
114 .0  

100.0 
93 .0  

351.0 
313.0 
294 .0  
294.0 
30C.O 
303.0 
299.0 
298 .0  
299.0 
299.0 
300.0 
301.0 
302 .0  
305 .0  
30C.O 

308 -0 
308.0 

309.0 
310.0 

0 .0  
0.0 

724 .   2375.  

1219 .  4000. 
914.  300C. 

1524 .  5000. 
1829 .  6000. 
2134. 7caa .  
2438.  8000. 
2743 .  9000 .  
3 0 4 8 .  1 O O O C .  
3353.  11000 .  

3962 .  13COO. 
3658.  1200C. 

4 2 6 7 .  14OOC. 
4572 .  15000 .  
4817.  lC000.  
5182.  17C00. 

5791 .   19000 .  
5486.  l e o a o .  
6096 .  20000. 
6401 .  2100C. 
6706 .  22000. 
7010 .  23000. 
7315 .  2kOCO. 
7620 .  2900C. 
7 9 2 5 .  26000. 
8230.  27000. 
8534 .  280ao. 
8839.  29000. 
9144 .  ?OOOO. 
9 4 4 9 .  31000.  
9754 .  32COO. 

lOC58. 33000.  
103C3. 34000. 

0.0 l o a m .  35000. 



TABLE 4.-Continued 

~ ~ ~~~ 

H ,  THETA, V ,  RH, D, T ,  RHO, P >  
rn deg knots  m/sec percent O F  "C O F  O C  gm/m I l b / f t 3  mb I l b / f t 2  f t  

l ?  33 3. 
13279.  
14229. 
17115. 
1'6128. 
17075. 
19029.  
19989. 
19940.  

21853. 
73897. 

2?808. 
23766. 

25685. 
?6644. 
t7611.  
19584. 

79530. 
79551. 

31  508. 
32491. 

344hl .  
9 5 + 4 b .  
3 6 4 3 4 .  
37430. 
39444. 
39457. 

41475. 
40464. 

47488. 
4 3  500. 
44509. 
45525. 
45548. 
47550. 
48591. 

24721. 

33470. 

933.2 

879.0 
910.0 

849.0 
819.8 
791.4 
763.1 
736.7 
710.5 

660.1 
684.9 

636.0 
612 -6 
589.8 
567.8 
546.3 
525.6 
5u5.4 

466.8 

4 3 0 . 6  
448.4 

413.4 
396.7 
380.6 
364  -9  
349.8 
335.1 
320.8 

485.7 

301.1 
293.7 
280.8 
268.3 
256.3 
244 .b 
233.4 
222.6 
212.2 
202.1 
192.5 

174.7  
183 - 4  

158.5 
166.4 

1'11.0 
143.8 
136.9 
133.4 
124 -1  

1900.6  
1942.8 

1b35.8 

1712.2 
1652.9 
1595.0  
1538.6 
1483.9 
1430.4 
1378.6 

1279.4 

~ 1 8 5 . 9  
1231.8 

1141.0 
1097.7 
1 0 5 5  5 
1014 4 

974.9 
936.5 

863.4 
899.3 

794 9 
762 e 1  

699   -9  
670.0  

b13.4 
641.4 

586.5 
560  -4 
535.3 
513.9 
4 8 7 .  > 
464.9 
443.2 
422.1 
402 e 0  

1773.2 

1328.3 

823.5 

730.6 

383.0 
364.9 
347.5 
331.0 
315.4 
300.3 
285.9 

259.2 
272.3 
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1105.4 

1 0 2 1   - 5  

964.7 
990.1 

939.9 
915.5 

868.2 
891.6 

844.3 

796.9 
820.3 

773.9 
751.5 

1060. r 

729.5 
708.1 
687.1 
666.6 
646.1 

006.3 
6 2 6 . 0  

587.2 
568.6 
550.6 
533.7 
517.3 

485 ,s  
501.2 

470.2 
455.3 
440.6 
426.2 
412.2 
398.5 
384.5 

356.5 
343.1 
33U.1 
314.9 

285.2 
27i.4 

247.6 
258 - 8  

236.7 
226.2 
216.1 
206.5 

370.3 

299.7 

.069008 

.Obt217 

.Obl8lU 
.063770 

n U 6 C 2 2 4  

05  7  153 
a058676 

.G55661 

.052708 

.054200 

.051210 

.04574Y 

.Oca313 

.CCt915 
- 0 4 5 5 4 1  
. 0 4 4 2 0 5  
-042894 
.0416A4 

.039G80 

.u4u335 

.a37850 
-036658 
.c35497 

-033318 
.034373 

032294 
mG31289 
-030309 
-029354 
e026423 
e027506 
.026607 
. 0 2 5 7 3 3  
.024878 
.024004 
.023117 

,015457 
.014777 
, 0 1 4 i Z l  

24.4 
21.9 
19.2 
i 6 .  6 
13.9 
11.3 

b.9 
b. 7 
4.5 
2.3 
b. 0 

-2.1 

-6.7 
-4.4 

-9.0 
-11.2 

-15.5 
-13.3 

-17.6 
-19.0 
-22.1 
-24.7 
-2 7.3 
-29.9 

-35.3 
-32.6 

-38.1 
-40.8 
-43.5 
-46.2 
-49.0 
-51.4 

e ( r L 2 2 5 6  -55.5 
-53.5 

-021419 -57.6 
.02L607 -59.7 
-019659 -60.0 
.Ole710 -59.8 
-017804 -59.6 
. a l e 9 4 3  -59.4 
a016156 -59.6 

-60.5 
-61. i 
-62 1 
-62.9 
-63.7 

66.2 
76. A 

75.9 
71.4 
66 .6  
61.9 
57.0 
52.3 
48 .0  

40.1 
44 .1  

36.1 

28.2 
32.0 

24.1 
19.9 
15.8 
11.8 

8.1 
4 -1 

. 3  
-3. 6 

-12.5 

-2i.8 
-17.1 

-26.7 
-31.5 
-36.6 
-41.4 
-46.3 
-51.2 
-56.2 

-64.3 
-60.5 

-11.7 

-76.0 
-75. 6 
-75.3 
-74.9 
-75.3 
-76.9 
-78.3 
-19.e 
-8A.2 
-82.7 

77.7 

- 7 . 8  

-67.9 

-75.5 

6.9 
5.1 

4.9 
6.2 

3.4 
1.9 

-1.5 
.2 

-3.2 
-5.5 

-10.8 
-8.1 

-13.4 
-16.2 
-18.9 

-24.6 

-29. 6 
-27.5 

- 3 1 . 3  
-33.1 
-34.9 
-3b.7 
-38.6 
-40 7 
-42.9 
-45.1 

-49.6 

-54.8 
-51.9 

-58.4 
-62 .3  
-66.6 
-69.8 
-71.5 
-73.1 
-74.9 
-76.6 
-76.8 
-76.7 
-76.5 

-76.5 

-71.9 
-78.5 

-21.7 

-47.3 

-76.3 

-77.3 

-19. 2 
-79.8 

41.1 
44.5 
4 3  - 2  
40.8 
38.1 

32.4 
35.3 

29.4 
26.2 
22.1 

12 .6  
7.8 

- 2  - 0  
2.9 

-7.1 
-12  - 3  
-17.5 
-21.3 
-24 .4  

-30.8 
-34.1 
-37.5 
-41  - 3  
-45.2 
-49.1 
-53.1 

-61 - 3  
- 6 6 .  t 
-73.2 
-80.2 
-67.8 
-93.6 
-96.6 

-102.7 
-99.7 

-106.3 

17.4 

- 2 7 . 6  

-57.2 

-105.e 

-1b6.0 
-105.7 
-105.5 
-105.6 
-107.1 

-109.4 
-108.2 

-110.5 
-111.7 

39.8 
32.4 
29.3 
28.3 
29.7 
31.4 
32.9 
34.6 
3 6 . 0  
35.6 
3 3 . 8  
32.0 
30.2 
2 8 . 4  
26.3 
24.5 

20.6  
20 .4  

20.6 
20.8 
21.0 
21.2 
2 1 . 4  
21.6 
21.8 
22.0 

21.0 
2 2 . 4  

17.9 
1 4 . 7  
11.5 

9.8 
9.7 

9.8 
9.8 

9.9 
9.9 

9.8 
9.8 
9. b 
9.9 
9.0 
9.9 
9.9 

10.0 
9.9 

2.1 
3.6 
6.2 

t .2  

5.1 
4 .1  
2.6 
2.1 

3.6  
2.1 

4 . 6  
4.1 
2.6 
2.1 
2.6 
3.1 
4 . 6  
6.2 

9.3 
9.3 

9.3 
9.3 

6.2 
0.2 

5.7 

5. r 

7.7 

8. r 

e.2 
e , z  

t.7 

7.7 
7.7 

6.2 

4 . 6  
5.1 

4.1 
4.1 
4.6 
5.1 
5. r 
5.7 
5.7 
6.2 
5.7 
5. r 
t.7 
7.7 
8.2 

4.0 
7.0 
12.0 

12.0 
1 1 . G  

10  .o 
11.0 

8.0 
5.u 
4 .O 
4.0 
7.0 
9.0 
8.0 

4 e 0  
5.0 

5 -0 

9.0 
6.0 

12.0 
15.0 
18.0 
18.0 
18.0 
18.0 

l6.b 

16.0 
16.0 

16.0 
15.0 
15.0 
13.0 
12.0 
10.0 

9.0 
8 .O 
8.0 
9.0 

11.0 
10.0 

11.0 
11.0 
12.0 
11.0 
11.0 
13.0 
15.0 
16.0 

17.6 

215.0 
241.0 
282.0 

283 .O 
289.0 

274.0 
269.0 
245.0 
220.0 

12C.0 
184.0 

97.C 

1 0 1  .o 
98.0 

1oo.c 
e5.0 
61.0 
43.0 
33.0 

29.6 
36.0 
38.0 
39.0 
40.0 
38.0 
35.0 

27.0 

32.0 

23.0 
27.C 

19.0 
16.0 
14.0 
12.0 

9.0 
5.0 

360.0 
354.0 
347.C 
343.0 

341.0 
343.0 

332.0 
324.0 
316.0 

299.0 
290.0 
288.0 

307.0 

914. 
1219. 
1524. 
1829. 
2134. 

724. 

2 4 3 8 .  
2743. 
304f!. 
3353. 
3650. 
3962. 
42b7. 

4877. 

5 4 8 6 .  
5182. 

5791 
6C96. 
t401. 
6706 
7010. 
7315. 

4572. 

7620. 
7925. 

8534. 
8839. 
9144. 

9754. 
9449. 

10058. 
10363. 
10668. 
10973. 
11278. 

11887. 
12192. 
12497. 
12802. 
13106. 
13411. 
13716. 
14021.  
14326. 
1 4 6 3 0 .  
14935. 
15240. 

8230. 

11582. 

3000. 
2?7f. 

4000. 
5000. 
eooo. 
7000. 
8000. 
90c0. 

.1uaco. 
12000. 
11ooc. 
13000. 
1 4 G O C .  
15000. 
1caoc.  
18000. 
17000. 

19000. 
20000. 

22000. 
21000. 

2300C. 
24000. 

26000. 
25000. 

27000. 
28000. 
29000. 
3aaoo. 

?2000. 
31000. 

3 4 0 0 0 .  
35000. 

33000. 

3~000. 

38000. 

4 0 0 0 0 .  
29COO. 

42000. 
41000. 

37000. 

43000. 
4 4 0 0 0 .  
45000. 
46000. 
47000. 
48OCO.  
45000 .  
LOCOO. 



TABLE 4.-Continued 

H.  2 ,  THETA, V ,  RH, T .  I 0. RHO, P .  
m f t  rn deg knots m/sec percent OF O C  OF f t  I mb I l b / f t 2  I gm/m3 1 I b / f t 3  1 O C  

931.0 
915.9 
879.' 
849.8 
820.5 
792.9 
764 - 2  
737 .1  
715.6 
684.8 
659.8 
635 - 4  
611.9 
588.9 
566.8 
F49.4 
5 2 4 . 6  
504.5 
485.0 
466.1 
447.8 
430.0 
412.7 
395.9 
379.7 

348.8 
364.0 

334.0 
319.7 
305.9 
292.5 
279.0 
267.1 
255.1 
243.5 
232.4 
221.7 

2Oi.5 
211.4 

192  -0  
182.9 

166.5 
174.3 

150.6 
159.1 

135.5 
143.4 

123.5 
129.8 

1944.4 
19b2.2 
1837.5 

1713.6 
1774.8 

1654.1 
1596.1 
1539.5 
1484.1 
1433 .2  
137b.0 
1327.1 
1277.a 
1229 .9  
1183.8 
1139.1 
1095.6 

1012.9 
1053.7 

973.5 
935 - 2  
898 1 
861.9 
826.9 
753.0 
760.2 
728.5 
697.6 
667.7 
638.9 
61d. 9 
584.u 
557.8 
532.8 
aOb.6 
485.4 
463.u 

423.6 
441.5 

401.0 
382.0 
364.0 
346.7 

314.5 
330.2 

299.5 
285.1 

257.9 
27r .1  

dUN?H 1 0  IJAY 5 

1103.3  
1062.4 
1021.1 

991.7 

943.6 
967.4 

920.3 
897.4 
875.0 
852.1 
di9.2 
804.3 
778.9 
754.3 
730.8 
7b7.6 
685.0 

6 4 3 . 3  
663.1 

6 0 6 . 2  
624.6 

588.3 
b70.8 
553.5 
536.4 
519.7 

487.4 
5u3.4 

471.9 
456.9 

426.1 
441.6 

411.1 
396.4 
381.7 
3 t 7 . 0  
352.8 

325.0 
339.3 

31r .5  
297.7 
284.4 
271.7 
259.5 
p47.9 
237.2 
227.1 
217.3 
207.9 

.66h817 

,063745 
.Ob6323 

.Ob1910 

.0589C7 
.060393 

,057452 
. 056G23  
,054624 
,053195 
e 0 5 1 7 t 5  
.u5O19L 
.C4Et2C 

. 0 4 : t 2 2  

.04*174 
,042763 
e041396 
.040160 
.(r3E993 
-037844  

0 3  672 6 
. 0 3 : t 3 4  
.b34E54 

~ 0 3 2 4 4 4  
. b 3 3 4 8 6  

-031426  
.030427 
. 0 2 9 4 t b  
.u2@517 
a 0 2 7 5 t 8  
.026601 
* 0 2 : 6 6 4  
.b24746 
a023829 
.C22911 
, 0 2 2 0 2 3  
,021163 
e020339 . I119446 
nu18585 

,016962 
,317755 

$ 0 1  5476 
. C l C 2 O G  

. 0 1 4 8 0 6  
,014177 
.Or3566 

e047102 

- 6 1 2 9 7 9  

24.5 
20.0 

26.3 
24.5 
21.5 
18.5 
15.4 
12.3 

6.2 
9.2 

3.5 
1.8 

. 2  

-3.0 
-1.4 

-4.7 
-6.4 
-8.1 

-1II.5 
-13.1 
-15.8 
-18.4 
-21.2 
-23.9 
-26.4 
-29.0 
-31.7 
-34.3 
-37.0 

-42.3 
-39.7 

-44.5 
-46.6 
-46.G 
-50.8 
-52.4 
-54.1 
-55.8 
-57.5 
-58.3 
-58.9 

-60.2 
-59.6 

-61.4 
-60.8 

-02 .5  
-63.7 
-64.9 
-66.1 

Y E A R  76 HGUY SF Y E L E A S E  9007 

6 8 . 0  

78.h 
76 -1 

76.1 

65.3 
70.7 

59.7 

4P.6 
5 4 . 1  

3B.3 
43.2 

35.2 
32.4 
29.5 
26.6 
2 3  -5 
20.5 

13.1 
17.4 

3 . b  
E.4 

-1.1 

-11.0 
-6.2 

-15.5 

-25.1 
-20 .2  

-34. t  
-29.7 

-39.5 
-44.1 
-48.1 
-51.9 
-56.0 
-59.4 
-62 a 3  
-65.4 
-68.4 
-71  -5 
-72.9 
-74.0 

-76.4 
-75.3 

-78.5 
-77.4 

- 8 0 . 5  
-82.7 

-87.L 
-e&.& 

4.8 
3.0 

4.0 
1.6 -. 3 

.7 

-1.6 

-4.7 
-3.1 

-6.1 
- 5 . h  

-12.8 
-15.3 

-20.6 
-17.9 

-23.5 
- 2 6 . 5  
-29.7 
-32.b 
-33.0 
-35.9 

-39.9 
-37.9 

- 4 2 . U  
-44.0 
-46.1 
-48.3 

-52.6 
-50.4 

-62.4 
-54.9 

-65.9 
-64.2 

-69.3 
-67.7 

-70. 6 
-72.0 
-73.4 
-74.8 
-75.4 
-75.9 

-76.0 
-76.4 

-78.0 
-77.4 

-78.9 
-79.8 
-80 .0  
-61.8 

37.3 
40.7 
39.3 
34. t  

31.4 
3 3 . 3  

29.1 
26.5 

22.0 
2 3 . 5  

21 .o 
9 . 0  

- . 3  
4.5 

-1i1.3 
- 7 . 2  

-15.1 
-21.5 

-2V.O 
-25.5 

-32 .5  
-36 .1  

-43.5 
-47.3 
-51.0 
-54.5 

-62.7 
-58.7 

-66.9 
- 8 0 . 3  

-86.7 
- 8 3 . 5  

-69.5 
-92.7 
-95.1 

-100.1 
-97.0 

-102.6 
-103.8 
-104.7 
-105 . t  
-106.5 
-107.4 
-1u8.3 
-110.0 
-111.7 

-115.2 
-113.5 

-3s.e 

32.3 
28.0 
2 4 . 2  
22.2 

28.0 
25.1 

31 .G 
34.1 
37.0 
42 . t  
49.3 

30.1 
33.0 

24.2 
27.2 

21.4 
18.6 
15.7 
1 5 . 3  
15.7 
16.1 

17.0 
16.4 

17.3 
17.4 
17.7 
18.0 
18.2 
18.4 
18.4 

9.5 
9.6 
9. t  
F.7 
9.7 
9.7 
9.7 
9.7 
9.8 
9.8 

9.9 
9.6 

9.9 
9.9 
9.9 
9.9 

10.0 
10.0 
10.1 

1.5 
2.1 
2.1 

4.1 
2.6 

3.6 
4.1 
3.6 

4.1 
4.1 

3.6 
3.1 
3.1 

2.1 
2.6 

1.5 
1.0 
2.1 
3 . 6  
4.1 
4.1 
4. 6 
4.6 
5.1 
t.2 

t .7  
e. 2 

t . 2  
t .7  

4.6 
5.1 

3.1 
4.1 

3.1 
2.6 

2.6 
3.1 
3.1 
3. 6 
4 . 1  
t . 2  

8.7 
7.7 

9.3 
9.8 

10.3  
5.8 
9.3 

2.6 

3.0 
4.0 
4.0 
5.0 
8 . 0  

8 . 0  
7.0 

7.0 
8.0 
8 . 0  
7.0 
6.0 
6.0 

4.0 
5.0 

3 -0  
2.0 
4.0 
7.0 
8 .O 
8 .o 
9.b 

10.0 
9.0 

12.0 
12.G 
13.0 
13.0 
12.0 
10.0 

9.u 
8.0 
6.0 
6 . 0  
5.0 

5 -0  
5.0 

6.0 
6.0 

8 .O 
7.0 

12.0 
15.0 
17.0 
18.0 
19.0 
20.0 
19.0 
18.0 

225.0 
209.0 
223.0 
306 a 0  
310.C 
271.0 
232.0 
219.0 
211.0 
202.P 
1C9.0 
190.0 
190 m0 
193.C 
193.C 
177.C 
118.0 

32.0 
17.C 
11.c 

8.0 
4.0 

360.0 
3 C t . C  
3 5 4 . C  

337.0 
346.0 

33t.O 
336.0 
331.0 
326.0 
3 4 5 . 0  

356 a 0  
5.0 

345.0 
352.0 
354.0 
330.C 
310.C 
299.G 
290.0 

2e3 .0  
28 t .a  

2e1.c 
279.0 
28C.C 
282.C 
285.C 
288 .0  

724.  2375. 
914.  3000.  

1219 .  4COO. 
1924.  5000. 

2134. 7000.  
1829. 6 O C C .  

7 4 3 8 .  8000. 
2743.  90UO. 
3048.  l a o c o .  
3 3 5 3 .  1 1 C O O .  
3658.  12000. 

4 2 t 7 .  l40GO. 
3962.  1300C. 

4077. 1tCOOe 

5486.  18GGC. 
5182. 17COO. 

5791. 19000.  
CC96. Z C O O O .  
6401 .  2lOCO. 
6706 .  2 2 0 0 0 .  

7 3 1 5 .  24CCC. 
7010.  23000.  

7 tZO. 25COCe 
7925.  2600C. 
8230 .  27000. 
8 5 3 4 .  28000. 
8 8 3 9 .  '290CC. 
9144 .  3COOC. 

10CL8. ?3COC.  
9754 .  32000. 

10363. ?400C. 

1C973. 3600C. 
1OC6@. 34000. 

11278.  37000.  

4572.  1 m o .  

9449.  Z Icac .  

11582. zecoc.  
11887.  3500Ce 
12192.  40000. 

12802 .  42ccc .  
12497.  4 l C C C .  

131C6. 43000. 
13411 .  44COO. 

14021.  4 6 0 0 0 .  
1 3 7 1 ~ .  4saoc. 

14326 .  47000. 
14t3G.  4E000 .  
14935 .  4 5 0 C C .  
15240.  I C O O O .  



TABLE 4 .4ont inued 

H .  I P9 2 ,  THETA, V ,  RH I T .  I 0,  RHO, 

m f t  I mb I l b / f t 2  I gm/m3 [ I b / f t 3  I OC O C  OF ft m deg knots m/sec percent O F  

MONTP 1 0  DAY 11 YEAR 78 HUUP OF R E L E A S E  9002 

9h?. ?8?8.  
677. ? 2 2 2 .  

1153. 3 783. 
1443. 4734. 
1 7 3 7 .  5684. 

1314. 7593. 
?7'3. 4637. 

ZRQ7. 9505. 
? 6'". 9 54 7. 

3199. 17466. 
1493. 11426. 

4 0 6 5 .  13336. 
3 7 7 4 .  12381. 

4355. 14289. 
5655. 15240. 
4936. 10196. 
5 2 7 4 .  17145. 
5515. 19096. 

5098. ' 0 0 0 7 .  
5867. 19053. 

5389. "7960.  
5fI81. ?1918. 
597'. ?'A75. 
7755. 2 1 8 3 6 .  
7-59, ' 4 8 9 0 .  
7 Q 5 ? .  '5760. 
9145. 2 5 7 2 2 .  
9439. ?'684. 
9734. ?R654. 
9027. 27615. 
73??. 91582 .  
9615. 31547. 

13?34. 33478. 
9911. 3?515. 

17499. 34444. 
17791. 9 5 4 1 0 .  
11399.  3537R. 

11683. 78331. 
11935 .  37351. 

1 9 2 8 3 .  47317. 
lr9R4. '17317. 

1'5q'l. 41333. 
1?905. 4?339. 

11533. 44399. 
11219. 43369. 

141%5. b5472. 
13951. 45438. 

14497. 47512. 
14901. 49557. 

934.5  1951.7  1133.2 
913.9  1908.7  10E1.3 
882.2 1842.5  1046.0 
851.5 
821.7 
792.7 
764.4 
737.0 
710.3 
6 9 4 . 3  
659.1 
634.8 
611.2 
588.4 
566.3 
544.8 

504.0 
524.1 

46505 
484.4 

429.4 
447.2 

412.2 
395.5 
379.3 
363.7 

3 3 4 . 0  
348.6 

319.8 
336.2 
293 - 0  
280.3 
26800 
256.2 
244.8 
233.8 

213 .O 
203.2 
1'43.8 
184.7 
175.9 
167.6 
159.5 
151.8 
144.4 
131 - 4  
130.7 
124.3 

223.2 

1778.4   lUl l .8  
1716.2 
1655.6 
1596.5 
1539.3 
1483 5 
1429.2 
1376.6 

1276.5 
1325.8 

1228.9 
1182.7 
1137.8 
1094.6 
1052.6 
1011.7 

972 -2  
934.0 
896.8 
860.9 
826.0  
792.2 

728.1 
697.6 
667.9 
639.5 
611.9 
585.4 
559.7 
535.1 

488.3  
511.3 

466.2 

526.4 
444.9 

5 ~ 4 . 8  
385.8 
367.4 
350.0  

317.0 
333.1 

301.6 
287.0 
273.0 
259.6 

759.6 

984.8 
958.7 
933.r 
908.0 
0e3.4 
856.9 
a29.5 
802.9 
777.0 
753.J 
730.3 
707.7 
685.7 
664.2 
644.1 

605.9 
6 2 4 . 8  

569.4 
587.4 

551.6 
533.6 
516.0 
k98.9 

466.1 
462.3 

450.4 
434.7 

404.3 
419.3 

389.7 
375.7 
362.2 
349.1 

324.1 
336.4 

311.6 
299.2 
267.3 
275.8 

253.9 
264.7 

242.6 
231.4 
220.8 
21d.6 

.075743 

. G65300 
-067503 

C61479 
-063165 

-059850 
-056252 
. 0 5 t t 8 5  
-055149 
.c53495 
e051784 

048 5U7 
.050123 

,047008 
,045591 

. 0 4 i 8 0 7  

.044180 

a041465 
.04C210 

- 0 3 7 8 2 5  
,039005 

- 0 3 t 6 7 0  
,035540 

.033312 
-034435 

-032213 . u 3 O i m  

.028118 

.02909e 

.u27137 

.a26176 

,031145 

.02524u 

. 0 2 4 3 2 8  

.023454 
-022611 
e021794 

,020233 
.021001 

-018678 
.u19453 

.0&7936 

-016525 
, 0 1 7 2 1 8  

. O i 5 8 5 0  

. 0 i t 1 4 5  
-014446 
.ul37114 
,013147 

13.3 
20.4 
19.8 
19.2 

14.2 
16.8 

11 .7  
9.1 
6.5 
4.7 

2.0 
3 . 3  

.7 
-1.0 

-5.0 
-3. 1 

-6.9 
-8.8 

-11.1 
-13.5 
-16.0 
-18.4 
-20.9 
-23.3 
-25.4 
-27.5 
-29.7 
-31.6 
-34.0 
-36.2 
- 3 8 . 3  
-40.2 
-42.1 
-44. (j 

-46.0 

-50.3 
-48.1 

-52  - 4  

-56.4 
-54.6 

- 5 8 . 0  
-59.7 
-61.3 

-64.7 
-63.0 

-65.6 
-66.2 
-66.8 

68.7 
55.9 

67.6 
6 b . 6  
62 .2  
57.6 

48.4 
53.1 

43.7 
su. 5 
37.9 
35.t  
33.3 
30.2 
26.4 
23.0 
19.6 
16.2 
12.0 

7.7 
3.2 

-1.1 
-5.t  
-9.9 

-13.7 
-17.5 
-21.5 
-25.2 
-29.2 
-33.2 
-36.9 
-40.4 

-47.2 
-43.8 

-50 .8  
-54.6 
-56.5 

-66.3 
-62.3 

-69.5 
-72.4 
-75.5 
-78.5 
-81.4 
-84.5 
-86.1 

2.5 
3.5 
2.4 
1.1 
-.8 

-4.8 
-2.8 

-6.8 

-11.0 
-8.9 

-13.2 
-15.5 
-i7.a 
-19.8 
-21.5 
-23.2 
-25.0 

-28. 5 
-26.7 

-30.3 
-32.2 

-36.0 
-54.1 

-38.b 
-39.9 
-51.8 
-53.7 
-45.6 
-47.5 
-49.5 
-52.0 

-58.5 
-55.1 

-62.3 
-65.4 

-68.9 
-67.1 

-70.6 
-72 .4  
-73.9 
-75.2 
-76 5 
-77.9 

-80.7 
-79.3 

-61.4 

36.6 
3 8 . 4  
36.2 
34 -1 

27.0 
30.6 

23.4 
19.7 
16  e 0  
12.1  

8.2 
4.1 
-.l 

-3.7 
-6.6 
-9.8 

-12.9 

-19.3 
-16.1 

- 2 6 . 0  
-22.6 

-32.9 
-29.4 

-36.4 
-39.7 

-46.6 
-43.2 

-50.1 
-53.6 
-57.1 
-61. t 
-67.3 
-73.3 
-80.2 

-88.8 
-85 .8  

-91.5 
-95.1 
-98.3 

-103.4 
-100.9 

-105.6 
-108.2 

-113.2 
-110.7 

-i14.5 

48.0 
32.8 
31.3 
29.8 
30.2 
30.8 
31.2 
31.7 
32.2 
30.9 
28.5 
26.0 
23.5 
22.4 
22.7 
22.5 
22 .2  
21.9 
22.3 
22.8 

23.9 
23.4 

24.4 
24.8 
24.7 

24.t  
2 4 . 6  

24.4 
24.4 
25.3 
22.5 

15.3 
18.9 

11.6 
9.6 
9.6 
9.7 

9.8 
9.7 

9.6 
9.8 

9.9 
9.9 
9.9 

10.0 
10.1 

1.0 
1.0 
1.5 
2.1 
3.6 
4.1 
4.6 
4.6 
4.6 

3.6 
3. 1 

4.1 
4.6 
4.1 
2.6 
2.1 
4.1 

6.7 
5.1 

t .7  
t.7 
t .7  
t . 2  
7.2 

10.3 
8.2 

12.3 

20.1 
15.4 

24.2 
25.7 
26.8 
28.3 
29.3 
29.8 

29.8 
29.8 

29.8 
29.8 
28.3 
25.7 
23.1 
19.5 
15.4 
13.9 

2 .o 
2.0 
3.0 
4.0 
7.0 

9.0 
8 .O 

9.u 
9.0 
6.0 
7.0 
8.0  
9.0 
8.0 
5 a 0  
4.0 

10.0 
8.U 

13.0 
13.0 
13.0 
13.0 
12.0 
14 e 0  
16.0 
20.0 
24.0 
30 -0 
39.0 
47.0 
50.0 
52.0 
55 .0 
57.0 
58.0 
58 e 0  

58.0 
50 - 0  
58 e 0  
55.0 
50.0 
45.0 
38.0 

27.0 
3U.O 

24.0 

355.0 
321.0 
300.0 

84.0 
12.c 

70 e 0  
44.0 
13.0 
1s .c 
29.0 
26.0 

48.0 
41.0 

59.0 
46 -0  

353.0 
346.0 

3.0 

353.0 
2 .a 

339.0 
322.0 

3.0 

315.0 
310.0 
30t -0  
302.0 
300.0 
299.0 
299.0 
299.0 
30000 
297.0 
294.0 
293.0 
291.0 
290.0 

288.0 

293.0 
291.0 

289.0 

298.C 
295.C 

301.0 
300.0 

303.0 

724 
914. 

1219. 
1524. 

2134. 
1829. 

2438. 
2743. 
3048. 
3353. 

4267. 
3962. 

4572. 

3658. 

4 1371. 
5182. 
5486. 
5791. 
6096. 

6706. 
6401. 

7010. 
7315. 
7620. 
7925. 
8230. 
8334.  

9144. 
9449. 

10048. 
9754. 

10363. 
1 0 t 6 8 .  

11278. 
10973. 

11582. 

12192. 
11887. 

12597. 
l28C2. 
13106. 
13411. 
13716. 
14C21. 
14326. 

8839. 

2375. 
3000. 
4000. 
5000. 
6000. 
7000 
8000. 

10000. 
9000. 

u a o o .  
12aoo. 

14000. 
1300C. 

15COC. 
16000. 
17000. 
18000. 

Z O C O O .  
19COC. 

22000. 
21000. 

230CC. 
24000. 
25000. 
26aoo. 
27000. 
28000. 
ZFCOO. 
30C00. 
31000. 
?ZCOO. 
33000.  
34000. 
35000. 
3tOOC. 
37000. 
38000.  

40000. 
39000. 

4100C. 
42000. 
4300C. 
4 4 C O C .  
45CCO. 
46COC.  
4700C. 
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939.5 
91u.0 
879.6 
848.4 
819.1 

762.9 
790 6 

703.7 
735.9 

584.1 
659.4 
635.3 
612.J 
589.4 
567.4 

525.5 
546.1 

535.5 
4 8 6 . 0  
467.2 
448.9 
431.2 
414.0 
397.3 
381.1 

350.3 
355.5 

335.6 
321.4 
357.7 
294.4 
281.5 
259.2 
257.3 
245.9 
234.9 
224.3 
2 1 4 . J  
204.2 
194.7 
185.7 
176.9 
169.5 
160.5 
152.7 
145.3 
138.2 
131.3 
124.8 

1943.4 

1 8 3 5 . ~  
1 9 ~ 3 .  6 

1 7 7 1  3 
1710.7 

1593.3 
1651.2 

146t .2  
1537.0 

1426.6 
i 377 .2  
r32b.9 

1231.G 
1278.2 

1185.C 
1140.6 

1055.b 
1097.5 

1015.0 
975.8 
937.5 
VuO.6 
864.7 
829.8 
795.9 
763.4 

705  Y 
731.6 

671.3 
bC2.0 
614.9 
5e7.9 
2 6 2 . 2  
537.4 
513.6 
490.6 
4b8.5 

426.5 
446.9 

4 0 6 . 6  
387.8 
369.5 
351.9 

310.9 
335.2 

3u3.5 
288 .6  
274.2 
260.7 

1121.5 

1032.4 
1U7L.4 

994.5 
968.0 
942.0 
916.6 

667.2 
842.5 
817.9 
793.9 
77U.4 
747.5 
755.2 
7us.3 
682.0 

641.5 
b e l l 2  

622.5 
604.0 
565.9 
568.2 
350.8 
533.7 
517.0 
500.8 
464.9 
469.4 

438.7 
454.3 

422.5 
406 .8  
391.7 
377.1 
3b3 .L  
3 4 Y  .8 
336.0 
324.1 

299.6 
311.7 

287.9 
276.5 
265.6 
255.J 
244.7 
234.7 
22>.0 
214 .8  

a91.6 

M C R T H  1 0  O I Y  1 2  Y E A R  78 HObh OF P E L E A S E  9007  

.L7(lO13 

.UQt54d  
e t 6 4 4 5 1  
.ObEub5 
.Ub(r431) 
.0588C7 
.G57221 
a G 5 5 6 t l  
.054138 
,052596 
. u 5 1 u t u  

.04€695  

.u495CZ 

. G 4 t b t 5  
,045273 
.043906 
.042576 
. u t 1 2 7 1  
. 0 4 0 0 4 8  
-03t8tl 
. 6 3 7 7 G 6  

,035472 
. 0 j t 5 7 7  

.u34365 
- 0 3 3 3 1 8  
- 0 3 2 2 7 5  

.03G271 
,031264 

.0293U4 . U2 7 307 
sU26376 

02 5 3 9 t  
- 0 2 5 4 5 3  
0 023542 
-022674  
.O21837 
.U21026 

.Gl$t59 

.(12c233 

. 01€703  

.u17973 
mu17261 
. G l t 5 8 1  
.015919 

-014652  
,015276 

.014046 

. u 2 8 3 t 1  

.u13410 

15.2 
21.3 
22.1 

20.5 
22.u 

15.9 
18.2 

13.6 
11.2 

9.1 
7.1 
5.2 
3.2 
1.2 
-.8 

-2 .8 
-4.8 
-6.9 
-9.3 

-11.7 
-14.2 

-19.3 
-16.8 

-21.8 
- 2 4 . 3  

-29.3 
-20.6 

- 3 4 . 5  
-31.9 

-39.3 
-37.1 

-40.9 
- 4 2 . 5  
-44.1 
-45.9 

-49.7 
-47.8 

-51.0 
-53.5 
-55.4 
-57.2 
-58.9 
-60.7 
-62.5 
-64.4 
- 6 6 . 2  
-67.9 
-69.7 
-7u.7 

59.4 
7u.3 
71.8 
73.0 
6 0 . 9  
6 4 . 8  
t6.6 
5c. 5 
52 - 2  
4 8 . 4  
44.8 
41.4 
37. t 
34.2 
30.6 
27.0 
23.4 
L9.b 
15.3 
LO.9 

6.4 

-2.7 
1.8 

-7.2 
-11.7 
-16.2 
-20 - 7  
-25.4 
-30.1 

-38.7 
- 3 4 . 8  

-41. b 
-44.5 

-50.6 
- 4 7 . 4  

- 5 k . U  

-64.9 
-57.5 

-64.3 
-67.7 
-71.C 
-74.0 
-77.3 
-80 .5  
-83.9 
-87.2 
-9U. 2 
-93.5 
-95.3 

.8  
6 .5  

6 . 4  
6.5 

4 . 6  
2.8 

-1.0 
.9 

-2.9 
-4.9 
-7.0 
-9.0 

-11.1 
-13.1 
-15.2 
-1 7.3 
-19.5 

-23.6 
-21.6 

-27.7 
-25.6 

-31.9 
-29.8 

-34.0 
-36 .?  
- 3 6 . 4  

-42.8 
- 4 0 . 6  

-45.1 
-47.4 
-50.1 
-53.3 
-56.9 
-61.3 
-65.3 
-66 8 
-68.4 
-70.J 
-71.5 
-73.0 
-74.3 
-75.9 
-77.4 

-60.2 
-76.9 

-81.9 
-83.3 
- @ 4 . 8  
-95.6 

3 3 . 4  
43.7 
k 3 . 8  
4 3  -6 
43.3 

33.6 
37.0 

39.2 
26.e 
23.2 
19.5 
15.b 
12.1 

3 . 4  
4 . t  

- 3 . 0  
- 6  

-6.5 
-10.5 

-17.b 
-14.1 

-21.6 
-25.3 
- 2 9 . 2  
-33.1 
-37.C 
-41.1 
-45.1 
-49.2 
- 5 3 . 4  
-58.1 
-63.9 
-73.5 

- 8 5 . 5  
-70.3 

-86.3 
-91.1 
-93.5 
-96.8 
-99.5 

-102 .c  
-104.7 
-107.3 
-A lO .C  

-112.7 
-115.4 
-118.0 

-122.1 
-120.7 

37.4 
3e.2 
36.5 
34.7 
35.2 
35.7 
3 t . l  
36.5 
37.1 
36.7 
36.0  

3 4 . 2  
35.0 

32.6 
33.4 

30.7 
31.7 

30.0 

30.5 
30.2 

31.0 
3 i .7  
32.1 
32.4 
32.6 
32.7 
32.8 
33.1 
33.4 
33.: 
31.2 
25.3 
19.4 
13.4 

9. 6 
s.7 
9.7 

9.7 
9.7 

9.6 
F.9 
5.e 
c.9 
5.9 

10.0 
10.1 
10.1 

10.2 
10.1 

1.0 
1.5 

4.6 
2.6 

5.7 
7.7 
8.2 

6.7 
7.7 

7.2 
7.2 

7.2 
7.2 

b.2 
4.6 
3.6 
4.1 

3.6 
4.1 

3.1 
2.6 
2.1 
1.5 
1.5 
1.5 
1.5 
1.5 
2.1 
4.1 
7.2 

14.4 
1C.3 

1E.J 
22.1 
26.2 
25.3 
31.9 
31.9 
31.9 
2s .e  
21.3 

22.i  
24.7 

21.6 
20.6 
20.1 
19.5 
17.5 
1C.5 

2 .0  
3 -0  
5.0 
9.0 

11.0 
15.0 
16.0 
15.0 
13.0 
14.0 
1k.O 
14.0 
14 -0  
12.0 

9.u 

8.0 
7.5 

8.0 
7.0 
6.0 

4 . 0  
5.0 

3.0 
3.0 

3.0 

3.0 
3 a0 

4.0 

14.0 
8 .O 

20.0 
28.0 
35.0 
4 3 . 0  

57.0 
51.0 

62.3 
62 - 0  
e2.0 
58.0 
53.0 
48.0 
4 3 . 0  
42.0 
40.0 
39.0 
38 .J 
34 .0  
32.0 

350.0 

15.C 
3.0 

15.0 
50.0 

t7.c 
58.0 

76.0 

1C7.0 
92.0 

108.0 
97.0 

75.c 
55.0 
43 -0  
36.0 

19.0 
2t.C 

l t . 0  
12.C 

4 . 0  
4 . 0  

14.0 
17.C 
19.0 

347.0 

305.0 
318.0 

297.C 
296.0 
296.0 
296.0 
296.0 
295.0 

295.0 
295.0 

29t .0  
296.0 
298.0 
299.0 
301  e 0  
3 C B . C  
3G2.0 
302.0 
305.C 
305.0 
305.0 

e7.0 

306.0 

724. 
914. 

1219. 

1.929. 
1525. 

2134. 
2 4 3 8 .  
2743. 
3048. 

3458. 
3353. 

4267. 
4572. 
4177. 
5182. 
5486. 
5 7 5 1  
6096. 
6401. 
6706. 

3 9 t 2 .  

7010. 

7620. 
7925. 
8230. 
8134. 

91k4.  
8834. 

5449. 

10058. 
P754. 

10363. 

7215. 

I C I ~ C R .  

11278. 
10573. 

11582. 
11887. 

12497. 
12192. 

12R02. 
13106. 
13411. 
13716. 
14C21. 

14630. 
14226. 

149?5. 
15240. 

2375. 
3 C O O .  
4COOa 
5000. 
COOC. 
7000. 
8CCC. 

100CC. 
9000. 

1 l O G C .  
IZOOC. 

14000. 
13000. 

16COO. 
150CO. 

1700C. 
16000. 

ZCOOC. 
15COC. 

22000. 
i 1 0 0 c .  

23000. 
24000 .  
25000. 
260CC. 
270CC. 
2800C. 
29000. 
P C C C C .  
31COC. 
3200C. 

34000. 
3300C. 

3500C. 
? 6 C O O .  

38COC. 
?70CC. 

4000Ca 
39000. 

4 P C O O .  
41CCC. 

4300C. 
440CC. 
4500C. 
4tOCO. 
470CO. 
4800C. 
49COC. 
5ococ. 
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H.  2 .  THETA, V .  RH D .  T .  RHO, P9 
m f t  m deg knots m/sec percent O F  

O C  I gm/m3 I lb/ft3 mb 1 l b / f t 2  O C  OF f t  

7 6 4 . 4  

7 1 3 . 9  
7 3 7 . 3  

6 8 5 . 2  
660.3 
6 3 6 . 2  
6 1 2 . 9  
5 9 0 . 3  
5 6 8 . 2  
516.8 
5 2 6 . 1  
5 0 5 . 9  
486 .4  
467.4  
4 1 9 . 0  
4 3 1 . 1  
4 1 3 . 7  
396 .0  
3 8 0 . 5  
3 6 4 . 7  
3 4 9 . 4  
334.6 
320 .4  
336 .6  
2 9 3 . 3  

2 6 8 . 2  
280 .5  

256 .3  
2 4 4  e 8  
233.17 
2 2 3 . 1  
2 1 2 . 9  
293.0 
1 9 3 . 4  
l R 4 . 4  
1 7 5 . 6  
1 6 7 . 2  
1 5 9 . 1  
1 5 1 . 3  
1 4 3 . 9  
1 3 6 . 7  
1 2 9 . 9  
1 2 3 . 4  

1 5 9 6 . 5  
1 5 3 9 . 9  
1484.7  
1 4 3 1 . 1  
1.i79.1 
1328 7 
1280.1  
1 2 3 2 . 9  
1 1 8 6 . 7  
1 1 4 2 . 0  
1 0 9 8 . 8  
1 ~ 5 6 . 6  
1 0 1 5 . 9  

9 7 6 . 2  

9 0 0 . 4  
9 3 7 . 8  

864.U 
8 2 8 . 7  
794 .7  
7 6 1 . 7  
7 2 9 . 7  
6 9 8 . 8  
6 6 9 . 2  

6 1 2 . 6  
6 4 0 . 3  

5 8 5 . 8  
5 6 0 . 1  
5 3 5 . 3  
511.3 
4 8 8 . 3  
466.61 
444 .7  
424.0 
4 b 4 . 1  
385 .1  
366 .7  
3 4 9 . 2  

3 1 6 . 0  
332 .3  

3 0 3 . 5  
285.5 
2 7 1 . 3  
2 2 7 . 7  

MONTH 10 O A Y  1 3  Y E A Y  7 8  

1 1 2 6 . 0  
1 5 9 2 . 5  
1 0 4 1 . 6  

9 6 8 . 7  
9 9 3 . 6  

9 2 0 . 5  
9 4 4 . 4  

8 7 4 . 1  
8 9 7 . 1  

8 4 8 . 2  
820 .7  

7 6 8 . 7  
7 9 3 . 9  

7 4 9 . 0  
7 2 8 . 1  
7 0 6 . 8  
686.0 
665 - 7  
b 4 6 . 4  

6U9.4 
6 2 7 . 7  

5 9 1 . 6  
5 7 4 . 1  
5 5 6 . 8  
536 .8  
5 2 1 . 3  
504  5 
4 0 8 . 9  
470 .4  
4 5 3 . 8  
4 3 7 . 7  
4 2 2 . 2  
4 0 7 . 1  
392.5 

364 .5  
3 5 1 . 0  
3 3 8 . 0  
3L5.4 
3 1 2 . 9  
300.7 
2 8 8 . 9  
277 .4  

2 5 5 . 7  
2 6 6 . 4  

2 4 5 . 0  
2 3 1 . 6  
224 6 
214 .9  

3 7 8 . 3  

aC70294 

0 6 2 b i 8  
, 0 6 5 0 2 5  

a b 6 0 4 7 4  
.U58557 
aL57465 

(r5tOC4 
- 0 5 4 5 6 8  
- 0 5 2 9 5 1  
e 0 5 1 2 3 5  

. 6I47988 
, 0 4 9 5 6 ~  

m04t759 
a 0 4 5 4 5 4  

04  4124 
, 0 4 2 8 2 6  
- 0 4 1 5 5 8  
e 0 4 0 3 5 3  
e 0 3 9 1 8 6  

e 0 3 6 9 3 2  
e 0 3 5 8 4 0  

e 0 3 3 6 3 6  
- 0 3 4 7 6 0  

- 0 3 2 5 4 4  
- 0 3 1 4 9 5  
. 0 3 0 5 2 1  
- 0 2 9 3 6 6  
. 0 2 € 3 3 0  
, 0 2 7 3 2 5  
- 0 2 6 3 5 7  
- 0 2 5 4 1 4  
e 0 2 4 5 0 3  
. 0 2 3 6 1 6  
- 0 2 2 7 5 5  
~ 0 2 1 9 1 2  
.OZlicl 
eC20314 
. I d 9 5 3 4  

. 0 1 7 t 1 8  

.018G35 

, 0 1 5 9 6 3  
e 0 1 6 6 3 1  

- 0 1 5 2 9 5  

e 0 1 4 0 2 1  
- 0 1 4 6 4 6  

, 0 1 3 4 1 6  

. o b 8 2 0 3  

.a381144 

. o l e 7 7 2  

1 7 . 2  
15 .0  

2 0 . 7  
2 4 . 1  
2 1 . 3  

1 5 . 5  
1 8 . 4  

12.6 
9 0 7  
7 . 8  
6.8  
5 . 7  
4 . 3  

-1.3 
1 . 2  

- 3 . 7  
-6.0 
-8 .4  

- 1 1 . 0  
-13 .7  
-16.5 
- ~ 9 . 2  
- 2 2 . 1  
- 2 4 . 8  

- 2 9 . 3  
-27 .1  

- 3 1 . 8  
-34 .6  
-35 .8  
- 3 7 . 7  
- 3 9 . h  

-43 .6  
-41 .6  

-45 .6  
- 4 1 . 6  
- 4 9 . 6  
-51 L 6 
-53 .7  
-55 .7  
- 5 7 . 6  
-59 .4  
- 6 1 . 3  
-63 .1  
- 6 5 . 0  
- 6 6 . 9  
- 6 8 . 5  
-70 .0  

- 7 3 . 5  
-71 .6  

5 9 . 0  
6 3 . 0  
6 9 . 3  
7 5 . 4  
7 J . 3  
6 5 . 1  
5 9 . 9  
5 4 . 7  
4 9 . 5  
46.0 
4 4  e 2  
4 2 . 3  
3 9 . 7  
34 .2  
29.7 
25.3 
21.2  
16.5 
1 2 . 2  
7.3 
2 .3  

- 2 . 6  

-12 .6  
-7.8 

-16 .8  

-25 .2  
-30 3 
-32 .4  
- 3 5 . 9  
-39.3 

-46 .5  
- 4 2 . 9  

-50.1 

- 5 7 . 3  
-53.7 

-60 .9  
- 6 4 . 7  

- 7 1 . 7  
-68.3 

-74 .9  
- 7 8 . 3  
-81  -6 
-85 .0  
- 8 8 . 4  
-91  - 3  
-94 .0  
- 5 6 . 9  
- 9 9 . 4  

-20 .7  

-4. Y 
- 3 . 4  
-1 .1  

1 . 1  

-2.2 
-. 5 

-4.0 
-5 .8  
-7.8 
-9 .5  

-11.1 
- 1 2 . 7  
-14 .6  
-18 .0  
-20.4 

-24 .2  
-22 .3  

-26.0 
-28 .1  
-30 .1  
-32.5 
-34 .7  
-37 .0  
-39 .1  

- 4 1 . 6  
-40 .3  

-41 .9  
-39 .4  
-43 .5  

-46 .6  
- 4 4 . 4  

- 5 5 . 4  
-5Q.8 

-61.4 
-66 .7  

-70 .0  
-68.3 

-71 .  b 
-73 .3  

-76.3 
-74 .9  

-77 .6  
-79.4 
- 8 0 . 9  
- 8 2 . 4  
-83.8 
-85 .1  
-66  3 

2 3 . 1  
25 .8  
2 9 . 5  

31 .0  
3 3 . 9  

2 8 . 0  
2 4 . 8  
2 1 . 5  
1 8 . 1  
14.F 
1 2 . 1  

9 . 2  
5 . 8  

-4 .8  
- . 4  

-8 .1  
- 1 1 . 5  
- 1 4 . 9  
- 1 8 . 6  
-22.5 
-26.5 
- 3 0 . 5  
- 3 4 . 6  
- 3 8 . 3  

- 4 2 . 8  
- 4 0 . 5  

- 4 3 . 4  
- 3 8 . 9  
-46 .3  
- 4 8 . 0  
- 5 2 . 2  
-59 .4  
- 6 7 . 8  
-78 .5  

-91 e 0  
-88.0 

- 9 3 . 5  
- 9 6 . 9  

-102 .7  
- 9 9 . 5  

- 1 0 5 . 4  
- 1 0 8 . 1  
- 1 1 0 . 8  
- 1 1 3 . 6  
-116 .4  
- 1 i 8 . 8  
- 1 2 1 . 1  
- 1 2 3 . 4  

HIlUR OF R E L E A S E  

-87 .5   -125 .5  

9 0 0 2  

24 .1  
2 4 . 9  

2 3 . 0  
2 1 . 9  

2 4 . 5  
2 3 . 2  

2 5 . 8  
2 7 . 1  
2 8 . 4  
28.2 
26.6  
2 5 . 2  
23 .9  
22 .3  
2 1 . 7  
2 2 . 1  
2 2 . 3  
2 2 . 6  
2 3 . 0  

23 .8  
2 3 . 3  

2 4 . 1  
2 4 . 7  
25 .4  
27 .7  
2 9 . 6  
3 6 . 4  
61 .6  
4 5 . 1  
4 9 . 5  

36.5 
4 t . 5  

2 6 . 1  
1 5 . 5  

9.6 

9 . 7  
9 . 7  

9.8 

9.8  
9 . e  

9 . 6  

5 . 9  
10.0 
1 0 . 1  
1 0 . 2  
10.1 
1 0 . 3  
1 0 . 3  

1 a . c  

2.1 
3.6 
6 . 2  
8.2 

1 0 . 3  
9 . 8  

1C.3 
9 . 3  
8 . 7  
7.7 
6 .7  

5 . 1  
5.7 

2 .6  
1 . 5  

3.6 
3.1  

3 . 1  
3 .1  
3 .1  
3 . 6  
5 . 1  
6 .7  
8 . 2  

1 2 . 3  
1 0 . 3  

1 4 . 9  

19 .5  
17 .5  

21 .1  
22 .1  
2 2 . 6  
22.6 
22 .1  
21 .6  
21 .1  
2 1 . 1  
20.6 

20.1 
20.1 

1 9 . 5  

17 .5  
1 6 . 5  
15 .4  
1 4 . 4  
1 3 . 9  
1 2 . 9  

1 8 . 5  

1 l . a  

4 . 0  
7.0 

19 .O 
1 6 . 0  

20.0 
20 .0  
1 8 . 0  
1 7 . 0  
15 .0  
1 3 . 0  
1 1 . 0  
1 0 . 0  

5.0 
3.0 
6.0 
7 . 0  
6 .0  
6 .0  
6 .O 

13.0 
7 . 0  

13 .0  
16 .0  
2 0  .o 
2 4 . 0  
2 9 . 0  

1 2 . 0  

34 .0  

41 a 0  
4 3 . 0  
4 4  a 0  
45.0 

42.0  
4 1 . 0  
41 e 0  
40.0  
39.0 
39 .0  
38 .0  
36.0 
34 -0 
3 2 . 0  
30.0 
28.0  
27 .0  
2 5 . 0  

38.0 

43.0  

23 .0  

285 .0  
338.0 

59.0 

6 7 . 0  
65.0 

6 9 . 0  
7 3 . 0  
80.0 
86 e 0  
9 4 . 0  

1 c 5  .o 
9 7 . c  

2 5 6 . 0  
286.0 

49.a  

1 8 8 . a  

321.0 
357 .0  

3 2 0 . 0  
345.C 

309.0 
297.0  
298 .0  
299.C 
302.C 
3C3.0 
303.9 

303.0 
303.0 

304 -0  
304.0 

3a3.c 
303.0 

303 .0  
302 .0  
302.0 
301.C 
301.0  
3oo.c 
300.0 

303.0 
302.0 

305.C 

308.0 
306.0 

314 .0  
311 .0  

7620.  25000. 
7925. 26COC. 
8 2 3 0 .  2700C. 

3 1 6 . 0  
3 1 9 . 0   1 5 2 4 0 .  I O C O C .  

1 4 9 3 5 .  49COO. 



TABLE 4.-Continued 

P. RHO, THETA, 

m f t  "C m f t  O F  percent m/sec knots deg 

HCllTH 1 0  D A Y  24  Y E A R  78 HUUE OF kELEASE 9002 

939.0 
909 .1  
877 .2  
846 .4  
816.4 
787.2 
758.7 
7 3 1 . 0  
704 .1  

652 .5  
677 .9  

634  a 1  
627 .9  

558.9 
537 .4  
516 .5  
496 .3  
476.0 
457.8 
439.4 
421 .6  
4 0 4 . 4  
387.7 
371 .5  
355 .9  
340.8 
326 .4  
312  e4 
298 .9  
285 .8  
273 .3  
261.1 
2 4 9 . 4  
238 e 2  

227 .3  
216 .9  
207.1 
197 m6 

179 .9  
180.6 

1 7 1 . 6  

581 .1  

r63 .7  
1 5 6 . 1  
148 .8  
1 4 1   - 9  
1 3 5 . 2  
12tl.B 
122 .7  

1942 .3  
l d 9 8 . 7  
1032.A 
1 7 6 7 . 7  
1 7 5 5 . 1  

1504 .6  
1644 e 1  

1526 .7  
1470 .5  
1415 .8  
1 3 6 2 . 8  
1311 .4  
1Lb1.7 

1167 .3  
1213 .7  

1122 .4  
1070 .7  
1036 .b  

995 .8  

9 1 7 . 7  
Y56.1 

8 8 0 . 5  
844 .  6 
809 .7  
7 7 5 . 9  
743 .3  
711 8 

632 e5 
681 .7  

624 .3  
5 9 6 . 9  

5 4 5 . 3  
570 .8  

520 .9  
497.5 
474 .7  
453.0 
432.5 
412 .7  

375 .7  
393.9 

358 .4  
351.9 
320.0 
310.8  
296 .4  
2 8 2 . 4  
2 6 9 . 0  
256 .3  

1141.2 
1096 .6  
1048 .  6 
1019 .0  

992 .2  
966 .1  
9 4 0 . 5  
9 1 5 . 2  
890 .4  
8 6 5 . 0  

8 1 0 . 7  
038 .5  

783.0 
7 5 7 . 7  
733 -6  
710 .4  
687.8 
666 .0  
645 .9  
626 - 2  
607 .0  
588.3 
570 .0  

533 .4  
551.5 

515.7 
495 .0  
477.1 
461 .2  
4 4 5 . 7  

4A2.0 
430.1 

400.3 
386.0 
371 .4  
356 .4  
340 .3  
325.0 
310.5 
297 .3  
2P4.6 
272.4 

249.5 
2CO.7 

258.8 
229.0 
2 ~ 9 . 5  
210.4 
201.6 

- 0 7 ~ 2 4 3  
.Ob1459 

irb54tL 
, 0 6 3 6 1 4  
air61941 

e 0 5 8 7 1 3  
.06C312 

aU57134 
ab55506 
.05400U 

- 0 5 C 6 1 G  
, 0 5 2 3 4 6  

- 0 4 8 9 3 1  

,045797  
- 0 4 4 3 4 9  
- 0 4 2 9 3 8  
.u41577  
e O k C 3 2 2  

G37894 
"339092 

- 0 3 t 7 2 6  
.C35584 
e034429  
- 0 3 3 2 9 9  
- 0 3 2 1 9 5  
a 0 3 0 5 0 2  

029784  

.JZ685U 

. 0 2 7 8 2 4  

. 0 4 7 3 a z  

. o t e 7 9 2  

.a25908  
e024990  
,024097  
, 0 2 3 1 8 6  
e022249  

L20289 
.C21245 

.a19384  

.a177b7  . ( 1 1 7 0 ~ 5  

e0185tO 

, 0 1 5 5 7 6  
eUlb275 

aUl49J8  
e014296  

a013135  
e 0 ~ 2 5 0 5  

.0137a3  

10.3 

17 .6  
1 5 . 1  

1 5 . 5  
12 .d  
10.0 

7 . 2  
4 . 4  
1 .7  
- e7  

- 2 . 5  
-3 .6  
-4 .8  
- 6 . 0  

- 9 . 7  
-7.8 

-11. b 
-13.6 
-16 .0  
-18 .4  
-20 .9  
-23 .4  
-25 .9  
-28.2 
- 3 0 . 4  
-32.7 
-33 .2  
-34.7 
-37.1 

-4r .  5 
-39 .4  

-43 .6  
-45.6 

- 4 9 . 7  
-47 .9  

-5u .9  
- 5 1 . 0  
-51.1 
- 9 1 . 3  
-52 .1  

-53 .5  
-54.3 
- 5 3 . 0  
-55 .9  

-56.4 
-57 .1  

-59 .7  
-61 .0  

-5z .a  

50.5 
59 .2  
63 .7  
5 9 . 9  
55.0 
a0 .o 
4 5 . c  
39 .9  
35 .1  
30.7 
2 7 . 5  
2 5 . 5  
23 .4  
21 .2  
18 .o 
14 .5  
1 1 . 1  

7.5 

-1.1 
3.2 

-10 .1  
-5.6 

-14.6 
-18.6 
-22.7 
-26 .9  
-27 . e  
-30 .5  
-34 .8  
-3tl.q 
- 4 2 . 7  
-46.5 
-50.4 
-54 .2  
-57 .5  
-59.6 

-66.0 
-59.e 

-60.3 
-C1.8 
-63 -0 
- 6 4 . 3  

-67.0 
-65.7 

-68.6 

- 7 3 . i  
-7G.8 

-75 .5  
-77 .6  

-4.2 
-1 .6 

-1.3 
- .3  

-1.2 
-1 .8 
-2.7 

-3 .4 
-2 .9  

-3.9 

-10.9 
-6.3 

-15 .1  
-20.4 
-22.4 
-23.7 
-24 .9  
-26.4 
-26.5 

-32 .8  
-30.6 

-37.1 
-34.9 

-43.0 
-39 .9  

-46.2 
-48.3 
- 5 0 . 3  
-52.3 
-54 .3  

-60.3 
-57.2 

-63.5 
-66.9 
-68 .4  
-69.3 
-69 .4  

-69.7 
-69.5 

-70 .3  
-70 .9  
-71 .5  
-72.1 
-72.7 
-73.4 

-75.5 
-74.5 

-76 .5  
-77.6 

24 - 5  
2 9 . 1  
31 - 4  
30 .3  
29.b 
28.7 
2 7 . 1  
2 6 . 9  

24.9 
25 .9  

2 0 . 7  
1 2 . 5  

-4.6 
4.1 

-10 .6  
-8 .4  

- 1 2 . 9  

-19 .3  
- 1 5 . 5  

-23 .1  
-27 .0  
- 3 0 . 9  

-39 .5  
- 4 5 . 4  
-51 a 2  
-55 .0  
-58.6 
- 6 2 . 1  
-65 .8  

-76.5 
-71 .o 

-82 .3  
- 8 8 . 5  
- 9 1 . 1  
-92 .8  
-93 .0  
-93.1 
- 9 3 . 5  
-94.  t 

-96.7 
-95 - 6  

-97 .8  
- 9 8 . 9  

-102.0 
-103.9 
-105 .8  
-107 .7  

- 3 4 . e  

-1ao.z 

35 .9  
31 .6  
29 .6  

37.9 
3 2 . 3  

4 3 . 0  
4 9 . 3  
S9.2 
69 .  a 
7 5 . 3  
70.7 

5 7 . 1  

32 .2  
31.0 

33 .2  
33.4 
3 3 . 5  
33 .8  
34 .0  
3 4 . 2  
31 .7  
2 8 . 2  
2 4 . 8  
20.6 
1 9 . 0  
1 9 . 3  
1 9 . 2  
1 6 . 8  
1 4 . 4  
1 2 . 0  

9 .6  
9 . 7  
9 .7  
9 . 7  

9 . 7  
9 .7  

9 . 8  
9 .7  
9 . 7  

9 . 7  
9 . 8  
9.8 
5.6 
9 . 9  
9 . 9  

9 . e  

2.1 
3.6 
6.2 
8 .7  

9 . 0  
9.3 

9 . 3  
9.8 
S.8 
9.6 

10 .3  
1 1 . 3  
12 .3  
13.9 
13 .9  
13 .4  
12.9 
12.9 

1 4 . 4  
13 .4  

16 .5  
18 .0  
19.5 

24 .7  
21.6 

32.9 

39 .6  
37.0 

41.7 
42 .7  

z e . 8  

43 .2  
42 .7  

42 .7  
42 .2  
4 0 . 1  
38 .1  

3 3 . 4  
3 t . 0  

29.0 
25.7 
21.6 
18.5 

1 1 . 8  
15.4 

6.7 
8.2 

5 . 1  
4 .1  

4 .o 
7 .0  
12.0 

18.0 
17 .0  

1 9 . 0  
18.0 
19 .0  
19 .0  
19.0 
20.0 
22.0 
24 .0  
27.0 
27 .0  
26.0 
2 5 . 0  
25.0 
26 a 0  
28.0 
32.0 
35.0 

42.0 
38.0 

56.0 
48 .0  

64 .0  
72.0 
77 .0  
81.0 

63.0  
83.0 

84 e 0  
83.0 
82 .0  
78 .0  
7 4 . 0  
70 .0  
65 .0  
58.0 
50.0 
42.0 
36.0 
30.0 
23.0 
16.0 
13.0 

8.3 
10 .0  

225.0 
302.0 

45.0 
54.0 
60.0 
6 l . a  
59.0 
56.0 

49.0 
41.0 
4 7 . 0  
47.C 
46.C 

39.0 
34.0 

52.0 

43 .0  

32.0 

40 .0  

34 e 0  
37.0 

37 . c  
34.0 
32.0 
30.0 
28.0 
27.E 
28.0 
2 8 . 0  
29.0 
28.0 
28 .o 
27.C 
27 .0  
28 .0  
21 . c  

27.0 
26.0 

2 8 . 0  
29.C 
30.C 
24.0 
4 a . ~  
46.0 
51.0 
57 .c  
50 .O 
43 .0  
27.0 

914.  
7 2 4 .  

1219 .  
1124 .  

2134.  
1629 .  

2 438 
2743 .  

3658.  
3353.  

3962.  
4267 .  
4572.  

5182.  
5486 .  
5791 .  
6096 .  

6706 .  
6401.  

7315.  
7620.  

304.9. 

4877.  

7a10.  

7925.  
8230. 
8434 .  

9144 .  
8839.  

9449 .  

lOC58. 
9754.  

10363 .  
1 0 6 t 8 .  
10973.  
11270.  

11887 .  
115E2. 

12192 .  
12497 .  
I28CZ. 

13411 .  
13716.  
14021 .  
14326 .  
14630 .  
14935 .  
1 5 2 4 6 .  

13106.  

2375 .  

400C. 
3000. 

saao. 
7aca .  

saw. 
l c c a c .  
12000.  

6000. 

8COO. 

IlCCC. 

13COO. 
14aoc .  

l b a a c .  
15COO. 

i 7 a a a .  

19aoo .  
1800C. 

21000.  
20000 .  

22000. 

2400C.  
23aoc .  

z 5 a o c .  

280aa.  

3aaac .  
31000. 
E Z C O O .  
33000. 
24000.  

36ooa. 

29000.  

260GC. 
2700C. 

ZSOOC. 

35000.  

?7COC. 
BPOOC. 

4 c c c c .  
410CO. 
42coc .  
43000. 
440CC. 
45000. 
4caoo .  
4 7 c c a .  

5aooc .  

seooc. 
4900C. 



\ 

(x, 
P 

TABLE 4.4ont inucd 

H. 2 ,  THETA, V .  RH,  D .  T ,  R H O ,  P. 
m f t  m 

, deg m/sec knots percent O F  OC O F  O C  gm/m3 I lb/ft3 mb I lb/ft2 ft 

1'715. 19751.  

127?'. 4q.739, 
1102'3. 4 8 7 2 7 .  
13331.  43738.  
13614.  4 4 7 3 0 .  
13941.  45743.  
?4749.  4 6 7 4 7 .  
lk'150. 47769.  
1497?.  4 9 7 9 3 .  

12417.  4n73t1. 

9 0 7 . 9  1 8 9 6 . 2  
9 2 8 . 4  1 9 3 9 . 0  

8 7 6 . 1  1 8 2 9 . 8  
8 2 5 . 3  1 7 6 5 . 4  
8i5.5 ~ 7 0 3 . 2  
7 8 b . 5   1 6 4 2 . 6  
758.4 1 5 b 4 . 0  
7 3 1 . 4   1 5 2 7 . 6  
7 0 5 . 1   1 4 7 2 . 6  
679 .6   1413 .4  
6 5 4 . 8   1 3 6 7 . 6  
6 3 5 . 6  
6 0 7 . 2  
5 8 4 . 5  
56?.4 
5 4 1 . 5  

5 0 0 . 1  
520.3 

4 8 0 . 6  
4 6 1 . 7  
4 4 3 . 3  
4 2 5 . 5  
438 e 2  
391.5 
3'15.3 
359 .6  
344 .5  
329 .8  
315 e 7  
332 . U  
288 .8  
2 7 6 . 0  
263 .7  
2 5 1  e 8  
240.4  
2 2 9 . 3  
2 1 8 . 7  
208 .6  
1 9 9 . 0  
189.8 
1 9 1 . 0  
1 7 2 . 5  
1 6 4 . 5  
l 5 b . 7  

1 4 2 . 3  
1 4 9   - 4  

1 2 9 . 1  
135  -6 

1 2 2 . 9  

1 3 1 7 . 0  
1 2 0 8 . 2  
1 2 2 J . 8  
1 1 7 4 . 6  
i 1 2 9 . 9  
1 0 8 6 . 7  
1 0 4 4 . 5  
1003.d 

9 2 5 . 9  
9 6 4  3 

8 8 8 . 7  
8 5 2 . 5  
817.7 
783 .8  
7 5 1 . 3  
7 1 9 . 5  
688.8 
6 5 9 . 4  
6 3 0 . 7  
b03.2  

5 2 5 . 9  
5 5 0 . 7  

502 1 
4 7 8 . 9  
4 5 6 . 8  
435 .7  
4 1 5 . 6  
3 9 6 . 4  
3 7 8 . 0  
360.3 

5 7 6 . 4  

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

"ONlH 1 0  D A f  2 5  YEAR 7 6  

1 1 1 7 . 2  

1 0 4 7 . 0  
1085.0 

1 0 1 5 . 4  
vb5.2 
9 5 5 . 8  
9 2 4 . 0  
8 9 1 . 6  

8 4 4 . 1  
868.2 

8i0.2 
796.a  
7 7 3 . 9  
7 5 1 . 0  
7 2 8 . 6  
7 0 6  8 
685 5 
6 6 4 . 8  
645 .1  
625 .9  
6U7.0 
588 .6  
570 .5  
552.4 
5 5 4 . 5  
5 1 7 . 0  
500.0 

4 6 7 . 3  
4 8 3 . 5  

451 .9  
4 3 6 . 3  
4 2 0 . 9  
406 .0  
39A.5 
3 7 7 . 7  
363.8 
347 .4  
331.8 
3 1 6 . 9  
3 ~ 3 . 1  
2 8 9 . 9  
2 7 7 . 3  
2 6 5 . 2  
2 5 3 . 5  
242 .4  
232 .0  
2 2 7 . 1  
212 .5  
2 ~ 3 . 3  

~ ( 1 6 9 7 4 5  
L67734 

, 0 6 5 3 6 2  

e 0 6 1 5 0 4  
, 6 6 3 3 8 9  

0 5 9 6 6 9  
. 0 5 7 t 8 3  
.055661 
.C54iOO 

e 0 5 1 2 0 3  
- 0 5 2 6 9 5  

. u 4 9 7 4 3  
- 0 4 6 3 1 3  
- 0 4 6 8 8 3  
.U45485 
. 0 4 4 1 i 4  
- 0 4 2 7 9 4  
. 0 4 1 5 0 2  
e 0 4 0 2 7 2  

. 0 3 7 8 9 4  
nC35074 

- 0 3 6 7 4 5  
eC35615 

, 0 3 3 3 6 8  
- 0 3 i 2 7 5  
- 0 3 1 2 1 4  
.C30184 
- 0 2 9 1 7 3  
.(128211 
e ~ 2 7 2 3 7  
- 0 2 6 2 7 6  
e 0 2 5 3 4 6  

. 0 3 4 4 a 5  

. 0 2 4 4 4 1  
0 2 3 5 7 9  

. 0 2 2 7 1 1  

. 0 2 1 6 8 7  
e 0 2 0 7 1 4  
, 0 1 9 7 8 3  
- 0 1 8 9 2 2  
- 0 1 8 0 9 8  
- 0 1 7 3 1 1  
n O l t 5 5 6  
e 0 3 5 8 2 5  
e 0 1 5 1 3 3  
e 0 1 4 4 8 3  
e 0 1 3 8 6 5  

- 6 1 2 6 9 2  
e O i 3 2 6 6  

1 7 . 6  
1 7 . 9  
1 6 . 5  
1 4 . 9  
1 3 . 3  
1 2 . 6  
1 2 . 4  

1 5 . 1  

9 . 6  

4 .8  
7 . 2  

2 . 4  
. l  

- 2 . 1  

- 6 . 5  
-4 .3  

-11.1 
- 8 . 8  

-1 3.6 
-16.2 
-18.8 
- 2 1 . 4  
- 2 3 . 9  
-26 .3  
- 2 8 . 5  
-30 .8  
- 3 3 . 1  
-35 .4  

- 4 0 . 2  
-37.7 

- 4 2 . 5  

-46 .8  
- 4 4 . 6  

- 4 8 . 9  
- 5 1 . 3  
- 5 3 . 4  
- 3 3 . 7  
- 5 3 . 9  
- 5 4 . 2  
- 5 4 . 9  

-56.3 
-55 .6  

-57 .0  
- 5 7 . 7  
-58 .  4 
-59 .4  
-60 .4  

5 9 . 2  
6 3 . 7  
64  e 2  
6 1 . 7  
5 8 . 8  
5 5 . 9  
5 4 . 7  
5 4 . 3  
49.3 
4 5 . 0  
4 0 . 6  
36 .3  

28 .2  
32 .2  

2 4 . 3  
2 0 . 3  
1 6 . 2  
1 2 . 0  

7.5 
2 . 8  

-6.5 
-1.8 

- 1 1 . 0  
-15 .3  
- 1 9 . 3  
- 2 3 . 4  
-27  6 
-31.7 

- 4 0 . 4  
-35 .9  

-44 .5  

-52.2 
- 4 8 . 3  

-65.3 
-56 .0  

- 6 4 . 7  
-64 e 1  

-65 .6  
- 6 5 . 0  

-66 8 

-69 .3  
-68 - 1  

-70.6 
-71  -9  
- 7 3 . 1  
-74.9 
-76 .7  

- 6 1 . 4  -78 .5  
-62 .4  -80 .3  

7 . 7  
1 . 3  

- 7 . 3  
- 1 0 . 0  
-12 5 
- 1 5 . 1  
- 1 7 . 3  
-17 .5  

-19.8 
-18.5 
-17.4 

-21 .3  
-22 .7  
-22 .6  
-22 .9  
-23.4 
- 2 4 . 1  
-24 .9  

-27 .4  
-25 .4  
-25 .2  
-27 .6  
-29 .9  
- 3 2 . 2  
-34 .5  
-35 .1  
-39.2 
- 4 1 . 5  
-53 .7  
- 6 2 . 5  
- 6 4 . 3  

- 6 9 . 7  
-b7.8 

- 7 1 . 4  
-71 .6  
-71 .9  
- 7 2 . 1  

-26 .1  

-66.0 

-72 .7  
-73.2 
-73.8 
-74.3 
-74 .9  
-75 .5  
-76.3 
-77 .1  
-77 .9  

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

4 . 9  
9 . 5  

.8 
* 5  
e 7  

- 1 . 3  
-3.7 
-6.3 
- 8 . 8  
-b.7 

- 1 0 . 0  
-9 .1  

- i 1 . 3  
- 1 2 . 8  
-15 .0  
- 1 7 . 3  
-13 .7  

- 1 7 . t  
-13  e4 

- 2 1 . 8  
- 2 5 . 9  

- 3 4 . 3  
-30 .1  

-38 5 
-42 e l  
- 6 4 . 7  
- 8 0 . 6  

-66.8 
- 8 3 . 1  

-9U 0 
- 9 3 . 5  
- 9 6 . 6  
- 9 7 . 0  

- 9 7 . 8  
- 9 7 . 3  

-98.8 

-100.6 
-99 .8  

-101 .8  
- 1 0 2 . 8  
- 1 0 3 . 8  
-105 e 3  
- 1 0 6 . 8  
- 1 u e . 2  

9 0 0 2  

6 1 . 4  
3 3 . 4  
1 7 . 3  
1 5 . 2  
13.8 
1 2 . 5  
1 0 . 8  

1 3 . 1  
1 4 . 0  

1 0 . 8  

1 4 . 8  
1 5 . 5  

1 9 . 1  
l t . 2  

2 2 . 0  
2 4 . 9  
2 7 . 9  

3 4 . 1  
3 1 . 0  

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

9 - 6  
9 . 6  
9 . 7  
9 . 6  
9 . 7  
9 . 7  
F a 8  
9 . 7  
9 . 7  
q.7 
9 . 8  

9 . 8  
9.b  

9 . 9  
9.9 

10.G 
9 . 9  

1 0 . 0  
l U . 0  

4 . 1  

7 .2  
5.7 

5.7 
5 . 1  

4 . 6  
5 . 7  

3 .6  
3.1 
3.6 
t . 2  
8 .7  

11 .6  
1C.8 

11 .8  

1 2 . 3  
11 .8  

1 4 . 4  

1 8 . 0  
15.q 

19.0 
19 .0  
19.0 
19.5 
1 9 . 5  
i 9 . 5  
19.5 
20.6 
2 2 . 1  
2 2 . 6  
2 3 . 1  

25.7 
24 .2  

25 .2  
24 .2  
2 3 . 7  
24 .2  
23 .1  
20 .6  
1 8 . 0  
1 7 . 0  

14 .9  
15.9 

13.4 
1 1 . 8  
1 0 . 3  

9 . 3  
8 . 2  
7 . 7  

1 1 . 0  
8 .0  

11.0 
14 .0  

1 0 . 0  
11 .0  
9.u 
7 . 0  
6.0 
7 . 0  

1 2 . 0  
1 7 . 0  
2 1 . 0  
23.0 
23.0 
2 3 . 0  
24 - 0  
28 .O 
31 a 0  
3 5 . 0  
37.0 
3 7 . 0  
37 .0  
38 -0 
38.0 

38 .O 

43.0  

45 .0  

5 0  .O 

4 7 . 0  
49 .0  

38.0 

40.0  

44 .0  

4 7 . 0  

4 6 . 0  
47.0 
45 -0 
4 0 . 0  
35 e 0  
3 3 . 0  
31.0 
29 -0  
26.4 
2 3 . 0  
20.0 
18 .o 
16.U 
1 5 . 0  

225 .0  

2 7 3 . 0  
243 .0  

3U5.0 
328.0 
329.C 
331.0  
341 .0  
343 .0  
3 3 2 . 0  
3 2 7 . 0  

341.0 
341 .0  

3 4 1 . c  

3 4 4 . 0  
344 .0  

342 .0  
338 .0  
338.0 
340 .0  

3 3 6 . 0  

3 3 9 . 0  
337 .0  
3 3 5 . 0  
333.0 
3 2 9 . 0  
3 2 5 . 0  
3 2 4 . 0  
322 .0  

3 2 0  -0 
320.0 
3 2 0 . 0  
3 2 0 . 0  
319 .b  
32C.O 
322.t  
326.0  

331  -0  
342.0  
347 .0  
352 .0  
355 .0  

350 .0  
3 5 4 . 0  

3415.0 

321 .0  

3 3 1 . 0  

35e.O 

1'24. 2 3 7 5 .  

1 2 1 9 .  4COO. 
914.  3000.  

1524.  5000.  
1 1 2 9 .  6000. 

2438 .  8 0 0 0 .  
2134. 70CO. 

2743.  9 C C C .  

3353.  1100C. 

3 9 6 2 .  1 3 0 0 0 .  
4267.  14000. 
4 5 7 2 .  15000. 
4 8 7 7 .  1bOOC. 
5182.  1 7 0 0 0 .  
5586.  1 8 0 0 0 .  

6 0 9 6 .  20tOC. 
5 7 9 1 .  19000.  

6 4 0 1 .  2100C. 
6 7 0 6 .  22000. 

3 0 4 8 .  10000. 

3658. 1 2 0 ~ 0 .  

7010. 2 3 ~ 0 ~ .  
7315.  24C00. 
7 6 2 0 .  25000.  
7 9 2 5 .  26CCC. 
8230. 27000.  
8 5 3 4 .  280CC. 
8 1 3 9 .  29000.  
9 1 4 4 .  3000C. 
9 4 4 9 .  n1uoa. 

1 0 0 5 8 .  33000. 
9 1 5 4 .  32000.  

1 0 3 6 3 .  34COO. 
l O t t 8 .  ?5CCC.  
10973.  ? 6 0 0 0 *  
11278.  ?700C. 
1 1 5 8 2 .  3 8 0 0 0 .  
11887.  3900C. 

1 2 4 9 7 .  41000.  
12192.  4C000.  

128C2. 4200C. 
1 3 1 0 6 .  43000.  
13411.  44000. 
13116.  4500C. 
14021.  46000.  
1 4 3 2 6 .  47OCCe 

1 4 9 3 5 .  4 9 0 0 0 .  
14630.  48C00. 

341 .0   15240.  5 O O O C .  



TABLE 4.-Continued 

779. 

1184.  
J9?. 

1766.  
Y474. 

?357.  
?349.  
7 641. 
? W 4 .  

3717. 
3227. 

4 093 
7895. 

4 377. 
4 443. 
4941.  
'I?'?'). 
5498.  
5776.  
$975. 
5399.  

5915.  
567'3. 

721?.  
7 5 0 9 .  
7994 .  

0 397 .  
9 101. 

9 609. 
8995.  
7207. 
7*94.  

19194: 
7993.  

17493. 
1079r). 
11049. 

?327 .  
?9?4 .  
3883 .  
4841 .  

6750 .  
5795 .  

7707 .  
9664. 
9 62 5. 

19587 .  
11  539. 
1 ? 4 8 5 .  

14351 .  
13427 .  

1Y 289. 
15209 .  
1'7126. 
19038. 

19869.  
10949.  

V 7 9 6 .  
?1738.  
22689.  
79661. 
24631.  

ES580. 
'5604. 

27557.  
iR536.  
29515.  
39500.  
31477.  
32459.  
,3445.  
34426. 
35 40 1. 
35378.  
3'361. 
99341 .  
33,338. 
4'7 31 7. 
41 297. 
4?277.  
43252.  
44 249. 
4 5 2 3 8 .  
45246.  
47259 .  
45274 .  

9 3 0 . 9  
910 .6  
878 .9  
848 .1  
818 .3  
789 .3  

733.7 
761 .1  

707 .0  
6 8 1 . 1  
65h.2 

609 .0  
632.2 

59647 

5 4 4 . 5  
565.2 

524.5 
505 .2  
486 .5  
468.2 
450 .3  
432.7 
415 .5  
39a  .5 
382 .1  
366.2 
353.8 
335.9 
321.5 

294.1 
307 .6  

281 .2  
268 .7  
256.6 
245 .0  
233 .9  
2?3.2 
212 .9  

193 .6  
203.1 

1 8 4 . 7  
1 7 6 . 2  
168 .1  
150 .4  
152 .9  
145.8 
1 3 9 . 9  
132 .3  
126 .0  

1 9 4 4 . 2  
1991  . d  
1835 .6  
1 7 7 1 . 3  
1709 .1  
1 6 4 8   - 5  
1589 .6  
1 5 3 2 . 4  
1 4 7 6 . 6  
1422 .5  
1370 .5  
1320 .4  
1271.9 
1225.3 

i 0 9 5 . 4  
1137 .2  
1 1 8 0 . 4  

1016 .1  
1955 A 

977 .9  
Y40 .5  
9 0 3 . 7  
8 6 7 . 6  
832.5 
798 e 0  

732  e7 
764.c  

671.5 
7 0 1 . 5  

614.2 
642 .4  

5 8 7 . 3  
561 .2  
535 .9  
511 .7  
4U8.b 
4 6 6 . 2  
444 .7  
424.2 
404.3 
385 .8  

351 .1  
368.5 

335 .c  
313 .3  
304 .5  
290.1 
276.3 
2 6 3 . 2  

1099 .9  

r045  b 
1078 .8  

1013.6 
985.8 
9 5 8 . 6  

9 0 6 . 0  
9 3 2 . 0  

880.6 
8 5 0 . 7  
820.1 

762.1 
790.  6 

734.7 
708.2 
682.6 
658.0 
634.3 

607 .3  
619.1 

595 .7  
584.4 
573 .3  
561.8 
543 .5  
525.7 

491 .4  
508 .3  

474 .9  
458 .9  
443 .0  
427 .4  
412 .2  
397.4 
382 .4  
367.1 
352.3 
3 3 8 . 0  

30U.9 
3 2 4 . 2  

293.5 
278.8 
265.0 
254 .2  
245.1 

226.3 
217.2 
2U8 e 4  

235. n 

rlCNTH LU O A Y  25  Y E A R  78 HUUL OF REL€ASE 19002  

e06Et65  

ob65275 
.L67347 

, 0 6 1 5 4 1  
- 0 6 3 2 7 7  

.U59843 
-05b183  
-056560  
,054974  

- 0 5 1 1 9 7  
eU53lU7 

- 0 4 9 3 5 6  
- 6 4 7 5 7 6  
. G 4 5 B t 6  
. I l k4211  

e041078  
.U42613 

, 0 3 8 6 4 9  
- 0 3 9 5 9 8  

, 0 3 7 9 1 3  
.03718b  
e036483  
- 0 3 5 7 9 0  
mU34U72 
-033530 
e O 3 2 6 A n  
- 0 3 1 7 3 2  
- 0 3 0 6 7 7  
- 0 2 9 6 4 7  

028648 

~02t682 
-027656  

. 0 2 > 7 3 3  

,023b72  
. 0 2 4 8 0 9  

- 0 2 2 9 1 7  
.021993  
.OE1101 

. 0 1 5 2 8 4  

.C20239 

. 0 1 8 5 2 3  

.L17405 
- 0 1 t 5 4 3  
.UlCtit9 
, 015301  
a014721  . LA4127 
.013559  
.L13C10 

2 1 . 5  
20 .7  
19.4 
1 8 . 0  
i 5 . 7  
13 .4  
11 .0  

6.3 
8 .7  

5 . 5  
5 . 4  
5.2 
5 .0  
4.8 
4 .7  
4.5 

4 . 1  
4 . 3  

. 4  
-4.6 

-15.2 
-9 .9  

-20 .7  

- 2 8 . 2  
-2b.U 

-3u.4 
-32 .7  

-37 .2  
-34 .9  

-39 .5  
-41 .7  
-43 .8  
- 4 > . 9  
- 4 6 . 1  
-49.6 

- 5 2 . 3  
- 5 1 . 1  

-53.6 
-54.8 

- 5 3 . 8  
-54 .7  

- 3 2 . 9  

-53 .2  
-52 .1  

-55 .7  
-57.6 
-59 .2  
- 6 0 . 8  
-62.4 

70 .7  
t 9 . 3  
66 -9 
64.4 
60.3 

51.6 
5 6 . 1  

47.7 
43 .3  
45 .9  
41.7 
4A.4 
41 .0  

4 0 . 5  
40.6 

40 .1  
39 .7  
39.4 

2 3 . 7  
32.7 

14 .2  
4 .6  

-14.8 
-5 .3  

-1e .6  
-22 - 7  
-26.9 
-30 .6  
-35.6 
-39 .1  

- 4 6 ~ 8  
-43 .1  

-5u.6 
-54.6 
-57.6 
-6O.C 
-62 .1  
-64 .5  
-66.6 
- 6 6 . 5  
-64 .8  
-63 .2  
-61.8 
-63.6 
-68.3 
-71.7 
-74 .6  

-80.3 
-77 .4  

-13.7 
-12.2 
-10.4 

-9.3 
-10 .2  
-11 .3  
-12.4 

-14 .9  
-13 .6  

-16.2 
-15.6 

-16.7 
-17.3 
-17.9 
-18.5 
-19 .1  
-19 .7  
-20.3 

-21. 6 
-20.5 

-23.7 
-26.4 
-29 .7  
-33 .3  
-35.0 
-38.3 
-40.8 
-43.4 
-46.0 
-48.6 
-51.6 
-55.3 
-59 .5  

-6t.5 
-64.5 

-69.5 
-70.5 
-71 .6  
-72 .6  
-72.4 
-71.7 
-71 .0  
-70 .3  
-71.3 

-74.8 
-73.3 

-76 .1  
-77 .4  
-78.7 

1 0 . 0  
7 . 4  

13 .2  
1 5 . 3  
1 3 . t  
11 .7  

9 . 7  
7.5 
5 . 2  
3 . 9  
2 . 4  
1 e 9  

-.l 
. 9  

-1 .2  
-2.3 
- 3 . 4  
-4.6 
-4 .9 

- i 0 . 7  
-7 . c  

-15.6 
- 2 1 . 5  

- 3 2 . 4  
- 2 8 . 0  

-36.9 
-41 .5  
- 4 6 . 1  
-50.7 
-55 .4  
-60 5 
- 6 7 . 6  
- 7 5 . 1  
- 8 4 . 1  
-91.3 
-93  1 
-94 .9  

-98 .6  
-9b .8  

-91 .1  
-98.4 

-94 .6  
-95 .4  

-96.3 

-102 .7  
- 9 9 . s  

-105.0 
-107 .  4 
-109.7 

9 . 8  
8 . 3  

1 2 . 3  

1 5 . 8  
1 4 . 7  

16 .8  
18.0 
1 9 . 1  
20.2 
2U. l  
1 9 . 4  

1 8 . 1  
1 8 . 7  

1 6 . 8  
1 7 . 5  

1 6 . 1  
1 5 . 5  
14 .9  
1 9 . 1  

31.4 
25 .0  

37 .7  
44 .4  
5 0 . 3  
4 8 . 2  
4 6 . 1  
4 4 . 3  
4 i . 9  
3 9 . 8  
i 7 . 7  
33 .6  

20 .4  
2 7 . 0  

1 3 . 7  
9.7 
9 . 7  
9 .7  

9.7 
9 . 8  

9 .8  
9 . 7  
9 . 7  
9 . 7  
9.7 
9 .8  
9.8 
9 . 9  

1 0 . 0  
10.0 

1 .5  
1.0 
1 .o 
4 . 1  
1 .5  

6.2 
7.2 
6 . 2  

5 .7  
5.7 

6 .7  
8.2 
9.8 

llr.8 
1C. 3 

9 .3  

12.9 
9.8 

17.5 
19 .0  
12.3 
12 .3  
12 .3  
12 .9  
13.4 
14  a4 
15 .4  
17 .5  
18 .5  

1 5 . 4  
1 4 . 4  
13.4 
14.4 
14 .9  
14 .9  
14 .9  
1 5 . 4  
16.5 
15.4 
14.4 

17.0 

i 3 . 4  
12 .9  
11.8 
10 .8  

1E.8 
1C.3 

11 .3  
11 .8  

3.0 
2.0 
2 .o 
3.0  
8.0 

14 .0  
1 2 . 0  

1 2 . 0  
1 1 . 0  

13.0 
11 .0  

19.12 
16  e 0  

21 .0  
20.0 
18.0 
19 .0  
25.0 
34.0 
37.0 
24.0 
24.0 
24 .0  
25.0 
26 .0  

30.0 
28.0 

34.b 
36.0 
33.0 
30.0 

26.0 
28.0  

2 9 . 0  
28.0 

29 .0  
29 .0  

32.0 
30.0 

30 -0  
28.0 
26.0 
25.0 

21.0 
23.0 

20.0 
2 1 . 0  

23 .0  
22.0 

125 .0  
93.0 
50 e 0  
49.0 
57.0 
4 9 . 0  
43.0 
32.0 

35.0 
24.0 

34.0  
24.0 

22.0 
15.0 

3A.O 
43.C 

351.0 
43 .0  

337.0 
331.C 
35C.O 

15.C 
23.0 

5.0 
353.0 

3 4 8 . @  
352.C 

341.C 
327.c  
249.0 
360.0 

9.G 
18 .0  

42 .0  
3C.O 

46.0 
50.0 
49.C 
45.C 
4 1 . 0  
3 t . c  
32.0 

27.C 
28.C 

2 6 . 0  

1 4 . 0  
25.0 

22.c  
23.C 

914. 
724.  

1219 .  
1524 .  

2743 .  
3 0 4 8 .  
3353.  
3658.  

4267.  
3962 .  

4572 .  
4877.  

5 4 8 6 .  

6096 .  
5791.  

t 4 0 1 .  
6706 .  
7010 .  
7315 .  
7620 .  
7925 .  

P534.  
P230 .  

8835. 
9144 .  
9 4 4 5 .  

10658.  
5754 .  

10363 .  
10tC8.  
10973 .  
11276 .  
11582 .  

5112.  

11887 .  

12497 .  
12192.  

128C2. 
13106 .  
13411.  
1 3 7 1 t .  
14021 .  

14630 .  
14126.  

14935 .  
1 5 2 4 0 .  

2375.  

4000.  

6OilO. 
500C. 

7 c c c .  
8000. 

1OCOO. 

120OC. 
A l O O C .  

IBOCC. 
14000.  

3000. 

9ooa .  

15000 .  

17CCO. 
l t0CC. 

18000. 

20000. 
19coc .  

2 2 0 c c .  
il0CO. 

23COC. 
i 4 0 0 0 .  

P C C C C .  
2:acc. 

28COC. 
2 7 c c c .  

79GL;C. 
?CCCC. 
S l C C C .  
?20tC.  
S3000. 
?40CC. 
3 l O C O .  
?COCC. 
3 7 c c c .  
l E O O 0 .  

4bCCO. 
39CCC. 

4100C. 
42ccc.  
4 3 C G O .  
44CO0. 
45COO. 
4 e c o c .  
4 7 C C C .  
48COO. 

.@00C. 
490ac.  



TABLE 4.-Continued 

P. T .  RHO, 

I mb 1 l b / f t Z  I 0rn/m3 I lb/ft3 I ‘C I OF 

933.1 
911.6 
878.2 
845.9 
814.5 
784.2 
754.7 
726.2 
698.7 
672.0 
046.2 
621.1 
596.8 

550.9 
573.4 

529.3 
508  -4  

4 6 8   - 9  
4 3 8 . 3  

450.1 
431.9 
414 .2 
397.2 
380.6 
364.7 
349.3 
334.4 
320.0 
336.0 

279.7 
292.6 

267 - 3  
255.3 
243.8 
232.7 
222.1 
212.0 
202.3 
193.1 
184.2 
175.7 
167.6 
153.8 
152.3 
145.1 
138.3 

1948.8 
i 9 0 3 . 9  
1834.2 
1766.7 
1701.1 

r576.2 
1637.8 

1459.3 
1516.7 

1403.5 
1349.6 
r297.2 
1246.4 
1197.6 
1150.6 
1105.5 
1061.8 
l U i 9 . 8  

979.3 

902.d 
940.1 

865 1 
829.6 
794.9 
761.7 
729.5 
698 4 
668.3 
639.1 
611.1 
564.2 
558.3 
533.2 
509.2 
4b6.0 
463.9 
442.8 
422.5 
403.3 
384 .? 
367.0 
350.0 
333.7 
319.1 
303.0 
288.8 

1162.3 
1138.4 
1101.2 
1065.5 
1033.9 
1001.9 

370.7 

‘907.7 
939.0 

880.2 
853.3 
827.1 
799.5 

740.5 
769.4 

685  -7  
712.6 

662.3 
641.5 
62i.2 
601.4 
582.1 
563.2 
544.6 
526.6 

491.9 
5b9.0 

458.8 
475.3 

442.0 
425.5 
4u9.5 
394.0 
379.2 
365 .O 
349.8 
330.9 
317.2 
304.2 

279.8 
26.8 3 
257.2 
2 4 6 . 5  
235.5 
224.7 

2 9 1  .e 

ROWTH 10 D A Y  3 1  YtnR 

. 0 7 2 5 t ~  
- 0 7 1 0 t 8  
e068746  
,066517 
,064544 

.Ob0599 
- 0 6 2 5 4 7  

- 0 5 8 6 2 0  
a C 5 t 6 t 6  

054949  
e053270  
- 0 5 1 6 3 4  
~ 0 1 9 9 1 1  
- 0 4 b 0 3 2  
.Ok t226  
- 0 4 4 4 8 6  

e041346  
.0428C7 

.WOO48 

,037544 
- 0 3 8 7 8 0  

.035159 
.u3c339 

- 0 3 3 9 9 8  
,032875 
e631776  
- 0 3 L 7 0 8  
- 0 2 9 6 7 2  
. O 2 @ 6 4 2  
- 4 2 7 5 9 3  
a 0 2 6 5 t 3  
,025564 
- 0 2 4 5 9 7  
- 0 2 3 6 7 3  
- 0 2 2 7 8 6  
.021837 

020b57  
019802  

e C l E 9 C l  
-01E216  
. ( r174 t7  
,016749 
. 0 1 6 0 5 t  

-0147U2 
- 0 1 5 3 8 6  

.014028 

5.8 
5.0 
3.9 
2.6 

- 6  

-2.4 
-. 9 

-3.7 

-7.1 
-4.9 

-11.5 
-9.3 

-13.0 
-13.4 
-13.9 
-14.3 
-14.8 
-16.2 
-18.4 

-22.9 
-LO. 6 

-25.1 
-27.4 
-29.6 
-31.8 
-34.0 
-36.2 
-38.5 
-40. 6 
-42.4 
-44.0 
-45.6 
-47.3 
-49.0 
-50 .9  
-51.9 
-49.8 
-50 .8  
-51.9 
-53.1 
-54.2 
-55.4 
-56.6 

-58.4 
-57.8 

-58.6 

42.4 
41.6 
39.0 
36.7 
33.1 
30.4 

25.3 
23.2 
19.2 
15.3 
11.3 

8.6 

7.0 
7.9 

6.3 

2.8 
5.4 

-1.1 
-5.1 

-13.2 
-9.2 

-17.3 
-21.3 
-25.2 
-29.2 
-33.2 

-41.1 
-37.3 

-44.3 
-47.2 

-53.1 
-50.1 

-56 0 2 
-59.6 
-61.4 
-51.6 
-59.4 
-61.4 

27.7 

-63. b 
- 6 5 . 6  

-69.9 
-67.7 

-73.1 
-72.0 

-73.5 

D ,  RH, 

O C  O F  m/sec percent 

7 b  HOUP OF kcLEASE 1 0 0 0 2  

2.2 
2.3 

2.3 

-. 3 
1.6 

-14.5 
-6.3 

-22.6 
-31.3 
-31.8 
-32.4 
-33.2 
-34.1 
-35.0 
-36.0 
-37.1 
-38.1 
-39.3 
-40.7 
-42.0 
-43.4 
-44.9 
-46.5 
-48.2 
-50.0 
- 5 1  -8 
-53.6 

-59.5 
-55.5 

-62.5 
-63.8 
-65.1 
-66.4 

-69.3 
-70.2 
-68.5 
-69.3 
-70.2 
-71.1 
-72.1 

-74.0 
-73.1 

-75.0 
-75.5 
-75.7 

-67.8 

36.b 
36.1 

35.6 

31.5 
34.8 

25.6 
6 -0 

-24 3 
-8.6 

-25.2 
-26.3 
-27.7 
-29.3 
-31.1 
-32.8 
-34.7 

-38.8 
-36.6 

-41.2 
- 4 3 . t  
-46.2 
- 4 8 . 8  
- 5 l . t  

-58.0 
-54.8 

-61.2 
-64.5 
-67.8 
-74.5 
-80.5 

-85.2 
-87.6 
-90 1 
-92.8 
-94.3 
-91.3 
-92.7 
-94.3 

-Y7.8 
-96.0 

-99.9 
-101.3 

-103.8 
-103 .O 

-104.2 

- 8 2  .e 

78.2 
82.1 
87.5 
92.8 
93.7 
6 6 . 6  
39.0 
21.5 
10.6 
12.0 
13.4 
14.8 
15.3 
14.4 
13.6 
12.7 
11.8 
11.3 
12.3 
12.9 
13.6 
14.1 
14.7 
14.8 
14.9 
15.0 
15.1 
15.3 
12.0 

9.5 
9.5 
9.5 
9.6 
9.6 
9.7 
9.7 
9.6 
9.7 

9.8 
9.7 

9.7 
9.7 
9.6 
$ . E  
9.9 
9.0 

2.6 
2.6 
2.6 
4.1 
6.2 
7.2 
6.7 
8.2 
8.7 

8.7 
8.2 

11.3 
14.9 
19.5 
24.2 
29.3 
32.9 

38.1 
35.5 

37.6 
37.6 
38.6 
38.6 
39.1 
39.6 
40.6 
42.2 
43.2 
44.2 
44.8 
45.3 
43.7 
41.7 
40.1 
38.6 
36.1 
38.1 

40 e 6  
39.6 

39.1 
37.0 

36.5 
37.0 

0.U 
0.0 
0.0 

v ,  2 .  T H E T A ,  

knots  f t  rn deg 

5.0 
5 - 0  
5.0 

12.6 
8 .5 

14.0 
13  -0 
16.0 
17.0 
€6.0 
17.0 

29.U 
2 2  .o 

38.6 
47.0 
57.0 
64.0 
159.0 
74 - 0  
73.0 
73.0 
75.0 
75.0 
76  .O 
77.0 
79 - 0  
82.0 
84.0 
86.0 
87.0 

85.0 
81.0 
78 - 0  
75 - 0  
74.0 
7 4  e 0  

88.0 

77 .O 
79.0 
76.0 
72.0 
72.0 
71.0 

0.0 
G . U  
0 .0  

305.C 
324.0 
323.0 
248.0 
zc4.0 

205.0 
219.0 
228.0 
237.0 
250.0 
261.0 

1e7.a 

264.0 
257.0 
249.0 
245.0 
237.0 
234.0 
233.0 
233.0 

232.0 
231.0 
230.0 
229.0 
22s.c 
229.0 
229.0 
23C.O 
230.0 
230.0 

230.0 
230.0 

230.0 

233.0 

m , o  
232.0 
233.0 
235.0 
23t.0 
230.0 
235.0 
237.0 
240 .0  

0.0 
0 .0  
0 .o 

724. 
914. 

1219. 
1524. 
1829. 
2135. 

2743. 
2438. 

3Q48. 

3658. 
3353. 

3962. 
4267. 
4572. 
4877. 
5182.  
5486. 

6096. 
5791. 

6401. 
6706. 
7010. 
7315. 
7t20.  
7925. 
8230. 
8534. 
8839. 
9144. 
9449. 

10058. 
9754. 

10?63. 

10973. 
10668. 

11 278 
11582. 

121c2.  
12497. 

1 1 8 ~ .  

12802;  

13411. 
13106. 

1371b. 
14C21. 
14326. 

2375. 
3000. 
k000. 

6 0 0 0 .  
5000. 

7000. 

9000. 
8000. 

lOOQ0. 

12000. 
13000. 

1 m c .  

14ac0. 

1 t O C O .  
15000. 

17000.  
1 8 O O C .  

20000. 
19C00. 

22000. 
23000. 
24000. 

2600C. 
2500C. 

n o o a .  

27aoo. 
28OtC.  
29000. 
? 0 0 0 0 .  
31000. 
?2000. 
33000. 
34000. 
350CO. 
3 t O O O .  
370UO. 
38000.  

40COO. 
39CEO. 

41000. 
42000. 
43CCC. 
44000. 
4500C. 
46000. 
47000. 



TABLE 4.-Continued 

H.  2 ,  THETA, V .  RH I D. 1. RHO, P. 

m f t  m deg knots d s e c  percent  O F   O C  OF O C  gm/m3 I I b / f t 3  mb I l b / f t *  f t  

934.5 
913.6 
881.1 
847.4 
818.6 
798.6 
759.4 
731.1 
703.7 
677.2 
651  -6 
626.7 
6132.6 
579.4 
556.9 
535.0 

493.5 
513.9 

473.7 
454 .? 
436.3 

451.4 
418.F 

3 8 4 . 8  
368.7 
353.1 
338 1 
323.5 
309 e 4  
295.e 
28?.7 
270 -1 
258.b 

235.1 
246.3 

224.5 
214.3 
2 0 6 . 6  
195.3 
186.4 
177.9 
159.8 
161.0 
154.5 
147.4 
149.5 
1 3 4 . 0  
127.8 
l ? i . 8  

1951.7 

1840.2 
1774.3 
1709.7 
1647.0 
1586.5 
1526.1) 
1469.7 
1414.4 
1360.9 
l j u 8 . 9  

1210.1 
1258.6 

1 ~ 6 2 . 9  

1073.3 
1117.4 

103J.7 

949.7 
985.3 

911.2 
874.1 
b 3 9 . 3  

770.0 
737.5 

675.6 
706.1 

645.2 
617.8 
590.4 
564.1 
538.8 
514.4 
491.0 
46-3.9 
447. 6 

407.9 
427.3 

389.3 
371.6 
3 5 4 . 6  
338.3 
322.7 
307.9 
293.4 

264.9 
279.9 

254.4 

19Ufl.i 

803.7 

1127.4 
~ l G 7 . 6  
1076.4 
1046.8 
1018.6 

998.9 
963.7 
932.8 
902.7 
874.2 
8 4 6 . 6  
819.8 
793.6 
76b - 2  
743.5 

695 -9 
719.4 

650.2 
672.9 

628 .1  
606.7 

565.7 
585.9 

547.9 
530.7 

497.6 
513.9 

4t i i .b  
464.7 

431.7 
448.4 

415.5 
399.8 
3 b 3 . 7  
360.4 
350.0 
334.2 
319.2 
335.3 
L ' r 2 . 3  
2 7 9 . ~  
267.8 
256.3 
245.3 
234.7 

214 .8  
224.5 

205.4 
196.4 

M O N I H  1 0  D A Y  3 1  

.U70381 

.G65145 
.v67197 
. b 6 5 3 5 0  

. C61860 
.G635U9 

.ob0162 

- 0 5 t 3 5 4  
.OS6233 

.054575 

.G55852 
-051178  
.4449543 
,057557 
.046415 
. 0 4 4 F l l  
.043444 

aC4b591 
. 0 4 2 0 0 8  

.C39211 

.c37875 

.03C577 
eU35315 

.033131  
, 3 3 4 2 0 4  

,032082 

. 0 3 b C 2 8  
-031064  

.029b10 

.026050 
,027993 

- 0 2 4 9 5 9  
- 0 2 5 9 3 9  

.v23954 

,021850 
.C2iB74 

.C19927 
- 0 2 0 8 6 3  

,018248 
,017467 
.O le718  
. ~ l t t i O O  
-015314  
,014652 

013410 
.014015 

.012823 . C l 2 2 6 i  

.G14b59 

14.7 
13.4 
11.2 

8. b 
6.3 
3.7 
1.1 
-.2 

-1.b 
-3.3 
-5.0 

-P. 6 
- 6 . 8  

- i Z . Z  
-10.4 

-14.3 
-15.8 
-17.6 

-20.9 
-19.2 

-22.5 

-L5.9 
-24.2 

- 2 8 . 4  
-31.0 
-33.7 
-3b.3 
-38.7 
-41.1 

-44.9 
-43.2 

-48.2 
-46.5 

-49.4 
-49.5 
-49.6 
-49.7 
-49.8 
-50.2 
-50.8 

-52.2 
-51.5 

-52.9 
-53.6 
-54.3 

-55.7 
-55.0 

- 5 6 . 3  
-57.0 

Y E A R  76 HIlUE OF k t L E A S E  22302 

5 8  .F 
5 t  -1 
5 2 . 2  
47.E 
43.3 
38.7 
34 .o 
31.6 
29.1 
26.1 
23.C 
19.8 
16.5 

1O.b 
13.3 

b.6 
3 . t  

-2 .b  
. 3  

-5.6 

-11.e 
-8.5 

-19.1 
-14 16 

-6!3.8 

-33.3 
-28.7 

-42.L 
-37.7 

-45.6 
-46.8 

-54.0 
- 5 1   - 7  

-56  -9 

-57.3 
-57.1 

-57.5 

-58.4 
-57.6 

-59.4 
-60.7 
-62 .O 
-63 .2  

-65.7 
- 6 4 . 5  

-67.0 
- 6 8 . 3  

-7L1.6 
-69.3 

3.2 
2.6 
1.6 -. 3 

-5.2 
-9. 6 

-14.4 
-17.9 

- 2 3 . 6  
-21.7 

-25.1 
-26.7 
- 2 8 . 3  
-29.8 
-31.4 
-33.0 
-34.7 
-36.2 

-38 .9  
-37.5 

- 4 0 . 2  
-41.6 
-42.9 
-44.8 
-46 .8  

-50.9 
-46.8 

-54.5 
-59.1 
-63.2 
-64.) 
-65.8 
-67.2 
-68  2 

-68.3 
-6e.2 

-68.4 

-68.8 
-68.4 

-69.3 

-7u.  5 
-69.9 

-71.0 
-71.  b 
-72.1 
-72.7 
-73.2 
-73.8 

37.7 
36.7 
3 4 . 5  
3 U . 3  
72.7 
14.7 

-. 2 
6.0 

-7.0 
-10.4 
-13.2 

-18.0 
-16.0 

-24 . t  
-21.7 

- 3 O . L  
-27.5 

-33.1 
-35.4 
-37.F 
-4u.4 
-4 i .E 

-48.7 
- 4 5 . 3  

-52.2 

-59.t 
-55.5 

-74.3 
-66 .1  

-81.7 
-64.1 
-86.5 
-88.9 
-90.7 
-90.E 
-90   -5  
-91.1 
-91.2 
-91. b 
-92.6 
-93.6 
-94.8 
-95.8 
-9b.U 
-07.5 
-98.8 

-100.8 
-99.8 

-74.r -101.8 

45.8 
47.9 
51.6 
50.4 
43.6 
37.0 
30.3 
24.9 

19.1 
15.9 

18.9 

16.7 
1B.b 

18.6 
18.5 

18.2 
18.2 
18.2 
18.4 
1e.r 
18.6  

19.2 
19.8 
20.5 
21.0 

12.9 
17.5 

9.5 
0. e 
9.6 
9.6 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.6 

9.7 
9.7 

5.7 
9.7 
9. cj 
9.8 
9.8 
9.8 
9 .  0 

18.3 

1e.7 

1.5 
1.5 

2.6 
1.5 

4.1 
3.6 

5.1 
5.1 

7.2 
5.7 

10.8 
9.5 

12.9 
14.4 
l t . 5  
18.5 
19.5 

25.2 
21.6 

29.8 
3 t . O  
38.6 
4G.l 
40.6  
41.7 

43.2 
42.7 

44.2 
4F.3 

4 6 . 3  
45.8 

45.8 
44.8 
42.2 
39.6 
37.0 
34.5 
32.9 
31.9 
3t.0 
4C.l 
42.7 
43.7 
44.8 
44.2 
43.7 

27.8 
35.5 

24.7 

3.0 
3.0 
3.0 

7.0 
5 e 0  

8.0 
10.0 
10.0 

14.0 
11 .o 

18  .o 
21.0 
25.G 
28.0 
32.0 

38.0 
36 .0  

42 -0 
49.0 

70.0 
58 .O 

78.0 
75.0 

79.0 
81.0 
83.0 

88.0 
86.0 

89.0 
90 e 0  
89.0 
87.0 
82.0 
77.0 
72 .O 
67.0 
64.0 
62.0 
70.0 
78.0 
83 .o 
85.U 
87.0 
86.0 
R5.0 
t9.3 

48.0 
54.5 

a4 .O 

295.0 
312.0 
305.0 
262.0 
220.0 
203.C 
182.0 
182.C 

2 2 4 . 0  
195.0 

245.0 
253.0 
246.0 
232.C 
228.0 
227.0 
226.0 
219.0 
217.0 
220.G 
221.0 
221.0 
225.0 
232.0 
234.0 
2z5.c 
234.C 

231.0 
234.0 

225.0 
221.0 
221.0 
221.c 

221.0 
221.u 

223.0 
226.0 

228.0 
227.0 

209.0 
1ea.c 

177.C 
179.C 

172.C 
17'1.0 

172.C 

2cc. 0 
189.C 

724. 2375. 

1219. 4 C t C .  
914. 3COO. 

1524. 5000. 
1829. CCOO. 
2134. 7000. 
2438. 8COC. 
1743. FCOC. 
3 0 4 8 .  10000. 

3b5R. 120CO. 
3353. 11ooc. 

4267. 1400C. 
4572. 15COC. 
4877. 1 6 O O C .  

5486. 18COC. 
5791. 19COC. 

6401. Z l O U C .  
6096. 2OCOC. 

6706. 2200C. 
7010. 23CCG. 
7 ? 1 5 *  2400C. 
7620. 25000. 
7925. 26COO. 

3 9 ~ 2 .  12aca. 

s l a p .  17000. 

8230. 27COC. 
6534. EECOO. 

9144. 9OOOC. 
8 8 3 9 .  2900C. 

9449. ?lCCC. 

10C58. 33000. 
9754.  92ccc. 

10363. ?400C. 
1 0 t 6 8 .  350CC. 
10973. 3600Cm 
11278. 37CCC. 
11582. 38000. 
l l 8 P 7 .  39000. 
12192. 4 C C C C .  
i 2497 .  4lOOC. 

131CC. 4?0CC. 
13411. 4400C. 

14021. 4 6 0 0 0 .  
13716. 4500C. 

14326. 47CCC. 
14630. 4BCliC. 
149?5. 49ccc. 

12e02. ~ E O O C .  

712.0 15240. E C C C C .  



00 
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TABLE 4.-Concluded 

~ 

H. I P. 2 .  THETA, v, RH I T ,  1 0. RHO, 

m ft m deg k n o t s  m/sec percent O F  OC O F  O C  gm/m3 1 l b / f t 3  f t  1 mb 1 lb/ft2 

~ L R T H  11 O h Y  1 V E A n  78  HJbR OF R E L E A S E  11002  

5932. 
7235. 
7539. 

?840. 
?207.  

3641.  

sR40. 
5P40. 

9439. 
7845. 

17925.  
7831. 

11820.  
1?810. 
11792.  
14790.  
15765 .  
15761.  
17752 .  
19752.  
19751.  
?6749. 
21754.  

'1737. 
'?740. 

'4733. 
?5741. 
26754. 
' 7 7 4 5 .  
?9772. 
2'791. 

kt13a. 

33788. 
74792. 

36745. 
3 5  771. 

37716. 

935.0 
913.5 

8 4 8  - 2  
816.9 
796.6 

729.8 
757.1 

701.4 
674.8 
6 4 9 . 0  
624.1 
600.2  

5 5 4 . 4  
576.9 

532.4 
511.2 
490.5 
470.5 
4 5 1  - 2  
432.6 
4A4.6 
397.2 
380.4 
364.0 

332.5 
318.1 
303.9 
290.2 
2 7 7  -1 
264.5 
252 5 
240.9 
229.9 
219.3 
239.3 

680.3 

348.1 

1952.8 
1957.9 
l b 3 8 . 5  
1771.5 
1706.1 
1 w . a  

1522  .i 
1464.9 

1355.5 
L 4 0 9 . 3  

13b3.5 
i 253 .5  

1157.9 
1204.9 

1583.2 

i l A 1 . 9  
1067.7 
1024.4 

982.7 
942.4 
903.5 
865.9 
829.6 
794.5 
760.2 
727.0 
665 -1 
664.4 
634.7 
606.i 
578.7 
552.9 
527.4 
5 ~ 3 . 1  
4'19. J 
458.1)  
437.1 

1174.6 
1135.6 

1360.4 
1031.5 
1O03.1 
966.4 

9u5.0 
934.4 

877.1 
649.9 
8A8.4 
790.1 

745.9 
767.8 

724.6 
703.7 
681.7 
6 5 8  6 
636.1 
615.2 
593.0 
573.1 
557.5 
542.1 

503.9 
523.3 

485.4 
467.5 
449.4 
431.6 
414.4 
397.9 
370.8 
362.3 
345.1 
328 e 9  

1092.5 

- 0 7 3 3 2 8  
.07L893 
. O b t L C 3  
,066199 
e064394  
nC62621  
.CbC33(r 
. O S E 3 3 3  
,656497 
,054756 
.05305a 
eU51091  
- 0 4 5 3 2 4  
- 0 4  7932 
. 0 4 6 5 6 >  

.u43932 
- 0 4 5 2 3 5  

. 0 4 i 5 5 7  
mb41115 
- 0 3 9 7 1 0  

037C20 
- 0 3 8 3 4 3  

ab35777  
- 0 3 4 8 0 4  
- 0 3 3 8 4 2  
. C 3 2 6 5 b  
- 0 3 1 4 5 7  
.0a*3I l3  
- 0 2 9 1 8 9  
.CZEb55 

- 0 2   5 8 7 0  
- 0 2 6 9 4 4  

-024841. 
s(r23710 
e 0 2 2 5 Y r  
. 0 2 1 5 4 4  
.CZL533 

6 . 2  
3.5 

6.7 
4.7 

-. 6 
L . U  

-1.5 
-.4 

-3.3 
-5.2 
-7.2 
-7.5 

-11.4 
-8.5 

-14.2 
-17.1 
-20.1 
-22 .5  
-24.2 

-27.7 
-26.0 

-31.6 
-29.5 

-35.3 
-39.1 
- 4 1 . 2  
-42.9 
-44.7 
-46.6 
-48.0 
-49.3 
-50.6 

-52.1 
- 5 2 . 1 ~  

-51.8 
-51.6 
-51.4 

38.3  
43.2 
44.1 
40.5 
35.6 
30 -9  

29.3 
31.3 

26.1 
22.6 
19.0 
18.5 
16  e 7  
11.5 
6.4 

-4.2 
1.2 

-8.5 
-11 e 4  

-17.9 
-14.6 

-21.1 
-24.9 
-31.5 
- 3 8 . 4  
-42.2 
-45.2 
-48.5 
-51.9 
-54.4 
-56.7 
-59.1 

- b l . @  
-61.6 

-61.2 
-60.9 
-6u.5 

2.8 
.1 

3.6 

-. 3 
1.0 

-1.8 
-12.8 
-17.8 
-17.5 
-18.4 
-19.4 
-22.2 
-24.7 
-25.5 
-26.5 
-27.9 
-29 .4  
-31.5 
-34 .5  

-39.3 
-36.6 

-42.1 
-45 .0  
-47. 6 
-L0.3 
-53.3 
-56.6 
-60.4 

-67.u 
-b4 .8  

-68.1 
-69.2 
-70.2 
-70.3 

-69.9 
-70.1 

-69. R 

32.2 
37.0 
37.4 
33 .b 
31.4 
28.7 

9.1 
.O 

-1.2 
.4 

-3.0 

-12 .5  
-7. Y 

-15.8 
-13.9 

-18.2 
-20.9 
- 2 4 . 6  
-29.2 
- 3 3 . 9  
-38.7 
-43.8 
-49.0 
- 5 3 . t  
- 5 8 . 5  
-64 e 0  
-69.4 

-64. t  
-76.6 

-90. b 
-92.5 
-94.4 
- 9 4 .  t 

-93.9 
-94.2 

-93. e 

-66.7 

78.t 
78.5 

77.3 
76.9 
84. e 
91.4 
38.7 
27.7 
32.3 
3 4 . 6  
37.G 
29.8 
25.7 
30.1 
3 4 . 3  
38.6 
43.3 
44.0 
40.0  
36.4 
32.3 
2E.5 
25.6 
27.7 
29.8 
26.1 
21.0 
16.U 
11.1 

0.6 
9.6 
9.6 

9.7 
9.7 

5.7 
9.7 
9.7 

2.1 
1.0 
c.0 

1.5 
.5 

4.1 

11.8 
7.7 

13.4 

18.0 
lF.4 

21.1 
22.6 
23.1 
22.6 
27.1 
21.1 
23.7 
27.3 

29.8 

29.3 
25.8 

24.8 
31.4 
32.4 
3 4 . 6  
35.0 
3t.0 
34.5 
32.9 
34.0 

39.1 
35.5 

C.0 
0 .0  
0.1) 

2e.e 

4.0 
2.U 
0.0 
1.0 
3.0 
B .O 

23.0 
15.0 

26 .6  
30.0 

4 1  .o 
35.0 

44 - 0  
45 -5  
44.0 
4 3  e 0  
4 1  -0  
46.0 
53.J 

58.U 
56.0 

58.0 
57.0 

61.0 
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Figure 1. Transition  cone and instrumentation. 
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Figure 2 .  Pitot pressure  probe.  Dimensions  are  in  centimeters  (inches). 
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Figure 3 .  Probe  for  measurement of fluctuating  free-stream  impact  pressure. 
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Figure 5 .  Facsimile  cone  and  instrumentation. 
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Figure 7 .  Fixed  flow-sensing  probe  position  error 
determined by  in-flight  calibration. 
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Figure 8 .  Transition  cone  mounted  in  front of testbed  aircraft. 

Figure 9.  Transition  cone  being  heated at end of runway  before  flight. 
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Figure 10. History of cone  free-stream  conditions  during a typical  pitot  probe 
t raverse .  
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Figure 1 1 .  Transition  cone  flight  test  matrix. 
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Figure  12.  Typical  pitot  probe  pressures  as a function of probe  location. 
At  onset of transition ( X , ) ,  M, = 1.44 ,  H = 13,074 m (42 ,894   f t ) ,  
U , / v ,  = 9.45 X 10 p e r  m ( 2 . 8 8  X 10 p e r   f t ) ,  a = -0.  30°,  and p = 0.12O; 
at  end of transition ( X , ) ,  M, = 1 . 4 4 ,  H = 13,071 m (42 ,884   f t ) ,  
U,/v, = 9.42  X 10 p e r  m (2.87 X 10 p e r   f t ) ,  a = -0.28O,  and p = 0.13O. 
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( a )  Pitot   probe  pressures.  

Figure  13. Data history  during  moderate  turbulence. 
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( b )  Cone  free-stream  conditions. 

Figure 13 .  Concluded. 
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Figure 1 4 .  Variation  in  flight-determined  transition  Reynolds  number 
with  wall  temperature  and  comparison  with  theoretical  and  wind 
tunnel resul t s .  
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Figure 1 5 .  Transition  Reynolds  number  as a 
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Figure 18.  Microphone  power  spectral  density  distribution. 
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Figure 18 .  Concluded. 
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Figure 1 9 .  Effect of Reynolds  number  on  power  spectral  density  distribution. 
Spectra  are  smoothed. 
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Figure 19. Concluded. 
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Figure 20.  Continued. 
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Figure 22 .  Fluctuating  free-stream  impact  pressure  as a function of Mach 
number  at  boundary  layer  edge. 
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Figure 30.  Comparison of in-flight  temperatures  with  radiosonde  data. 

123 



0 Measured Tt 

0 Computed T, I 
Computed T, I 

Probe 1 

0 Meas u red  Tt 
Probe 2 

Fair ing  o f   f l ight  data 
"e Radiosonde  data fo r  10/5/78 
-" Radiosonde  data fo r  10/11/78 
Unflagged data denote f l igh t  345  (10/5/78) 
Horizontal  f lags  denote  f l ight 346  (10111178) 
Slanted  flags  denote  flight 347  (10/12/78) 

Temperature, O R  

360  380  400  420 440 460  480  500  520 540 
I I I I 1- l r l  

16 - 

, 
\ 

\ 

\ 

\ 

50 x lo3 

\\ 40 
12 - LR 

d q  *\ 1.470 30 

H, k m  8 - H, ft 

20 

4 -  
\x 10 

?x <\ 
0 
200  220  240  260  280  300  320  340  360  380  400 

0 

Temperature, K 

( b )  Aircraft  trim  angle of attack = l o .  

Figure 30. Concluded. 

124 



" 

1 

0 

-2 

-3 

-4 

-5 

Ti me, 
sec 

0 0 
0 10 
0 20 
A 30 
b 40 
n 50 
V 52 
V 53 
a 54 

57 
P 59 
n 60 
0 70 
0 80 

0 

"_ Fai r ing  

Me 

1.272 
1.287 
1.295 
1.290 
1.301 
1.299 
1.291 
1.282 
1.245 
1.191 
1.152 
1.144 
0.995 
0.914 

Open  symbols  are  for xlL = 0.67 
( tu rbu len t  flow) 

Solid symbols  are for  xlL = 0.40 
( laminar   or   t rans i t ional  flow) 

\ 
\+ 

\ t 
\ 
\ 
\ 

4 
b o  
\ 
\ 

-6 L 
.96 .98 1.00 1.02  1.04  1.06  1.08  1.10 

Tw'Taw 

3 

3 

-. 1 Qw(x). 

BTUlft -sec 2 

-.2 

-.3 

-.4 

-.5 
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Figure 37 .  Location of end of transition  as  a  function of total incidence  angle, 
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