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SUMMARY 

e 

c 

A computer program w r i t t e n  to  c a l c u l a t e  the  s t a t i c  p r e s s u r e  p o s i t i o n  error 
of a i r s p e e d  systems c o n t a i n s  f i v e  s e p a r a t e  methods for d e t e r m i n i n g  p o s i t i o n  error, 
of which t h e  u s e r  may select from one t o  f i v e  a t  a t i m e .  The program u s e s  data 
f r o m  both the  test  a i r c r a f t  and t h e  ground-based radar t o  c a l c u l a t e  t h e  error. I n  
a d d i t i o n ,  some of t h e  methods r e q u i r e  rawinsonde d a t a  or a n  a t m o s p h e r i c  a n a l y s i s ,  
o r  both. 

The program o u t p u t  lists t h e  c o r r e c t i o n s  t o  Mach number, a l t i t u d e ,  and s ta t ic  
p r e s s u r e  t h a t  are caused by p o s i t i o n  error. Reference  v a l u e s  such  as a n g l e  of  
a t t a c k ,  a n g l e  of s i d e s l i p ,  i n d i c a t e d  Mach number, i n d i c a t e d  p r e s s u r e  a l t i t u d e ,  
s t a g n a t i o n  p r e s s u r e ,  and t o t a l  tempera ture  are also l i s ted .  

INTRODUCTION 

The measurement of t r u e  a i r s p e e d  and a l t i t u d e  is  e x t r e m e l y  i m p o r t a n t  when 
f l i g h t  t e s t i n g  a i rc raf t .  To i n c r e a s e  the  a c c u r a c y  of these measurements, t h e  
s t a t i c  p r e s s u r e  p o s i t i o n  error must be de termined ,  t h e n  accounted  f o r .  Though 
many methods have been developed and used s u c c e s s f u l l y ,  the d a t a  a n a l y s i s  can be 
tedioi is .  To decrease t h e  workload, a computer program (PERROR) w a s  w r i t t e n  t h a t  
c o n t a i n s  s e v e r a l  methods ( a l l  i n c o r p o r a t i n g  r a d a r  measurements) f o r  d e t e r m i n i n g  
s t a t i c  p r e s s u r e  p o s i t i o n  error for  a given a i r  data system. The program accesses 
d a t a  from a f i l e  t h a t  c o n t a i n s  ground-based r a d a r  and test a i rc raf t  i n f o r m a t i o n .  
A d d i t i o n a l l y ,  a tmospher ic  a n a l y s i s  d a t a  are e n t e r e d  i n  table form i f  available. 
PERROR t h e n  c a l c u l a t e s  t h e  p o s i t i o n  error f o r  t h e  system. 

T h i s  report d e s c r i b e s  the methods that are used i n  t h e  program, t h e  i n p u t s  
n e c e s s a r y  for each  method, and t h e  l i m i t a t i o n s  of the methods. I n  a d d i t i o n ,  the 
o u t p u t  from an  a c t u a l  test i s  presented .  

NOMENCLATURE 

A L P H A N B  

BETANB 

CP 

IIANG 

DESCP 

DESCT 

D H P  

DHPG 

DM 

a n g l e  of a t t a c k ,  deg 

a n g l e  of s ides l ip ,  deg 

p r e s s u r e  c o e f f i c i e n t ,  (PICT - P)/QCIT 

d i f f e r e n c e  between azimuth a n g l e  and d i r e c t i o n  of p r e s s u r e  g r a d i e n t  

d e s c e n t  p r e s s u r e  method 

d e s c e n t  t e m p e r a t u r e  method 

c a l c u l a t e d  d i f f e r e n c e  between t r u e  and i n d i c a t e d  p r e s s u r e  a l t i t u d e  

d i f f e r e n c e  between geometr ic  and p r e s s u r e  a l t i t u d e  as a f u n c t i o n  of  
h o r i z o n t a l  p o s i t i o n  

c a l c u l a t e d  d i f f e r e n c e  between t r u e  and i n d i c a t e d  Mach number 
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DPR 

D I? 

DZ 

DZEN 

D ZES 

D Z H  

DZHTARL 

E 

1.' I, I G H T  

G 

GGHTHI, 

GH 

HP 

HPREI.' 

H P T  

h 

I ETSV 

I ET 

I ETA0 

I1 

I SI! 

rsimr) 
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c a l c u l a t e d  d i f f e r e n c e  between t r u e  and  i n d i c a t e d  s t a t i c  p r e s s u r e  

d i s t a n c e  from radar s i t e  to  aircraft ,  f t  

c o n s t a n t  a d j u s t m e n t  t o  radar a l t i t u d e  ( f t )  t h a t  a l l o w s  the computed 
pressure a l t i t u d e  a t  the r e f e r e n c e  p o i n t  to e q u a l  t h e  c a l i b r a t e d  
p r e s s u r e  a l t i t u d e ;  used i f  KK f 0 and LL f 0 

d i f f e r e n c e  between geometric a l t i t u d e  and i n d i c a t e d  p r e s s u r e  a l t i t u d e  
as  a f u n c t i o n  of e l e v a t i o n  a n g l e  a l o n g  a s u r v e y  run  

d i f fe rence  between geometr ic  a l t i t u d e  and i n d i c a t e d  p r e s s u r e  a l t i t u d e  
a t  the  maximum e l e v a t i o n  a n g l e  a l o n g  a s u r v e y  r u n  

d i f f e r e n c e  between geometr ic  and p r e s s u r e  a l t i t u d e  as a f u n c t i o n  of 
geometr ic  a l t i t u d e  

tab le  of pairs of DZH as a f u n c t i o n  of  a l t i t u d e ;  used i f  KK .f: 0 and 
LL f 0 

radar antenna e l e v a t i o n  a n g l e ,  deg 

f l i q h  t number 

p r e s s u r e  g r a d i e n t  o b t a i n e d  from a tmospher ic  a n a l y s i s ,  f t /n .mi .  

t ab le  of triples of G and GH as a f u n c t i o n  of a l t i t u d e ;  used i f  KK # 0 
and ISURVEY = o 

d i r e c t i o n  of  t h e  p r e s s u r e  g r a d i e n t  ( d i r e c t i o n  of d e c r e a s i n g  2 - HP a t  
c o n s t a n t  geometr ic  a l t i t u d e ,  measured i n  d e g r e e s  from t r u e  n o r t h )  

b 

t r u e  p r e s s u r e  a l t i t u d e ,  f t  

r e f e r e n c e  p r e s s u r e  a l t i t u d e ,  f t ;  used i f  MM f 0 

tes t  or i n d i c a t e d  p r e s s u r e  a l t i t u d e ,  f t  

g e o p o t e n t i a l  a l t i t u d e ,  f t  

end time ( H R ,  M I N I  S E C ,  MSEC) of t h e  s u r v e y  r u n ;  used i f  ISURVEY f 0 

s t o p  t i m e  ( H R ,  MINI SEC, MSEC) 

end time (HR,  M I N ,  S E C ,  MSEC) of the a c c e l e r a t i o n - d e c e l e r a t i o n  run  
a s s o c i a t e d  w i t h  a s u r v e y  run;  used i f  ISURVEY f 0 

f l ag  s e t  to nonzero to  c a l c u l a t e  p o s i t i o n  error u s i n g  radar-rawinsonde 
method 

s t a r t  time ( H R ,  MINI S E C ,  MSEC) 

s t a r t  t i m e  ( H R ,  M I N ,  S E C ,  MSEC) of the a c c e l e r a t i o n - d e c e l e r a t i o n  r u n  
a s s o c i a t e d  w i t h  a s u r v e y  run;  used i f  ISURVEY f 0 
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ISTSV s t a r t  t i m e  ( H R ,  M I N I  SEC, MSEC) of t h e  s u r v e y  run;  used i f  ISURVEY f 0 

I S l J R V E Y  se t  t o  nonzero f o r  a s u r v e y  run (a  s u r v e y  r u n  is  used o n l y  when KK f 0 )  

IIJNITS set  to  0 i n d i c a t e s  s t a n d a r d  Engl i sh  u n i t s  f o r  a l l  i n p u t s ;  se t  t o  1 

i n d i c a t e s  p r e s s u r e  u n i t s  a r e  i n  l b / i n 2  and o t h e r  u n i t s  are i n  s t a n d -  
a r d  E n g l i s h  u n i t s ;  set  t o  2 i n d i c a t e s  pressure i s  i n  N/m2 and TT is 
i n  k e l v i n s  

KK 

1,L 

M 

M I  

r4 M 

NDZH 

NGGH 

N N  

00 

P ICT 

RRA 

f l a g  s e t  to  nonzero t o  c a l c u l a t e  p o s i t i o n  error u s i n g  l e v e l  
acce l e r a t i o n - d e c e l e r a t i o n  method 

l e v e  1 acce l e r a t i o n - d e c e l e r a t i o n  method 

f l a g  se t  t o  nonzero t o  calculate p o s i t i o n  error u s i n g  d e s c e n t  p r e s s u r e  
method 

Mach number 

i n d i c a t e d  Mach number 

f i a g  set  t o  nonzero t o  calciilate positioi; errar usin.; descent t e m -  
p e r a t u r e  method 

t w o  t i m e s  t h e  number of pairs of  e n t r i e s  i n  t h e  DZH table;  used i f  
KK f o or LL 1: o 

t h r e e  t i m e s  t h e  number of t r iples  of e n t r i e s  i n  t h e  GGH t a b l e ;  used i f  
KK f 0 and ISURVEY = 0 

f l a q  se t  t o  nonzero t o  calculate p o s i t i o n  error u s i n g  t o t a l  t empera ture  
method 

f l a g  set  t o  1 t o  compute PT from W I T  and PICT from t h e  merged f i l e ;  
s e t  t o  2 to  compute PT from VCT and HPT from t h e  merged f i l e ;  d e f a u l t  
o f  0 w i l l  u s e  PT as it comes from t h e  merged f i l e  

i n d i c a t e d  s t a t i c  p r e s s u r e ,  l b / f t 2  

ambient  p r e s s u r e  determined from rawinsonde b a l l o o n  measurements, l h / f t 2  

i n d i c a t e d  t o t a l  p r e s s u r e  , lb/ f  t 2  

i n d i c a t e d  impact  pressure, l b / f t 2  

f l a g  s e t  t o  nonzero t o  o u t p u t  p r e s s u r e  c o e f f i c i e n t  CP; d e f a u l t  of 0 
w i l l  o u t p u t  p r e s s u r e  a l t i t u d e  c o r r e c t i o n  DHP 

r a d a r  parameter i d e n t i f i c a t i o n  f o r  azimuth a n g l e ,  deg 
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RRH 

RRTA 

RRX 

RRY 

R U N  

T 

T O T  

TS 

TT 

VCT 

z 

Y 

Suffixes: 

D P  

wr 

L I) 

R 

TT 

r a d a r  f i l e  parameter i d e n t i f i c a t i o n  f o r  geomet r i c  a l t i t u d e ,  f t  above 
sea l e v e l  

r a d a r  f i l e  parameter i d e n t i f i c a t i o n  f o r  ambient  t empera tu re ,  OF 

radar f i l e  parameter i d e n t i f i c a t i o n  f o r  x c o o r d i n a t e ,  c e n t e r e d  a t  sta- 
t i o n ,  p o s i t i v e  east ,  f t  

r a d a r  f i l e  parameter i d e n t i f i c a t i o n  f o r  y c o o r d i n a t e ,  c e n t e r e d  a t  sta- 
t i o n ,  p o s i t i v e  n o r t h ,  f t  

run  number 

a m b i e n t  t empera tu re ,  OF 

t o t a l  t empera ture  method 

s t anda rd  t empera tu re ,  OF 

t o t a l  o r  s t a g n a t i o n  t empera tu re ,  OF 

c a l i b r a t e d  a i r s p e e d ,  k n o t s  

geometr ic  a l t i t u d e ,  f t  

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

o u t p u t  c a l c u l a t e d  u s i n g  t h e  d e s c e n t  p r e s s u r e  method 

o u t p u t  c a l c u l a t e d  u s i n g  t h e  d e s c e n t  t empera tu re  method 

o u t p u t  c a l c u l a t e d  u s i n g  t h e  l e v e l  a c c e l e r a t i o n - d e c e l e r a t i o n  method 

o u t p u t  c a l c u l a t e d  u s i n g  the radar-rawinsonde method 

o u t p u t  c a l c u l a t e d  u s i n g  the to t a l  t empera tu re  method 

DESCRIPTION OF METHODS 

Leve 1 Acce l e r a t i o n - D e c e l e r a t i o n  Method 

The l e v e l  a c c e l e r a t i o n - d e c e l e r a t i o n  method i n v o l v e s  d e r i v i n g  t r u e  p r e s s u r e  
a l t i t u d e  H P  from geometr ic  a l t i t u d e  Z and a c a l c u l a t e d  o r  measured d i f f e r e n c e  i n  
qeometic a l t i t u d e  and p r e s s u r e  a l t i t u d e ,  Z - HP. I d e a l l y ,  t h e  test a i r c r a f t  f l i e s  
a c o n s t a n t - a l t i t u d e  a c c e l e r a t i o n - d e c e l e r a t i o n  r u n  t o  cove r  the  d e s i r e d  Mach range .  
However, i f  d e s i r e d ,  t h i s  method can  be used €or a c l imbing  o r  descend ing  maneuver. 
Geometric a l t i t u d e  is o b t a i n e d  from ground-based r a d a r .  

4 



An a tmospher ic  a n a l y s i s  is  conducted t o  d e t e r m i n e  v a l u e s  of  Z - HP, p r e s s u r e  
a l t i t u d e  g r a d i e n t  G, and ambient  temperature  T. When t h e  v a l u e  of  2 - HP is  
s u b t r a c t e d  from t h e  r a d a r  a l t i t u d e ,  t r u e  p r e s s u r e  a l t i t u d e  i s  obtained. The v a l u e  
z - HP is  r e f e r e n c e d  v e r t i c a l l y ,  d i r e c t l y  above t h e  radar si te.  The p r e s s u r e  a l t i -  
t u d e  q r a d i e n t  i s  t h e  slope of t h e  pressure a l t i t u d e  i n  t h e  h o r i z o n t a l  plane and i s  
r e p r e s e n t e d  i n  v e c t o r  form. The magnitude i s  i n  g e o p o t e n t i a l  f e e t  per n a u t i c a l  m i l e  
of h o r i z o n t a l  d i s t a n c e  and i n  t h e  d i r e c t i o n  of d e c r e a s i n g  Z - HP. The o r i g i n  of 
t h i s  v e c t o r  i s  a t  t h e  r a d a r  site. 

The a tmospher ic  a n a l y s i s  is based on i n f o r m a t i o n  r e c e i v e d  from rawinsonde 
soundings.  NASA Ames Research C e n t e r ,  Dryden F l i g h t  Research F a c i l i t y  (Ames- 
Dryden) r e c e i v e s  i n f o r m a t i o n  from t h e  A i r  wea ther  S e r v i c e  a t  t h e  A i r  Force F l i g h t  
T e s t  C e n t e r ,  Edwards AFB. The A i r  Weather S e r v i c e  gathers d a t a  from rawinsonde 
soundings  made t w i c e  a day a t  numerous l o c a t i o n s .  The a n a l y s i s  i s  made from 
c o n s t a n t - p r e s s u r e - l e v e l  maps from which p r e s s u r e - h e i g h t ,  t e m p e r a t u r e ,  and wind 
i n f o r m a t i o n  can be e x t r a c t e d  f o r  t h e  f l i g h t  t es t  runs .  I n  a d d i t i o n ,  a n  Edwards 
rawinsonde sounding is  g e n e r a l l y  scheduled by Ames-Dryden to  p r o v i d e  data i n  t h e  
v i c i n i t y  of t h e  c a l i b r a t i o n  f l i g h t ,  a t  approximate ly  the t i m e  of t h e  f l i g h t .  D a t a  
from t h i s  sounding p r o v i d e  more p o i n t s  per u n i t  of a l t i t u d e  t h a n  d o e s  t h e  o t h e r  
sounding i n f o r m a t i o n .  

When u s i n g  t h e  l e v e l  a c c e l e r a t i o n - d e c e l e r a t i o n  method, t w o  options are 
a v a i l a b l e  t o  compensate f o r  t h e  h o r i z o n t a l  p r e s s u r e  g r a d i e n t :  t h e  nonsurvey 
o p t i o n ,  u s i n g  a n  a tmospher ic  a n a l y s i s ,  and the s u r v e y  o p t i o n ,  u s i n g  a cons tan t -  
speed s u r v e y  r u n  made a l o n g  t h e  same path as the a c c e l e r a t i o n - d e c e l e r a t i o n .  The 
o p t i o n  d e s c r i p t i o n s  fo l low.  

Nonsurvey o p t i o n .  - The nonsurvey o p t i o n  of t h e  l e v e l  a c c e l e r a t i o n - d e c e l e r a t i o n  -- 
method u s e s  b o t h  Z - H P  and p r e s s u r e - a l t i t u d e  g r a d i e n t  from t h e  weather  a n a l y s i s .  
A t  each t i m e  i n t e r v a l  ( t y p i c a l l y  e v e r y  s e c o n d ) ,  a v a l u e  of Z - HP as a f u n c t i o n  of  
v e r t i c a l  h e i g h t  DZH and a v a l u e  of  Z - HP as a f u n c t i o n  of  h o r i z o n t a l  p o s i t i o n  DHPG ~ 

are  c a l c u l a t e d .  The v a l u e  of DZH i s  obta ined  d i r e c t l y  from t h e  weather  a n a l y s i s ;  
DHPG is c a l c u l a t e d  by m u l t i p l y i n g  t h e  d i s t a n c e  t o  t h e  a i r c r a f t  from t h e  r a d a r  s i t e ,  
DR, by t h e  p r e s s u r e  g r a d i e n t  G and the c o s i n e  of t h e  d i f f e r e n c e  between t h e  azimuth 
a n g l e  and d i r e c t i o n  of t h e  p r e s s u r e  g r a d i e n t ,  DANG: 

DHPG = ( D R )  ( G  COS DANG) 

,, n - - L a . " ? t < "  ab ,,.-,, ef this method i s  shown i n  f i q u r e  l ( a ) .  True  p r e s s u r e  a l t i t u d e  i s  t h e n  
de termined  by t h e  e q u a t i o n  

HP = Z - DZH + DHPG - DZ 

where DZ i s  an ad jus tment .  The v a r i a b l e  DZ d e f a u l t s  t o  z e r o  i f  t h e r e  i s  no 
e x i s t i n g  s t a t i c - p r e s s u r e  p o s i t i o n  error c o r r e c t i o n .  I f  a p o s i t i o n  error is  f i r m l y  
e s t a b l i s h e d  f o r  a s p e c i f i c  f l i g h t  c o n d i t i o n ,  DZ c a n  be used so t h a t  t h e  calculated 
p r e s s u r e  a l t i t u d e  a t  t h e  same f l i g h t  c o n d i t i o n  is e q u a l  t o  t h e  known pressure a l t i -  
tude .  The p r e v i o u s  e q u a t i o n  c a n  a lso be used f o r  t h e  "bootstrap" method where, 
a g a i n ,  t h e  s t a t i c  p r e s s u r e  p o s i t i o n  e r r o r  is known a t  a r e f e r e n c e  p o i n t ,  b u t  v a l u e s  
of DZH and DHPG are n o t  used. I n  such a case, DZ i s  evaluated a t  t h e  r e f e r e n c e  
p o i n t .  F i n a l l y ,  i n  a l l  cases, DZ is a p p l i e d  as a c o n s t a n t  t h r o u g h o u t  t h e  e n t i r e  
t es t  run. 
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Survey o p t i o n .  - w i t h  t h e  s u r v e y  o p t i o n ,  DZH i s  used to provide a ver t ica l  
component of Z - HP, as i n  t h e  nonsurvey method. However, a d i f f e r e n t  scheme is  
used to  a r r i v e  a t  a h o r i z o n t a l  component. During t h e  f l i g h t  tes t ,  a c o n s t a n t -  
Mach run  is  made a t  t h e  same a l t i t u d e  and o v e r  the same p a t h  as t h e  a c c e l e r a t i o n -  
d e c e l e r a t i o n  run.  From t h e  s u r v e y  run ,  a c o r r e c t i o n  f o r  p r e s s u r e  g r a d i e n t  error 
and r a d a r  error (such as, i n  e l e v a t i o n  a n g l e )  c a n  be o b t a i n e d  as a f u n c t i o n  
of radar -an tenna  e l e v a t i o n  angle .  An i n i t i a l  Value of  Z - HPT = DZES is  d e t e r -  
mined a t  t h e  h i g h e s t  e l e v a t i o n  a n g l e ,  where radar errors are a t  a minimum. A table 
of z - HPT v a l u e s  (DZEN) as a f u n c t i o n  of e l e v a t i o n  a n g l e  i s  g e n e r a t e d  from t h e  
s u r v e y  run. Then a c o r r e c t i o n  f o r  each  p o i n t  a l o n g  t h e  a c c e l e r a t i o n - d e c e l e r a t i o n  
c a n  be de termined  from DZEN a t  the c o r r e s p o n d i n g  e l e v a t i o n  a n g l e .  T h i s  method is 
shown s c h e m a t i c a l l y  i n  f i g u r e  1 (b) . The f o l l o w i n g  e q u a t i o n  is used to  calculate 
p r e s s u r e  a l t i t u d e  : 

__-- 

HP = Z - DZH - (DZEN - DZES) - DZ 

Radar-Rawinsonde Method 

The radar-rawinsonde method d e t e r m i n e s  t r u e  Mach number d i r e c t l y .  Adiabatic 
e q u a t i o n s  r e l a t i n g  Mach number to s t a g n a t i o n  and s t a t i c  p r e s s u r e  are used:  

M = [ ~ ( P T / P ) O O ~ * ~ ~  - 5 I o o 5  M 1.0 

M = [ ( le42851 - 0 . 3 5 7 1 4 3 ~  - 0.0625y2 - 0 . 0 2 5 ~ 3  - 0 . 0 1 2 6 1 7 ~ 4  

- 0.00715~5 - 0.004358~6 - O.O087725~9)/ylO*5 M > 1.0 

where 

y = 1.839371/(PT/P) 

The s u p e r s o n i c  e q u a t i o n  a c c o u n t s  f o r  the to t a l  p r e s s u r e  loss across a normal shock 
wave. The approximation is  g i v e n  i n  appendix A. It is assumed i n  the e q u a t i o n s  
t h a t  t he re . i s  no p o s i t i o n  error i n  the measured s t a g n a t i o n  p r e s s u r e .  The s t a t i c  
p r e s s u r e  as a f u n c t i o n  of g e o m e t r i c  a l t i t u d e  i s  o b t a i n e d  from t h e  rawinsonde 
l i s t i n g  €or t h e  f l i g h t  test. 

Descent  P r e s s u r e  Method 

The d e s c e n t  p r e s s u r e  method, which c a n  also be used  f o r  climbs, i s  s imilar  to  
t h e  l e v e l  a c c e l e r a t i o n - d e c e l e r a t i o n  method i n  that it c a l c u l a t e s  t r u e  p r e s s u r e  
a l t i t u d e  by s u b t r a c t i n g  Z - HP from radar a l t i t u d e .  However, w i t h  t h i s  method the 
test  a i r c r a f t  i s  flown i n  a d e s c e n t  or a s c e n t ,  as opposed t o  l e v e l  f l i g h t ,  and no 
c o r r e c t i o n s  are made for  h o r i z o n t a l  v a r i a t i o n s  i n  the atmosphere. 

A s  i n  o t h e r  methods, Z - H P  is  o b t a i n e d  from a n  a t m o s p h e r i c  a n a l y s i s ,  and DZ 
c a n  be iised to  o b t a i n  t h e  correct p r e s s u r e  a l t i t u d e  a t  a r e f e r e n c e  p o i n t  i n  t h e  r u n  
f o r  which t h e  s t a t i c - p r e s s u r e  p o s i t i o n  error is known. As p r e v i o u s l y  described, 
t h i s  c o r r e c t i o n  is then applied throughout  t h e  rest of t h e  run.  

HP = 2 - DZH - DZ 

6 
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Descent  Temperature Method 

The d e s c e n t  tempera ture  method, which can a lso be used f o r  climbs, c a l c u l a t e s  
t r u e  p r e s s u r e  a l t i t u d e  from s t a g n a t i o n  tempera ture ,  i n d i c a t e d  Mach number, and 
r a d a r  a l t i t u d e .  The d i f f e r e n c e  between true and i n d i c a t e d  p r e s s u r e  a l t i t u d e  t h e n  
d e t e r m i n e s  t h e  c o r r e c t i o n  fo r  s t a t i c - p r e s s u r e  p o s i t i o n  error. 

P r o c e d u r a l l y ,  t h e  c a l c u l a t i o n  b e g i n s  a t  a r e f e r e n c e  p o i n t  ( e i t h e r  the f i r s t  or 
l a s t  p o i n t  of  the r u n )  f o r  which t h e  t r u e  p r e s s u r e  a l t i t u d e  HPREF i s  r e q u i r e d .  

The d e p a r t u r e  of t h e  radar a l t i t u d e  from t h e  r e f e r e n c e  a l t i t u d e  is  divided i n t o  
i n c r e m e n t s ,  each b e i n g  conver ted  to  a p r e s s u r e - a l t i t u d e  increment  by t h e  f o l l o w i n g  
method. First , t h e  geometric a l t i t u d e  increments  are c o n v e r t e d  t o  g e o p o t e n t i a l  
a l t i t u d e  by u s i n g  t h e  approximation 

Ah IT (20,825,000 Az)/(20,825,000 + z )  f t  

The r e s u l t i n g  g e o p o t e n t i a l  increment  is conver ted  t o  t h e  associated p r e s s u r e -  
a l t i t u d e  increment  by the  e q u a t i o n  

AHP = TS/T Ah 

I n  t h i s  e q u a t i o n  t h e  tempera tures  are caicuiated by averaging the tem_peratures a t  
t h e  end p o i n t s  of  t h e  a l t i t u d e  increments .  The s t a n d a r d  t e m p e r a t u r e  TS i s  c a l c u -  
l a t e d  as  a f u n c t i o n  of g e o p o t e n t i a l  a l t i t ude .  The ambient  t e m p e r a t u r e  T is  d e t e r -  
mined from t h e  approximat ion  

T = TT/(l + 0.2M2) 

I t e r a t i o n  is  r e q u i r e d  i n  t h i s  equat ion  s i n c e  Mach number is used. I n d i c a t e d  
Mach number is f i r s t  used to  o b t a i n  T I  from which p o s i t i o n  error (and hence a new 
Mach number) is  c a l c u l a t e d .  T h i s  new Mach number is  used i n  t h e  preceding  equa- 
t i o n  f o r  a n o t h e r  i t e r a t i v e  c y c l e .  Convergence on t r u e  Mach number o c c u r s  r a p i d l y .  

After t h e  g e o m e t r i c  a l t i t u d e  increments  have been c o n v e r t e d  to  p r e s s u r e -  
a l t i t u d e  i n c r e m e n t s ,  t h e y  are summed t o  de te rmine  p o s i t i o n  error c o r r e c t i o n  €or the  
t e  s t p o i  n t : 

Y 
HP HPREF + C (AHP)j - HPT 

j =O 

where y is  the  number of  a l t i t u d e  increments  and t h e  sum of t h e  f i rs t  t w o  terms on 
t h e  r igh t -hand side of t h e  e q u a t i o n  i s  the  t r u e  p r e s s u r e  a l t i t u d e .  

T o t a l  Temperature Method 

The t o t a l  t e m p e r a t u r e  method solves f o r  Mach number from t h e  e q u a t i o n  

TT = T(l  + 0.2M2) 
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The s p e c i f i c  h e a t  r a t i o  is assumed to be 1.4. The s t a g n a t i o n  t e m p e r a t u r e  TT i s  
measured onboard t h e  t e s t  a i r c r a f t ,  and the ambient  t e m p e r a t u r e  T is o b t a i n e d  from 
the a tmospher ic  a n a l y s i s ,  o r  d i r e c t l y  from t h e  rawinsonde. 

I 
Radar Data 

The c o r r e c t i o n  f o r  Mach number de te rmined  by t h i s  method i s  f o r  t o t a l  p i t o t -  
s t a t i c  p o s i t i o n  e r r o r ,  n o t  j u s t  t h e  correction f o r  t h e  s t a t i c - p r e s s u r e  posi- 
t i o n  e r r o r .  

METHOD LIMITATIONS 

General  L i m i t a t i o n s  

T h i s  program has s e v e r a l  l i m i t a t i o n s .  N o  d a t a  smoothing i s  done nor  does  t h e  
program seek  and d i s c a r d  wi ld  p o i n t s .  There are no p r o v i s i o n s  t o  compensate f o r  
pneumatic  lag of t h e  a i r s p e e d  system. I n  a d d i t i o n ,  t h e r e  are no c o r r e c t i o n s  t o  t h e  
p o s i t i o n  error f o r  real  g a s  e f f e c t s .  One s a f e g u a r d ,  however, i s  t h a t  i f  t h e  v a l u e  
PT < P,  c a l c u l a t i o n s  for  t h a t  p o i n t  are te rmina ted .  

4 

The r a d a r  d a t a  used by Ames-Dryden are o b t a i n e d  from an FPS-16 radar system. 
Fol lowing a series of f l i g h t  exper iments ,  it w a s  de te rmined  t h a t  t h e  r a d a r  data may 
be q u e s t i o n a b l e  when t h e  r a d a r  a n t e n n a  e l e v a t i o n  a n g l e  i s  below 7O. T h i s  i s  due i n  
par t  t o  t h e  l a r g e  u n c e r t a i n t y  of t h e  r e f r a c t i o n  correction tha t  e x i s t s  a t  t h e  l o w  
e l e v a t i o n  a n g l e s .  However, r a d a r  d a t a  from t h e  lower e l e v a t i o n  a n g l e s  may be used 
if t h e  s u r v e y  o p t i o n  i s  e x e r c i s e d  because t h e  o p t i o n  w i l l  a c c o u n t  for  s y s t e m a t i c  
r a d a r  errors. I n  a d d i t i o n ,  loss of beacon t r a c k  w i l l  g i v e  u n u s a b l e  r a d a r  d a t a .  

Level A c c e l e r a t i o n - D e c e l e r a t i o n  

When u s i n g  t h e  l e v e l  a c c e l e r a t i o n - d e c e l e r a t i o n  method w i t h  t h e  nonsurvey 
o p t i o n ,  t h e  r e s u l t s  are  v e r y  dependent  on t h e  a c c u r a c y  of t h e  a t m o s p h e r i c  a n a l y s i s .  

Temperature Descent  Method 

When e x e r c i s i n g  t h e  tempera ture  d e s c e n t  o p t i o n ,  t h e  a l t i t u d e  i n t e r v a l s  should  
be less than  100 f t  to a d e q u a t e l y  approximate the ambient  tempera ture .  

PROGRAM USE 

Genera l  D e s c r i p t i o n  

To implement the program t h e  user  must f i r s t  create a merged f i l e  of t h e  neces- 
s a r y  a i r c r a f t  and radar  data. A l l  o t h e r  n e c e s s a r y  i n p u t s  are c o n t a i n e d  on a s i n g l e  
d a t a  card t h a t  must be submi t ted  w i t h  PERROR. The program t h e n  r e a d s  t h e  d a t a  f o r  
t h e  s p e c i f i e d  t i m e  i n t e r v a l ,  and u n i t  c o n v e r s i o n s  of i n p u t s  t o  the s t a n d a r d  E n g l i s h  
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system are made i f  r e q u i r e d .  If t o t a l  p r e s s u r e  PT is n o t  a v a i l a b l e  d i r e c t l y ,  it 
i s  c a l c u l a t e d  from e i t h e r  impact  p r e s s u r e  QCIT and s t a t i c  p r e s s u r e  PICT o r  ve loc-  
i t y  VCT and p r e s s u r e  a l t i t u d e  HPT. The o u t p u t  f o r m a t  fo r  t h e  f l i g h t  c o n d i t i o n s  
a r e  then  w r i t t e n .  

A t  this p o i n t  t h e  corrections f o r  p o s i t i o n  error are c a l c u l a t e d ,  u s i n g  any  or 
all of  t h e  f i v e  methods, b u t  u s u a l l y  no more t h a n  three. Each method uses  common 
s u b r o u t i n e s  f o r  c a l c u l a t i n g  Mach number, p r e s s u r e  a l t i t u d e  (1962 Standard  
Atmosphere),  and s t a t i c  p r e s s u r e ,  f o r  example. The main program calculates and 
w r i t e s  t h e  corrections for Mach number DM, s ta t ic  pressure DPR, and p r e s s u r e  a l t i -  
t u d e  DHP caused by p o s i t i o n  error f o r  each method used. A f t e r  t h e  c a l c u l a t i o n s  are 
performed f o r  one t i m e  p o i n t  u s i n g  a l l  methods selected, t h e  program completes t h e  

appendix  B. 
* c a l c u l a t i o n s  f o r  t h e  n e x t  t i m e  p o i n t .  A l i s t i n g  of the program is  p r e s e n t e d  i n  

Program I n p u t s  

A b l o c k  diagram of t h e  i n p u t  s o u r c e s  to  PERROR i s  shown i n  f i g u r e  2. I n  addi -  
t i o n ,  t a b l e  1 lists t h e  n e c e s s a r y  i n p u t  parameters f o r  a p a r t i c u l a r  method. F i r s t ,  
a f l i g h t  data base f i l e  and a radar d a t a  f i l e  are c r e a t e d .  Rawinsonde data may be 
i n c l u d e d  when c r e a t i n g  t h e  r a d a r  data f i l e .  The data card r e q u i r e d  t o  run PERROR 
must c o n t a i n  t h e  f o l l o w i n g  q u a n t i t i e s :  FLIGHT, RUN, IUNITS, 00, and QQ. Zero is 
t h e  d e f a u l t  v a l u e  f o r  t h e  l a s t  f o u r  quan t i t i e s .  The i n d i c e s  11, KK, LL, MM, and NN 
are used to  d e s i g n a t e  which p o s i t i o n  error methods are to  be used ( r e f e r  t o  t h e  
NOMENCLATURE s e c t i o n ) .  

The f o l l o w i n g  is a n  example of a d a t a  card used when r u n n i n g  PERROR ( t h e  DZH 
and GGH tables g i v e n  i n  table 2 are inc luded  i n  the data card below). 

Program Output  

A sample page of o u t p u t  i s  shown i n  f i g u r e  3. For t h i s  pa r t i cu la r  case, t h e  
l e v e l  a c c e l e r a t i o n - d e c e l e r a t i o n  method with t h e  nonsurvey o p t i o n  w a s  used. For 
each  t i m e  p o i n t ,  a n g l e  of a t t a c k ,  angle of s idesl ip ,  i n d i c a t e d  Mach number, i n d i -  
c a t e d  p r e s s u r e  a l t i t u d e ,  s t a g n a t i o n  pressure, and t o t a l  temperature are l i s t e d ,  i n  
a d d i t i o n  to  t h e  c o r r e c t i o n s  to  Mach number, a l t i t u d e ,  and s t a t i c  p r e s s u r e  due to  
p o s i t i o n  error. The corrections are l a b e l e d  DM , DHP , and DPR , r e s p e c t i v e l y .  
The l a s t  l e t te r  of e a c h  parameter s p e c i f i e s  the<ethod-&ed to caGulate  t h e  posi- 
t i o n  error. If QQ = 0, a p p r o p r i a t e  headings f o r  CP o u t p u t  are made. Any o t h e r  
i n t e g e r  f o r  QQ r e s u l t s  i n  appropriate headings for  DHP o u t p u t .  
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Conclus ions  

The computer program p r e s e n t e d  calculates s ta t ic  p r e s s u r e  p o s i t i o n  error of 
a i r s p e e d  systems.  The program c o n t a i n s  f i v e  separate methods fo r  d e t e r m i n i n g  posi- 
t i o n  error,  of which t h e  u s e r  may select from one t o  a l l  f i v e  a t  a t i m e .  A l l  t h e  
methods r e q u i r e  a n  i n p u t  data f i l e  c o n s i s t i n g  of a i r c ra f t  and r a d a r  parameters. I n  
a d d i t i o n ,  most of t h e  methods r e q u i r e  rawindsonde d a t a  or an  a tmospher ic  a n a l y s i s ,  
or both.  

Nat iona l  Aeronaut i c s  and Space  A d m i n i s t r a t i o n  
A m e s  Research Center  
D r  yden F l i g h t  Research F a c i l i t y  
Edwards, C a l i f o r n i a ,  Jan.  9 ,  1984 
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A P P E N D I X  A - SUPERSONIC MACH NUMBER EQUATION 

The f o l l o w i n g  d e r i v a t i o n  for  c a l c u l a t i n g  s u p e r s o n i c  Mach number (PT/P > 1.893) 
was developed by Raymond Jackson  of NASA Ames Research C e n t e r ,  Dryden F l i g h t  
Research F a c i l i t y .  

( 1  +. y)2#2 l’(y-l) - 1 (eq. 3-26, ref. 1 )  1 W I T  - - M 2 [  1 + Y  
P 2 4YM2 - 2 ( y  - 1 )  

1 +  

L e t  

Y + 1M2 1 l / ( Y - l )  

2 Y / ( Y - 1 )  y - 1  1 y + 1  =-[-(+I Y + l  Y 

Let 

Then 

K = x ( l  - x ) l / ( Y - l )  = x ( l  - x ) 5 / 2  Qc IT 
1 +-  

P 

RFnomi a1 expans ion  y i e l d s  

x4 K I x - - x 2  5 + - x 3  15 - -  
W I T  2 8 16 Y =  

1 +-  
P 

x7 ... - -  x 5 - - x 6 - -  3 
128 256 1004 

and r e v e r s i o n  of series g i v e s  

x = y + 2 . 5 ~ 2  + 1 0 . 6 2 5 ~ 3  + 5 5 ~ 4  + 316.05469~5 

+ 1 9 3 8 ~ 6  + 12421.919~7 
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L e t  

- 0.02522 - 0.012617187~3 - 0.00715~4 

- 0.004345752~5 - 0.008772528 
The l a s t  term of this e q u a t i o n  w a s  added e m p i r i c a l l y  so t h a t  the  e q u a t i o n  is e x a c t  
a t  Mach 1. The e f f e c t  of the  empirical term is n u l l  at h i g h  Mach numbers. 

M = [(le428572 - 0.35714282 - 0.0625z2 - 0.02523 

- 0.01216172~4 - 0.00715~5 - 0.0043458~6 

- 0.0087725~~ 1 /zI '2 

w h e r e  z = 1.839371(P/PT). 

12 

L ___ 
~~ - ~ ~~ 

z = 1oy = lo( 0.1839371 ) - - 1.83971 
WIT 1 +-  1 + -  P 

I Then I 

x = 0.12 + 0.02522 + 0.010625~3 + 0.005524 

+ 0.003160546825 + 0.001938~6 + 0.0012421919~7 

1 - = - -  l o  2.5 - 0.43752 - 0.17522 - 0.08832031523 x z  

- 0.05005~~ - 0.03042026525 

1*4285714 - 0.35714286 - 0.06252 1 M2 = - -  
7x - Z 



APPENDIX 8 --ERROR LISTING 

The fo l lowing  is  a complete l i s t i n g  of the  PERROR program. I t  i s  wr i t t en  i n  
FORTRAN 77 and i s  run on an ELXSI computer a t  NASA Ames-Dryden. 
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PROGRAM PERROR 

C 
C 
C 

C 
C 
C 

I 

TH IS  PROGRAM CALCULATES POS IT ION ERRORS US I NG M E  OPT IONS 
OF SEVERAL DIFFERENT MlHB 

DIMENS ION DZHTABL(40) ,GGHTABL(GO) 
DIMENSION EMINMAX( lO),EAPPROX( lO),ZtF'DIF( lo), 

INTEGER FL IWT,  RUN, 00, W 
DIMENSION IT(4) 
DATA L I NE /6/ 
NAMELIST /pRW I I, KK, LL, )rM, NN, 00, W, IUNTS, "REF, 

*FLIGHT, RUN, DZ, HIZH. OZHTABL. NGW. GGHTABL, ISURVEY, 
'ISTSV, IETSV, ISTAD, IETAD 

*DZ, ISURVEY /14*0/ 

- ISTSV(4), IETSV(4). ISTAO(4). IETAD(4) 

DATA I I, KK, LL, M, NN, 00, W, IUNTS, "REF, FL IWT,  RUN, 

L I NE=O 

WEN (UN IT=3,F I LE='perrorcut '  ) 
OPEN (UN IT=4, F ILE=' f nnerge' ,FORM= 'UNFORMATTED ' ) 

OPEN (UNIT=l ,F ILE='perror in ' )  

READ NAMLIST CARDS. SOME OF WlCH ARE OPTIONAL OEPENIING ON MEMOOS USED 

READ(1,PROG) 

IF A SURVEY RUN IS  BE I NG PROCESSED, READ FL IDAB-RADAR DATA WR IM; W V E Y ,  
CREATE DZEN TABLE, AH) CALWLATE DZES. 

IF(IStlRVEY.EP.0) GO TO 7 
MSTSV = 3600000*ISTSV(l) t 60000.ISTSV(2) t 1000*ISTSV(3) t 

MTSV = 3600000*IETSV(l) t W l E T S V ( 2 )  t lOWlETSV(3 )  t 

MSTAD = 3600000'ISTAD(l) t 60000*ISTAD(2) t lOWISTAo(3 )  t 

MTAD = 3600000.IETAD(l) t 60000.IETAD(2) t 1000*IETAD(3) t 

EMINMAX(1) = 1.OE10 
EMINMAX(10) = -1.OE10 

- ISTSV(4) 

- IETSV(4) 

- ISTAD(4) 

- IETAD(4) 

30 READ(4,EH)-31) TIM,Z,R,E,T,MA,PR, 
- VCT,WT,A,B,PT,P ICT,PCIT,TT,FPA,FPH 

E=E/57.3 
RRA-RW57.3 
X=R*COS(E)S I N(RRA) 
Y=R*COS(E)*COS(RRA) 
IDTTL=T IME81000. 
IF(IDTTL.LT.MSTSV) GO TO 30 
IF( t0TTL.GT.MTSV) GO TO 31 
IF(E.LT.EMIW(1))  E M I W ( l ) = E  
IF( E .GT .EM I W( 10)) EM IW( 1 O ) f  
GO TO 30 

31 DO 32 1=2,9 

32 CONTINUE 
REWIH) 4 
Do 33 1-1.10 
EAPPROX(1) = 1.OE10 
ZtF'DIF(I) = 0.0 

EMINWX( I) = E M I W ( 1 )  t (I- l)*((EMI~(lO)-EMINWX(1))/9.0) 

33 rnlM 
3 4  READ(4,ENkS) TlM,Z,R,E,T,RRA,PR. 

- VCT ,tPT , A.B ,PT .P I CT .PC I T,TT, FPA, FPH 
E-E/57.3 
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RRASU(M57.3 
X=R*COS(E)*S IN(RRA) 
Y = R m ( E ) m ( R R A )  
lOTTL=T lK*1000. 
IF( IDTTL .LT.MSTSV) GO TO 3 4  
IF(IDTTL.GT.MTSV) GO TO 36 
w 35 1=1,10 
IF(ABS(E-EMIW(I)).GT.ABS(EAPPROX(I)-EMINMAX(I))) GO TO 35 
EAPPROX( I) = E 
ZW)IF( I) = Z S P T  

35 CONT I MIE 
GO TO 34 

36 OZES = ZtPDIF(10) 
REWIH) 4 
Do 37 1=1,10 
WlTE(3.101) E M I W (  I),EAPPROX(I).ZtPDIF( I) 

101 FORMAT (1H , 8 1 2 . 5 )  
37 CONTINUE 

C CALL SUBROUTINE TO M I T E  TOP OF PAGE HEADlKjS 
n 
L 

7 CALL HEAO(FLIGHT,RUN) 
***** C READ FL IDAB AH) RADAR DATA FROM MRGEO DATA BASE. 

10 READ(4.EHti99) TIM,Z,R,E.T,RRA,PR, 
-VCT ,WT .A,B ,PT ,P ICT ,aC IT  ,TT ,FPA,FPH 

E=E/57.3 
RRA-RRM57.3 
X=R*COS(E)*S IN(RRA) 
Y=R*COS(E)m(RRA) 
I OTTL-T I ME.1 OOO. 
IF(ISIRVEY.NE.0 .AH). 1OTTL.LT.MSTAD) GO TO 10 
IF(ISURVEY.NE.0 .AH). IOTTL.GT.META0) GO TO 99 
IF(KK.EP.0 .AH). LL.EP.0) GO TO 6 

IF(Z.LE .DZHTABL(l)) DZt!=DZHTABL(2) 
IF(Z.GE.OZHTABL(NlZH-1)) DZ"TbBL(H1ZH)  
IF(Z.LE.DZHTABL(1) .OR. Z.GE.OZHTABL(NIZH-1)) GO TO 3 
MI 1 1=3,HlZH,2 
IF(Z.LT.OZHTABL(1)) GO TO 2 

C ***** OBTAIN OM FRLM TABLE OMTABL. 

1 CONTIWE 
2 RATIO = (Z-DMTABL( I-2))/(0MTABL( I)-DZHTABL( 1-2)) 
OM OMTABL( 1-1) t RATIO*(OZHTABL( I+l)-DMTABL( 1-1)) 
IF(KK.EP.0) GO TO 6 
IF(IWVEY.NE.0) GO TO 8 

n ****) --. *.. .. .... -,.-. -.-. c --.-. 
L m i A i n  b Mi VI rmm imLt unim. 

3 IF(Z.LE.GGHTABL(1)) GGMTABL(2) 
IF(Z.LE.GGHTABL(1)) GIMUiTABL(3) 
IF( Z .GE . GGHTABL (tGUi-2)) GGGHIABL( W 1 )  
IF(Z.GE.GGttTABL(NXH-2)) Gt!&XTABL(NGGH) 
IF(Z.LE.GUiTABL(1) .OR. Z.GE.GMIABL(NGM-2)) THEN 
W6080.0 
GO TO 6 
ENI IF  

IF(Z.LT.GGHIABL(1)) GO TO 5 
m 4 I=~.NGGI~,~ 

4 CoHllNJE 
5 RATIO = (Z-GUiTABL( I-B))/(GGHTABL( I)-G(HTABL( 1-3)) 

G = W M L (  1-2) t RATIO*(GGHTABL( Itl)-G[wTABL( 1-2)) 
G = WBJBo.0 

GO TO 6 
[;H * GQHIABL( 1-1) t RATIO*(WiTABL( lt2)-GGHTBL( 1-1)) 
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C ***** OBTAIN DZEN FROM TABLES EAPPROX AM ZK'IIIF. 
8 IF( E .LE .EAPPROX( 1 ) ) DZEkZHTI IF( 1 ) 

IF( E .GE . EAPPROX( 10)) DZECm IF( 10) 
IF(E.LE.EAPPROX(1) .OR. E.GE.EAPPROX(10)) GO TO 6 
00 9 I-2,lO 
IF(E.LT.EAPPROX( I)) GO TO 11 

9 CONTINUE 
11 RATIO (E-EAPPROX( I-l))/(EAPPROX( I)-EAPPROX( 1-1)) 

DZEN = zH)DIF( 1-1) t RATIO*(;W)IF( I)-;W)IF( 1-1)) 

C TEST LINE MXINT AM CALL HEAD I F  NECESSARY 
C 

6 LINE = LINE t 1 
IF (MD(LINE.6) .Ea. 0) CALL HEAD(FLIGHT,RUN) 

C 
C CALL SUBRWT I NE UN ITS TO MAKE UN I T  COWERS IONS TO ENGL ISH UN ITS IF NECESSARY 
C 

IF( lUNTS.EP.0) GO TO 15 
CALL UNITS (IUNTS,PT,PICT,PCIT,TT) 

C 
C CALCULATE PT IF PClT AH) PlCT OR VCT AH) WT ARE USED AS I W T S  
C 

15 IF(OO.EP.0) GO TO 20 
lF(OO.EP.2) GO TO 17 

16 PT=dXITtPICT 
GO TO 20 

17 CALL PCC(VCT,PCIT) 
CALL PRES(W1 ,P ICT) 
GO TO 16 

C CALCULATIONS OF INIICATED MACH No AH) INIICATED PRESSLRE A L T I W E  
C 

20 IF(PT.LT.PICT) GO TO 10 
PRAT I 9 T / P  I CT 
IF(OO.NE.O.AM.W.EP.0) Go TO 21 
aC lT=PT-P I CT 

CALL tF'C (PICT,WI) 
21 CALL MACH(PRATI.AMI) 

C 
C MITE HEADING FOR FLIGHT COH)ITIONS, R I T E  COH)ITIONS AM HEADING FOR 
C POSITION ERRORS 
C 

WRITE (3.901) 
CALL SECTOT(TIY, IT) 
WR ITE( 3,902) IT, A,B. AM I ,If' I ,PT ,ll 
IF(W.H.0) GO TO 23 
R I T E  (3,903) 
GO TO 2 4  

23 WRITE (3.916) 
C 
C POSITION ERRDR CALCUATION USING R A D A R - R A W I m  MEMOD 
C 

2 4  IF (II.EP.0) GO TO 40 
P=PR 
PRATST/PR 
CALL MACH (PRAT.AM) 
CALL PECALC(P.P 1CT.K IT  ,If',tP I .AM,AMI ,Dw,OPR,W.B. W 
IF(PP.NE.0) Go TO 25 

R I T E  (3.904)oM.opR,W 
Go TO 40 

25 R I T E  (3,910) Dw,OPR.cP 
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C 
C POSITION ERROR CALCULATION USING LEVEL DECEL MTHOO 
C 

40 IF(KK.EP.0) GO TO 50 
IF( ISUIVEY .EP.O) CALL LEvrxcS(aM.G,~.Wp,P,PT.Z,ozH.X,Y .RRA,DZ) 
I F( I SURVEY. NE. 0) CALL LEWS( AM, W ,P .PT .Z .OZH ,OZ ,OZEN,OZES) 
CALL PECALC(P.PICT,CC lT,W,W I ,AM,AMI ,M(,OPR,W.CP,W) 
IF(PQ.NE.0) GO TO 41 
W I TE (3,906)OM ,opR . 0" 
GO TO 50 

41 R I T E  (3,912) 0M,opR,CP 
C 
C WSlT lON ERROR CALCULATION USING MSCENT PRESSlRE KTHOO 

50 IF(LL.EP.0) GO TO 60 
CALL DEsCp(DZ,Z,OZH,P,PT,aM,W) 
CALL PECALC(P.P ICT ,pC 1T.W.W I .AM.aMI ,DM,OPR.W,CP,W) 
IF(W.NE.0) GO TO 51 
WlTE(3,907) 0M.OPR.W 

4 

GO TO m 
51 WITE(3.913) OM.DpR,CP 

C 
C POSITION ERROR CALCULATION USING DESCENT TEWERATURE METrmo 

60 IF(W.EP.0) GO TO 70 
CALL DESCT(Z .tPREF ,M( I . T i  .PT ,E .AS ,'WS j 
CALL PECALC(PS,P ICT.9C IT ,H5 .WI  ,AL(s.AMI ,OM,OPR.W.CP.W) 
IF(W.NE.0) GO TO 61 
M I T E  (3,908)MA.OPR.W 
GO TO 70 

61 M I T E  (3,914) CM.DPR.CP 
C 
C POSITITION EWWR CALCUATION USING TOTAL TEWEFUWE YTHOD 
C 

7 0  IF (NN.EP.0) GO TO 10 
CALL TOT( TT .T .P .PT ,AM) 
CALL PECALC(P.P ICT.9C IT,W,W I .aM.AMI ,OM,OPR,W.B.W) 
IF(W.E.0) GO TO 71 
M I T E  (3.909)0M,OPR,W 
GO TO 98 

71 RITE (3.915) 0M.OPR.W 
98 GO TO 10 

99 cLOsEI1) 
cLosE(3) 
cLOsE(4) 
S M P  

C 
C FORMAT STATEEHTS 
C 

901 FORMAT( 1X,/,T3, 'TIE(tR,YIN,SEC)' ,T25, 'ALPHA,OEG' .T45, 'BETA, DEG' , 
.T63,'IH) UACH W',T79,'IH) PRESSUIE ALT',TS,'STAG PRESSUIE'.T121, 
*'TOT W'/T85, 'FEET' ,T104, 'PSFA' ,T122, 'EG, R'/) 

902 FORMAT(lX,T7,3( 12.1X). 13.T28J5.1 ,T47,F5.11 
*T67,F5.3.T85.F6.O,Tl~,F6. 1 ,TlZ,FB. l//) 

903 FORMAT (lX.T12,'OY(',T18,'0PRP',T25,'aPR'.T32,'OKD',T38,'OPRLO', 
- T45, 'WID' ,TS,  'CW' ,T58, 'WW' ,TS, 'I)pop' ,T72, 'OYIT' , 
- ~8,'OPWIT',T85,'MPDT',T92.'~',T98,'OPRTT',T105,'aPTT'/) 

904 F W T  (lX,TlO,F6.4,Tl6,F6.3.TB,F7.0) 
906 FOWUT ( 't ' ,T31 ,F6.4,T37.F6.3,T44,F7.0) 
907 FORMAT ( 't' ,T51 ,F6.4.T57.FS.3.Ts4.F7.0) 
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C 

C 
C 
C 
C 
C 

C 

C 

C 

C 

C 

C 
C 

C 
C 
C 

908 FORMAT ( ’t‘ ,171 .F6.4,Tn,F6.3,Ts4.F7.0) 
909 FORMAT ( ‘t’ ,191 ,F6.4.T97.F6.3.T104,F7.0) 
910 F W T  (lX,TlO,F6.4,Tl7,F6.3,124,F6.4) 
912 FORMAT ( ‘t’ ,130,F6.4,137,F6.3,144,F6.4) 
913 FORMAT ( ‘t’ ,T50,F6.4,157,F6.3,T64,F6.4) 
914 FORMAT (’t’ ,170,F6.4,179,F6.3,184,F6.4) 
915 FORMAT (‘t‘ ,T90,F6.4.T97.F6.3.Tl04,F6.4) 
916 FORMAT (lX,T12,’~’.T18,’DPRR‘.T26,’CPR‘.T32,‘~0’,T38,‘DPRLD‘, 

- T46,’CPLD’,T52,’oW”,T58, ‘WRIP’,T66,‘CPDP’,T72,’DM)T‘, 
- T78,’OPRDT‘ .T86.’CWT’ ,T92. ’WIT‘ .T98.‘OPRTT‘ ,T106,’CPTT’/) 

EH] 

SUBROUTINE SECTOT(t Ime, I t  ) 

THIS SuBROUTINE CONVERTS A SINGLE REAL TIM rmW, REPRESENTING 
TOTAL SECOMB TO A 4 mwU, INTEGER ARRAY REPRESENTING 
hr,nln,sec,nsec 

real mln,nsec 
Integer lt(3) 

hr=t Im/3600. 
It( 1 )4r 

m In4 I me/60. 
It (2 )4  In- I t( 1)*60 

mseot lne*1000. 
lt(4)--lt(3)*100(Flt(2)*6.&t-It(l)*3.6e06 

return 
end 

SuBROuTINE HEAD(FLIGHT.RUN) 

THIS SUBROUllME M I T E S  MAIN HEADINGS AT THE TOP OF EAUi PAGE 

WITE(3,lM))FL IMI,RuN 

W ‘,l3,‘ RUN ‘,l2,///) 
100 FORMAT(lHl.T36.’STATIC PRESSLRE WSlTlON ERROR CORRECTIONS FOR FLI  

RETLRN 
EH) 

SlsROUTIM UNITS( IUNTS,PT,PICT,OCIT,TT) 
C 

C 
C 
C 

THIS !URoIITINE CONVERTS PARAMETERS IN METRIC UNITS TO EMILISH UNITS 

IF( IUNTS.EP.2) Go TO 5 
PT=144. ‘PT 
P ICT-144. ‘P I C 1  
OC I T-144. VC I T 
Go TO 10 

5 PT=.020885’PT 
P ICT-. Mo885.p I CT 
QC IT- .020885.QC IT 
TT 1.8*(ll-458.67)t273.16 

10 R E W  
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E N I  

SUBROUT I NE PECALC (P.P 1CT.N I T  ,F,W I ,AM.AM I ,DM,DpR,DH?,Cp,W) 
C 

C 
C 
C SBROUTINES 

THIS SBRWTINE CALCULATES POSITION ERRORS W N  TO ALL OF THE 

m- (P-PICT)/P 
WAM-AM I 
IF (Pq.NE.0) GO TO 5 
CALL Hpc(P,tP) 
W=HJ-tPI 
GO TO 10 

5 CP=(P-PICT)/WIT 
10 RETLRN 

ENI 
h 

SUBROUTINE W (PRAT.AM) 
C 
C TH IS SUBROUT INE CALCULATES MACH M E R  AS A FUNCT ION OF PRESSURE RAT IO 
C 

I F  (PRAT.GT.1.89293) GO TO 5 
-T( 5*( (PRAT )** .2857- 1 . ) ) 
GO TO 10 

5 Y=l.839371/PRAT 
AWcRT( ( 1.42857-.357143.Y- .0625*(Y**2)- .025*(Y**3)-. 012617*( Y**4) 

* - . ~ ? ! s * ( r * * 5 ) - . ~ ~ 3 4 ~ * ~ ~ * * ~ ~ - . ~ ~ ~ * ! ~ * * ~ ? ? , ~ ?  
10 RETUlN 

EH) 

SUBROUTINE PRATIO (AM.PRAT) 
C 

C 
C 
C 

THIS SUBRDuTltE CALCUATES PRESSURE RATIO AS A FUNCTION OF MACH W E R  

IF(AM.LT.1.) GO TO 5 
PRATtl .PW*P( ( (5.76.Wm2)/( 5.8.W.2- .8))**2.5) 
GO TO 10 

5 PRAT=(l .t.PAM.*2)**3.5 
10 RETUlN 

EH) 

SlmIJTINE Hpc(P.F) 
C 

C 
C 
C PRESSLRE 

MIS SUBROURIME CAlCUATES PRESSURE ALTlTUOE AS A FUNCTION OF STATIC 

IF(P.LT.II~.S) rio i o  5 
IF(P.LT.472.68) GO TO 10 

GO TO 15 

GO TO 15 

GO TO 15 
15 RETLRN 

EH) 

SUBRDuTlNE PRES (W,PS) 

W=-145442.*((P/2116.Z?)**. 190262-1.) 

5 W=65616.8t710794.*(( .M)8746T)**(-.M9271)-1.) 

10 W=3608!3.2-208&.7'(ALUoc( .oM1155TJ)) 

C 

C 
C 
C ALTITWE 

THIS SlsROuTlNE CALCUATES STATIC PRESSlRE As A FU(cTI0N of PRESSURE 

IF(W.CT.36089.2) M TO 5 
IF(W.LT.65616.8) GO TO 10 
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PS=51.9754*( ( 1 - .0000042204*(W-65616.8))**(-11.3%/M’/~ 
GO TO 15 

GO TO 15 
5 PS2116.22*(1.-.0000068754’tP)**5.2561 

10 &472.68*( 2.71828**(-. 000048C63*( W-36089.24))) 
15 RETURN 

EHI  

SUBROUTINE CCC(VCT,pC) 
C 

C 
C 
C 

THIS SUBROUTINE CALCULATES PC AS A FUNCTION OF VCT 

IF(VCT.GT.661.4) GO TO 5 
X-2116.22*( ( .142857*( .MXXX)32*VCT**2)tl. )**3.5-1) 
Go TO 10 

5 QG .005805*VCT**2*( 5.76/( 5.6-349964 .NCT**2) )**2.52116.22 
10 RETURN 

EHI  

SUBROUT I NE LEVDNS (AM.G.GH,tF’,P,PT ,Z,DM ,X ,Y ,RRA,DZ) 
C 

C 

C 
C 
C 

THIS SUBROUTINE CALCULATES TRUE MACH M M E R  AH) STATIC PRESSURE 
BY THE LEVEL DECELERATION KTM1D FOR NON-SURVEY TEST. 

DANG = ABS(RRA-GH)/57.3 
DR = SPRT(X**2 t Y**2) 
Uf’G = DR’G.COS(DANG) 
tP = z-0-z 
CALL PRES(W,P) 
PRAT=PT/P 
CALL MACH(PRAT,AM) 
RETURN 
E M  
SUBRollllNE LEVDS(AM,tP,P,PT,Z,DM,DZ,DZEN,DZES) 

C 
C 

THIS SUBROUTINE CALUATES TRUE MACH M M E R  AH) STATIC PRESSURE 
BY THE LEVEL DECELERATION Y W  FOR SLRVEY TEST. 

tP = Z-DZH-DZENtDZES-DZ 
CALL PRES (tP,P) 
FRAT = PT/P 
CALL MACH (PRAT,AM) 
RETURN 
ENI 
SUBROUTINE DEsCP(DZ.Z,DZH,P,PT,AM,tP) 

TH IS SUBRollT I NE CALCULATES TRUE MACH M E R  AH) STAT IC PRESSURE 
BY THE DESCENT STATIC PRESSLRE METHO0 

w = Z-0Z-DD.l 
CALL PRES(tP,P) 
PRAT = PT/P 
CALL W(PRAT,AM) 
RETWIN 
ENI 
SiBROUl I NE TOT( l l ,  T .P .PT .AM) 

THIS SUBRollllNE CALCULATES MACH M E R  FROM LfllSUREMENTS of TOTAL 
TEWRATWIE AH] AkBIENT TEWERATUIE 

UeSaRT( 5*(TT-T)/T) 
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C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

CALL PRATIO(W,PRAT) 
P=PT/PRAT 
RETURN 
ENI  
SUBROUT I NE DESCT(2 .tFREF, W I ,ll ,PT .P, AMM.H') 

THIS SUBROUTINE CALCULATES TRUE MACH M E R  AH) STATIC PRESSURE 
BY THE DESCENT TEWERATLRE MMOO 

STATEENT FUNCTION FOR CALCULATING M I E N T  TEWERATURE 

LOGICAL FIRST 
DATA FIRST/.TRUE./ 
IF(.NOT.FIRST) GO TO 10 
FIRST = .FALSE. 
W-HPREF 
CALL PRES(W,P) 
PRAT=PT/P 
CALL MACH(PRA1.W) 
GO TO 60 

CALCULATION OF TRUE PRESSURE ALTlTl.DE USING ITERATION 

10 OZ=Z-ZJ 

SET COUNTER FOR M E R  ff ITERATIONS LIMITED TO 10 

N=O 
") 

ZBAR = (ZtZJ)/2. 
TlBAR=(lltTTJ)/2. 
WAM I 
DH-(20825000.412)/(2082~.tZBAR) 

CALUJLATlpN OF AkelENT TEWERATWE AS A FU(CTI0N ff ALTlTUlE 

IF(ZBAR.GT.36089.) GO TO 20 

GO TO 40 

TS-390. 
GO TO 40 

TS-518.7.(1.-.0000068756'ZBAR) 

20 IF(ZBAR.GT.65617.) GO TO 30 

30 TS390.*(1 .t.ooaw)14069.(ZBAR-65617.)) 
40 TA=TTBW(l .O t 0.2dAW82) 

rrP-TSg!!rr 
W* 
CALL PRES(tP,P) 
PRAT-PTA' 
CALL IIUCH(PRAT,AM) 
DM I =&AM: 

WAY 
t t N t l  
IF(N.GT.10) GO TO 60 
GO TO 40 

TTJ-TT 
RETUtN 
EH) 

IF(MS(OMI).LT.O.O) GO TO m 

60 23.2 
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TABLE 1 .  - N E C E S S A R Y  METHOD I N P U T S  TO PERROR 

. 

LEVD 
-- 

D E S C P  D E S C T  TOT RADAR su rvey  N o n s u r v e y  
( I S U R V E Y  = 1 ( I S U R V E Y  = 0 )  

$PROG card KK = 1 KK = 1 L L = 1  M M = 1  " = 1  I I = 1  
I S T S V ,  I E T S V  DZHTABL DZH H P R E F  
I S T A D ,  I E T A D  DZ DZ 
DZHTABL NDZH NDZH 
DZ NGGH 
NDZH 

Merged file P P,  PT* P P P 
PT* GGHTABL PT* PT* PT* 
z Z ,  RRX, RRY Z Z TT 

RRA TT 

P R  
PT* 
Z 

C a l c u l a t e d  DZEN DANG M I  M I  M I  M I  
D Z E S  DR T 
MI M i  

*KIT and P I C T  or H P T  and VCT may be s u b s t i t u t e d .  

TABLE 2. -ATMOSPHERIC A N A L Y S I S  R E S U L T S  
FOR F-14 F L I G H T  557 

GH, deg 
t rue  nor th  

z ,  103 f t  DZH G,  f t /nmi  

46 920 1.9 045 
44 896 
42 866 
40 850 1.4 045 
38 900 
35 91 5 1.2 040 
31 91 5 
25 772 1.1 035 
20 650 0.9 027 
15 450 
1 1  340 0.5 030 
9 287 
7 240 
5 202 0.0 

surface 175 

--- --- 
--- --- 
--- --- 
--- --- 

--- --- 
--- --- 
--- --- 

--- 
--- --- 
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RRX, RRY 
(X, Y) 

b Fllghtpath 

N 

L E  

( a )  Nonsurvey method.  

-+ “PsuNey ‘\\I- (constant Mach) 
\ = survey 

Elevation >\. (constant Mach) 

angle---/ -- --- $\\= radar 

i 
(b) Survey method.  

Figure  1 .  Methods used t o  compensate 
for the h o r i z o n t a l  p r e s s u r e  grad ien t  
when us ing  level a c c e l e r a t i o n -  
d e c e l e r a t i o n .  

base file 

Atmospheric 
analysis 

program 

Figure 2 .  Block diagram of 
i n p u t  sources  to PERROR. 



1 STATIC PRESSlRE POSITION ElwoR COlWECTlOHS FOR FLIW 178 Ru( 1 

TIM(HR,MIN,SEC) ALPHA.DEG BETA, DEG IH) YACH No IH) PRESSURE ALT STAG PRESSURE TOT TEW 
FEET PSFA DEG, R 

8 2 3 3 0  0 6.7 .780 m 1 .  1035.3 -7.1 ..... 

t .0197 -.m 433. 

TIM(HI,MIN,SEC) ALPHA.DEG BETA. DEG IH) YACH No IH) PRESSlRE ALT STAG W S S U I E  TOT TEW 
FEET PSFA DEG. R 

82330500 6.7 .780 27851. 1035.3 -7.1 ..... 
t . o m  -.019 430. 

8 23 31 0 6.8 .783 27862. 1037.6 -6.9 ..... 
t .01Q3 -.019 428. 

TOT T E P  1 IM (H( .MI N .SEC) ALPHAJEG BETA. LEG IH) MACH No IH) PRESSURE ALT STAG PRESSURE 
FEET PSFA DEG. R 

82331500  6.8 n... .783 27862. 1W7.6 -6.9 

t . o w  -.m 431 

TIM(M,MIN,SEC) ALPHA,LEG BETA, DEG IH) YACH No IH) PRESSURE UT STAG PRESSURE TOT T E P  
FEET PSFA DEG. R 

0 2 3 3 2  0 6.6 n... .786 27873. 1039.6 -6.7 

DYI opRp apR OYD OPRLD apu) OLap OpROp a9op W T  opwlT apOT OYrr OPRTT aPll 

t . o w  -.019 428. 

Figure 3 .  Output  format of PERROR program. 
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