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I NTRODUCT ION

The A ir Force Systens Command (AFSC) Technology Need Program
provides a means of identif y ing and resolv ing technolog ical barr iers
to future Air Force weapon systems . Through this program AFSC
organizations can make their technology needs known to the AFSC
laboratory responsible for advances in that particular technology.
AFSCR 80— 29 specifies the procedures and forma t for submi tt ing and
responding to technology needs.

This Technical Report contains the current technology needs
(TNs) of the Air Force Flight Test Center (AFFTC). Each TN has been
updated to include the changes which occurred in 1976.

Of th e six TNs in the orig inal CY 76 program , f ive  have be en
updated and revalidated as AFFTC requirements. TN “Wa ter Spray!
Ic i ng Sys tem” has been deleted based on HQ AFSC staff review . The
status of each TN as of the end of 1976 is given in the t able at  the
hack of this document.

The ca tegor ies tha t are used to classif y the impor tance of the
need are defined below :

Category I. A need that must be fulfilled by a given da te
if a sys tem requirement is to be me t and is so cri tical
tha t the la ck of the item wil l  severely cons train p l anned
system capabilities or mission accomplishment.

(a tegory IL . A desirable item that will provide an option
for  p lanned growth or Improvement of systems or capabili-
t ies. This category Includes technology needs in support
of conceptual systems .

Category I l l . A promising item thst will add to the tech-
nology base but Is not In support of a specific system
requirement.
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‘IN AFFT (: Al)’I’( 1902 7 1  01

D A T I :  i ) F  REV I S  E O N :  1 November 1976

TITLE: Automatic Bomb Scoring System

OBJECTIVE: Develop an automatic scoring system as an integral part
of a conventional weapons delivery range. It should have the
foll owing charac ter is tics:

a. Ability to provide immediate bomb score determination.

.7. Abil ity to support multi—aircraft bombing missions with mini-
mum t ime be tween consecut ive passes , thus providing more efficient
use of available range periods.

e . No requirement for manned scoring towers.

d. A b i l i t y  to score weapons deliveries on multiple run—in headings
SIt ~IS t o  mire f u l  Ly assess weapon system capab 11 it ics .

e . A b i l I t y  to provide a ± 2 . 5 —f o o t  range and ± 10—degree angular
ac1’1I r .I~’y to 1 ,000 feet.

PROGRA M ELEMENT : 642 1SF ( B — i ) ,  272 18F (F—5F) , 64229F (F—l6),
FMS (USAF/FRG LRU—1) .1

PRIORITY : L I .  The au toma t i c  bomb scoring system is required to
support the B—i , LRU—l , and F—l6 weapons del ivery  system evaluations .
The priority II classification is selected because this scoring system
is needed to provide t imely , relat ively inexpensive and more accurate
Information as to weapons system capability .

DI ’ :S t Ri ’ : D l)AT E FOP TECHNOLOGY VALIDATION: The automatic bomb scor ing
sy s t e m  would be Installed at AFFTC and is required now . There is an
Ox I1& ’ I ’l 0(1 continuous requirement for this capability.

‘PU ) R I ‘j I l t’  II(~ ~ hi oti p r enon  t I y used (I) 1 1 1110 convent tona l bomb
d I lvi’ r I &‘U I U I ye , P I me consum I ng • won thor  dependent , and o f t e n
I Int( ’t ’ II r IIP e. ‘I ’he t r I J I U g I I  l~ it  ion of a bomb ‘ U smo k e charge i ron range
Ii twr t p roy 1 (10fl on I y a bomb score at t - u r z I  i v  wi tliI n ~ 1 0 feet to tite

lii I I t t  . ‘lit’ non ’ .Iccurate metlioti Ii ; to p h y s i c a l l y  locate the
I11~f lhI t  od t lu ’ i i  su rv ey  I t ~)O8 I t  Ion.  t h i s  I a t  t er m e t  hod is extreme ly

t n t ’ consum i ng , is e x pen s i v e  in terms of added manpower , and can he
very in a c c u ra t e  i f  t i le  o r i g i n a l  triangulat ion were incorrect.

L. ~~~~~~~~ ~~~~~
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RELATEI ) EFFORTS : Current emphasis on bomb scoring is centered in TV
triangulation by sensor p lacement on a split—screen array . Nellis AFB
has such a sy s t e m  and China Lake haS a TV ordinate scoring system. The
‘IV triangulation system appears adequate for tactical range use (+ 10
f eet  accuracy) hut is not adequate for AFFTC DT&E utilization. Efforts
were underway at  C h i n a  Lake to achieve accuracy in the + 3 feet range
h u t  a r t ’ currently In abeyance due to a lack of funding. The U.S. Navy
receIved I bids on their procurement package — an augmented radar sys—
t ori , .i laser system , and a TV sys tem . They s e l ec t ed  the  TV sys tems
w h i c h  (lid not provide the accuracy we need . A!)TC/SD—lO2M has a TV system
tinder development, which appears promising. ADTC /SD— 102M (Mr George Weiss!
87.’ —34 18)  Is m o n i t o r i n g  these e f f o r t s .

st ’( ; ( ; l :STED APPROACH : Continue to monitor efforts in this field .

SUPP ORT : None

R F F E R I ” N ( ’ f’ S:  None

KEYWORDS : A u t o m a t i c  Bomb Scoring System

P O I N T S  OF CONTACT:

Or iginators: Mr Larry P. Colburn
Supervisor
Sys t ems Engineer ing Branch (DOFES)
Flight Test Engineering Division
A ir Force Flight Test Center
150—3171

~1r Charles E. Ad olph
As~ t Chief , Systems Engineering Branch (l)OEES)
I”ltgh t Test Engineering Division
A ir Force Flight Test Center
150— 3 32 5

Or’ I g l i l a t  i T 1 ( ~ ()rgant’,,it ton OPR Con t , i i ’t :

‘Ii’ I:rn~~ 1 (‘.1) I (U1 I
,\ss I ‘~P :1111 P o r P I  iii ’ .

OP I I c e  oP liii ’ Tei ’I i n l  i’,i I l ) i r t ’c t  or  ( ( ‘A
A l i’ P”~., ’ , ’~’ ‘ I  Iglit Ft’.i l Center
(t Ilt (14 ( 7
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TN AFFTC ADTC 1604.1 73 02

DATE OF REVISION : 1 November 1976

TITLE: Vector Miss Distance Indicator (V~fl~1)

OBJECTIVL: Develop a VMDI which can be installed in present and
future targets.

PR OG~~~1 ELEMENT : 271 30F (F—is), 272 18F (F—SF) , 27i6iF (AIM—9L) ,
64229F (F—16)

PRI )R I ’I’Y : II.  Tin’ ~‘M DI i s  r e q u i t e d  I I I I W  t o  he in~ t :tI led I n  tarp,ets
I i i  ~uippo rt, 11 (l i t above  1014 1 programs . lu re Is an expected
t n t  in i i ou s  roi t li l renit ’iit for h i t s  e ip ;ib  II It v . The Prior ity II classi—
f lc;i t [on 1;; in’ 1 ccl ed I i t ’ t ’ , i u i S  u’ tlt Is sy st Oil; w E l l  g r e : t  t I v Improve the
capabi lIty to evaluate missile systems Iii an op e r a t i o n a l  environment .

D I :SI RE D DATE FOR TECHNOLOGY VALIDATION : This  c a p a b i l i t y  is needed
now ; F— 15 ,’A I M—9L launches  w i l l  occur mid 1977.

PROBLEM : Present missile miss distance determination requires the
use of a system tracking telescope w h i c h  is expensive t o  purchase ,
o p e r a t e  and maintain. The requirement of this system for visual
contact with the target makes the missile launch weather—dependent
and operationally res tr ict ive , while the time needed to process and
analyze the film to determine missile miss distance causes severe
program delays.

R I:I,A’I’);I) I FFOR’I’S : ‘the VMI)[ development Iii progre ss ftt , the 11 I g L
A l  i t t  tide S u p o r ’ ;o l i  i i ’ ‘I’ nrgop, (}(AS’I’) and the PQM—102 t argot d r o ne  v i  t i ~
ulevel opmen( (‘(iml) I i t  l o t i  currently I’oroc;ist ed for I~~79 time period .
‘I’li& ’ pr Inc coi t  t r:i ci or is Mo t,oro la , l i i c  , ~~‘o t t ada le , Art zona . T he ’
de’,; I gi i  p h ase  it :is been coiitpl e ted and ht- , ins board pro tot vpe fabr i o u  ion
;u’ ro mp I I shed . ‘I’Iie u n i t  Es current I y undo  rg o  I ng , inecj io  I c chamber

est  s . Ix t or ! or ~ r ou ind  t ests are ~1 an iu t ’d for accomp ii sitmen t •‘it th e’
Lg 1 I n  r a n g e ’  iii I) tn ’emb er 1976. Airborn e tests a re  p la nned f or the
I 977— 78 t (me per tod . ‘th e VMI)l pro oct ong iiicer Is Mr. Frank Wa I l ac e

AU I ’c/ S D— I 02M , 872—1 1, 1, 5 .

I) A1’I ’Re ) A C I i :  Cui rr eiit ;ippr o ;i c l i  i s  n i t  i s I ;i ct o r v .

‘ ‘ I  ‘ ( l(’ I :

f l  ) ‘~ Pfl ‘ i I

(‘ P ‘e (, i i j~ 1:, : \~~I I i l  I i ’ . ( I i ’ ~;l l o g
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POINTS OF CONTACT:

Originator : Mr. Larry Colburn
Superv isor
Systems Engineering Branch (DOEES)
Flight Test Engineering Division
Air Force Flight Test Center
350—3371

Mr. Charles E. Adol ph
Asst. Chief , Systems Engineering Branch (DOEES)
Flight Test Engineering Division
Air Force Flight Test Center
350—3325

Originating Organization OPR Contact:

Mr. Ernest Coleal
Assistant for Plans
Office of the Technical Director (CA)
Ai r Force Flight Test Center
350—3837
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‘l’N AFFTC ADTC 1901 73 03

DATE OF REVISION : 1 November 1976

TITLE: Conv en tional Gunnery Scor ing Sys tems

OBJECTIVE : Develop an automatic scoring system for air—to—air and
air—to—ground gunnery. The scoring system must exhibit the following
characteristics:

a. Ability to score near misses.

b. Abil ity to determine bullet dispersion patterns .

c . Ability to generate real—time data for immediate analysis of
gun system performance.

d. Ab ility to score bullets which pass within 25 feet of the
target.

e. Ability to survive recovery o the aerial target and be
reusab le with minimum repair .

PROGRAM EL E~’iENT : FMS (USAF/FRG LRU—l), 27l3OF (F—15) , 64229F (F—16)

PRIORITY : I. This priority Is requfred for the air—to—air portion
of t h e technology need . The Babcock scorer proved so unreliable as
to hi unusable for air—to—air scoring . Visually c o u n t i n g  holes in
towe l targets is inadequate for the evaluation and analysis of air—
to—air systems since no accounting can he made for comp lete target
misses . A viable air—to—air scoring capabilit y does not  r e p r e s e n t  an
‘ i m p r ov e m e n t ” ; I L  is a basic need , which is not being met. Competent
air—t a-a ir gunnery systems analysis canno t be conducted without a
scoring system .

Dl :SLR F:D DATE FOR TECHNOLOGY VALIDAT 1ON : A scoring capability will be
r e q u i r e d  f o r  the  LRU— l by Jul y 1977. The F— 15 and F— 16 will require
a scorer shortl y thereafter.

PRL ) 1l1 , I - IM : A Babco ck  electronic gunnery scor ing sy s t e m  li,is p r e v i o u s l y
lu ’i ’i i  used a t  t h e  AFFTC . The system was not u s a b l e  d uo to erratic and
(ti l l ) red P t ’ t :ib I e oper a t i on .  ‘l’lw Babcoc 1< wan  sos igned to  count  rounds
w it  I cli j ’a .; tu i s i  I n  p i’ox I m P  P y t o  ( l ie  towed t a i -g ot  . A s l t ; u  l i a r  ‘‘hu l i e  V

, ‘ i u t t t  I ;ig ’’ ~e v a t i . i n  w o u l d  he a d e q uat e  fc ’ i’  n ear  t e rm  n eeds .  A sys t em
is’ i i  I i ’ P i p t i ’ov  t i l e s  a~ l i m i t  Ii and r ange I n  i -c l  i t  Ion  to  t he  t a x - g e t  w i l l  be

I i  i ’t I  P i t t  a i’’ 11:1 ti I i t p t i  P t o  eon ip i i  t or ( mi t  1:1 t i on  and an a l  vs is
p ’t  i’g t  i t t i t i  . A Ii — — t e l— g i  ou i t i l  gu nne ry  needs i t  o aim! I at

!fl’ P , A I’! ’ l )  I l” FOB ’I ’S :  Au i i i t i ’ i  In  ~ ox t u g  c -a  i l l  l i t  v is  I i e i i i 1~ p r o c u red i ron
P ~ t e u  I I t s ’  (‘01 pl o r i l t  l o u t .  ‘h i s  w i l l  lt ~’ a b i t l  l e t  c o u n t  In g  sy s t e m  s i m i l a r
I n  c ’ - i p t . i l t  l I l t  v t o  t h e  lh ih i ’~~e’ k sy st  e r .  I at Im i t t e d  r e a d y  d at e  Is  October
1 . 7 1. An i t t ,  I m u t  I i / r a i i g c  s t o r i n g  sy st  em is  under  dev~~l opment  and should

(‘I



- ‘  
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I ’r o p e r a t  I o n i i  I in  F e b r u ar y  l 9 t ~I . i i ; t ’ro lu r e ’ no known efforts currentl y
I or an air—to—ground system . ‘L’he laboratory ~ontact is Mr. Charles

~: r , u i g  ( A D T C / SD— l O ~ M , 872—3418).

:~Li~GFs ’rED APPRO ACH : The c u r r e n t  a~~~r o , 1c t ;  Is s a t i s f a c t o r y  in ev ’rv-
th ing but  schedule ( e s t ima ted  read y date of October 1977 vs need d a te
of Ju l y 1977) .

SUPPORT : AFFTC w i l l  support interim scorer g r o u n d/ f l i g h t  tests
pending  P I D  submi t t a l  and Center workload .

REFERENCES : None .

KEYWORDS : Automatic Scoring Systems

P O INTS OF CONTACT :

O r i g I n a t o r s :  L a r r y  P . Colbu r n
Supervisor
Syatems Engineer l u g  B r a n c h  (Dc)EES)
Flight Test Eng inee r ing  D i v i s i o n
A ir Force Flight Test Center
350—3371

Charles  E.  Adolph
Asst  Chief , Systems Engineering B r a n c h  (DOEES)
Fl ight  Test Engineering D i v i s i , n
A ir Force Flight Test Center
350—3325

Originating Organization OPR Contact :

Mr. Ernest Coleal
A s s i s t a n t  f o r  P l a n s
O f f i c e  of the T e ch n i t - a l  h t r e c t o r  (CA)
A i r  Force Fl i g i u t  Test  I - c u r e r
150—3 837
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HA I l - : ov R I - : \ l s l o N :  I N i s v ’ m h t - r  19/I>

‘fi l I E :  Eug j u i c er  I ng ,-\n t i  r~ ~j st r ;~’ t r i c ~nd RI omechan ica 1 Evaluation of
,‘ \ i r ’e’ r ; u f t  Cr ew Station G e o m et r i e s

OBJ EC t R E :  Dove lop t e ’chn  iq uo s  and e ’ q u u i  pment  fo r  eva lua t  I ng t h e
llde q t i Ie ’v w i  rh  w h i c h  . u  i r - r r u  It  cockp i t s  and ot he r  crew at  at  ions  I r e ’
s i z e d  and des igned t o  a at l o r m  to  r i t e  an t h i r op o m et  n c  and h i  ome chan  I a

c h a r a c t e r  i s t  l a s  of t h e  e x i s t  in g  or i n t e n d e d  f l y i n g  p o p u l a t i o n . End
p r o d u c t s  s l iüu  lii h a v e  app  I i e ’ l lb i l ity f o r  m e a s u r e m e n t  in two areas:

I . t e n t  ro I i t t  i va t  i 011 10 rce r e q u i r e m e n t s

Fi~ ’ l c l  o f v i e w

I’ R O E E A M  i i  f l IEN ’l ’ : (,4? 1 5 1 - ’ ( B — I ) ,  6 4 2 2 9 1 - ’ ( F — 1 6 )

P ’ R I O R P ’I ’Y : ‘ l ’ h u b a  I c ’ t ’ l i t u e l e g v  I s  r e ’q tu l r o il  ‘ u u t ’r e ’ti t l y and I o l  l o w i n g .  ,‘\

p r i o r l i v  I I  I s  , i s s l g t i i ’ d  b t ’t - ; i i i s e  t h e  t ’ s i t l  t, s h ;ive ’ an lntt ite ’d I n t o  - i p p i  i c a —
l o u t  i t  o t u — g o l t i g  , u i t e l  u i p t ’ t~nu I i t g ,  L e s t  p r o g r ; i lt s  h u t  i t s  l a c k  w i l l  t i n t

se Ve r e I v ~iis r ;t i t i  m i s s  i o n  ;t c  -omp I i  shmeut . The t e c hn i ques an d e q u i p —

r c v ; i h e i , i t  in g  r e ’ :u - I u  . c o n t r o l  a c t i v a t i o n  fo rces , and f ie l d of
v i e w  w i l l :

1.  spoo l up t h e  evaluation procedure ,

2 .  i m p r o ve t h e  a c r t u r a e ’ v o f  r e s t  r e s u l t s , and

I .  m a k e  t e s t  r e s u l t s  more useful in designing aircr a ft and support
eq t i  I p r n e n t

D I : s I R I : I )  D A l E  “OR ‘ l ’ l : C I l N O i O E Y  V A L I D A T I ON : 1 Ju ly  1977 , F—16
A u I t t t ’ t t ~~t )t ili’ I t’ I t ’ E v ;t  I ti a P lou

I ’ R O I I P  ~l : I -
‘ t t  ~~‘~~t P I t t t : t  I : t t u i l  ‘ i i  Ii ’ 

~‘ i t  i t r ’ t t t : t t t  ‘ it  I l i e ’  :i I ri i : i  I t  l~ I 1 i t t  ;iui d
i i ’t~- iui - n u I  i • It P et h i t t 1 ii ’i’ , tP lvi ’ I h i : i t  P i t t ’ i i ’ P :tt l t t t s l t  i l l  I e ’ L w t ’ t ’ u i  t I t t ’  j ) I t ’t’ s i ’ ~i l

I i t  P ‘i’ I t i  h i ’O  ti P P Iii’ ,
~~~

‘ -  i ’ : i p  i t t ’  : t t t c l  hi  I ,  I t i  e ’r  I’; i e ’ t ’  w I  p i t  p i~ ’ \ ‘e ’I t I i ’  I~ ’ he
P l i i i  l i i i ’  t ’ I s t : 11  i - a n  t ’ t u i t v c ’ i t  I t ’ i t p  I v  i t t  I I I z t ’  t h e ’  m l  I u p t i b i  I i t l e ’n

P p I i ,  - i I t I p O u t ’ I i t t p t t  1 ,1 a itt ,- t  s pot - P  o f  t h e  re’ I at  I o n s lt  I p  i s  t h e  ~‘x t en

P t ’  W h I c h  t I t t ’ t t i : u i u v  I o a t  i t t ’ ; ,  t t l ’ t h e ’  t ’ t - t ’t~’ s l i t  I on  l le ’ C O l f l I t t O ( l , i t  e t o  t h e ’ a n t h r o —
I , i i t ~l i t  I e w e ’  i - i  ii i i i  I c I t _ i t ,  i t ’ t t’ r I a t  i r s  o l  lie opera P o r .  i l t u m a n

- ‘ l i t  5 ?  a ‘ i i  i c c ’ ’ ; , it p ‘st t u t i ’ t ’s ( s u c h  an ,\F FTC / l ) OEEH ~ ~i ro  r e s p o n s i b l e ’
I or - t i uc h ii ’t i i u e ~ i h i n t , u t i  F , u 5 - t  s e ’ - h a t  an d  ‘va h u u a t  i o n  (hlF ’l ’i~I - ’ ’) i n  s t i p p o l t

. i I ’ t . s ; ; j t . t c c ’ e - i v a t  -uu i s  l ’v t ’ I o p u u t t ’ u e  . At t i t m u ~ I1I - ’’I’ &E t ’ t ’sp on s ib i  l i t  i t ’ S  , t F C  t h e
P wo ui - u. ,t I ,‘ ‘tt - i ’ r ul i ’ i u t  I i t i , ’ iP I i ,  t l i i ’  , u h ove’ oh j e ’ i ’t  ly e  . ,‘\t t h i e ~~~r
p l i n t ’  p - u  I , ;  i i  ‘~~~~~~~ I l l  l~ ’~t p ’ u’ t t c - c l i t r c ’ W ’ hue ’ t - ’ h iv  t h i i ~se’ r ’ l , u t  i t i s l t i  ~~ ir e’
i ’~ , uu t uI t t - I , u u i c i  i c ’ , ln , i p - I , ‘ l It  I ’ . t i ’ l i l t ’ t ’ t t c ’ s ’~’ e ’r ;t  1 \‘ t - t V  i ’ ; I t r t  l u l l

‘ I  i i i  t i l t  • ‘ v i l i i , u p  ‘ i t . It Is t ’ I , ; . ’ ; u t  lai l t h u  t t ’ ’ i t p t I I e i t ’ a ant i
i l - c ’  I , ‘‘  ‘u’ p s I r  ‘ v , i  I u , i t  I s t i  t u t i d i ’ r c  i a - t r a I t  - m d  ( I ( ’ \ ’ t - I t ’ I ’ l ; i ’ ; l I
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RELATED EFFORTS : O pe r a t i o n a l  P e r f o r m a n c e  Branch (6570 AMR I ,/HE O) has
t h e ’  r e s p o n s i b i l i t y  t o  a c q u i re  e n g i n e e r i n g  a n t h r o p o m e t r i c  and b i o m e ch a n ic a l  -

‘
d a t a  on t h e  L E A F  l i v i n g  p o p u l a t i o n  and to i n t e r p r e t  and u t i l i z e ’  such d a t a
t o  d e r i ve  c r i t e r i a  f t e r  the sizing and design of aircraft cockpits and
t e t her  c rew s t a t i o n s .  A~’1RL has comp leted a cockp i t  e v a l u a t o r  and has p ro—

-~‘ I c I e d  b l u e p r i n t s  f o r  c o n s t r u c t i o n  of an e v a l u a t o r  at  AFFTC . A cock p i t
‘v , t l u , i t o r  w i l l  he supp l i e d  t o  AFFTC .

SI ’G GI E T L I )  APPROACH: T h e  Ae ro spa ce  M e d i c a l  R e s e a r c h  L a b o r a t o r y  s h o u l d
c ’i) f l t  I f l u t e ’ ;i p r o g r a m  ol  research to meet  the  o b j e c t i v e s  of t h i s  T e c h n o l o gy
Nt -ed . The y sho u l d  c o n d u i t t h e  n e c e s s a r y  r e s e a r c h  to  deve lop  and v a l i d a t e
h i t’ b , t s i c  r a t i o n a l e’ , t e c h n i ques , and  equ ipment  to  f u l f i l l  t h e  needs  of
d i  ‘ P .  The’ f o l l o w i n g  c a p a b i l i t i e s  shou ld  be achieved.

1.  C o n t r o l  a c t i v a t i o n  fo r ce ’  r e q u i r e m e n t s , a c c u r a t e  to less t h an  0 .5
p oun d . and adjusted for biomechanical variabilit y.

2.  H o r i z o n t a l  and vertical field of view , accurate t e  less t h a n  one’
d e g r e e ’ . P r o t o t y p e  f i e l d  of view eva l u a t o r  w i l l  be p rov ided  to AFFTC.

I .  Leg r e a c h  eva ]  u at o r  w h i c h  w i l l  r e l a t e  l eg  f un c  t iona I reach  to
se u t re’ference point and c o n t r o l  a c t i v a t i o n  f o r c e  r e q u i r e m e n t s .

/~~• F u r t h e r  d e v e l o p  c o m p u te r  v a l i d a t i o n  model , COMBIMA N , of c o c k p i t
geo m e t r y  t o  h~ expanded  to In c l u d e  F— 15 , F — 16 , B—i , A— b , Y C — I A , and
Y C — l 5  crew stations.

Pc i - h i  ‘i  ca p a h  i l l  L v  w i l l  a i so  s er v e  to expand and ref inc t h e  neerrn ;It i v~ a c n e
of an t  hr op om e  t r [a and h I  ( m e  i n ;  t a n  I d a t a  on t h e ’  I ’SAF p opu l  at ion • p ar t  i —
u l a r l v  I

_
or i n t e r a c t i on s  be tween  body d i m e n s i o n s , p r o p o r t i o n s , b io m e c h a n i c a ,

and p er s o n a l c l o t h i n g .

S1’ P P O R T :  A l ” F T C / D O E E i i  cart  p r o v i d e  u p p r o x  [n a t  e l y  0 .05  n , l u l — v e ’ , I r  of  t a u t ; j c ; u l
c o n su l t a t  l o u t  ar i d s word m a t  ion wi t h i  t ue ’  ‘\t ’r s p ; m L ’e Ne il i c a l  R e ’ i i e a r c h i  l , , u b i i r a —
t o r y  and o t h e r  A i r  F o r c e ’ , t g e ’nc ic’ s , as n e c e s s a ry , t o  - u c e ’ wm p l  i sh  t h i s
T e ’ ’ h u i o h t t g y  N c ’od . Add I t l o n a l  s u p p o r t  may b e -  a v a i l a b l e ’ a t  ,u l i t e r  t I l t  c ’

de ’pt ’tici I tig on t lit ’ uieed s of  AMRI, and ava II ah ii i  t. y of C e n t e r  r e ’s o u i r  a es

K FY WO R It S : 14o u ’ksp ;i  a e ’ • i - c ’ on tn io t i ,u  t l u ;  • iii t i c  ropome t rv

‘ i t  I ~, I ’ -~ ( i i ”  I I IN I ‘ 1 ’ :

it i - I I t i , p , i  : l i t  s ue ; ,  u ’  N . ~1e I / l i i
P 1  u i g  Gb l e t

A H - h  / DOEF I I
A u~\’u ) N  1 5 0— 4 1 0 7
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Respon d i n g  L a b o r a t o ry  Contact:

Mr K e ’n t c e ’ t Ii W. K e nn e dy
Rese ’ , u r t ’ l i  , Ph y s i c a l  A n t  h i r o p o  hug  i st, ( H E O )
At ’ re) s h>~ cc ’ No el  I cal Rese’;u re-li Lahortu P. ory
A I I ’ I ’OV ON 7 8 5 — 4 7 8 6

Or ig l o u t  i u i g  Or g a n  I z : u t  l o u t  OP R :

Ni’ Ernes t CoIea l
A s s i s t a n t  f o r  Plans
Off ice of the Techni cal  Director (CA)
Air Force F’ligh t Test Center
AUTOVON 350—38 37

11)
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‘iN AFFTC AFOSR 2105 76 02

DATE OF INITIATION : 1 November 1976

TITLE: Exhaust—Gas Velocity Measurement of Jet Engines

OBJECTIVE : I)evelop airborne instrumentation which can accurately
measure jet engine nozzle exhaust velocity. The proposed iristrulnenta—
ti ci n should h ave accuracy of ±1 percent of the measured value . The
system configuration would be required to operate over the total
a i r c r a f t  flight envelope , including supersonic flight and afterburner
opera t ion and would need to be adaptable to both turbojet and turbofan
engines , b o t h  a f t e r b u r n i n g  and n o n — a f t e r b u r n i n g . I n s t a l l a t i o n  of the
equipment should not change the basic configuration of the aircraft ,
nor alter the engine operation.

PROGRAM ELEMENT : 2 1730F (F— 15) ,  64225F (A 10) , 64215F (B 1),
64229F (F—16)

PRIORiTY : II. A pr iori ty II is selected because the resu l t s  have an
immediate application to ongoing and upcoming test programs ; however ,
its lack will not severely cons tra in mission accomp lishmen t itt t h at
no program will be halted in its execution because of this equipment
not being available.

D E SIRED DATE FOR TECHNO LOGY VALIDATION: 31 December 1979
‘l’Ime equipment for measurement of exhaust velocity will have its
primary effect by improving the accuracy and validity of test results.

PROBLEM: In order to determine aircraft performance , a measurement o l

~ t ’t engine thrust is required . Current methods do not measure th is
d irectl y but depend upon engine—manufacturers—supp lied computer
pr o gr a ms , e ) r  o t her  computation techni ques which calculate thrust based
on nuc’asurement of parameters (pressures , temperatures , etc) that are
Indirectly related to thrust. These methods canno t be read l i v
validated in flight and contribute considerable uncertainty t~ t h e
P l i g h t  test results. However , net thrust can be determined d i r e c t ly
by m e a s u r i n g  mass flow through the engine and the change in v e lo c i ty
hte ’ t ~~e~ n t h e  e’ntering and existing mass (change in momentum) . The
ve ’ l t ’ c [ t v  nee ’ :ustire’ntcnt Instrumentation would be installed on test

I r t -ra ft at t h e  AFFTC . There is an expected c o n t i n u o u s  requirement
‘u P Ii l~: c ’ apa l ’  II It \‘

RI t A i l  I )  I Fl -~ItR ’l ’S : Wi tu ’ 1< Imi u cs been done by the Sper ry u, .v r o s a o p e  Conipa nv
‘ii p Pie tutu o l  a t i’ uv el i uig—wnve ’ ring laser as a flow sensor. Th e
\ i i  ‘— ‘oi l  to l)vinuuui (ccc l aboratory hltu :c til Sc’ conducted research using a

u ’  ci ~ ~pj s  Jo p lie i ’rod yiue teclu n ique’ for niea sur ing the ye 1 Oc i t  v and
( i i i  ‘u P e’ui t ’O I n  ‘ i ipi ’rMet ii Ic jets and w i n d  t u n n e l  f l o w s .  Both  A r n o l d
I uig t um, ’i’m I p m~’, H o y t ’  1 etpulue ii t Can te r  uund t i m e  General E le c tri c Company have ’
tt ’ ii ’cI I u s e r  fo r iua’asuurement of gas ve lo c Ity In ground applic ations.

11
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Sonic work was also reported , to have been done in France , by the
European Office of Aerospace Research and Development. Past efforts
in determining jet exhaust gas velocity have been centered around
measurement of temperatures and pressures and nozzle area . These have
proven to be unusable in most cases due mainly to the severe tempera—
ture environment and accuracy problems .

SUPP ORT : None

K1’:YwORDs : Gas Velocity Measurement
Net Thrust
Jet Engines
Performance Flight Testing

POINTS OF CONTACT:

Originator: Mr. Larry D. Plews
Aerospace Eng ineer
Fl ight Test Technology Branch (DOEST)
Developmen t D iv ision
A i r Force Fl igh t Test Cen ter
AUTOVON: 350—3779

Originating Organization OPR Contact:

M r .  E r ne st  Colea l
A s s i s tan t  for  P lans
O f f i c e  of tIme Technical Director (CA)
A ir Force Flight Test Center
AIITOVON: 350—2196

Responding Organization:

Dr. B. T. Wolfson
Program Manager
Aerospace Sciences Directorate
A ir Force Off ice of Scien ti f ic Re search

(AFOSR/ NA)
Boiling AFB , Washington , DC 20332
A I TT OVON:  2 9 7 — 4 9 3 7
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