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4ARY

As inves t iga t ion  was conducted to determi ne the airflow ch aracteristics
in the vicinity of a model helicopter to determine representative flow velo-
cities at the rocket trajectory and wind sensor locations of a hovering Army
AR—1G “Cobra” hel icopter. Laser velocinletry and flow visualization techniques
were applied to provide flow velocity and wake geometry data for correlation
with theory and for a systematic determination of the total and separate
influence of each of the aircraft components (rotor , fuselage , and wing), and
si gnificant operating condition parameters (rotor thrust , t ip  speed , and ground
effect ) on the airflow influencing rocket trajectories. In addition , the flow
veloci ties at potential locations for a fire control system wind sensor,
mounted on the aircraf t , were determined to assist in ident i fyi ng wind sensor
locations for accurately measuring flow velocities at hover.

Time—averaged and peak—to—peak values of flow velocity components ,
mea.~ured with a laser velocimeter (LV), are presented and compared for the
model test configurations and conditions . Als o, the cyclic time—variant flow
veloci ties , related to blade azimuth posi t ion , are presented for po ints on a
rocket trajectory for the reference model AH—lG configuration and condition .
The measured model flow velocities are scaled to representative full—scale
val ues , and the applicability of scaling procedures to rotor thrust and tip
speed variations is demonstrated. Rotor wake theory was applied to selected
model and full—scale configurations and conditions . The predicted flow velo-
cities are compared with LV test data and used in combination with wake
geometry data for interpretation of the airflow results. The location of the
rotor wake (particularly the tip vortices at the wake boundary ) relative to
the rocket trajectories and wind sensors is shown to be a major determinant
of the ir flow velocit i~’°. The presence of either the fuselage, modifi ed
canopy , or ground is shown to produce significant flow velocity increments;
nowever , the influence on the rocket flight trajectory and resulting aim
bias requirements remain to be determined from a separate aeroballistics
investi gation.
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INTRODUCTION

The accurate  de te rmina t ion  01’ the flow field in the vicinity of a
l l t a l i ; ’ c -j t . e i ’  is requir e-I  when a helicopter is used as a weapons platform.
Since a f r e e — C u  lit projectile such as a rocket , when fired from a heli—
u - .—pt er , ini tial ly travels at a speed which is the sane order of magnitude
ac- the f l u - n-a  ;‘eiocities , the  flow f ie ld  induced by the rotor wake system can

~aac a s i gn i f i c an t  e f f ec t  on the rocket t ra jec tory.  This can necessitate
c-u-nine fur::; or ’ : i i r c - lnng  compensation or special f i r ing  techn iques——part icular ly
at  the lOW helicopter  f l igh t  speeds at which rocket s are to be fired in
-i cu-or Ian:ce with current Ac--my nap—of—the—earth , tactical concepts. The
shortage of information on helicopter airflow and its influence on free
fHt’i’nt , r’ :-c-kets for the purpose of achieving an e f f e c t i v e  f i re  control is a
majo r ’  concern :1 the Army , as stated in Ref. 1. Current Army doctrine
c a l l s i c r  emp ’, oyrn rs’r ;t of ’ he l i cop te r s  such as the AH—l and the P~ H in hover ,
r u- p— L ip ,  nin i t e r r a in  f ly ing  modes. The requirement for investigation of

~‘ockc’ t ac’:-odyri arnic i n t e r f e r ence  for  helicopters  operating in such modes and
recommendation s for such inves t iga t ion  are well documented in the Army
l-I i~:oj1e Command memo ( R e f .  1) ,  included herein as Appendix A. The require—
mu -nt , is ‘liso disc’,nssed in the Proceedings of the Conference on the Effec ts
of Helicopter Downwash on Free Projectiles (Ref. 2), particularly in the
presentations of Array representatives Marner (Ref. 3), Morse (Ref. 14 ) ,  and
Bergman (Ref. 5).

To assess the influence of the rotor/wake flow field on the flight
path of’ a 2.75 inch rocket fired from the Army AH—lG (Cobra ) helicopter
when hovering or flying at low for-ward speeds , an analy’tical investigation
was performed at the United Technologies Research Center, UTRC (formerly
the United Aircraft Research Laboratories), to predic t the induced flow
veloci ties at th ..’ rocket t rajectories. UTRC computer analyses which have
the capab i l i ty to calculate ti p vortex geometry and rotor wake induced
saeloc i ti e s  were used to calculate the time—averaged and time—varying
(instantaneous ) induced flow velocities along the rocket trajectories for

helicopter fligh t speeds of 0, 15, and 30 kts. The results of this investi—
gation were reported in 1975 in the following reference (Ref. 6):

Prediction of Rotor Wake Induced Flow Velocities Along the
Rocket Trajectories of an Army AH—lG Helicopter , by
A. J. Landgrebe and 11. A. Egoif , United Technologies
Research Center , U.S. Army Picatinny Arsenal Technical

Repo rt 14797, March 1975.
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Tinu -  resin . I . ,‘- were presented on August 12, 1975 at the Conference iU the
k~

’i’;’cts or ’ lid i co r~. u-r’ 1 -  w : i w :n sh ;  on Free Projectiles, organized ny th~: U . S .
A r’:’ ; , A v j s ; I  i - i i  Ny~’.t en ’nc - :  Cu -m in str el , and sum mar ized  in a paper e n t i tle d  “Rotor
V~’.k I r n . n  , . s ’ :  Flow Along Helicopter Rocket Trajectories” (F~ t’. 7). Sin;:c

t I n  1 . :  in’ . - ,‘‘ ig:ntioni was the immediate forerunner of the investigation
r. - n - n-s e n  r o t c - i n , the summary , conclusions , and recornrnxendations Sn’ ‘ml SrI ’ . 7,

rn sir ’ .;- ‘.. i ;e same as those of Ret’. 6, are included as Appendix E.
Tis u -  i nn  I , ‘ n- - i  v s - I ’  ‘ . ‘ it y resin it.,; fr’ ; ’:; this investigation have been nrc - u - - ] nc -~
V a c ; - ” r m n i ’ .in :  irs a a:”.;j.’u - tur’~,’ ’ c- ’,~atysis at the Army Picatinrny Ar;:en,:n I to

tn; - .in i  l i i .  - r ;ce  on  ‘ t h u - sn ‘ru- iyrnsc nni c inter I’i’ra.-irc e - c - f ’ the rotor w” .k’c- on
c 0 5 1 ’ ::‘:.n5 .”ctoric’c- ( l u - f .  8) .  It was - . ‘ o r i c r l u c l o - -i  t ha t ,  t } , i c -  ini l ’ l s n e r , .”: is VI’—
:1 iI ’O’”’u- ‘c; ] :n ru , :t Lu - i.’’ . ::;l .”’ ni ; : i ted i c r  wh en , f ’ r n t , ’ I t V I ; ;h inn ,~ a i : :n in g  techni’i’c..n .
Clii , : n, u - n , ’l nc - i c-n i a:: Lu- ’’: ; c- ’’il ’- c-t’im is ijat , n ’i in Am’:’; ‘,‘ f l i g h t  ‘eons , ; ; i ’ . I j  a,;
c- 

~~~ 
n ’ ’  ‘.‘ I f i n n.h.: l i — i . :in - .i t i ; e  A l l — I  i n -; k u - t ’c- .  c- ‘to n I U .

A l t , I ; : - , ’F l the tc ’c 1  !‘/tical investigation pr - v i  ied a s i g n if i ca r o ,
‘5:50 , : ; : . on ’ in , :A ’n ”i :n t  ion reg’nr-i in g indnn :eil v e l o c i t i e s  al iog t i c’ A l l — I  ‘I n ’ - :k e t
1 c’i~~eu - t O n ’ i - : , ’. , i t  Wa ,; lirnrit,c-:i in c - u - g.e to t , l ; i ’ - ’u -  S I  s 1’, n ,t - ,  ;ru -ii ti iu -rn s, ‘n i  nh-
1 : ;t c - ’r t  or -  s s  ‘ - .n eI’fu -c t ,s of t I n e  fuse  1 age , ‘d1fl~~ Sil l g rou r~- I i )O  ‘sine pm - ’ . i i  ot ’:-i
‘c-el ‘ . - I a I ‘.‘ ,;- wore n’u-t, inc t u ’l e . l  • i t  w Os ’. cu -n c lu- fe- I  t i ;: I, n ’n ’ , cIeJ  l i - s i ic ip tu - i ’
I t ’n . t i f l g ,s : n c - n  I d  be . ‘ . u - n ; d ’ ; - ’ t, ’J  : o provide sy st e m at i c  e s-s r - c - ’  i n : i e : ;t a J  n a t a  for
c - r ~r~u - I  ‘ n n  I ,c -a , i ii ’,’ ‘..~c-t, g,a t ion  of’ ot t’_ e i ’  u - p u - m it in i g ,  c c - ru - i  I t i o r ’nS ac-n i r u n g  I ecte  1
‘ . : i t ’. ’ n ’ : ’n” r nc - : ,  ‘e et ’ f - - c t c ,  , nc -n i l  - I e t e mn : ni n a t i o n  of w i l l - ]  sensor Ioc -- a t i u - n , o .  ft  W:.c-

L I :  ~,: c- :n .~c’:c-ted t ha t .  t i n .~ model n c - v o n - i  r ig  aru -l  w i l l - i  :, un i n e l  Sac i i t i ec-  , n r c - i l
u- x:~~r’ i n:s - : , t s i 1, f l 5 ’w r:;ea~~ut”..:’s ’ .:r;t soi l a i -sau l i z n n t i , u - r  t .e c ’1041 5 ic’s, ni’ ;~u s  I :D. e it
‘.111- 1 , f, ’ n s .s u - I  t i n  :si - ’ r n i n ’ e  the “ ow ‘~‘u -J - : c i t ie s  an n 1 wake i c - n m , i :~~’ I u - c -  I : ;  the
i’ ’ . ’ ’ Ic -’ l , O ot  t he  r ocket  t r a je ct o r  u - c - i and p’.it . e n n t i a :  w i n ;  i c-u -rn -c -u i ’  I ~~~~~~~ I, - - r u - s

‘ n c - s n  1,0 ‘ “ ,::r’. : i n a ’  t hen : w i t . : n  t , l ao - i r e h i _ ’ a l  p red ic t  i n s .  I-I- . ’ l o s  n - ’s ‘c- i t’ I ’
, s n r e u , n ;t  u - s l i n g  ~i lc - nc - -.c- r ‘, p ].c- u - cimet er  had i-c’i ’ ’c-nt ly be.:’: i - i e r s i , c - r i n ; t : ’ ’ u - l, a , n  ‘r . ,

1 111 1 r n _ n  n - ’. n n : o n ’ L , c- n j r  R e t ’ . i i .  ‘i’ u - : l u ; i - .~i n o c -  : n n n e . l  s i t .  UTE C II i’ ::,‘ - i e ,  h , ]  j i - n s r . t , -r
t,~ ’ c - t .  m u - , t i  s ‘ : i n ’ . n : ; l . c - - nfl ifl a n n  th ec in ’ n n t , i ca l  r ot o r  ai r - i l -  w pl’’ ’ n i . .’ t i  n m
i n n 5  I c-’ r ” . ”n’ I , ; ; _ ; l y nn n c r ;  .~‘“ J . ’io pc ’l as i ’u -pu l -t ed  in T’,e: ’s. iS t s ,i ’ . - s ; 5 ; .1.

c u - r ;t r - i ’.- t  ( : . ,‘u-ap .u- ;_ ( ,_ i ’_ :’i: 51) was s n w s i i ’ ,le ’.n by t i me Ar-my 15 ‘sL i m I l y  .‘,m n:&:mlal

(a iW t i r e  U.  - I . Ar’rn ; ,~ Am’ n: ;u - c - s:-,’r ; a R&D Command ) on M a n - c l -  1, 1 5 ( 1  to n n n ~n ’ ‘ he l’j ’RC
n : , , I - n i  i i t - n’ h o ver  L u s t  1 : 1  ‘i l i t ,y  to ‘e n s - l o o t  c-~i - h iii i :;ve , n t i  - at , i ‘sn  V r-  t i n -  -

U v - i ’ r n n o l , .’ -. ’f u - p e r a t i c - ’ n ; .  ‘ I s ’:  r ’. ’ ,.; n m l t s  01 I - h i s  ,.‘ i! i LI’ r.,’l , i m ~ ,’ e st lg  0. VI: ;  st n ’ c’
‘- - n  ,re ,. 1 herein. Ar , a l - j j t i . - ) r n :L .l i ’ rc - nt i ’ .’ nc t  (DAA IL’ U_ ’(’ n ’_ . ’_ ’ ;. i3 ) w - ; - s ‘ nw ’ n r ’ r - .i

o ~J ’CF C 1- ’ t I n e  S.C.  A r r a y  Re ser i rc im Ol ’ i ’ : c - i . ’ ( w i t . : ,  m l:.; . ‘ . - :  :‘ s . i  i - n ;  ‘ s- n ’ ‘ ia ’
A n -:: j  ,- \ r ’ r : , ’.u . : - ‘ n ; ’ s  R&D C~in vsc ’,r ;  I , the  Army Ai . r I-I - ] . 1  I i  

~
‘ in  - s  ‘ ‘~ ‘- ‘u- m I N “ ‘ J ~ ‘~;:- , - s  I

Li:] c- n t - u - n ’ :, ‘ u i - i  I n i -  ~l’- r ;y Si ,;,; I ie i A ’ r ’ m n n s o n  I ) on II: , ’: 75, J 0~’ ( r u  “ ‘ ; r I i;- ’
‘ .‘x I ’ ’r ’inI’’: n t’ I I! ;v’’ ,:t, t , l i;tlu - r i t o  f i n e  l w  c - n w ”,sJ  t ’ or’ w ’nn - l S I  i n ’. I ; t .  m i , i ~ .’ - ni .  r - . —

‘M i ’ ,- ‘,e. . ;~ - u- gram ‘ - n ’ t h i s  n v n ’ : ’ r  i grU i i ,  i_ _ s k - i n , - ‘ 1 0 ’ ;  n i ’  ‘ I  - i n ’
‘115 ‘c - r n  t , n , ’~~~ , ’  I f s i u - j l j t  I I ’ S .

L~~~ . 
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The o b j ect i v e  of the  in v e s t iga t i o n  reported herein was to determine ,
t 1ar “ i g i n  an; experimental pr-ograrn , the airfl ow charac t e r i s t i c s  in the vic in i ty
0 1 ’ a n: , c - U ’ , n’epna?snem:t:.il . i v o  of the AH—1G “Cobra” helicopter at zero forward
‘n i: ’ ’ ~’ e i ’ ’ i t y  ( h o v e r ) .  I-lu-del helicopter hover test facilities and
n ’XI ‘. ‘ : ‘ j nsnc - n ; 1 :n .. f l - n w  mea;;’;n”-s’;enrt and visualization techniques were used to
:‘; e s i ~ .‘ the flow V u - l u - c i t i e s  :cnsl rotor wake character is t ics  in the regions
.u - n ’ n’o- ,-k ’~ ’s t ra j e c t on ’ ic s  n u - i l r~~t5e m n t i a l  wind sensor locations. Schematics of
t i n ”  A u — i - S  s howing ,  r o ck et ,  t r a j e c t o r i e s, tested wind sensor locat ions, and
:‘en ’ e’re :n:’e axis sys tems used in the investigation are presente’l in Figs . ~
‘inn 5. I-lu-del r o t o r - — f u s e l age—wing  testing, application of laser velocimeter
tec h n i q u e s  to measure  f low ve loc i t ies, and application of flow visualization
techn iques to determine wake geometry were included in the test program.

It woo t h u -  objes ’t i v e  of the experimental program to provide flow velocity
wake  ucon~e ’sr -1.’ data iSo’ corre la t ion of theory and for the systematic

ie t , c ’r :n ; imn : i t i u -nn  ~c -f  the tot,al and separate inf luence of c a -n h  of the air ’cr’ n t ’t
c u-rap ‘n i er ; t s  ( r u t - u - I ’ , fuselage, and wing), and significant operating condition
r.’ar:lmne’semo (aircraft weight , t ip speed , and ground effect ) on the  airflow
i n f l i n e r i - i n g rocket trajectories. In addition , the measurement on ’ f low
vel o ci t i e s  at and in the vi c in ity of potent ial locati ons for a f ire co ntrol
system wind sensor , mounted on the aircraft , was inc l .n iie il in tine require—
r:;er;ts of the experimental program to assist in evaluating wi: .] sensor loca—
Lion s for ‘ioc.nrately measuring flow velocities at hover. The experimental
into is also intended for use in determining the sc-in:; bias necessary for
rocke t  f i r i n g s  at hover.  In addit ion to prov iding rocket trajectory and
vial sensor information , analysis of the test data was directed toward
pmoviling information on the fundamentals of hovering helicopt -.’r airflow
and wake chan-suu-teristi”s.
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DE SCRIPT iON OF TEST

5, . S ’kI S’OPT FJI i i OV i ’ .H ‘ 51-5.11 l A S  ILI ’l ’ I

. h . ’ ’ .. ’ ;~ u ’  ‘n’an n~ w:c- c- i’om ; -’iuo te- ] -‘it t I n , ’ tJ’j ’5C I-I - sac- I i i e - i i - s c - n .- ’ . , ’
e,n ’ i” n cj  L I L y .  P h o tun t r ~npnn ; :  : t n n i i  n i n s s o c i a t . c - ’ . n s chemat ics  1:1 ’ the  I n n  -il l ‘sy arid

u-- ,1 , i  ::su -n nt , ac s n- c-nc -! in this test p m -u - g r am , are Ic-resent...’ i in FL,’:: - 6 t h r i o n g i ;
I n .  ‘n , ,s s .  - ‘c - n ,  in  F ig .  u., the tent facility ‘or,oi sto of ’  5t  :ns o- .re l I : u . s l j ’ I ’ I ’ : r
n e s t  ml . ’, :

‘
,.  ‘

~ ‘‘. i l . i n y  r:se:t:n . ;s’ tc-n r ;en ,t equi j.-rr sent. ( , :in’ ’~ r- ’_’€5L i 1’ i :r ;’ ’. cm ’ ~ , I s i S

Ic - ,,:,; I a ’ I ;  n n e l i ;  i n  ::, ‘ r , t , a n - I  a rn , so~’aic- le  u - r i  ‘ ni - u-i p - a n ne , a! 1 c-cat .;s n I I ;  a 1:, :5’’
- n:  ‘ I - c - u - - i  a r ’ ~’’ .,  ~h- . - t n ’.ss t  cons n’ ’ ! ‘nrc - n t , locaVI~ iu- ’ ; i  W s i r ,  n n ’ . c’s ’~ m n  o f ’  n i ’, , 0’;

; : “ “ , , I , : :1, vs i n s Fl~~’ . 7 .  ?F n e : :s , ’ i - - i  n’ot-.in ’ t e s t  r u ’  i s  : ‘ : s .ur , 4 -: ’:  ‘ c - j  an:  u - v t - n ’ —
n ,  - ‘~ n ,~ r -  ct!-,,1 ’ n.;t s ’ ,.‘ I . ;o’,~ ( i i  ‘ 1 .  6 )  ,‘ - ‘ i ;  t hat ro :. . c ‘ U n’ , , , st ‘ n  n ‘ n ’ Ij - e- - ‘ sc -n ,

- “ - n  ‘ s i t U  n c - s f ”  L i : — - ’a:n .- ’s ’ i  i - u - n . m  ce l l  ano n ,‘si l,iu- :’s’te -n 1’’: , I i : , ’ l u - n c - ’, .
s : - c -  - L .. , o is :int .l n: equiri :’.er,’ includes a vari :iL..- - —T’s ’, ;i’. I r ,  s . .

ti - i . - it , , -i i, ’i i n s ’ . ’nu-sity l i - i , ’ .c - - u -r’ces , and c’s-eras; ‘,n i.I e]r ’  ‘ I c  ‘5’
n’:. , .‘ ‘ - , :s ’i’l s ”, -n- .‘ynoh .’on Iziro - the cn~niera -‘ n i t lig ht  i n , . ’ s5,’ , ’ t , nc - s ’  s -  t i ;(, ~, r  o r

‘ :u i - - n , ‘ - h i  I ’m ’’:. .“ l’ ,j::n.e::t ‘~F i - . &), ‘:onsj :;tinn, ’ cc- ’ ’ a t i , ’ !, ~ c’ s - a ,
‘ t i , ’ i i  ‘ u - n  . s n s .  , 5 c - 5 , 5 C:L . ’ s ’ ; Lc - , m~~ :r l n ; , c -  :i ’ c - n m ! s t b , ” n on’ n ’ . ’ m ] i r , , ’ ‘ -  t. , 

: 1  :: ,. A l ase r’ ‘c-e l c i n - c - - ’ or :;.‘nsI .c’n:; was in,n t~~I l e t  ‘u , ‘ I , .

‘ - s-ut “ a ‘L i t ,1 r I - u ’  ‘n ;i s tec- t. nr ‘n’ ,:’, .  The  , a:mer- ‘ielocin ,eter’ , s i ,  ‘c- n.  Is , i - i , ’.;.
- ‘ i n n 0, 1;o- ] t!;’u- capahil it~’ : ’ ,n - ‘ c- - n , ’ ’ r i n g  the  u- i  i - n  :. - ‘n:. n ’ S ’ :5 ,,w v - I  city

ace n or -n i- a t to the  tx  i: c f  ‘ - t ’  ‘ u - n i I t ec -  1 ire ;- i’iesu:;c . - “ on . s , . - :5
‘ , I ] ’rc’ n sn o a : s - n n - ,, ’ - l , - : n n n - ’ n t — ’ n — ’ i:s;e , i ’ m  :‘ i t ’ , t ! .c -:n  of t h e  c - ir ’. i r c - -. 5 - - c - , ’ ’ - ’ n c - n ’

‘ n : -  t i ~~~’- I ‘ ‘~ -i . -r :c’rnt , n ’ . ’  c - sn t I ’ : ’ : ’  VI’ ‘. in i ’ ‘-U ’ 5 )  W i n ’ ~c-’ ni’ :- ’-1 by n - s  - -
~~~ I r .  o ’ ’

— U. ’ r i - u - a ’  I

______ 
1’ ‘-‘ ‘5111, }~~- COPTIS’ ISOMI’ n n N I’ -s

M~ n s ’ n a’n’ n - u -  n ’ ;j : , i : o i z e  c o st  and t i m . c - - n ” - ~ , i r ” ’ n ; . u - n ; : c - , ‘ n - c - n i l  s ; ]  Ic r’ .

e l ’ ’ ’u - I  ‘o repr’cs.cn ’ ~ I ,o  i , n ’i-.l d ’: i — V I  i l - - ’.5 ’ e s ’ . ‘n : .  n ’ .- , ; . n t l l s g

1/ U ’ n ,  .‘ a - -: L I I —  1 I ’ c - u - i s ’  a’. ri-ode I I i s  r . . ’ n 1 1, ’ ’ 5, - . - “ s n’ ’ ’  l i t  “ n ’ n ’ . ‘ sc’ 1- - - e ; I -
‘

s - n - : 1 ’ 5’ . m n p a n n v  n ’ n - the t c - s r i . ‘“ - ‘ ‘n’ s-:: . .  I S I s  ‘ n c - n H , ’  I I w~ n n ’ ’ : -  :‘ ‘ or
i. i - ”c- ‘nnr ,i n i :  e V I n n i I n s 5  li d’ syst .’n’; t .. n ’ i ’ :’’’ - ’ , ‘ ‘c n , t 1 5 ’  /, — I S  n’ - - ’ : ‘ . ‘l ;r ‘‘i - I .  n ’

‘I iu.~. A ~ l , ’ - t  ., ‘:‘‘ ,r:!; , c - m ’ ‘h e n : ; ’ ’ I ’ ’ i ‘ i s o - i  no s i n ; n I ’ t e  ‘ l s . ’  A l l — I S
h e l l ’ ’ ;  ‘ en  ‘ i .  u-’. - s u -en i r. e i  in i - i r . l~i .

- -
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The primary model r-: ’ or n e s i , ’n i - a t  snes are compared wi th  those of th e
:‘:,Ll—scale AH—IG n’ ton ’ i r , ‘ il Ic I

‘l Aic -I,i-l 11 . l-H !-.:. .-’;ND i-” ‘J .S — - ’( ’Al,i’ P )TC’P DPS 1511 VALUES

Fu~~~— f c ’a l e  A - z a i ,a b l e
A l l — I S  Mu- lu - I

f-i t , n’ i n : ; n i , . s , P 22 ft  28. 5 ins .

H a l e  l u - s~ n , c 27 i n .  2.9- .  i r~.

A c-pu -ct Patio 9.78

S ,:s,he :‘ ,c- :‘ U I ades 2 2

doL or’  So~~i - i i t y  R a t i o , a 0 . 5u - 51 0.0657

Taper Rati’ 1.0 1.0

l in e a r  Twist —10 deg — 8 deg

A i r f o i l  ,le,’t .ion m o d i f i e d  II AC A 0012
NACA 00 09

Hub Tee te r inn ”  A r t i c n n c - n t t e d
(flapping)

AI , t . l n c - n n , s h  the noc -lel rotor values do not exactly duplicate the n u t  1 — s c al e  -,‘a ’i ,“.,‘ ,

Lu cy are regarded to be su f f i c i en t ly  close so as not to r i g n ; i f i c ’ n n n t  :y t ori -pc i—
mise the accomplishment  of the object ives  of the  experimental pr i.gra ’:. ,

The rotor parameters of most significance to this test ( number of ‘i I n ;  I t : ,

s u - i l l i t y  r a t io , aspect r a t io , and taper ra t io )  were i den t i ca l ly  or very
closely scaled. The effects of the relatively small differences in twist
and a i r fo i l  section , indicated in Table 1, on the renter wake and “ l o w
v e l o c i t i e s  were i-i- inimize d through test operation -at full—scale thrust -“ef--
fic ien t . The use of ’ an n , ’,’a ilable hub with f lapping a r t icu la t ion  ra ther  than
a teeter inr  hub is , in  i t self , of no consequence for a hover test provide ]
that the full—scale rotor hovers at the built—in precone angle and the
ar t iculated blade mas s fac tor  ( Lock number ) is such to produce the same

m i n i n g  s i n g l e . The model rotor coning angle ( ap p r c - ’ s i n u - n n t c ’ ; y  0 .3  dog),
a ch i e v c in  through articulation , was less than the f u l l — s c a l e  A}1—IG preconc

11
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angie (2 .  ( 5 deg ) due to the lowe r Lu- ‘k number of the proportionately
heavier , s c - v a i l . able mo;Iel blades. The coning angle difference is generally
i n s i g n i f i c an t for the  magn i tude  of f l o w  veloc i t i e s  at flow f ie ld  points
near’ rocket t ra jec tor ies  and wind sensors. It will be shown that it has an
effect on tlu -’ time phasing of the flow velocities at specific f’ieid points.

T h e o r e t i c -a !  csnb s~ ant iation ‘ “  the generally small ant ic ipated e f f e c ts
ot ’ s c a l in ; ’ I j n ’n ’cn ’en , ce s  on the  flow ‘,‘eli .ncites , as mentioned above , was
t : hj e ve ,i  L U r e  ngh app li cat i o n  of the rotor ’ hover analysis  used for  the result s
pn’ e-cen te I in lIe u- . 12. I t wil l  be shown that , where nu- osiel rotor scaling N

- n i  l’ n ’or ’en ,  ‘e,i ’ir ’e s i g n ] n i  cant , t h e o r e t ic - a l  and exper in ’ ;ennta l  r esu l t s  can be
i n  cu -nc - s i - i n - S  I ~-r to account for the ij f f e r e n c e s  ar , -i improve the pred ic—

t i n; , ‘: ‘ r. i ;e n ’~ l l — c - ” i l . -- rotor f l o w  f i e l d .  Comparison c - f  p r ed i c t ed  model and
:“ n ’, . — c - ” I i u -  :5 n’s s- e l  ‘iVI es  and exper imenta l  model n H ’s  ‘,‘ - ‘ oc it i e s  are pre—
c-e r , ’ u-S in a l a t er  c-, ” .cr , i rn of t h i s  report .

‘She as’ sc- I - ‘t ] i , e A l l — I  S t’use I nu -’n’ model was 1 - ‘Ith ful  1 — s c a l e  S i ze .  The ra t io
of t hu -  n :. I n ’ , s ’~ tot ’ i i  ‘nc-s :u -t ’r ’ to the fu l l—sca l e  rotor  diameter was I/5H6.
A l t  h ic ; , d ,  the resu l  i r n u -  r o to r —t” ;selage Sca l ing  was somewhat i ncons i s t en t  ( the
:“ ,se l ’ t ,’c was 1- ’ percent too l a r g e ) ,  the anticipated e:’:’ en ’ t of th is  incons is—

‘1’~ 
. , rn the n - i t t  to be measured , was a n t i c i p a t e d  to he small when the

- -~ i n s 5  wet -c cu - f lu - i  ler c ’ ,l

1. The ‘cntribution u-I’ the i’n ; : € ’ I a . ’e i n t e r f e r e n c e  to t ic - n veloci t ies
at rocke t t r a j ec to ry  points  is small i” ornp ’n r e - i to the i n f l uence  of
the ro tor .

S. The narrow width of the 151—10 (on l y 7 percen t  of the rotor
d i ac- t e t e r )  n’e nc - u ] t .s in  a sca l ing  m acc ;c’ ncy of the  model ‘ i re ’ age
w i d t h  of less than  2 percen t  of the nn no del r i Hr di anns- .’ter.

“he ns n , l e J  : ‘nn ~ eI  age was posi t ioned c-nn ’len ’ the model rotor suci; that,
the pr’issar’y “l i n ss , ’n f l ’ e s  fo r rotor/  t’- i u-n ’ a l e  I I ,  w in te r fe rence  at
rocket trajectories and wind sensor locations were scaLed t ‘ b”
, ‘ , ir ;s i st e n t  w i t h  fo i l—sca l e  A l l— l U  values . C o n s i d e r i ng  the isi -p i r —
tan;se o n ’ the rotor as the flow volo’ity p r c - ’ i l n n c i n g  i-levi Ce , the pri —
r i - i c y  n i :  snn ; ” c ’ c -  s e l ect ”  I wer’e measured relative to the rotor hut
,‘ e r ,t ,e r  an-I  n ’ ’ ’ ; I cc- u- to the r -otor r o l l  n r c .

I i  ns f ’ • i t ’  above , sn evora l  c ‘i-t i i r;g selections should be 5 n e r i t  i 1 ’r ;ed . Firs t ,
the i ’ one 1 -i gu- s,, ’ ’ , p , ,n ’, - j a r , , ’ ]  “c- l i - nt i - ,’e to the rotor  hub c i i ;  t hat the ver’ t  i , - s ’ l

S - + - n i ’ - ’’ l n - ’ t . w . -c-’r , I ~u- - ‘ ‘ t t ~~i [s y roor ’ ( a t  t i n ”  l v ,o ns j u n .  ‘ t I n )  :,~ ,l the ro tor
0 ‘c-pp r ’ np r i  u. en I y 5 : - s i  I ed I ci the 1”~ I l — s e a l  e u - n ;  Lue (0  . 1 8 R ) . Tlii ;s was in npor—

‘s - n t 5 ’ ’ r I ath  n c - s i n ’  LI ’ iflVI-i ’l’u-’ren,’e on t i i n~ f l o w  sri n’ ’ ‘U. n t r ’ n n /  ‘i’ ’  no”’ loratiorn :n
1 n ’ n n . ” i ’ i n  t h e  ‘ - c o n ’,’ n ’ ‘ I n ’ r s o I e  - ‘ ed ci n i l  n ; n ’ r , c , i r ’  l u -r i - r I - i on s  ‘cu - i  u-c of the  t ,n p

on ’ t hu -  ‘ ‘ n  ‘5,~’ . ‘ S n . ’  Ii , i a s ,  , -, n s, ’ ’ ’,’r ’ , ; :1 ‘ w a r ’  I ( c - u - en ’  I s ’  I’ ,, ‘ ‘ ‘ I ‘ - ‘c’ I l i t  ‘ ‘ ‘n -  c - l i s , , ; i  1

‘I
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the f u l l— s c a l e  nose to hub distance (0.65 R). (The forward portion of the
fuselage was of importance for ’  this rocket trajectory , wind sensor test.)
This  scal i r n ,~’ was sii,’ht.y compromised to 0.10 R to prevent the hub center
frost n ss ov inig n ’ n -wa: ’]  of the pylon (see F ig .  8). Model stub wings were spe—
c in c - n I,y designed to be scaled to the rotor. Following fabrication , they
were ni- i c rc -ten t  on the fuselage such that their relative position to the rotor
hub was scaled equivalent to that of the full—scale wing to rotor positior,.
n addition to being sizel and positioned correctly for the rotor flow fi e lc -r ,

scaling the wings to the rotor permitted rocket trajectory locations rela-
tive to the wing to be representative of full—scale and correctly positionec-
in the IS —nw fie, r1. A summary of the primary scaling values are presented ir,
Table 2.

TABLE 2. SCALING OF RELATIVE POSITIONS
O F RO TOR , FUSELAG E , AND WING

Model* Fal l—Scale  AR— lI°

Canopy Roof to Rotor z = —O .i8 z = —0 , 18
( ‘~r e5 .tj cal  Posi t ioning of
Fuselage )

Nose to Rotor Hub Center x = 0 .70 x = 0.65 I,
(Horizontal Positioning of
Fuselage )

Wing Trailing Edge (i~ Root ) to x = —0.06 x = —0.06
Rotor i l - c - b  Center z = —0 .37 z = —0.37

~ing o e m l — - p n n ,  y — —0.23 y — — 0 . 2 ’

* All values are scaled to the rotor radius (i.e., nondimension—
ali zed by B )

~ modified canopy for the model fuselage was scaled from the alternate
fiat sided canopy of the AJ-l—lG , shown in Fig. 3, and fabricated for use
in a “modified canopy” portion of the test .

10

a”-

- - - -



_________ 
_____________ 

_________

_____ ‘c-”~~~~~~~~~~~~ ~~~~~~~~~~~~~
‘.““

~~~~~~~~~ 
-~~~~~~~~ r ----—~

—-—

‘i’ ,L ECTION OF TEST 1’ ‘NF I GUR A TI ONS AND CONDITION S

Four model -o nn ’ i , ”ir- ttions were selected for the test pron’ra~’sn . A
‘on s :’i , ’ n c u t i  in , .-onsi ctir ;g of the mode l rotor’, fuselage , and wing was selected
‘is the  n ’eference  c o n f ig u r a t i o n . In order to investigate the independent
en ’ :’.-i ’H of ’  the  ro tor , fuselage an i  wing , additional isolated rotor and rotor—

“ n c - e n  tu tu- (wit l ou t  wi n , i - )  c o n f i g u r a t i o n s  were selected.  The f ou r th  c on f i g u r a —
i- i - s n ;  u - o n s i o t o i  on ’ the rotor , fu s e l a g e  wi th  modi f ied  canopy , and wing,

SA l - I f - I l . ‘l’E ’T ‘I OSFI GURAT IONG ASIc- COND I’ 1051!

le s t  ~crsdi t Hr ’s
Thrust  Ti p OGE or

“1 - n. - , C o e f fi c i e n t  Speed IGE
Is s na” , i ’ , ’e I L u- c-c-u - ‘ r i f i, -n r sc - t i u - n , 

~~ 
“±2~~) ssP ,fps H/B In , H

U.s n -n ’ , - a ‘~~‘ P I c—i - ’ c-” -,’ in , ’ 0.00 1472 ~9i St E

s i - ”  F ‘ , ‘ p ‘ os’ 0 . 0 0h 72  19” uSE

I’ ‘: ‘-“,, n ” a1”~ f - c - nH ’-: , n n c ’ . ’o 0.00 14 12 197 OGE

l- t , s n f j e n , f  “ n nr - :~,’ O ’ , . ’_, S , c- , “ s ’- L n . 0.0014 ’S’ 149 1 ( GEl
) — n , i r , —

r - lod ir  1 . 1  Tl ,r ,:‘ s- ‘ - s ’ - ’ u-’ - — - ng 0.0035 14 ; ,q - ,’ 051!

1-Sli n ’i~-’ s l i p ‘p” n E,, i t ’n r — F ’ s c ” — l ,’in ~’ 0. 50072 ‘
~73 OGE

StE ( i i  = 18.5 n t ) Se’ ’ r—F nn ~~e— ’~’ f n r  0 .00 1472 ,.97 0. ~- - 1, 1

‘n IlL 0 = 10 It) Re’ ’ n ’ — I” s~~o— ~~ i~~ , ’ 0.00 1 ,2  - - q ~ 0.06 1.00

SUE (H  0 it )  Rot ’ c-f-  n , ~- 5 i , s g  0 .00072  i ,~~’ ,’ 0 0.58

JO
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es ’ ‘ . i- li t  i - m s  (n :, :c-eI, - 
~i,.’rss,tirng c- u-st nitio nrn ) .“ ‘r’,p ”isin ,,’ :5  c - f e - n - e r ,’,

- :‘ . n i n a t i  ns n ’ n ’ t n’ ‘ l n r • o,s t c o e fn ” i c i e n c t , ‘ 1 ; nsp e ’~ ; , ~c-i-, i , ‘r’s , , n , c -  ac - I ” ”’.
wi ’s ’ --  se i e c n . ’: it ,: n i ,  i’s: . A thc , , :t  c o e f ’ f ’ i c in - : st  (C T = 0.UO14 ’i ’2 ) r e r i s - ’ - : e - n S a ’ i-i c

n ‘sh e -  A ! ] — . 1 cc us cci , ’]; ’, ( ‘ ) I ~nl0 I b s )  and a t i p cp u -e s  ( D R = ~.9” f~i s )  eq 1’ ,’ a, e s S,
to ‘ w — ‘ h i r ” l :  on ’ tie A R— id 5 , t p  st e e l ( 1SF. = 7- - f  f ’ c )  were selected i n ,  ‘ “ .1 5 5 ,’,—
- I :, ‘51 th s ’ — , i :‘—g r ” ~~, n— c ’  n ’fect opec s~ -- I i-n as t i n e  u -en l u -  r ”r , ’’ ’- a pe i - i ’, i i- , ,’ c r, n i t ,  i 5,
The r ’efe : ’ens “- I I n s’ - ; , c - t coer ’f ’i” ' i en ’. or ’ 0 , 0 0 - - ‘2 corce,:r,i r, cc- to a i c -h r  no t , - en :’ —
Ii ‘Sc:,’ soli c- i’ n’ nt H ( ‘ .~ / o )  if  0 . 0  ‘ , ‘ . l i n e  s e l ec t ion  o ” th  .‘ w ar  re: ’c-reno”-
- 1; ’ u - n cc ( 2 / 3  n ’ ~l - — :  ‘a ~-)  w - ,st Sac-c n ~ r , stIr n “ s c - n -a cons idera t ions  for  t I ’ s~ ’
- t ” a l_ -u - .e I s , n ’ - b l a n c : .  The sselc. , ’ i - i  - n;  we-: j c - s c t i f i -- n  n , the  bas i s  ‘ ‘oat b e-t I ,
se ’.’ai l a~ .e t h e ’n ’ cc- ’ ical  and - ‘x o e r i : : n e n c -t a ,  r e s u l tu -  have s c-b s t a n t i a t e d  t ine
‘u- u-i-”,l is ,  nepenc -  I o n- c  of hovering r ~t wake gu-cre’ ry to  - ip speed a n c -  the
Li:,e’~r’ su - a l  i :, ’ - 1  : ‘ . w v e . o ct  t i e s  u -j I b  t i p sc -n i whu -n , the c ~c is per’~” e n
n t  a ‘ rn , c- ’s’u r ,t t h n ’ ,,s t c o ef f i c i e n t . Sec-oral sets  of subsi-ar;s.juting ‘C: ’. data

5 ’ :’ :5 n j : ’ n ’cs’e nn t  is,-;estl.’-s, ors for tip speeds between -50 :105 70C Ips are
s ’ ; - ts” i w I t h  ‘,t n ’ - ’ c e ’ i c a l  n ’r e ’l i c t io n s  i n ,  R e f .  12.

In  ne - i -  ‘ n .  n - n , ’ v a r i a ti~~n, : u - :  each of t t ,e tc ’ct ‘ e nd it i - an  cr a n e ’  on ’ ,: ( ‘sr- ri:: ’
j e s t ’s  , ‘i n ,  c - n ‘ — c - i  a n t  ‘c u- rn n ‘- f C c  ‘t - f r  au-, the s is t ,-l e n - , ,b irn ’t ’,ion cC the

reI’ei-an’, ‘e con Ii’ ion were se , cc-Ic: as the u-en -s I s t i r ,- f i v e  cor,diti  s .c .  A c i r n , ’a
i:, n~~t ’- r , ne - - n t  ‘,‘ ar i a t i o n  of t ]c -r ’. n u - t  c ’ne n ’C i ‘j es t ’s  ( c-Sc- = 0 .0035 1)  , wl ;j — U is tt,, n”c-e—
:5 c- r’ t n -,s a s ’ the r e f e r ence  c-’ t .  c-c , was selee t e]  to u - i n ’ S  “ite a c i n r n s , , ’e in  t o e
nine ‘ i - I o n  of the  i c .  Ic c-p’er en-p ’y weLch’s. The ttsr’~st c o e f f ic i e n t  -c-a n ’ iat i ‘

was achie -,’ei L,c-’ ’:c-.Iu ’ing The b la r e : l , e ct iv e  p i t — h  s e tt i nc  at the reference
tip speed. A sin—cIa in nepn-ndent variation of ‘ip speed (DR = i73 f p s ) ,
which is ‘i,re e—n ” ‘ .nn’t hc of the reference - ‘or,c-ition value and one—half the
fu l l— s c a l a  v a l u e , was s eu - e c t e d .  This va , ,,e and the extent of the vas’tsS ion
is ,,,b’: i ,o:u-ly not ~y’pi - a ,  i i - ’ : ‘s u - l l —s  “a l e n- c-Hr  opera t ion .  It we-st se lected on
the basis  of :r’i.’,’idirs c’ a variation eq’:ivau-ent t a  th e  t i c  speed in ,”e:’,ent

betw een.  t he  r e fe r e n c e  ‘-‘alue  and ‘she f u l l — s c a l e  o p e r a t i ’ n al  value . The
referei-n”e ‘I nc ,:t ,ef ; ’ i ’ s i e n i ’ was r e t a ined  for the m o d i f i e d  t i p  speed
c - n ,  i i ’  ion  by :- .n t i n t a i n n i r c - n~ co l l ec t ive  p i t ’ i n  e s s e nt i a l ty  c o n c to n t . Three
i n s — ~’n ’ n i — ” f n ’e :’ ’u - r , l i t i on s  were selected to p r o v i d e  a comparison wi th  the
ret’eren ‘C n ’on t — ’ i l ’ — gi ’u-’ in i— effei ’t con lition . Three distances between tIne f- c - h —
:c-”s,e All — Il S ari Sn,’ - ‘ear skids and the ground (H = 0 , 10 , a n n  18.5 it) were
u-ca~e1 by the ri -ton - u-a ii-:: ( H / B  = 0, 0.146, and 0.80) and converted to scaled
lis tances between tIn - ’ c- - b r  hub sn n , l the ground (h/B = 0.58, 1.O~’ . and l.-; 2)
to establish n i s t a n c e  settings between the movable , ‘r uun d plane ( F i g .  6) a n n
the model rotor. The reference rotor tip speed ann thrust “ ‘effi cient was
retained (the l it.” en’ by re lic - Snn ” collective pitch) for all three in—grows i—
et’I’e”t s,.irni itions .
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~n , ’ c-se, - -  ‘t e , n a ales test ‘ u - i -Si  , ‘sc -n’ation s and c o ndi t i o n s  were o” s  I i -n€ I I ’,.
c’s., ~~t i s ,  t i n t ’  I , !  s te  I c - at  “ - n f ! , - ’c -r ’a t i on / ,’e - r i : i  t i on  con ’ ,Lj r , a t i  is l i s t ed  in , n - u ,  e--

1 - n ’ ‘ - I s l ’unl,ns , a s s ig ne d  t ’ the  n i n e  c c - t i  Ln a t i o r s , are inr l ’:ded in
5 - i :  - en c- ‘ ,r . n ’ s : .  I S e  a u - ’  S t ic -  ;s Ss.p l il’v - ‘ ) n , f ’ j  ‘are- t i c - r n ,” ’  ‘ir, ’iitj In n  i : en t i n ’ic’i t . i o r
- n,: .,d, ,’ ’ n; ” ccsn’ , ’t i n n a e r ’  of ‘sh inc -  report . As t r - c - i c ’ S  e- I i n  l e - ] - . e 3 , each of’
- s . - C , n ’ H  :t 5 : 5  “ i - n c - S i ’  us w e t” ’  t e s t el  at t i n e -  c o n e - c e - s .  ‘s ‘ - i-n n i ’ ,i  u- n , ann 1 each
on ’ ‘ I , ‘ ‘ f i r e  t a c - t  : n Ii t ions  n ’epce se : ’ i r c - ’ no 1 1 : 1  - ‘S ~~~~~~~~~~~~~~~~~~ t h c -  r e f”e-r er ,-’-e ‘ - ~

n i ’ i . ’ ms su’ ’’.’e i-,o s t c  I - , s c - i a ,’ ‘One n ’e l ’e r ’” ns c - c  oor n t ’ i~ ’ ,r ’’nt  u- i-ri ,

“ ‘ n I’ ,’ , i n n  a I I i’,, i  ‘ n n  to te n s  Ii  r t  the ,- ‘‘‘ :‘. ‘s ’ ,— n , c ‘i s n i  r; n c’ ’ i .c’, am
i n , ’ ’, : , : ‘ I n , t In  ,‘ ss - ” pa n ’’n ’ e i n  n I  s~’rn r e Of ’ t ic- - n ’ . is” - a, ’n, , -

~ I Sn, ’ , ‘i n’, I
l I e , :  - s n : n  n y  ni - n t he  n ’ : c - - c  v e l o c i t i e s  n- n ’ ,  i wak e pattc-~- n. , c -  w o n - , -  n - c - a s  .rc I b ,
inn, ’ ‘ 1 ~’ ’ i: - ‘n ’ i - 5  r otor ’ , c t o n - — i ’ ;:e. stge ( w i t h o  S. wS~ ’) nc -nj  r :t  u- t’ —m~ I i  f i-Th

c - s~n ; mu -v s ’ ,. : , ‘ ‘- - — ‘ c - i n n  ‘ - it,  t , i ,e s’ u’fcsr”ns, ‘e n e r a t i rng coridi t i o r ’, - Ti - le-pe i-,u-c-nt ‘aria—
ti s i n  o n  ~ ‘c- ‘In on ’ In. ‘i-nen’ nnti :;,’ c- n :ition parameters (‘, : , n ’ ,, ‘ co ’ 5 ‘ . ‘i en ’~ , i p
: p n -~ n , ‘ I nn : ~‘r , : , j  el ’fe ‘t) wer” then ‘ es te  1 los’ t s , e -  s- c l  r~ s , -e - r , : ’h , ’ , r ’ c- ”

-~ 5’ ,:‘ , , , - ‘.

iS vs VC I ’ c - ’ I ’ j  (la , sn -r  ‘ie locimeter )  lat e and ‘law s’i: ai! i ,s’ t ’s i ’ In , s5 n ~ ,e
I -r a —~n l i ,- re- ,) Iota w’-’r’ acqui red for all + c- n : ”, con f I c  s it  s ans an, ’l con—

- di t  I r n : .  “ ‘ri - Si  1 ’n ’ i : , g  “ti - c cont ra-i - ual scope of the t , - n c - t p r ’ ir ’. roc- , the n c-u-s n -

ol’ ‘ ‘o f !  .—l n r - j ’ sj o n s  an , I “ ' an ;d i t i a : , :  , and the  p o t e n t i a l  i- n c - t i c -  r of f t c ’s  y e .  a u - i ’ s y
10 ‘ “ ‘ 5 ‘e-~u- ‘c- c , 1 5 e- snnu -on e t , t .no:snhinations to ,‘orc-ph etc. ’,’ i-yea] i gate at I r u - ,’ l - s ’ - b
- s-a . ’ - - ‘ ‘ n-y ar I w i n s  I n c - n a - ar locat i u - - ’;nn , a l i m i t  i’- ]  but ,) ‘c- b i c i c  ‘n : c-- c Sect  i c c -  of
la, s, c - r V - -  lOcir t ’S “r  measurement s was necessary . A l s o , ~ r n c - r h ’  :c- “ r - n f i  r i c e -”
an - I  a :n i i ’  l u - r n , ’  were e s t a b l i s h e d  In n i ’  the ana ly s i s  of he f low u - i s  :a l iza t ion

‘Si c- select ic -s .  of t” ,c- t dat a ‘in I th en bases t ]  c-reef  are d i , :” lu - se  1 lu-c- - - “s .
: o -  “t ‘c- ‘, ‘~~‘i “c - i’ :~’ 1 “n at  lu - s.c and - c - u - i S P  c-r , . ’n t , s  are , c - ’ nssr— ,an’ l zed i n  T ’c-t ’i er t  I;

______ 
Sty  ,: ‘n ; ” r  Ve loc ime te r)  Dat a

‘S’s , ’ .75 s n ,  r a ck et  t r a j e c t o r i e s  in the  v i c i n i t y  01’ the  A R — l I  tn i i - - ‘n t e r
ar’ - ~:h ”” s ’ , in  E l , ’. 14 . ‘Swo sets of axis ryr,t eu-ins (x , y ,  and xc-, 

~~~~~~ 
zc- )  , used

ic - r i n, ” - sic ten— I proi’ramsn , ‘re ‘ii ,so :is- ‘sm i n  t h i  r c- ij -u -nr , ’ The f i  ‘:t ( x , :‘ ,
i , n a VIri s , m n t ’ s l _ v c - r t t c a l  ax i s  :v, s t em  wi t h  the  r c - t,or h - n i ’  as I - i n n  o r i g i n - . The-
se’ ‘is I ( ‘s ~~, ~- ‘-

~~~, 
u - ,1 )  i s o r i en ted  w i t ] .  n’ r ’s p ” ’ b  to the  n c - I - s c - I  t , ’ -n .l ec tor i e i ’n  wi ’ I n

t h e  i r S  ‘ - r n ’ -  ‘‘ S i n -  o f ’  t l , e l i n e  j o i n i ng  the  launch  p o i n t s  sun I the I’ c - s n -  ‘i ,” i - i  men

-‘c-f ’ ‘:/r ss”nc’ ’ u - ,  ‘i s : f _ i n . — r i , ’ i r c - . For i ’ c - r i v e s n i c - : , c e , 1 “I I , axe :  n ;y , :i erc- , .’ ’ser’’ cc ’
1 o re : nIt in itc- “t — l u - u - r n  1 ’ ’  I coon’ ii  nat e :,‘,‘ ‘4 “rn:  . - is ‘Sc -nt .e ii , ‘.~~,.‘ I ’ - ‘si t S c-s c - c - ’ I ’; , ”

r ‘f-a t I r -n l .’ ‘4  cry tI c, , :,  - I ; t’ ‘ ( 4 ~’} - S co rn ’  ‘:n ’ ‘ n d  f c - n t I n c - s e  of I e- .’ f i t  I— c ‘ale

- S_ _ _ _ _
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‘I ’A l s I ,E  1 4 .  ROCKET ‘I’IIAJECTORY L OCAT ISIS ’

Launch
Rocket l aunch Point Coor d inna t  cc At t i tude

Si’a j ect o ry hna . x Z X~~~ y~ z.~-

1 0.035 — 0 . 2 2  —0.39  0 — 0 . 2 2  0 7

2 0. 035 —0.16 —0.39 0 — 0 , 16 0 7

3 0. 035  0.16 -0.39 0 0.16 0 7

0.035 0.22 —0.39 0 0,22 0 7

5 0. 03 5  O.~~E — 0 . 3 9  0 0.16 0 9

TABLE 5. W J LD 21- .Ll’OR LOCATIONS

t’h in d ,  3enns ”c- n’
i c - ca t i o n  iio . x a

1 0.27 0.133 —C.t~5

2 0.27 —0.083  _ 0 . l I n S  ‘

3 0.27 _ Cn .l07 -0. l~~5

0.27 -- . ‘ s f - ’~ -0.185

5 0.27 -0.183 -0.185

6 0.77 0 —n .14o

7 0.835 0 -0.140

*;r l n ar y  wind sensor location 

~~-“-.*,— ‘ -~~~ - -~~~~~ - .“._ _
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TABLE ( . IfIhlu - ‘P-S i t ’  i!’S’- ’i’l ’ Ti] DATA —— ( !(dIl’ OCEN’l’lt hIll ’ Li-.’ IA’SIOSSI

LV Data_Locat i o n s  
______

Test F low Rocket  Trajectory  i-Jon
Configura t ion!  Velocity Trajec t ory
‘ ‘c -rn ] i t i o n s  Compon ,c ’nt 2 f in ;  N o.  ‘1’ 

- ~~n ’  :1cc- .

::eI’e;’emnce V z 2 ,3,~ — 0 . 16 ,0 . l ( , , ’t . 22  1

v~ ,, , 5 ‘s.i6 9

3 u.16 1

u - .  - 2 ,3 -0.1~~,0. l~

Vy~~V z 1—5

f c o i  ‘ c - t e n  l i o tu c  ‘,‘ — 0

vz T 
3, 14* 0.1C , ’ - . IT’S- 1

1 ; ‘1.22 7

V y~~V , 1-5
P e t er  — Fuselage u’,, 3 , 4 0. 511 ,0. 2 2  7

I-I , c -s lj f l ed  i’a5:o I n u -  ‘,
~~~ 

3 , 14 0. I n  , fl . 52 7

Modif ied  Thrust ii,. 1 , 5 0. 16 , 1 . 22 7

1—5

I-lo- , l ij ’ied Tip Speed V z 
t , 14 - 0. i ’ ,,nD . ‘ “  7

[ ( 5’, ( I I  = 6 .5 it )  3 , 14 0.16 ,0.22 1

(1! = 10 n t )  
~~~~~~ 

3 0.’S’,O.l’ .c-’ 7

~ ,~ z

ICE (H = 0 f t . ) v ,, 3 0 . 11 -

*l’r r t n s f ’c , r , c - n en , j  f rom -n - I n t u -  , ‘ i t - s i - s n n t  y, ,, = 0

- ‘~~~‘-~~~ _ _ _ _ _ _ _
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AH~~j S l i - i - i l - s i t . ’  I in  Fig.  S .
~~~ Rockets t. m’si , i e cto ~~~ So. 5 i n s  a t r a jec to ry  I - xe -n c -I n

t t ~ C ‘ s i - . I e ’r ’c- I ’  i :5 i -arc - . I-’! ow ve loc i t i es  w ’- rc-- s. c-si: -is” I w i t h  t. ho lanne r u-el on’n i m et .- i- ’
‘ i t .  n a n - k , ’ ’ t.,rajec -’t , ,~rt-’ I t , ,:. ~~ 5.  I ’ r i n m ’ u - i I —,’ emph i-uc i ss was p lo tu - en i  on ’s
3 an i  S ‘ s i c - l u - h  we re loc ’c-t~ - i —c - rn the ,s t . a r i i o a t ’ - I  si lo of  t i s c t  sn. a Icc - i  at yT =

‘c- s n ]  2 . , ? S’ , n ”’ . s m - ’ . ’ ’j v,’iS’,’ . ‘T’h ”'e-c-e ‘~o, r ’’ S ’ ’ ”  I - n ’ !  - r i ’ ,’ ‘ - r ’r a ’,’ide  data for  n: ’ n e —
:-:,‘— :i -le in( ’:- ’n sIr’ .I and Onn n,n’.c-u- sunS (r” - ‘ic i ve ‘ -: t , } n c - -  “ns a—I e - ’- ) ‘, , r n c - t i ’ n ’t - s - i ’ i e s , and

- ‘ t , ] s c - n’c ’l ’’,. - lc-t , ”'c ’ I he an n t I cj e - sc - t  ‘c - i l  I i  f t c -  s in c e  i r s  I - i c  u -lage I ’ - ‘ na’ i t . ’ ’ -  r f ’ i -  rence
t t’:i,ie ”t- ’c - rI es 3 ~~nd S were i n v c - n c - t i~’at . e - l  I’ - .- r  rn - sc -c u- a 1 of t 1n ’ ’  te st ,

con I ’ ! , c - ’. i r s t t  i n ) mn ,’ c, : n n . l i t  ion , , c - :s f , i n a t i o n s ** i n  a s  l it i o n , v e l ’sn c - i t v  sc - n- ac’areu- ,e r , : .s
-i t  c , e 1 e ,:t ’~ n 1 - 1 0 1, 5 ~‘r c - s o c - k ” - ] .  ‘ s -a l e r t  sr .’ :10 . 5 r i -c - - c - ’- - . -t i n , ’ a tn’ - t,t, ~cI,orv
sc - ’ ” l t i . Ie  v a r i a t i - c - n  of I s . ( ‘r1’r r n ‘

~ to 9 -I e~’ren c-c - ‘10 1 , :Rc -n I .  l . r s u i e , c - t c’1~~,’ Pa. 2
055 the o mp o , c - i t c -  side of ‘On e  fusel’ic’s’s were l aken for  Si-ct r ” - t ” r e-st ,  c- sn ‘c- u-in t’l ,’—
nrsc - t.lOn an S con.Iit l,sri . ,tlco , “ c - u -  t I n e  i sola ted n - n t s’ , I. ’ ’ mse si :- - - s r c -ma ’ ’r s t  r- werc-

ma de m c-a n ” I ] I d  t ,s t h is  r -- “u-’- ” trs’iiertories but ‘it ‘a-’— = ‘
~~ . Recogriizi :sg tic-e

c - l i ’s :‘,‘ss r sn . ’t, ry c - f  ‘, } ne  - i n c - u ”  c - ’ i : n g  i - - c - t a r  in  the nil s .s c - : n c e  of ’ I, l s e  f ’c - . : ’.’h , age , t, h”-se
roea, ’. ,i r ’ , n r n c - e m s t :  on n J - I  i c  t_ r s c - n , , s t ’i ’ r rne I , t i n r o u g l n  an r n ’ n’s m ” r i a t i ’  n ”- ’ , ’n : s e t n ’ i c  rcO a t i n a r n : ’ ,

- r’orc-’e:”nt ot’sc - ’r I - a n — a l  el - r su j e” t o r i e s .  i’r s u :n :l ’- n s ’ r’ ,a f . i o n n s  to  t in e r-s ’ ‘E e l
‘ n ” i t - ’ ’ tc -c - r i n n r  sc - f  h :Y’ , : ’s ’c -n t wes’ ’ rsc-ade , and t he resu l ’ n:n w i l l  be pr n ” :or. t c - - l  arc - -n

c- a u - st - a r ”  1 i n  a 1-i ’ - -:’ n s e c~. i o n  0 ” t h i s  ru -p o r t . . Al l  of S.c above 5,1 n - S e

- ~~~~~~~~~~~~~~~ ‘ c- ”  u -- ” s R ” - ” t r i t e - ” -“r i e s  are prt ’a c ’ r s t i ’  5 in  T a b l e  1 .

- ‘ I  c- -a- u - c  I ‘a- - i C y  c - c - n sr , c - r ,i ’ nn t s  at rocket  t r a je c t o r ie s  were measure- I  in the
s” n t e ’ ’. a u-c-’ ax S’n .s,’u- t - eu -n ( ‘~

‘
~~~~

.‘, ‘,a , , v u - : ’ ) .  ‘Sic -a t , i s , c-c,,, . ,  sm-i  vZ , . . ‘c-c- n ’ ’ ms~ean3 n, i rc - i
o - rs:s:u i t u -  the n ’c- ’n ke i u -r aj e~~t . u - - ’-~,’; amsd ’c~~,,, ‘,:‘n~ mc’ s u , s i r r ’ - n l  i n  the d i r e c t i on ”, of
S c  s- -a- u - R e t  t ra ,i e . , ’t n c -np’ . P r ima~~ em p I - i a c i u -  was p laced  on t I-n i-’ me au -tu r c -men ]  of
t he veloc it ’,’ - “ c -m p o n s e m i t  in t he  vc n ’ t i - ”aI plane and i-nc-u -a ’S t - u -  ‘Oc-~ roo f- set
- n ” n , t e - c-’ ’. , r’,’ , ~~~~~~~~ u - l ur e  ft - u- ‘ s . . ;e n~ i t  is  t h i s  ‘ - ‘ ‘mnc -’-- ”r , ” ' :n ’ ‘ s ] , i c - sh , “ - r n e n ’ a l ’. ,’n’ is
of  n:c- ’i c ] ,  lar , r .’n r ’ r t a , ’n n ’ i t ’ n . n e  than the  c- 4 , S n e r  t w o  ,— - .‘c-np ’c - m n m n m S  in ‘c -n - i , w l t ] ,  n ’ n ’ , ’e -n - n t o

f l o w  in , t e r f ’ en”?r tce , i t  is the r ’s-: , :t i n c -’i , n ; n c - r . t !  al - - i - n t h e  s i t t ,i t  ode a n n i ‘ ‘ , c - n 5  I .]nc -

r u n , ’” o f he i’- ’ c - i ’ket .  Thus as i nd ic a t e - I  i r s  T a n ,  1 ~~~ v.,  ‘c-au-, f l i t - c - l u -  n r c - - i  fo r

t i n ’ ’ s- ’ ”k”.. t raje ’ ’tc -c -ri e s : .  n c - f  ‘ c - I l  con f i ,t ’as”it i onc and ,‘cc- n i d i ~~i .anc .  The v e l r c - c i t ’,-
vmn j ” np n i ’nn t . s in  the  lateral ,Ii ’n ’ — -- c t , i o n , v~ ,,,, and the I i  u- act ion of the u-n e--ky]

t s ’sS~ ’5 . , ’t’u - ’ , ~~~~~~ c - ”n ’ e  nieas ’ n n ” c -  i f i r  ‘ Sn ’: “e ’.-’n’ . - n  - ‘ ‘ conS ‘- . s ’u- ’ i n ’n n ’, and “ cc -r s , i S l ost,

at c en I - - u - t ’ :  1 ru I nt  S.

* ‘ I f r c - c - , k e t  laumch  po le - f ,:: were assume d t nc- be 1 ” ' n n ” : i I ] ’ , t ] n ~” win c - g I p l e a n I l e - ,-

I-” ( .
~ 

x = 0.035). SIn” -ic f .ual “ u- m n ] .  openhlI,’c of t I n . ’  2.75 i n s .  ro- ’k” ’
i ’ i ’ r n  i - h e r , : are s:c-me w]c -at. I ’c - i~ ’si n” 1 of thi s n i i ” ; r n t

~~~‘in ” ' l I E  (H = 0 ‘c - n - i  1. 0 it) c’an-Sitions were u n it , ’ - i :-ap ’ n t , 1 , 1i ’ I c - n i ,: ‘he
‘ n r [ - ‘ in s ’ S  f - n s f . progr ’si. ’c- , and I V  me’ c - s : ’ n r n ’ m : n ’ - r s t  , ‘ a c - -n ’’’ ‘ i s  c-s i m i t . ’’ - I ‘ r ‘ ‘ket .
‘- r n  ‘ - ‘ ‘ I  i r  ‘1.

_ _ _ _ _ _ _  . -. -‘~~~~~~~~~~~ - -‘-—
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i n  s i ’ i l i t . j o t ,  t n  rocket trajectory points , flow velocity measurenmern’,s;
a r - ’ t’dcen : sit , ‘m l  SIn t l s ’s ’  v i c ’j nj ’,v of’ wind sensor locations umder consid—
“r’:ttj ‘c-ni tn ,y ‘. 1a’ -- r’ :s :,y a’ t ’  ‘- t, ’j  n:ie of’ tone tesst program . The seven tested
‘si rs I .c--n ’nc -oo r ‘‘ ‘‘5 1 c-u . n are u-i ,  ‘c -ni i r s  F ig .  5 ari’I their coordinates relative
- ‘ I , - ’ s “. ‘r l ’s  - ‘r , ‘r nis,  I mn-nridimensionalized by the rotor radius are
rn’ - ’ - - ‘ ‘ - s  ‘ n ThIn S’ 5. II, - w in-I c”r ’,s or locat i c,rsc were properly scaled

“ .‘ - “ “ ‘ -~~‘ “ n ’ i — c,’sde ‘ i l — I  I rotor. The scaling difference between
u- I’S ‘is . I I n t — . ‘c-i ” ”  :‘ ,,: . ‘ f - ”c- ” - ,; w i th  r ’c - spe ct  to t h e i r  respective rotor

r ’. i i  r ’c- , ; - n , ’. ’ I i c - n  s l i , ~n S  ir . - ’ a :i , ; i s t e n ’ c- i e s  s-c ‘swee r i  the wind sensor locat i ons

‘sla -’ i -’, . ; ’ ’,n I c -  I S i  t n . ’ ::. - o~1 u-,rn ’ I  c - A l  i — n - n a t e  I ’ n~ n .e-gou - , as i nd i ca t ed  in F i g .  5.
‘ ‘ ‘ ‘ n .  1, - nO te 

~~ 
n ‘ a ‘is” or, I y :1, ‘‘sn , t i n d i c a t e  re la t ive  scal ing

I! :‘ f - ’ n c - - r .  ‘ - ‘ , s I i -  “ i i  ‘‘ ‘ c - . - ‘ : 1 - ‘t w”n  + ~~~ usc- - I ’ - 5  and fsc-1l— ccale fuselages.
. t ’st .  s- il “,- ‘ u ; -- st ‘s’ . - O ’, . ’ ’ ,”- t ’ n’ ‘ c-k ’s. cc - t i n ’ ,’ ‘ i ’. t h e  u-n ’s Ii ’ BCe -n ed pointo which were

m s ~~p ’ ’ r c - .’ lo ’ ’~ ’ s - - :  i n  t i n e  r ’ -tos  f l ~~’s !‘l d i n .  W i n - i  sensor  la - n at i . ’r, N’t n c - .  1
‘ s i - s a c - ” , 5 ~“ n’e ,n ’ u - i - -  - t e s t  5- p r ’ s - u - i - f e  data at , in the v i c s r , i t . y  af , and on tad

. 5 i ’ s~~ S~~ 1~- of ~~~~~ C n n -n - I  ag ’  n ’ ro n:c - m u - m ar ’,’ w i n d  ns , n n s ; - n - l oca t ion  :sc-- . 14 as
‘r-~’r i i ’e ’, i v  ‘ . n ,. “

‘n c-
” technical representat ive for  t ’ c - I s  i n n ’,’ent i n ’na ’ ion .

I’.’ ! ‘ d  ‘sc si . ; - , r N , . ’ . s . r an I ‘c- i ’i ’. ’ Ioc-’ a ’,-n ’ —I ahead cc-f the no~c-e of th in  rrn c, ”Sc- l ss-u-
-‘ ‘ tn:  I I I ~ p e rce n t  of t i c - . c -  r isc- is radius , r e spec t ive ly .  W i n ’i ’d sensc- r da t a

an vi  were m e e - . s s s n ’ . n I  at loca t ions  1 th ro c - ig ln  5 for the reference ,
i sol a t ed n - - c - t a r , no t i f i e - I  canopy , mod i f i ed  th rus t , and ICE (H 10 :‘t )  t e s t
con f i n ”nir ’at i .:r ,,n / c - c - o n - I t t i o n s .  At locations 6 amd 7, v~ and v~ ‘set a c - S t i e s
were rne ’-is c - ’ ;r e n i  for the r-’ference configuration and condition . The test
combina t i ons of ic- e .c- t. con t’ i g n sr a t i o n , c o n d i t i o n , ve loc i ty  component and
wind sensor location s are included in Table. 6. ‘1

-
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FLOW VISUAL IZATION AND WAK E GEOMETRY DATA

Flu - v viss -. ,alJzation results are presented prior to the LV rer-nits to
pm - - “,‘ide a :‘arssiliarization with the rotor wake characteristics associated with
the ‘.‘sir’ious teat configurations and conditions which will assist in the inter—
prets c-t i c - n  on’ t i n e  LV “ l u - t a .

l NTROD UCT SR ’~’ ’c,’Ahi-,, INF ORMATI ON

To in tr ’sc -  I c-ce the proc-c lures used in s’~ le-us s ing  t he  “ I ” w  v i s u al i z a t i ni n c - s i t s , ,
a b r i e :’ , i i ; n ’ .’ s s s st  s ’ n c - of the f’nrn”iair,ental c h a r a c t e r i s t ics  of the hoverir,c n- c-t ot ’
wake and the  i n t e n ’ ;n r ’ e t s i t . i , ’ n n  of these characteristics I’ s -ac - tn previous tests
(P . c I ’S, t l , sin n ,i n 5) Is j ’n a n  n s . ’  i- n t c - n .  A schemat ic  of the  wak e from one blade is
chn ”~~s i n n  F i g ,  114. Cisc - c -  w .’ ,ke c o n t a i n s  two pr imary  c’ i .ns ~ n o n e n t s .  The f i r s t , and
n : n n c - c t  p n -~’ n s n i n . e n i t . , is the str ’un e - ’  t i p  vor tex  which  ari ses friar:: the rapid roll i n ’. ’

np on ’ the portion os t,he von’tex sheet shed from the tip ru-gion of the blade .
She se-con-i feature is the vortex sheet shed f rom the i r n hcs nc - n i ‘1 nc -cot . ion s  on ’ t i c - c
b l a s e .  This sheet does snot roll ic-p but generally remairns in the form of
.ilstributed vorticity . The vertical or axial t n ’ar , sp .’ s-c - ’t ve loci ty  near the
outer end of the inboard -cortex sheet is u - i n c - n c - I n  ‘ u- e a t e n ’ t han  that  of the  t i p
vortex. The vertical ve l ocity of’ the inboard sheet also increases with radial
position , resu ltini ,’ in si snnbstantially linear cross section of the inbosirni
sheet at any specific s iz i r s , , i t . I-, position as shown in Fig. 114. These charac —
tesS.c-tios result .lirectly from the velocities in I c -n- coi l  by the strong tip
‘cortex. The radisn , e x ten t  of the vortex sheet is depirt.e i in Fig. i~ as
e n d i n g  abru p t l y .  This is  a t t r i b u t a b l e  to the absen, ’c of wake c ir c ula t i - ’-. nc-
, s c- n ’ength  there. She r’aiial distribution of trailing von-ticity emanating c- n - - a r c - s
the I--t n u ,n es is directly n’cS n u t e . i  to the gradient  on ’ the blade spanwise l i f t
d i st r ’ i b u t i o n .  ‘the blade l i f t  reaches a maximum near the tip of the bl’n,Ie
whi ch ren ’su it s  in a local zero gradient and thus zero wake strength. S nt.board
of this ren c-io rn , the trailing vort si~’ity forms a rolled—up tip vortex with t :se
;‘.sntatjonai circulation nlirection indicated in F i g .  i i , . Inboard , the ic-lade

lift gn-sc-’iient is opposite in sign , and th us the •c irc u l - ’c-tion sense of tin , ’
i c - sh o e - n - i vor tex ,c - i n c - sc ’t . is opposite to that of the t i p v , ’n ’ t . e x . It is the b -ni1

circulation sense of a wake element which determines the direction c - I ’ its

- in duc ed vel oci ty con t r i b u t i on at a poin t in the t ’ i i ’ w  I’ie l’. i .  In n , i d i t i o n  t ic-’

the wake otr ” c -n ’t ,ns n ’c  shown in Fig .  114 for one blade , simi I ar wake stn --  aS snn’ e s for
other blades a l s o  ex i s t , wi th  the aggregate f o r m i n g  the - - , c - n n js  I etc wak e
representation .

A connpute r i s : e - l  s c - n n c - , y t .  i , ’ s n  i representation of the hovering n’ n at  - n ’ ‘sank . -  i n ’ s

presentn’.S in F i g .  15. The w ak e  of (‘sic-c-h lnl s i ,le is  .n i v  l i n e n !  i n t o  t i m ’ tip c-’ ‘r’ ’ ‘
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a n n  inboar d ‘cor tex sheet as represente d by the fini te vort ex f i laments  shown
irs the t’ig m r ’ e .  ‘rhis repre sentation was used for the previous theo re t i ca l
f low study t ’or rocket trajectories (Refs . 6 and 7 ) ,  and for  the theoretic’a,i
results presented in a later’ section of this report . A schematic of the t11
‘,‘- ‘n m’f”x pattern and rocket trajectories is presented in Fig. 16.

Smoke and schlieren fh ow visualization teu-hniques were used during the
test program . ‘t’hese two techniques complement one another in t t n s , L , as applied ,
t i m e  s c l i l i e r e n  t echn ique  provides v i sua l iza t ion  of the three—din:se’nisicna ,n tip
v~ -r ’ t . e x  p n t t t e m ’ as , ‘c - n i  t he  smoke provides t w o — d i u - n e n s i , sn s S  cross ce ’,’t icm ’ns of t h e
t i p - ‘ c - s t i c e s  and i n , ’b c inc -rn c -  ‘cortex sheet . Sample flow vir’nsiiizat ic-n r ” c - c ’ m ’I t s c -
s, -’~’ s t - ’enc -e:~ t e d  i n  F i g s .  17 th rough  31.

, l k S R s ’, I ,’ ’
~~ c - K ’. , , ’ ’ .,

- c - s s ,p i e  f rames  I ’s-cm schiieren movies of the rotor tip ‘sort-ices ac- u’ shown
in F ig . 17. “the nroatc’c-graphic quality in Fig. 17 has been s- - su-”,n vt ; c - s c-c-’s ,p r - ons n i sed
by t h e  r ’opr o-nuic - ” I - ‘n of c-sr. , arged photographs from movie f ran c-s .  “to sn -c -re clear ly
d e p i c t  the schlieren results , tracings from proj’sic-tiorm s on ’ sel’c-cted nc-no’~’i ’-
frames as s-n c-Sated with several test  conf igura t ions  an. s.i condi t i  n o are ps” . ’ c - n e r t c -’i
in Fi g s .  10 th rough 22.

Reference  Con t ’igu ra t i - ’n n ‘ - ‘on’lition

In Fig. 18, the t i p  ‘, - ‘.‘n ’tices for  the reference  rotor and c - :nnn i i. t ion  are
shown relative to the blade , fuselage , and rocket trajectory . The sis- l ected
rn-au-ic frame for this f’i ,’nnc-’e had the two blades over the fuselage (~p = 180 dcc - ’

Ic - he h i a - l e  s h o w n ) .  The start of the second revolution of t h e  t i p  ‘,‘or t - c- x f r - -c-’,

the  b ’i sno e at n~ = 180 deg is shown to be near the  rocket tr ’ i ,f e c t a c - ’i e s  on the
starboard side of’ the fuselage . Using smoke data it was deter rnmic-sc’d t h a t , It

the reference configuration/condition , the tip vortex interse istn: with
rocket I r ’ i j e  ‘ tory r u - ’ . Li ~y 0.22, y = 7 deg) at the i n t e r s es Sion  p cn i ; , t
s h c r n  ( x  = 0.10 ; xT = 0.75) when the blade is at apprc-x ’ ;’ c-i i c-’ ly 215 ‘I -c- ’ . Ti,e

v o r t e x  age , at, this point , is approximately 1415 leg.

Ic-i sc - ,Ili ti o n to wake geometry , the schlieren data was useful in -irt t ,’r—

mi nIng tip ‘Ins r ’ te x  core s i z e  for use in the hovering r ’c - t or  c ’ u - n s i n u i t ’ - t ’  n , r n ’~ ~‘s is .
Si r ;  ‘e t h e  a u - h I  ieren t c ” l n n n i q n .se r e su l t s’s in  a recorded v isn ,i a l i z s n t  I n c - o f ’  t I m ’ ’
- ‘ ! e n n : s  I ty gr’cd i”nn tc in the air , the tip vc, r’ t “x core i n ,; sc -n o ne  v i s i l ’  I 0 - ; ’ t ,

s i -~n i f i , u - n n i ’ iy  d i f f e r e n t  dens i ty  w i t h i n  the  core in s-u-- I o t i n nt tic - ‘h e  sic - r u-c’ .n - I i  r , ,’
air. The vortex , ‘c - i ’ e  d iameter  was measured f r - nc-rn Sc - Cu - F  i ’s ’, l  s c h i  i , ’ r ’ ’ t  m’i , c - ’.’ I c

I’s-- inc-es , in n ’ !  v-is t ’o n i r n n l  to be one—tenth on ’ the blade chord ( 0 . ;  c- ± OC”- )  . ‘ l i m e

“u n - i  at l o n  of s n p i c - s’ox i c- :t s ’ i t”n ly  t h i r t y  percent  was found l ’ s’ - rn :  - I . ’ , t , a  :‘i ’n n ’  van s’n .

‘1 s i n e  az j r c - s n . m t h s  ( n4, ) s c - n c - i l  i j p ‘u - c - sr I cx age ( e n ) . In t e n ’;::;; ‘ ‘1 ’ 1:1 n i l e  n’ n n Ii ,c

V m ’ t e x  C o m e  d i . ’i :’-e ’. c - n -  was 0 . O J R .

20
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a s i t e - I  h u t , , , n ’

T I e  c - i s  ‘.‘o”t ’ - ,’s n c - s i t t e r s :  c- c- - c - c - -  i s c - , l c - , t , e ;  ro ’ o n ’ is ; r . n n s p ’ n n ”  s w i t - I ,  t , h s : ’, c - f  
—

c - i n ’ -  t ’c n ’c n ’c ’ m i  a- n ,  ‘ 1  ‘nt ’ - ’ . I sc - s .  in  F l : ’ . 10 . a’- ’, , u - t  ‘ “ 5  f , - ’ ,I, ’ c rc -  , s c - w’, - r ,-  c-”- 0, n -

n v  , ‘ l n - .ne l ’,- :‘, i s s , l l ’ i n ’ - ‘ - c - : : i  ‘ c - - i c - n- ’ c-, i’n u - t  i - i o n s . : , 1 , s c - r , n , w ’ ’ r ’e c - n , ’~~~, 5 ~~ c - ’~~~; f r i n s s , s c - i a , ’i e
c - n c - i c  c- n - s u s , c - ’ ’.s ‘ c - n : ; S - 5 ,  5, en ~’ s~~- ’ - , ’,’ i r n ; i - ’ s n  a t i n ’ 5 . - s c - n ’s l”,’c - c - i, i ’ ,- r , n ”, s ’r ’n ” , . j ’n , i ss i r nn ’ 5’s ’

‘-,‘o n ’n cx ‘s n s c - t e ’~- n i r o n s , u - P c m n 1  ‘ s  u- , n -I :‘ n ’ c-’ r ” - c- n c ’ ,’ t n , ”,c- , - n i - I :, , , ‘ , s u r  , t, n s n ’ a’ s s
‘c - nc -r i f le ;  t s ’ : k , e ’  s n : s , n k e  ,c - ’ i t sc , ‘sn ; : ;  i i  c s  1, - I ; ’  c- , ‘ r - - ’ n t , ” - t ’  s c -  s i c - ’ , es-stent  of t m :  c - l i ’
‘s - i c - - I ,  i ‘es ya n k : L s ,  c - m s  s c - n - ’,’)  ; ,~a 5 0 u - I n n  r- ,””s . - n . ’’c o c - ’ t i n c -  n ’ - , , se - ‘v ’e . l ine  ir, ’, - -s ’ —
se c t i o n  of t 11 c- iSO l c - i t c ’ , n n - u - -  t ’  t i j u - c r ’ ’ ‘ ‘ 5 5  ‘s i ’ ,h  n _ - i  ‘5 ,- f  t s a J e c - n s , ’ i;’y n o .  - ‘

- I e c - cr r : i n’se, c- to -a ,c - c-~~;’ c-ct s- , = 0. (50 1’ = O.’(~~) when t he  bj a , I c- an n i :- i - ~t l1 , 1, a’,,:
s c - j - p u - ’ c - x c - : sc - i t e l y  SOC’ m e , ’ . c - i ‘- P 15 Ja ’ 5c-  ‘, i :u - - v- s ’’ ‘c-’ n~: ‘ , c - c -  ‘1~~~ was  ‘r f ’ p ssn s ’ s im ss o ,t e !’/
-- 00 n - c .

‘ l i n e  ,n m s o t e s , ; .i n s e , .ss i n c -  c- ic-a- i i ; -  ‘, - n’ ’ i s - n; i n - ’” c-’ . snes  ‘a : ’~~ ‘ :- n ’ c - ( n ’ sc -ac . ‘l ’l ’nc ’
‘,‘ - ‘ n ’ t ; c e m S  a c - - c u -  ~:e r c n ” n i 1 ’ ,’ “ , c - , :  ~~ ‘ I ’ ’  c- ’ sT c , ’,’ c ’ ’Jc- , e c - n i :  ‘- c  ‘ :r , n i n ’. t l : ~c- s” - ’ i - - n .
on ’ s he rocket c- . r sn ,ie c ’ - n ’ l ’ c - ’ . - a- ’ . - -u- , t , i sc -” u - o ,- ’ ’ ’’ ’,s t - ’c -b i  i . i , ’ s - ’ e n ’ i - n s ’ ’ ’ ’ n-

‘ ‘ , s ’ s c - , ’ ’ - ’ ’ O c - ’,, a , - . s , as i n  I’S ,’ ’ . i n  ( ‘ , ‘ ‘ = 5 , 0 c -’ ’ ) .
‘thi s’ c-c - nn , i , ,-ke  ne - ta  ,i n n li . ’; c - t ’ s ;  ‘ I s s n i  ‘ ‘ n O ‘ s -  ,‘ c- ” I n c . ’ m ’ - ’ - : n - , ’ ’ ’s n ’ ’ , ’ ,’ ,r ’ , ’ ’ ’ i ,
‘, - . ,- n ’ t e x  age , “,

~~~~
, on ’ ‘ c - n ’ s  n - - - s’s n , ’ , ” e ’ ,’ ‘‘ - ‘0 n e - ’ . ‘1 1:1, ; i s  ‘ - c - c - , c - i , s ’ c - r ; t . x l c - t ,  u - i , ’-

r e c s n , i s  of P e n ’ . 1, 1 , . 1: ‘ s , :’, i , ’, n , - ’. u- n c - ’  n - - c ,- - : ’ - o n ’ ‘ I , ’ I ’ , , : c - , - c - , ’ ’ - c - s - u-e n -

ir , , ’ c - ’ec -ns’ u-’ t he  t i p  c-’nc - r t e s ’ c -  s n ’  ‘ ‘n i ,

S :‘ic -- ,c - l ’ t n n ’ ’ , , ’:. -So n - i lt i c -a s

‘t hu -. ‘i p ‘ c - c - n n - t e x  p a c - t e s’s s ’ ‘ c -  P c- ’ , ’ - , n j c - ’ I ’ ’ c- n . : ’ ,c - s S ‘n 5 ’  i a n , ,  ‘“ - ,‘ - - r , t c - -l  i n ,
~‘i ~~’. c-O , s r c - s i c s c -tes t5n ’ t -c-c- n ’ , a n - ’ u - , - n ,  u - nc - ’ c - P t ’ - s ,. ‘ ‘ - ‘ - ‘ ‘ c - c - c - - c - i ’  c - S 5 ’ - ’ :’ ‘ u- c - c -  s ,
n -e . ; - , ,’ u - i i ’ r s i c - n t h e  v e r tic a~ w i’s.’ ‘ c - ’’ n c - : : ’; , ‘ ‘ ‘ ‘ , ‘ l n ’i i ’ i ’ u- , as - s m - - ’ ’ : .  I ’ n : i u - ,  c - a - s i ’ - :
t h e  c - i p  ‘;, s’t ic - c ’s  i - e s  s i t , i u - , ’ - t n ’s n-he s’ - ‘ k - - ‘ ‘ n c - n , f n ’ ’ ’ ’  l e s s . T i s i c  v u - k ’ -  t ’ - u - i n, ’

I I , : ,  w i ’ S  c-’c,’pn ’ ’ ’t~ tc hl s m-n c - c - c - c ,i ”, ’ , ’ I n w ill n- - . 1 : -a c- ‘ - I c - r e - n  l y - : - ’ , c - ,  ‘ I , ’

LIe -me a c - s i n ’ s  , t l s  ph” :. s i n ’,g of t I i ~ n ’ - ‘ 5 ’ ’ ’ in ’ ‘ -n’s - s - n - r n ‘e c - i  w c - - i o s c - l ’  icc.

‘- ln c - , i i  n ’i e l  L:~ , ‘j iec I clc - c -nsdi  t i - a c - ,

h e n ’’u-’s’. n n t - s  i , ’~ t he  t i j  ,sp . ,’.— , , n  s c - c -  ~ ‘s’ , - ’ ’ s n ’ ’ ’w I , s n t s su r ’ ; ’ ; ’i : ’ n r , ’ . 1 - c - n t ’  l e t ’
t ’ - c - ,’ ’,’is’, , c - i l i z ’: t , j c ” n n  r - e s n . m Pc ‘

. ~~- -  ) ~s u - c - n ’  l i - i  s i - c a t - n  I he - ‘‘ ‘ n c - s n ,

on ’ w’ c -k ’, , c - -,’ ’ ,n tn et r v  ‘i ’s t, ,i 1’ ,c - p ’ - ’  n c - - c - n ’ I n c  c - s c - n, , - r ’ ’ -  ‘i n ’ ’n i ’  t , h n ’  , :c - t c- ’ ‘ ‘- : ‘ c- ’ i i i , - ; , c- . A u--
, ‘ nn ‘s -n , in F ig .  21 , t ine locs , , ’ i - ,- n n  o ; : , , ‘ i n  ‘c - os’5~~c-,’s 5 ’ ‘Pc’- t v - — n s c - m t - c - s  ( 1 . - a n

2 )  at t i c - c  n n a c - i i l i f i e d  tip spe n- -, n ’ n: - nlition. m l ;  r n - I n a - l i n t n c - I  t i m , - c-n s c-,s ’ ,c - 
as t h e  vos’t ices approached in ’; , m ’ r ’ s c - ’.’ - , - i i  la ’l , ~w t he roc-’l-n ’’t - ‘ n’ s m , i is - ,’ ’ c - n i ’ ’ ’  . A - sc-sc- ,

they d cp : c- s ’ t e i l  s i g n if i c a n t y ‘ s on s : t i c - - n ’ .’ c- k - n - c m - -c - - n , - n  i t  - - c - n  I c  ‘ t t  on
u - n c - u - f e c - -s age , , ,  of ’ 5- ” O n ’Ie n ’ . T I n , ’  c -c -’ i b i l i t ; , ’ ‘ c - ’ m c - ” ;  ‘ 1  ‘ c - n c - , !  i n - -n ’ ,- ’ - - t  el- i - n c
p i t n n h  se c- - t i n t ’s was ; e l i n n n i r , s , t  c - c - i  ‘ -n t,hc’ i - c - c - s n  i , c- i - ’ t h e  - ‘ ‘ ‘ c- - a n ’c- ’ - , ’ c - u - c - ’ i  ‘ ‘ , ‘ c -  ‘0
t ,w , l’ a_ des was  in sigc - ’e. ’:’,c -fl t , w i t  1 i n s  t I n ,  1 ‘ u - S  c-c-- k ’ ’ n’ c-’ ‘ i  ‘ , t 1 , - i n .  ‘ i n  S ‘ l ie m c- I ; —

p ‘ i r S  i- - ’  ‘a - “ n ,  t I n e  t v i ,  -c- n - ’ c - n - i c ’ - - i u - i - n s ’ . n c - i t  ‘ I , , -  : 5 5 ’ , ~ .‘ s s  s n , ’ - c - c - s  ‘ ‘ I - c., ’ I , ’ - I n ‘ , ‘

L , 
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cc - i ’ the re ference  rotor . It is possible that t i e  presence of tb -c - fuselage in
i - o : s l - i r n a t i o n  wi th  the b a  t i ;  speed teste ’i (350 fps ) reduced t i ’ s  wal’,e s tabi l i ty,
but th is  should I -c i rr,”s’:t, i c -c-t oi l fur ther .

in— Irou;sc- 1— l’lffe t ‘ n : ’n , - i i t j c - c - n~

i’lacer’:en’mt , on ’ ti n ’ r n n ; ’ I c l  in— grounc - 1—e f’ t ’ect resulted in t hu-s expected expan—
u - i  rn i c - I ’  I I n c  wake t , i ,n , s n c -  i i i r y  as shown for the simulated 10 ft skis! he igh t

I i t i i s r  in’ s iS, . S

t i- I . Pb W V ’ ’ ’  ‘AS 1 - ‘AT:

F l o w  . c - s - s a n  i c - a t i - , , c - ,  ‘ I n t - ’ l s s , I c - n ’ .; and ,kcn’sule Sak- F’l cc-tograplc -s

“to - c- ‘ c- _ I n n  n c - u - s - k - ’  I’low c - ’ i su a l i z a t i c , c - ,  ne -ta , n c - c - s ake wrn . .s i . n~ e -c- ’ted into the f l o w
: - ~r :- . -a ’,’n c - i  ,e  sc-c-eke :-ak es t n r - t t e n  “ Situ -c  ar, i to t I e  s id e  of t Ine  r u - t s a r  (F ig .  8 ) .

‘ i’h e - s - s o 5-’c- m ’ n i k ’ - s  a r e  p : : ’n s i t i c~sn e l t ’y r ’-r c -n cite so n t ,i’cl to i t - - s - n r c  a d r -an y de f ined
t I c- ‘.‘on’ I ex .  ~~~~ a- c- Se ~‘s -’c-t ’ , ‘u - r : : s a” re r e c - s r l e s I  on f i lm vi t im res-:’sc-tei~’ operated
cameras . A t i i s n e— m , - c-iy s ;y c - ;t t s c - c - s  we-s used to t n - i , ~ger t h e  cc-c-sc-eras and r c - i cro f l a s i c -
units wis e ; ,  t in e ’  r n i t o r  we-c-c- at a d e si r e d  a z i m u th  p o s i tio n , t i m e  de lay system used
a c -c -n ’ s / r e ’,’ s :i~c-ne -1 fu -’c-c--, + he ro to r  s h a f t  as; c - c - r e f e r e n c e , a n - n  the delay t i m e  (m an—
ually adj’scteni ) w”m:n c-’se’, :n ; ’ n ” ; on an e l e n c - t , r c’i s , i , ’ counter . For each test c o n di t i o n ,
p n o t o c - :’c-c- t -hs were “ :c -k cc - r ,  c - n t  pr~- c - c - e l e c ’ es az i n c - i c - c - t i n  po s lt i rn r n . c- of ii n’eI’erence blade
wi t in respect to t i e  p1 sc -nc -c of t I c - c  .srn c-, , nke . : c- -t .cc- grn iphs  were ge mnes n i  I ly t-aken at S

u - zinc -tic - a c - c -r i c a  of~ 0, 30, ~c- ) , /10 , 120 , e -r.c - 5i 150 icc as sic-own in Fig. 23 for  the
reference c u - n ,  figura tion arm,! condition . Se v er a l  r h o t c c - c c - ’ a l -h s  wer - n o r m al ly
taken at c,’ac’h a z i r m s s m t l n  r”a n ”- i t in n .

The schemat i c: ira F ig .  11, is representative of the I ht’e’s---l imensional wake
pattern which w o o l - I  he observed if s:s’;oke were  enmitted free- tic-c blade (i.e.,

in the rotc-it i r n ~ s y s t e m ) .  To take advantage c- - f  t i n e  sy: u”netrical nature of the

wake of a hovering rotor as well as to fac i l i ta te  the ‘c-n ’c -~ n . l S it l O f l  of q i a n t i —
tat ive data , the wake for th i s  investigation was oln ser ’;u-’d by e m i t t i n g  smoke ‘4
externally franc- the blades ( i .e . ,  in the nonrotating system). c-c-c-ac-ke was

emitted from smoke rakes in a single plane and the flow patterns were pic-oto-

graphed , as sic-own for t he  two—bladed rotor in Figs. 23—31. In this n’ ;e-tin ,’s’,
a two—dimensional u-ross section of the wake was i’ec’cn i’dc -’ n i .  The cross sections

of’ the t ip vort ices ’s  appear as c i rc les  in which the rennt ,ral regions are -‘ c l e ar’

of smoke Is i e  be the lu - ir e - i  c en t r i fugal field which forces the c-; nc- c ’kr s r  t ici er.

radial ly  c - in c - f - usc -  n d .  The center  of the ci r e i n  I ar cross sect ions  are i ln i , , ’ - n ’ ;c -r’ i ’ t, ” iI

nc-n’~ t,he centers’s of the vortex core • The vortex sheet cross se-c- I i c - n c - s n  c - t n ’ ’ I nO I —

cat cc- 1 by the discontinuities present in the smoke fi , lsc - c - ’ sc - ’sn t -n s pos c - 5 c - 1 fl n5 t. t m r eingl i

the i n c - n c - e r ’  l e g i on of f- lie rotor w a k e .
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, c - s~~ p I e sm n ,cn ke t ’l c - ’s ’s’ vis:nnaiization I’l ’~- t .Ocrn: - n , n s  for compar i st -nrc - of wake (c -ross
~“c-’c-’tions at’ various test configurations and condition- s are c - ’n ’ e n e r u - ’ e i  i r a  F l ,” . 5 - ’ .

n c - c - c - u - - u - :  I r I ,n c - t , n , ’s ’ n s c - i s s  are pse :c-entecl in Figs . 2 5—31.  P a r t i c u l a r l y  tu - ’ ,-te’s’c-c- r t ,h-c-
c-c-re Figs.  30 :. n s , s 31 c - c - hI t - - i s  c lear ly  show the expar m si orc - of’ tine wake l:ourn ’lary
u - e t c - i t  ly e  t~ t i , ’c re t ere rnc e o u t — o f — gr o u n d  c - ’ f f e u - t’ ’c - o r : d i tj ’ , r a  (F i g ,  2 5)  wi- c -er ; th e
n i l n - c c - u - c - c - SO is  cnp ’ ’rs n t .ed close to ‘the gro’ ,n s ’ c - l .

‘ c - c - k ’, c- i c - c-u- cu -n” ;  I

Ti c-c-’ i n  n t  - ‘s’no,’i - s i c - n  wake n c - u - a  were analyzed f’cs set c- to -- i  t o- st  c- ’- ’sn-’i i tion s  to
s ’c -t et ’ : ’: i c - s e  t i ne  ~: r i n c - s l n 5 al we -k ’, - : ‘eou-:e tsy c ic -r ,r a c t e c ’i st i c s .  ‘lOne- cor ,d i ’, ir c -c-rc- c-c-er ’s-
:‘, ‘I ’ -’u - t e  s so as to p e rt - i t  assessment of the eff” ct,c. of tic-c n c - s i r e-rI: t ec - :t  pu -u-a—

“- c- ct’ : c-c -n ’ I t: r c-’ cc - ’,’i ic c-c-a k ”  “ “ c - ’ . - ’ n c r .  n o r  c-c ‘cn s;r”st ec - ’sI n c - e l  prescr i i -e ’l  u - c - c - Se
I , ” ~~~~~~ 

• - , c-~~~~s’-; t- r n , i i r c -’~ n r  -, s, ,” s i c -c - i  wake - s c- o rd i n a t es  -acre n ’s - t e n - c - u - i r e: from ;  the
I , . ’ c- , : c -  t’ s r . -c - n .; ’ ’ c - ’ t I . : ’  sal- n e ; , s i s ’ , n m t l s  ac -sn ’ , e  ( -

~~~,~
‘
- , w h i r l .  i n -  e q c - i v a t e r ’,

t h e  t I c - c - Ic c - ; s i c - s n c - s t’rs “ ‘ c - i ( - ‘ = a t )  :‘ s ’ s ’r n , t i - s c -  u - i c - - s e  it , ‘r-ne r s c -t e n ,s - “s ,c-rtex
““c- u- s , ‘ ,s ’ ct  l o t - c - , I - -c - - t ’  ~,- x c -c - , r a l  c- , i n .  F igs . 51- t c- 31 , the 1s p r c - n ’~~sc- n s- t i t -  -c -c-st r-:~s ansi
u- n ’t~~s’, s n - u - ’ ’. cn’ s ’s ’s sc - , ‘ ‘t i ’ , t : ‘sore she i by a l,ia’;e a c - s i t - h  ic-as c - r u - c - d e n  100 c-ieg
c- ’u - -. u-ss - c - c - ’  ‘i r e  j c  ic - c - n n c -:s ’c - m I c - , r - e , s , ’i-, ~ Ic-e ;n ’c- sc-r e’- of ‘n- -u-in n’s . ‘li ne f’ollonc-’in u- ’ tip ‘,‘nc-, c- ’~ c - s
u-c - 5 -,- : t ’ t c - n~ c i - ,e”~ c u - - n c  s’ sect ic -n , u-en-c shed n y t i c -” blade si cc-arm t I n e  s, u - c-,’ lou ;” t ic-c-c
i t  pas se’ n I s ’ s - c - c l ,  - c - , - n ’e .’: ’ r~’ c - , , :n ’- n I  10 01’ the c - n r c - o l e - ’  p l a n e , tc - rs d t I ns ‘s c - c - c  u -n , 1c - r ’
e - Zl5 ,,}, a n g l e ’  c - r n ’  t i c - - ce  n - n - i ,,::,; ne t - t i c - c - n .  i s  360 s n ’ , ’ . i iku - ” s ’ i c - se , t h e  a z i c - - s ’ s t l ’ , c -c - ’ c-
o f c- 1 , i n  I c - s -ncr ‘ ‘~~ i n - n  is I-~~0 ‘ s i - ’ . I’ si-u- c -h i  be m u - f ’  S ‘ c - s ’,t  I i- c “u - cu - c sc -ct - -

t i c ;, ,; i c - n ‘ n c - ’  v i s i t - c sc i n ’ -  sc -u - - si r ‘ ;, nc - :‘- ‘ c - e n r c - ” c - ’ Snc - c - c -’i c-n sc-s r c ” - n ’ s im - ~n ’s t e l y  i t -n ‘ 0’: n -c -c - sc -c -
p ’c- arme ( t a i l  c-c -r w i S e  - c - c - n , n ” c - ,  - i c - i l  we ac-i ’  c - e s: are ‘c - u - c - i ’ ) . ‘Si ; ’ , ’ a z i r ’n - c - t s i - .  arn ~’1e , I , , ,
‘,,“ n , -’ n , , s n c - l c-is ~i,c’ thi s- I ,“ - ‘ - - n r ’ i i c - , - , t , , in -, ‘ } . e w ak e  , ‘ ‘ - ‘~n - , ’- ’ t r;.’ c - n c - , ’, l ;~s s i ; c - .  P c - s  an
i lea  1 i nn ’’ : , nst sc - l— l e , i no’; e r’ ir, , ’ r o t , ’ ; -  wak e , t I : ( ~ ru - - n I -u - i  ‘c r , : a n-s i c - n i cc’i ’ - t ’ i i c - , ’, t ’ - ,

a ‘i ’~’’, ’n:  ‘, c -~i m i i t i c -  an g l e  n c - r e  eq: .:va l c - c c - .  ‘ c - - c - c - ’  ‘ - ‘c - n c - I ,  P l c - s c ’ s - s n  t c -  u-u-’’;’ , n’ ’ ’ .
t n ’ ’ ’ , , -c - - .p n o t e  coon’- ’t in a ’t,rs , , ‘ : f e n n , ‘c - c - f t I :c a-c-Sn’s c- ’ s c - c -  ‘ i v” ; ,  ‘ “ c c -  c ’ c - c - - P c l ’, c - n as;:

‘ - ‘n - i r e - I  ic - ’ t,s .,’ fol l ow i n s , - p s ’c -c - u-’ - I c - s ’

i c - c - ’ ~‘-n ec i  a - nenn’iS i ye ‘‘I “ s - n ’ - -
‘ - - ‘ i c- ‘ - - 5  c - n ”. - n .  ‘j r I c-s - “ . n ,‘ - ‘u - i n-c-- ’ ;

c-e- r m i s c- ’ , -  i - s - c- sn ’ i c - i  u- u - c - I - t n  I’ ‘ c - i t nt -’ - c - n ’ ‘ }c -c- r - c- s i : t  - c - cn n I n c -  i n c - i  c ’ c - i’ ! ‘ c - , ’ - . 5 ’ In c
l ’ s’ n e - u - . -  u - Cr c - s  - I - 1st - n ’ -: irs c-c- ,; i i : ; ’ ,’ n ’h ~ - t  , ‘ , ‘“ n I ,  -~- ‘ ‘ ‘ - n - ’ -” ~r , j  s c- - 5 . ‘51 i c u - - n , ’

n - - n - - c - c - c -n t ’ ‘ ‘ a  ~‘~“ ‘ i s ’ ’ : - ” c-’ n . ’ n c - l n n c - u - , ,’r ’c r F s ’ nn n~s , ” ’ ’  u- s~~~ ~ t n . ~~~
_ - - ‘ ‘ c- u - - ’ c - i ‘ “ ‘ ‘ - c - s  0 ’

n ”’ , ’ ‘ c- - s i ” - ; ”  , n - , ‘ c - c - S I ’ ;  1 mc ’ :  I - n o r m s .  A n c - c -’ic-” , n e u - c -- i  ‘ ‘ n :  - - i s c- ”- - - ’S ‘ ‘ 5 i n ,  “fr . : ‘~~~.

n ‘a- i - c -  - I n c  ;‘ ‘ ‘ “ “ ‘ ‘ - ‘ “ i n ’ , I r ‘ i f  l e n t : ’ s’ 1- c - t i  ‘:- ‘ I “i ‘ P - ‘ c-’ , - k - - n ’ s - . :, ’ - “ i ”  -

in .s I n ’c - , n t t - n ’ , , . t ,c -c  an ’ s r ’ : n n t i s  positions , Ic-. , ef ’  c - i , - -  t a  t’ l~ i i n ’s ’ - . n,~c ’n , . ’ i - 1 - - s ’ i r n , ’ t h r -
a m ,  a,s i n s s , ~~s pos i ’ icc - c - , ;  ‘‘it ’ t b ’  re f ’’n ’e ’c -- - c’ / a ’ s ’ ’ ‘n iH r ’ ’ l c - c - i c - c  each u- - ” ’ c-is u -i’ : u- n c-

- ‘ - ‘ -c -  ‘c - s t b ’ ’  s . c - s  ~r c - r  r i at, .” 1 I c - c -Si’ , I S ’ ’  n , n ;~! I al ar cs axi a l ‘ ‘ c - n ’ s i c - c i t  c:  w ’ c- rn  - -

ic - i ‘‘ n’s:: u - n t ’ the we-k”- c - n ; i n c - i s n t l , ( ‘ u”) ,  ‘

~~
, , ‘F i - s , - ’ ’- ,, - ; ’ ’, i n a t n ’  “‘ ‘ ,u l ts  ;~u - c - n ,

n : -  :‘c -r i  , - . n of n i - s i  0 - -~‘r’~ s : w . -n ’ . I I n c - - c - ,  c- ’ ted as t ’s c - r s n ” t , c - - a , :  - a c- n :  r. } :c -’w r n in
i - i , ’: . I, ’ ‘ ‘a ~“ . To t ’ ,’ i n ’ i ’ l i ’ sc - t i -  t in ’-  - s ” mp a r i s n c - r  - ‘ I ’  ‘s c - c - k ’ -  c- c -’ ,. ’ t ” I e s  ‘‘ r - c-a v c -r y i n n n ”

‘ n’ :- ‘ c-t I • c - : :  t , nc -s ’n S  i t  i er i c , t i - n c ’  n ’ s ,  I I  a I and axi ‘c-i c’ ’. a’ I i ;  ‘ c - c - I  e’c u-en’, nc - and i —

‘ - - n ; :  I - n s a  l i n e ’ !  m y  t i n ’ ’  u - n t  ‘ n ’  u - s c - l i ’ s ;, sc -ri d di  I ’fc ’n’ e r n ” n ’ sc -  in  c - , y i a l  ,‘ - ens’ :’, m ates



t n LI s i t ’  , ‘o n n i m s g  u-n: u-’ ’ e l ir n in a t  c-~’n by c - c i s c - r u - I  ly using the blade tip a:, the
i n ’ !‘c r ’ c n m ’ ’ ’  ( c : ~ n p  I r i : n f n c s c - - c - i  of z ) .  The range of wak e azimuth angles for  w ; n i c - h
- ! e- t , sl c~~s t i - I  c - ”  a s ’ s l n c -i re d ‘ a c - c -- n  l i m i t e d  by the  v i si b il ’ ty of the smoke , i- or
cn’-’s, c- :np i e , ‘c- i~ t ,w~n —i c -  l aded ro t c -r u -n, generally only 1½ to 2 t i p vortex r e v o l u t i o n s
pe n’ i c - I - c -  I’c- , are “ ic - c - t i l e .  li - , w ,”icr , rotor performance ic - c - mainly ;;ensc- ’itive to
u - c - ,e c - n~”nc - r -a s-ckc- ’ ,c- c”ni nietru- , an! knowledge of ti-nc exact positioning of the far
‘ a c - k ’  c l - c - : ’ n ’ n n n t , s i’- e I - s w  t i - ”  ros -kel t, r s j l ,n ’t o r ’j e s s  was not e :sn ; ’ - r n t i a i  t a  t i - n c :

- I ’ ~ u- ‘ t  I -c - c - ;  of  c - I -  i , ;  . c- t, c-c-dy . 1!~~w s - v er , t ’ n c - r t t s u - ’r m n u - c c - s t  I nc -at i on of tb-c far ac-c-ic-c
i n n s ’ ‘ 5 : 1 1  I t , ’,’ 1, : u - s i ; ’n ’c - ; ’c - t e d  t” n r  n’ n c -  t ’i r , c : .;n en , c , o f ~ t i - n~ p rescr ibed  we-k ’:  ,c -eou - setn~,c-
nn , ;e l  in  t h e  l - ’ s ’c-’cr t t s ’c-c.’rt -’ to n - u - e d i c t  n ’ockct  S c- c - s w  ; m n t e u - t ’ es ’e ms ’ ’e .

sic- , , i p  vortex c-’-,nor’h sm ’,c-c-t c n s for t ls°  i so l a t ed  ro; ‘ - “ ann ’s J c -u - e :n ’r c - , cc - -S  in
Ft  c-c - . c-c- ’ , A c - ,  i n d i c a t i o n ;  of the  st- ’c -a di rc -e ss of ’ the  t p v, ’n s ’ tc ”x  , ‘rc- c-’aetr ’,’ i s
in n i  -ni t, ’;;! ii t~ the  e y, t ”nn t on ’ t he  measure ’ I - ia t -a f r - -nc - d i f t ’ c--rent b c - nc- nec and
c - i -  ‘ ‘c- , -a” c - s c- ’n u -  at eat - i - -c- wake azinnuth

Pu nt - ‘cn:ci’:i l l’eatures  of t t se  t i p  vor tex  ~‘c-’c-r5- ;I r’i sc - n - c evi ’ina ;nt  in - s F i r .  ti ’ .
4im en an e , e p n c -’n s t  01 t i e  t i p vortex is shed I ’ ;’ cc- a b lade , it 5 s u -I ,e of sc-s; i n c - ,
c - t i s p l a c c c - r n e n n t  is - c - nc - u - v  low un t i l  i t  passes l - ’n r s c - ’ s i t i - i  t I c - : fol  I - c - a i r s  1:1 a-ste (a t

360 deg ,! m ’ ) .  At t i , -it , point , t he  t i p  ‘c - ’ c - r t - - x e l er , ’,’: :s l ie.,  u-a ‘ii al l ,’.’ i n  i c - s c - rd
“f the t i p  you- f cx of the  fo ’i i o w i r n cc- blade and thus  cx; “ r c - e m s -”-S a l u - u - -c-c
downward i n - ,iuced veloci t’,’ f rom that vortex ari d the ‘1 , 1 ‘c - s i c .  Tl c - c -c - axia l  trc -c -o: ”pnc -n st
- i n c - n l : n , s I t , i e s  b e fo re  and a f t e r  the J s a :c - , ’ a ’ e ‘sf~ 1,1:,” fo ’l c- c-a c-n c - s  l i i  c-c- c-In ’s -are f a i rly
‘so n s ’ t - a r m u -  in u - c - ne near w ish’s ” , as cai n be Sc- s I- c- r ’s fn’ c,ic-’c- c- the sn ,i : , - ’ , nc - ; n tj a l l v  l i c - c -- ,’ar
va r ia t ions  of the  axial displacement , Z TIP w i t c -  wak e azimuth a ng ie  in these
s e c - i o n s .  The radial displacement , r , of the ti p vou -l ’,n x  decays in an
anparent ly  exponent ia l  manner as the wak e azimut h is i nc r ea sed .  The fi’s ’l r i n t ro
of the  t i p  vortex dat a i n  F ig : . 32 and 33 are based on these  “c-sec” c-i a c-i -s e
cha rac t e r-  c - t i c s .

The t i p  vortex c’o-’n r d i m s a t e s  for various tes t  c o n f i g n m s ’ c i i cn nc - sc - and n : o ; c - - n i  t ions
are compared in F i n ’, ‘s- I , The ver t ical  cocnr ’ i linates  of the isolated rat ,s-i ’

were s l i gh t ly  S i ff er e r i ~, from t i n ”  reference rotor , but w i t h i n ;  t ine  degree of
exp’-’ r i m e r ’ t c - i i sn c -’-’ , ts t ’c-’;’. As exp n -s : ted , the ve r t i u - a i  cce’c- r u I i ~sa t ec - c - fc-c- r t i n s -  n c - o d i f i e d
tip sc-peed condition were similar to the r e ference  cn i, s l it i o n , and t imo c -n e I c - n
the m o d i f i e d  th rus t  condi t ion  were s i g ni f i c a n t l y  r e d u c e - i .  The re-S i sa l t i p
vo rtex coordinates were s i m i l a r  for the th ree  condi t ions  w i t h  the f u s s - c - I  ag-c .
1-lowever , they were slightly further out from those of the isolated rotor
in- h eating -c- sligh t wake expansion due to t i c - n ’ s  f u s e i n c - ,’x’ .

It  shou ld  be no ted  f ,I ’nat ,  the  f ’ u: s cc - c-i sc-c- i sn sn ’,’ c - r o o t ’’ c-i I l s ’, s c - c-c -nt - n t 5” ,- in’ : t I n

wake , an- ’! t l m ; n t ;  t s  c o m p l e t e l y  de s c r i l u - ’  the ‘a c - i n- ‘i n  t in - - p r e u - n ” — n n c -’c - e of a f’- ; : .-  l ace ,
the  w e-ic -’’ ‘n u - , o r ’ d ;t , a t e s  s1, -~ - i I 5  be n’nn ’ ’a . ; n m n - ’ ’d “ t i c - s nn nu - ’ -n ’’ ’ ni : n ‘ , --, i c - -  l ons ’ ’ it ions .  ‘h i  s’s
‘ac - c - sn heyon’! the scope of the t, - - : s t , ~nn’ogr’aJ c -t u- p c - i t ’ l l e i- n c - i  r ,  . f - I cc - c - u i  t c o f

‘‘- , c - 5 c - p t m r i S O f l  of the smoke n c - c - n d “ n c - t n  I i  ‘ ‘ u - n c - s  i’ n c - s s n i t s ; , t aken c - . ’ t , w ’ n  di  ‘ ‘ l ”’ n ’i ’ r s l ,  n’”a - i n ’

“ i z i s nu t h. ;  ( c-i ’ = dO c- c isc ! 180 ,!e~~) s’s s i n c - g n ’ c - s f ,  ‘ i - s c - i t.he n c -fl ‘ - , c - ’ f , , ;  i n .  1.1 ; ’ I ~~ u-

-. - - - - ‘ c - ’- - c- — - -‘—--—-— ~~~~~~‘— — - -‘—---~~~-- - ‘ - — -. ‘ ‘  c-— -“- ‘- - - - - .- - - - ‘--— -‘- - ‘  ‘ -c- ” - ‘— --,-. —- -— -‘
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sn-’nc-met ry c--ar c  smal l , b c-n t t h i s  and pa r t i cu la r ly t he azirs ,’c-tl’sal  dependens ’e
sc- f t i - n c  in board wake remai n to be invest igated fur the r .

c - i n n ”  t i - n~ - u - a -s-s u - ” t - t i o n s  of t i -ne vor tex sheet from c c - a t - I :  b lade are
n - c - : . ; - - c - m t i a l ’i v I i c - m e s  r ather  than discrete  points , as is the case for  the t ip
v ’ n c - ’ t~’x cr - se s e c t i c - s n n s, the  procedure of Hef .  lI~ for t rans for rs sirn n’c- the
u-Sc ’s’ u- - ‘r s c - r ’ ini ’u -  Ic - c -’ u- for  t Ic - c- vor tex  sheets to coordinat e form was foun d to
be :“ ,, n n v , c - n m i e s s t  . A ,; sn uc-c-n t rn g th e  vortex sheet cross sect ions  to be l inear , t b ’
e-x ’ u- sc-~c - s i t io n  of a vor tex  sheet at a given a z i m u th  can be def ined  by two
p- - m n t , , c- . Fi c -r  simp l i c i t y , t i - n e  two points selected were the imaginary e~~ ension s
— c - f  t h e  ,c-’ u - n c - : s ,c- s e c t i o n ;  to r = 0 at on erm d and to r = 1.0 at the other end .
71,-c- se ta-a p o i n t s  e s tab l i sh  the  in te rcep t  at th e axi s of rotat ion and the
slope of the vortex sheet . ‘Pip vortex transport velocities described in

1 1n can be lerive d tr a m this information to provi de the necessary wake

1, - c- u-’c-c-c-sc-,’terc for the prescribed wake theory .

The ir c- ’m,o ’c-rd wake coordinates , as descr ibed above , are present ed in
Ic- i ’ . 35 for the reference an ni isolated rotor confi gurations. The unsteadiness

of ’  the inboa rd  wake is genera l ly  greater  than that of the t ip  vortex , and
tic - ,;, s l ine,;  u -” p u - ’ c - ,s ’ c - c -t, ic - c -f the  boundar ies  of the  inboard wake iat.a are pre sentn-’i
i c - c - F i n’ . 3m , Tie c-’sar’lissates for the isolated rotor and sef’ercu-,ce s-an t i c-’—
‘ s n-u -t I c-n ~i:s c - nj j t i ,’c - n s were  sine- ! lar within t h e  i n d i c a t e d  bounda r i e s .
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I i  ‘ : - , i ’~ T l ( ~I i OF LASER VELOC Il ,P s:i’s’F’{ ‘l’ t ’ I ( ’ l I i ~I 711 , -c-

Laser Ve l o c i rc - s cs t n ’y  ( LP-’) is uniquely sui ted f or  acq u i r ir : g vc ’i oc i t -u -
n:eac-s :c-rement s on he l i cop te r  model tests . While the ability of the techn ic - i,ue
ti c- :‘n s v i d e  data as a func t ion  of blade posi t ion is nc - f c-rn i:~n .e ( e . g . ,  hot a ir e s

Is~o t  f i l m s ) ,  i t  does have advan tages over other t e - c - h n i q n c - n c - c - s. For examp le , the
- c-~ c - ’ s c- is alway s l inea r  w i t h  p a r t i c l e  ve loci ty . This c-c-nay i - - c , - -n t r a s t e - i  ac- tb

hot wires wi-c- i c -h c i -na r s s e  ca l ib ra t ions  as ve loc i t i e s  gna t nc -u - sa il  . Also , i c-c-nc-c- - “mci i—
c - c - f  i c - c - nc- n ’ -v ’ :c - ’ n’. c - c -I n n i r e s  in t r ’c - d - a ct i o n  of any probe at ti-c-c nc-n ’ -n t n n c - c - ’ e a e o t  iocatt’,c-rn .
li.~~u- is  ‘~n ’ :D i- ic -’ i , t - s ic - c -  I r o o u-t s ir s ce  in regions  near c-c- t i p  vor t ex , Ic- n examp , e , x i ,  - re
the !‘rc- ,’.n,’sc - s ‘ c- n of a c-nrc-be r i g h t  a l t e r  the f l o w . These 51’ c-c-TJCr :t c -’nS eS are c - n e - n t  c—
-s,l a n ’ i y  I c -c -i c - -c -m t for ti-se -ssirse sst rotor hover si n - c-] a t ic - i s .

i n c  b c - c - s c - i c  p r i n c i ples associated with LV t u - g e t h e r  vi c-si - n t h e  c - s c- f ‘sc - i IS ‘si -~”i~ ’i~
c-u-” c-he Inresent appiicatii-c-c- ’i will be discussed in th i s  sec t ion . TIc -c-’ basic ps i ns—
c iples  are ir ,c ’lc - c- i i e d  on iy  as an out l ine  to serve as sir : in t r o — I , i c t i o n  t c - c - l i e
c-specifics. i” c s t s n , jts to be d is cussed w ill include opt ics , seedir:g, slat e- pro-
cessing , ansi -stats ’, editing .

BASIC LV P RIc - 5 c -l i’sL I-’S

The Doppler p r inc ip le  is most commonly illustrated through the apparenst.
change in train whistle pitch as it passes by a stationary observer (i.e., a
frequency shift dc - c  to a moving object). Applied to laser beams , one fir’:si’ -
that the fre~ uency (or wavelength ) of scattered laser light fr-c--cs a rs ,nc’c- inr ’
target is sh i f ted  re la t ive  to the incident  frequency . This  s h i f t  is ‘ni’ :n ierc- ’ier nt

upon I c - S c -  in - - Sex oc -” refraction of the test medium , n; the wavelength of th e
inc iden t bears., A ; the  velocity of the target , I t ; and the collection anc- ,- ’ Ic’ - , c - ,
r e i c - c - t ’ ive to t i - n e  i nc iden t  d i rec t ion . Items such as inc iden t  p cswe- r , target si ne ,
and target :c -p t i c a i  propert ies  ( e . g . ,  index of refraction , shape) iri’l sne rmcc - e the
a” n l s i i tu d c ’  of the scat tered light , not the frequency shift. Since the t est
medium of interest is air at standard conditions, the index of refraction is
essentially constant with value n 1. It will be assumed constc-int- and no

further reference will be made to it.

The specific application of the Doppler principle to LV involves beatin g
(or he teror lyning ) two nc -irma] mc- to produce a signal wlt,ls fn’ ec jnmen i ’;,’ cor recl”c-nn ’s i n n s
to the s h i f t  o n l y .  In principle one could observe the frequency of ‘h-

scattered (reflected) light directly . In practice , th is ’s frequency is too hi ’!1
(a. i~ 15 i-lz) for most equipment to respond accurately; in addition , t i n c -  -“ :- , - n’ s :t—

sin c “ h a rn .c - ’c - in f r ’ r d - n e n : s ’ y  due to the velocity of the tn c - - n c -c t u-clad lye to thin

incident  f r ’ o i j n n e r n : ’y ( t- ,yp i ce -]  l y a maximum of l!’L O T )  is so :5ic - 1i 11 as to pre i’1 ‘n c - I ’-

u - ,L ”1 n c - a t, e r e s o l u t i o n  of 5 he data. i - l i  - s t  r i ca l ly, t i - n c’ f l u - s c - f , I n ’c h n i q u es  n c - t  i l l s ’ s ,

the sc’itt,ered I i’c-ht I n r c - - c- he r  with a small u- i - n c - u - t ic-n of t i - n i - I n : c i - ! e ’ ’ t t i g ) c - I (~~o
called f”  n-c - i - c - ’  beam” LV) .

- -~~~~~~~ - ‘~~~~~~~~~~~~~~~~~~~~~~~~~ -“‘ -~~~ ‘-‘ “ “ . - c- ’~~~~~~~ . - - - ’ ~~~~~ - ’- ’ - - - ~~ -



:h’i l ~ c - c - t ;r c - - i -i c - ,  nc - c - ~
c- - ! ‘‘ c- t i c -,n~

’s,c- are ic- c c - c - n t  :“c-b,c- : t: u-c c - ” -  n - n - c - - ’ ’ -  i - c c -c- c-’ , p r o c - i n ’
( -s’ . ’ ., l ’ i - c - Wn u - i c - i s  c- n c - rn : ,’ H c - m’ c -, n c - ’ l e n n ) ,  t i - ’O ’ ’ ,s’ ” - - ’ c-, c- r- c - c - c- u -cc -c - s “~c - r , ’ 1 i c - r~ I u- l u - F , c- c - n c-

- -  In ’ i ’ a’ s - nc- - c - c  on -  j uc - i l — : c a s  n - c 
~~~ -“ i - i t ’s  ‘‘ 5 ’, j ’i ,c-

. ~ ,. ‘ i ts: ‘ c - , s s s
,n c’it c n n - c -c- - I l i c - ’l , ’, i c-c- i” , l en t , ” : f’s” c-~ l in ’ i , t  i n c - c - c - i b m ’ t n - - c - ”  ‘ ‘~‘ - - n b ’ c -  “ c - l ’ c- , , ’ , c-c c - c - c - ,  S

• ~cc s c - c - c - i-n c- i- sc “ c l - - i - ,, - - c - ” ,’ , s i - n j  c- ’ t , I: u-’ c- - u- ’ ‘ - ‘ - i n - c - ’ , - . c- ‘ , c - ’ c -c-s- , c -’ ’ ‘ - c - s c -

- 
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A

x c - ,  ‘ - c -  “c- s s i - c s - a c - :  i n ,  u - i~~ ‘s,5 , i , c -  t ,I , e c- :n , n ’ ‘ -  ‘ ‘‘a - cc - n ,  - c - - -  l - e c - c- u-,s . bs ger , cc- n s ]  , ~ l , n:

ta c- ’r ’c- ’c- ‘ c - c I s c -  c - i t ’,’ u - i l l  n c - .  I,, ” irs  t i e - c - i c - -c - - ic -u - f - ; ,  :I’, ’ ,’~,’c-c - .  Plc - c u - e u - s - c - r e d  u -c o ot - i” ’,’ is
c- au- , ‘ ‘n’ , s’ m -au - ,’, i n  the  ij c-’~~~ - ” ’ --,n n c - r u - c - ,  ( i . e . , i s ,  ti-.e t I e - n . e  (‘i f ’  the  two beams,

c- I , ,Ian ~ t c -  t i ,~’ b i s e  “ “ “ c o f ’  ti ,e ‘u - c -  e css,s ) . c- 1c-se ’ielociu-y oomu -orc -erst of
c - l es c -c - c - ’.’b, ’ ’, i ,t’ - ’, ,,,”h a ‘ s s c - n ”  ‘.‘ol ,~’c-’c- ” , w h i t - i’s is the  ic -’s t e u - s e t - t i o c -  of

c - c - c -’ ‘
~~~ i ; , ,’ i , I ~~c - , f ,  i - c c- c -’,:, ‘c- ’, c- r ib  l ’ ’ n ~~ti. , -c-I , is  ss,easnur o ’:.

b, n o ’ ’ - :  u - : ’ i ,  nec -c -n c -n d to  th€ ’  c - a a l — , ’ ” c - t t , n- c - c - u - u - c -c - n c-”- - —
P l c : ’ , c - s c - ’ -~ ‘ s , ” c- c - k c- c - n - n  - c - ,  - c - c s - r e  in ,  i u - .  ( t )  of’ f 5 ‘c -p r o  t h ’~ sn a t t en i n ’ , ’

n - na t , - - c - ”  n , )  ; i n ” ~. ’ ‘ i n ’ . ;,;; s s c - ch  , ‘ , h~~ nec -’ I e c u - n a , ;  l igh t  nc - , i l- ’c - , t ’ s i’s u - n ’,, ’ I c  i s
u - s n , ;  c- ,’ I c - c -  u-. , ’:’ ‘ c - , ’ s”~~’, . “ - n ’ s , ‘,s of the  available e q uin m e r s t  ar -a c-n to- ad fe-o i l —
i’ , , Pc-a s c - - , s n i n - , i  s c - n ’  ‘ I , ”- -: i c - ’, o n ;l / n :c i : e  ra t io , the col lec t ion s o . i - ,I a r n g l e  b’ t n - I 1—

n- ‘ n , c- l”s ;’, ’na - , ,n rooss ible l o u - i n c - c -  a s c - f f ’i c i e n t i y  ic -c -u - ge ccl  l e c t i c - . g  l en ’,:,
- I ,  ,cs , :‘: i s  i n ,  c - - c -  ‘ - s n - - c - c -  of s ca t t e r ing  d i r ec t i on , the u-n-5~~i i t ,u n i e  of t h e  s ign a l

- , xe-ere p- i c - i c - s i b e , collection as close to the c - -c-ra e -r d  di rc ’s ” —
“ - ‘ i  ‘ ‘ c - , , c - - : • . ic- ’;i :e t i - n c  s ig rna , J , /no ise  ra t io .  Also , note c - n a t , for a

c- h ’ ’  f c - ’ : ’i - - ,n :mn cy_ ve loci ty  re la t ionsh ip  is l inear  ‘ c - c - n-si - I e p o r c - r i e n s t
1 - ’ c - c - t ’ ’ c- n , -~~~- (~ ar , c -y .

- ‘ :,‘: ,‘ ,~~ c- -c - c -’, .“ar,n not --iisting sc-ish between ±f ~ is Eq. ( 1)  ben ”a ’c - : c - e of ’ t i c-
t he  photomul t ip lier  used to convert  t h e  st-rot c - i n c - n c - - n

i i ’ n , c- i n : t o  - c - c - n ,  e , a c - ’  u - r i c u - i  s i g n a l  for subsequent p r o c es sin s .  As such , ~~~
- c- , ‘ t  c- - n - , “i n c - i sn a t , jj s t  i c - n n” A I s h  ve loc i ty  d i rec t ion  ( i . e . ,  + T ’ ~~ . For nui-’;” c- i o a t i c - c - s ; s  u - i c - :,

- - c-c- u - n ’  ,‘ n ” i ’ , e-j ]  , t n . i  s r e s t r ic t i o n  is severe . However , c - sr i- ike l i t - n t — w i  n - - c -c - c -cn n ; ’ t n t - c -  ,
~~

. -

- c-c c-nc -c-i - bc- , L’~’ ics  can be modified to ‘sh ow dir’c-cti c-rn c - c - - i - c -  F ’ -’t c - r r c - i n e n I
bc- i b - c -  n’a rc - gc ’ i - f  v e loc i t i e s.  By i n s s s t s n l i i n g  a Br -nag s ce l l  ~r n- s ins , ! 1— sr  In - ’  — 

— s i , i f t i r , g d e v i c e )  i c -c - to  one of the i n c i d e n t  l’-enc -’~- , ic - u- ac-nc -c-’ , en ’sgt c- ~~S

‘ ‘ t . ’s ’ s i n C i very 5lln ’:nt’IY . ‘Plc -c ’ net ;-esult is a i s c - i s u - ’ c - u - i” 1 - i- I cr  shi  c-
_ c- fr -c - ’  u - c’ s ’- -

‘,n’c - c - I c -”n ” i t ’ ,’; i . ”- ., I - : c - . ( ,,_ ) bn -’”' s’sn c-s’s’ ns

2 U S i n ( E ) /2 )
f D ~ B + ‘ ( 2 )

wi - s c -cs - c  1 5 ,  is the c - , ’eq mer’cs’~’ n ’n t t c ’ ~ t ’ -Sc -c t, is’ t i i~~ ~~~~~ c-”E” i I .  ‘b c- et ’f e s ’t , ~‘ n n n ’ s  b e  n ’ en ’n

in F i g .  36. lic - ’ ’c- t i c - c - ,  tne slope of Ic - i - ne  f i ’ f ” i - n i ’ - c - C y_ v e l : r i ’ y c a l , i l - n - c- ’i t  i on , n , I S

Ic-fin er ! 5,’



a t an ’
~ (2 Sin(e /2 ) 

) ( nc - )

E c - m s : i  is i m n ’ t e p e r c -  len t of’ the use of a Bragg cell . As m ent i o n e d  u- ’r -’vio’u c-nly ,
c - c -nc - l ess  t h e  n i  u - c - c - c c - i o n  can be i c - f e n n e l I ron: other sources , r i - c - e n, a u-,ea.: c-’s re-i
w i t h  no Brags f e l l , o rn i,y the veloci ty magnitsc- ste c e -nc - he calcc-J c - c - te d  from Fsi .  ( t ) .
W I : . ,  c-c- B ragg -Pc ” I , n c - a t e  ‘sisal  i-sc- c- ’re~~c -c -er .s’y—v r c -, - c - c i t y  c- ’eJ s c - t i - c - - c - c - s c - h i  p is unique for

“ ‘
~~c- the extent tha t Ca”’ c-

mn ’ ,r 1  n (aelocity ~~ ~ i i
0)  s-an ’s b c -c seiesst e-i  In ’ s  be less  th e- i s  ic - n.y vu - ’ a u - i c -  y s t nt i c i p a t e c -n .

!{3 ’,’l’Pc- FA’ l IlY LV 111 11-IT

PIn e ap o l h ic a t i on :  c - c - c -’ 1 ‘c- sc - er ’  ‘,‘elo- -ins, i :tm-v to  Sd is- -a c- t e n ’  f l o w  n,I o c n ,;n c-,’c -rn ta ’ , i”c- n-s
u-c I c - i r e d  s pec i a l  consi :nc ’r ation ;ss to  addres ’su- , f c -  ow and c” c - - c - cu -r i  c fea tures  pe t -c -l i a r
to t h e  i - , ’ - ,c-i I - - n” . lp c n ai f i c a i iy , the sys t on’ , had o,a j n C l ,c -cc -r  ( 1)  ;c - e r s s i r ,u- approxi —
u - n s c - t e i v  f i v e  feet  fr-ass , ‘tI e -op t i c s , ( 2 )  hackscat t e r  coi ,I e n ’t i an , ( 3 )  a r t i f i ci al
seed ing,  ( 5 )  ye n -c - cf t . di r e  cti on s e n s i t i v i t y, and cond i ti  anal c-sampl i r n r  u - e l  ‘-c-tivc
to rnst ’c-n’ posit,ion . I revious experience at UTEnI in afpny ing L’f techniques to
a sc - s o- -F e ] he i inr c-~j ’ter rotor (descr ibed in Ref .  I l)  was un - c - si  to c-ie c-.’eiop tI’, ’~ LV

- ‘ sy n nt ’ - - u - c -  and procedures for  t l :is  test pro grc -’ai :. Details of the : c -~’ s- n t e n s  used t ”
nacet the above r eqn, c -ir en ’e rc-ts for the hover test program are discosseni  in ‘c - in c
f o l lowing  paragraphs.

A general  v i n ~w of the optics :yc -’te r c - together with t c - lc - e seed-an t probes c- c- ’sl
the first—stage signal processing equipment are shown in Fig. 9. The optics ,
includin g tran smitt ing component s, collecting lens , laser head , c-s-c- si p c - c - c - f  - —

mul” iplier are shown mounted on a single—direction , remotely controlled tra—
versing system. This system had the capability for aligi’,irng the traversing
d i ne s -t i c -n  along the rocket trajectories. Two seedant probes are shown in -
lii’ . 9: one above the rotor plane which moved with the traversinc- ’- system , n-n- nI

one mounted in the vertical plane outside the wake (r = 1 . 1 ; ) ,  Each proi csc- I n n - - i

t wc- outlets to increase the seeding coverage while reducing the see-! exit
veloci~~i ;- ,ss from the probe. The electronic instrumentation shown in Fig. 9
were used to adjus t  the value of 

~B 
in Eq. (2) and to amp J i f ~r the s i gn - s c - i- l n e I o c -’n’

transmi ssion via cable to the control room. The model , i -s shown in the pos i t ion
used for w i n d  sensor measurements . (Th e model was ro tat ed  90 degrees for
n ’- ’ t -k ’- ’t, t rajec tory  measurements ’s.)

The LV opt ics  are shown in greater detail in Figs . 10 and 11. 1 1 g .  L
shows schematical ly  the LV optical nc -rr rc - n i ’c-m’rnt shown pinotograp hi cn -’c-~ ly ,i c - n
F i g .  10. The : au-er b c-ann - was e m i t t n ” - i  froc -sn the upper end of the laser head n c-c-
7s c - w n~ in these f s l c - c - n n ” c - s -. 1f t,er t i - c -c’ bean ’s was t i c - u - c - n c -  1 90 degrees with  n mi n” c - c -r ,
i t ,  “ ‘ nd , ’’re ’ l the t,r :i ,n’n c - -n c -c - c - j f l u - n c -  n i-”~.i is- s w i - n c - n ’,, - I n n ’  beam a c - nc - s  dc-i vi ded into I- u -’ I - nc - - ann -n ,

i - i s t ’ c - r ’ ’ i -  f , i - . r u - n s i r c - F n  c -c- ~~~~~~~~~ n e l l , c-in n I ’ ’ -s c - se w i t h  1 - I n c  I u - c - c - c - , ,n s’si t ,t i  rig Ic- m u- • The I m ’ ’ ’c-c -c -s ’S

-‘a_ n,, 

c-b 
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had a 55 c- sn-. c-c- ’n i c - u - n t  ion a the t r n c - r , s n c - n i t t i n ’n c -  lc-,’n, : and were fu ’c - c - sc - s~ c- 1600 c- n-c-c-,
( c -  I l n c c -n e c )  I ’ n - s ’ s  ‘-he i c -c - c - :  sur’f’ane . W i - t i - ’, the  c-c-

i-c- = 2 IA ] :’. , , n ’ : n f c c - n  t i - n ’ -  u -c - -r n - : ,
c - i , - ’  ‘.‘ e l n ’ c-’ I c - y c - i c - nc - c - ’  ‘s-c-s f cc- c - c - , —(c-I f t/ s e e  to iEO l ’t , ’sec . ‘.1, ’; u - i c c -  cc- ’ ~ n s ’ ’  v e l o c i t y
c-i’s.: ‘ c--c - c - e t c - n i- to sn-c-’”’t nc- ’rn ’ s i  r’-”, -c-n-,”- : of ’  ‘ n ’ , c - t  I n - n ’ . ‘n- or  u-cc- n - u - i n - c-il vet  “ “ I  t~,’ c - c - c-c - : 5 ’’’ —

n- c - n c - c - s  t ’rc- u- ‘ ‘ s s ’ c-,n ’n c - i i-’ , ‘he  , nc - u - c - ’est u - I  n - i c - i c - n c -  were c-c - n j  ‘- ,n ’ ’ ’ n i  ,wr , -,,- ’ c -n : c - a - ac-’ , t } . c c - ’’ ‘.

P c- s oc-n , c- c - ;-  the c- ’ .n’~~~”:~~’s of ~ - c  ‘e:s in 1c - , ,sad’ f v e  ‘c-’e], o ’i ty  ins  i c - c -  ib’’c - t . v e  - f
u - - s. ’] - . - cs ’ c - i s - ’  : c- so’: of i- ‘ c- c- a ‘sr c - p s  is c - c - s d  r e p or t  c - c -’ , ~ 1”  s i, ’sn o f ’  i-cs- u- c - 

- —

i c -p  w n n :  ‘hc-ic- ’scc ’ i ‘ “ ‘c -  n c - c - n c - n -  “ “ c - c -  n -c? V J 1 n c - c - c- i - nel l “n c-p c- en  cc - n -u - cr c - t i  o n .  c - c a~~” -n c
1] n ’ht c- ’ ,. ‘ c-c- I l - c - c - ’ ’, 15 1”' c - r n - c , : c - f  t ic -c ’ i - i  road ‘ c- c - k - c- c n s c a t t e r  -I i  np ” ’ i o n , .
I” c - ,:,kw c - c - ’ ; ,c - t - at ’ er nc’s. ; d i c t a t ed  by u - c - ,” u - n - r o t e — c  c -c- t m ,  n c n j  c - i  n ’cn ,en c- t for tec ’ b., .

Ic ‘ c - i n c - n c -  c - f t  axis  cc ;c-ce.i u - i.e e f f e c t i v e  m e a su r i n g  ‘,‘Cj c-,ssC (“ c r ’be ’’ ,c- ,.. csc-, - ” ) t,.c-

~‘nrc- ac-”c--’ fc- ’a~ ]e size (ar i n-’ c- nc - Ic- c-ac - et y 0.05 inches in diameter by 0.10 trcsnen 1’ c - n) .
:~~, c - - - r u - I l e  ‘‘ c - - i  1 1 , -In - ” we- s r ed in c-c - n ’ t. cd h-c a ns.inn’- n “a focus  on the p l c - c t ’ s-: . ’ ‘i 
t t c - c u -* lc -- , c- . ‘l’he c-’’c- ] I”  ‘~~ I I c c - n :  had a c- ’ - ir i c - s t - I’, “a i ’c-,c--’eter c - sc - , .- 2 - -  i c - c -c-- i ,
1 , n , , t i- , . n c-c - - ’n ; f ’ i ’a d i o ’, c - f  n .e col’L ’ - , ’ c - c - l .’cs, - ~~ i n n s  w’s: ‘n n ’ s r ( n s ls c - ,r, ’ -- , ’,’ . n- .

Is i s  of t- -c - , ‘ c- , e s- - i . e  u- i’ ; , c- c - c-’ I , ’- ’ ac-~~I i n r’ ’ ion , c is c - na I l s , , - wo: nf’
~~~ c -’ in-,t- i n - n c ’ —

e,ce f- n’ “I , ’’ ‘ c - n - r ’ - ’n c -  u- ‘ n c-!’31-. LV is a t e c ? ,n i  ‘ c - n c- c’ u - h i t - ? ,  nnc-eas~~u-cc- , t he  u-c a t - i  -
of 1- c - u - t i  d e s , c - , - ‘sic u-nc l e t - - n] c - c - s .  Au - s u c i - , ,  i.e n’ c-r i I d e s  n-, ~: 

- ‘ - c- , ‘n o ’c - o t ’ ’  -1 , ’ ’ !” ’
tI c” “ c-nc-u- v e i o c i”j e : c -  “ c-c- l,’ - c-’ l i- u - e l i - u - n .e r’n c - c n ,Y’s. Artificial u - e c -’ :in c -’- u--c- , ’ 1 - , ’ c - -  —

c - c - c l  i n t o  the f l - -a’ i - a t ; nc - ,  s i n - n i - c - n c  t i - c - ’  t,wo c-nb’ ’-: : }, oarn in 5], ’- . ‘. i’ n ’c - s i ’ i ’ c - , i c - ,c ’

of ’ ic -c c- i- i’c-’ ;-es u- c - u -  h- ’; u - e c -’n c - s n ’ ’ :  a ,  “ : of fad u- c-ri- c-c- n sa ’ i zat i c-n c , lc-~’u- t I ’ as nc- c-c-c -’ I

‘ c- i l  - ‘ s’ - ‘,. ad c- i c -c - I :  ‘ n ’’ n ’ u i -  c - c -  c-c- c-i- I a - 1, ” t i c-u at sc-;,p gi ‘c-c -c -c -c- c -c- ’ a,c -’ c-r ,  -s n - - ‘ ‘ po ll ;, ’.. ‘I’S IS
is  I c - n c -  c - c  i l r i r ’l y  i n ss : ’c-r ’’c -n , c- for  t I c -c  c- ’c - ; ’ c - ’ c -’ c - , t c - i - t i c - c - s n - i o n .  At  n-c-cs, 1 , ’ l : n c- c - i ’ c - . n n  c- i , ”
c - ,  a’ s-c-n “ crc -c -c -c-’ - ’ I ‘ n c -n n t n i b s a ’s I c -n , :  f rom soc-n , ’7’ sources;  f e - t I c - n r c  ‘tc - n. :n-” n -a l l  s ‘ .‘ ‘ ‘ -  - I -
a’ :: ’, c - n ” ’ ’ ] ;  Ie ‘c - , ’ ’  s n - c - c - ’ -  c -’ c-c-c-’~~1l c -n ’ of ’ a 5 ”  c-- ’ ’ l ’ c - r ’ j tj es  at “ h e  nc-,ear ’ , r c - - n - ’-’b’ l u - n - a d  c- n ,

- - ‘in;  n ’ s  i - ,: i n , c - ’ I - i a :  to c - n c ’  c- ’e c- ’n ;’ ts - n s i o n  l u - u - t I I ’’ ° n nic nc-’ ’i ’ n ,  - s c - - c- l I e
“ ‘ ] c r n c - i - -’ n l ’  -c - ” r c - n s s ’ t i c ] , e s  were  set -n ’ ’ ’ - ;  fo r ‘ ‘ c - ’ - b c - .  . l i s ’-’:c-’ cc c -e  Inc - n. ’ ‘ c - n -c - i ’ ’] ’ ; :

‘ I , ” ” I ’ c- ’ - , c - n ’ ’ c - c - c c - c c - i’ a c- ’elat ively . . ‘,c - i - n r n s i t , ( 0 . 1 5  g,” c c ) .  As s- cc - n ,  c- n d ; ’
l ’ ; ’ - -r s ize ( c - u - c - u - a g e  - l j ’ c-c--c- s c - t e u -  of 0. 0017 i c-c- nbc - c - - c - c -) d l ;  n c -  t precc- ni ’ th n ’-ir fc-ilow~
I c - n o  ad. - c- ’ , c- a ccura te ly . P’},(’ , ‘ c- ,;’ , ’cr ’ ; c -j d , e  wa s i - , n a ] s ” f u i  i n .  “ c - - i n c - i  n c - t n , , ’ c - i - c- S t , ’ c - , c- n t  /

‘i sc-e “n c - i c -  ‘cs ven the nc- c - sc - c - I l  c o l l e c - t i  ~n c - s c c - l i d  c - n , ’ ’ ’ j s”c-” c- . n i’ l ‘n ’ :  c- ’ , m , c ’c :s- c - ’ c- - f
‘ -s c- i n , ;  at large n t s t c -’inre :  t i-c-u--. + - , c - -  coll” n ’t i o n  “' c - s .  - n - ’ d e s u--c - c  in , ’ ’ ”. :
L v ‘as i s . - — - c- .i- u - n ’ :  u -ed ac-i ‘- c- sn - s- si  n c - c -  t , l n n c c - u ,’h ‘a f l u - i  i i  u-c” I F’~

, n, :c ” n c c - r  . l- ” ’c - c - s -’ n ; ’ e s ’ n - c - c - c- :
at n h ”  u-ee i ’anc - t, c-c- n - c - h ; ’  exit: u - i ’ ] ;  c - i - c  seeder , ; ‘ ‘ i - c c- ’’; ’ i n , , ’ n-.’ ‘ - - ‘ c -  ‘ c - n l i t b n ’n c -r u - i ,c-w c ’d
t i - c- c’ n - c - u - t i d e v e l o t - i c - l e s  tr  be less c - n e - c - c -  c - c - n e  f t / s e c .  TL h,,’ ’s- c - ,  c - ,~’’ esc” c- rv n” i v ” s ,
c- i - n ’ , ’ tic -c .‘c -c ’ c l i r ap  c-c - i s ’ b e i n ;r -  n ; ; n - ” - s c -  ‘cc- I in  es s c - -m n ’ c-’ ’ i i l y  ‘c-mn - n i n - a i r - ; l’i;’gc : ‘ n c - - c- n —

‘c- i c’ “x i t  vr ’ i c - o i ”,ies wou l I i n ; ’u - e c - c - ,-e the i- u - s c - i - n a ;  i l i 1; of ‘ - ‘ ‘ n i c - c - i n - c - s i n g  t i - s ; ’c - . n c - , ” i - c-

‘ in - c -  i c - i  c c - -  c-sc-s t t n - ’~n ’k I m g t i - c ’  I “ “c - i l I” - n w  ‘ ‘ ‘ ‘ c - c- n’ s ’” :- - . •- ‘- 
- 

- _c - f  i - c - c ’  j c - c - c - c -  i - ‘ - ‘ - .c- i -n b
t s ’- n~~k t I c-- ‘ -n c ’ ic - - c- c lance ‘,‘ c ’ n o n i ’ n-’ r ;r s i i i ; ’ ec -’ t i - ’ n n  c- ’ S ’ c - u - . ” c- , c- . ‘The I c - i ’ ” . - c - n n ’t c- —

les wc n i  I c - i  ‘ - ‘ii u - c - u - :  i- c - so , however .  i -o n - f  n c - nc - sc - ! ’  - - p i n i-sc’:e i n . . - t sc -c -n -c’: , I c - c  ‘I

Inc -r’ g e ‘n n ’ t icle  ‘cc Ir e -i  ‘ ies u - c c - c  - - i -  c - i  te ‘ i i  ‘ ‘ I c - u - c u - s t  fr ,c-y’- - I n - 5’i,5 c - n  1cc-r i i c-sn’s . 
-

-

C c - n  ‘ ‘ I t s ” ’, l’ s’ c-c- he n -c -’ ;— ’’ n , i n ” n ’ c. n: n , ‘ r : n n  ler  i - i n -t i , ’- i c-.’)  u- nd ‘c-’c’;’ c - - i f s : , ’s,m’ , i n ’ n ; I ; n ’ I c - , - ’
i n - f r 1  i ’ l l  t i c - c’.
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1 , 1’ DATA i ” R n I I , l l c - ’ I s l l I N O

LV -,Iata acre  proce ssed ut i l i zin g a single realization couritc--r e n - n c - see ’’ I
d i r e c t l y  to an o n— i - i n c  Si c -i f l / i D  connputer (Figs . 12 an-si 13). The co’ur.n-ec-’/

-
, - ‘s -- c- s o n’ pe;’!’c- ‘u - nc - c -cc- -si several tasks on the p h o t o n c - s c - c - J  t i - pt  ic ’n— .c- i , ’n c - mi • “i-c-c ’ - ad’’c- ‘ n-

u- c- al t  i t i e r  s i gna l  (I ’ 1g. 3’(a) has a d a n a s c - c - i a n  shape bec ;c-c-as ,c-- of tl,c- lu- s c - u - I a ;, ‘,“aI’i —
a u - i n  c- c- f t , I ,c  m c i - f e c - i t i n t e r c - :n i t y  across the ‘beam cross— ,’c””t i n-n c-: • ‘c - c - of. i - a ;  ‘.1 -ale
n’c- e nn eu -stteu a si c - c -,i I ’ m  u - i - i - c - u - n c - i. As tr e’ volta,c-- exceeds a preset tn’ig,c-er level

I ‘u - i c - n ;  discr ic-c-si nation Ic- n- - c - c -~ n - c - c - - -  b c -  ‘k c - : u -c - s.c - - i  e ’ ;“ c - t u - cc - c - : I c  n - a i c - n e )  , the signc-ac - is
p u-’,c- ,-ecse,I  in ti-a ’:’ counter .  In addi t ion to bn -c-n dc-c-a s- ’s f i l t c ’r i r n c - -’ a n . I u - nc - c - l i  fy i n~;
t c -  e input s it -n a ]  ( I - i ; .  37 ’ls), the processor ‘ice: a vast I ‘l i , t n - ’ check  ‘ac - c - the I c - i -n i - i c r
frequency sacogles c- u-sync - i n d iv i lu e -  j ,— a r t  i c -n l e s .  i c- r ’ i e fl p ,  ‘ ws ,s 12 5 I - Li z c lc - c c - c }’, , c -  au-c;

u - u - c - a - s d  f ’y the u - c o n - n a  ti’l;c-cei ’ . c- c - s e , so uc - , L.s f i ve  zero c -r c : : i r n g s ; ~d n n -~ c - s i - c - - u -  n ’: , u - n s t~~
e i c -c - i - :’s zero c- :rossi  r,c-’ s . The imes  are n ’ ,” c - c - n ii r c c - - ’n t o  u -gr c - c- (c - n - c - il t i p s . led  “ c -f - i - - r cpr - i—
u-tel l,’ by t i - n e  c-’c - ’ t , . r 8/ 5)  u- c - c - s i n ;  a preset  t : n t , er -’ic-see. Fou - the l:c”ier ~ , :‘:t u - , ‘c - c
‘ c - c - c -r’ c -c- c -.-c -s ;c - in it was required to Inc - s u-I t i - n  i n ,  1.5 t c -c,’r ,c - c c - , ’ . This; c - c - li i -n c - I I ac -c - i n c - n - c -  c - u -” , : n -c - at
dana is c-tcn ’~uired fr - cc -c - c - a s ingle  n c - a r t i c l e  (one par t ic le  sc - s. c-c- t ins: ” ') .  V a l i d
c - i c - c - c - c - c - I ce-re tr ’c -n c - sn ss i t t e - I  d ig i ta l l y  t ’c -  the Soc-Ic l c - ;r s tu -oI  l n t e rf ’ an ,’ n -  ( P c - , ’. 12) .

The I - Ic - c - n i - c  - 1 c c - t n - n c - i  I n t e r f ac e  ( u -I c :)  has two p n i c - c - a ry  :‘nar: nc - t i cc - nc - c - sc -. The f i r st ,  is
to t ak e  u - h- c -  processor ou tPu t  s ignal ,  and i c - n r c - u t  it to t in e computc s- ’s’. I’m c-n d ’S t c - i  c - - n ’s ,
i c - u -  cc - - ’i - ; val i,I  sac-- c - c - D ie, the in te r face  has the capability to read t h e  sample
arrival tine relative to some external, c-c-;arker. For the present i-c-over t es ts ,
t i - c  exterc -c-”c-i marker was generated by a once/revol c-c-ticn inducticc - : p i c k u~’
a t tached to the ;- ‘c-t or shaf t . This oer ;s;itted all velocity mc - :easurements “ a be
related in t ime c - c  rn tor  ij iade a z im u t h  posi t ion , ~~ The once/revol , ’c-i t i - .- n s  s i c - c - c - nc - c - I
was c c-r nver t - r  ,I to an acceptable  pulse u t i l i z i n g  tic-c- Pu l se  Detect -c- -c- ’ c-sri the console
and c-c-c -u to th e  1111. The “clock ” actually counts pulses from an i n c - t e r n - c-c ’ ] f re—
q c - i n c - r ’c-cy generator.  The 1-151 can accurate~ y t ic - c - c - ’  flows w i t h  per iods  rn c - n , c - i  t n ”  I u-cc-s
2,00 ~seconds up to 60 seconds . Al t ic -ani c --Ic- the 511 can acc-’oc-r ,ns c - s iat ” th ree  p c - ’ o c - ”' s—

sor signals simultaneously , additional computer interfac i n’s c- ’ is required. ‘u-isis

har dware is currently under con st ruc t ion  at IJT I ’lC , but the hove r test, s were
l im i t e d  to -a single channel (one velocity component measurement ac-, a t i n - n ’ s - ) .

Hel icopter  LV data is most valuable when present c’ t relative tc - c - i c - i v i n u - c c - - u -
orientation. For this test , data were repeatedly acquired for t w e n t y  t j c- ’ - ’
i nc remern t - c - ; per each rotor revolution . Each t ime inc r o r ’ s cc - c -t  corresponded ~ c- 18

“le ; c - r c? enc -  of bl ade azim ut h t n - au -n i (Ac -i c - ) and was ; appropr iat e ly  rel at,’ ’- i- nc - c - t i n , ,  u- - c - o n -
azimuth ret ’c”r c -’ rnce ( p  = 0 ) which  C ’ c - n r r c ” s n n - - c - n n ’ I c -,- , I t o  a h i  ‘ dc” az i n ;t h  i - n n ’. c - : I l s  a c - c - c - i  n c -v e r

the tai L of the model helicc’s-l,cr.

‘lin e c c - n c - n p n ; t ,’c-c- r was u c - ; c ’ n i  1,0 or ganiz e f ,]a , n I c - c - t~~ - c - c - ,  d - s c - I  ruliat .c’ t .he c - e m ’  u-c c-I c - r i  Y

~
. , f o r  each i - n i - s c - d c  nc- ;’, jm u ’ I n  s c ’ n ’c - s ; ’ - ’r l t , t n ’~’ 1 mc - : :  n- c - a l - i t ’ d  c - c ’  ca ’? of t i - n c  .10 bI “n d ’

rc- o c - ; i t i o c - . n c -, ‘
~

c- , .  Al so cn c- ]cmiI ,n -t ,c- c- 1 wcc-’n ,’ th’’ c- v n ’ u - ’ A , l t, i - c - ”’ c- — ’ c - V c - n ’ c - c -’n,’, i  velocity , v ,

and ‘I-I value I ’ s n n -  i - b ? :  aL l  - J n c -~ c- i r r. ’ n c - ; ’c - ’ c ’ t i v ’ ’  o f  n - c - 1- - -r  p o : i ’ i - - c -  i c - n i  u- i n ’l ; t  l u - n c -

t ,~~’.- si t ’ ‘c- for en - c -c - :’?; a:’. i - n i n t h  n s c ~nc -n’s n~c- s t c i -  m u - c - ]  1’,’ ( c - c - , c - c - n , ; u - ’  LOS’ i n _ c - s t  - n - c - s i  “ ‘ :, ‘s c- c- TI ’ i n c - c - n  (‘c-c-

t i c - n ’  ; n ,’ c ’ n - s t ]  1. I i mc— .”I ’ i - c - r s ;. ’c ’ )  • i - f  ‘ c - n ’ ? ,  c - i z i m u c -  i - n  u -c ’; ’c- c - n , - m n t  l ’ s’? ‘h e  c- arc-c ’ c - s t - n - ?  ‘ i ’

IL ,c- c-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



u-n ” oci t y  samp les  ( c e ed a n t  i- c - u - t i - c l  c-- s ) , the u-’ overall u - i  c - c - ic ’ — i c - ’ ir - u - c - c -, ‘ c c - c - i  u - s c -  n c - c -
u-c - - s c - I d  c-a,c -u - ee.  The vel ocity cm l  cc- c- I nations are described lu -n grc- nc-t,,,’r ‘f et a l  Ii i - n -  I ‘cc .

l i - c - n’ c - c - u - c - n c - l i  n-i c - c - s i  words !‘u-orc -s c c - c - a c - i - ;  va l id  nc - sc - u - s i -. c- e , Doppler per’ i c - c -  : and c-’ c-~~
’ t ’ I via l

u - I n n - c - , n a n - n ” I c - n i - c -  c- c- ‘ n ’ , i  j c - , T c- t i - n e  - c - s m n c - p u t e r  t c - ; c - t ’I ’ n - n ’ . ‘I c - c - cc - ’  J n x ’ c -c- ’r c - c-c-c -s ca lcula tes  the ‘ c- - c ’
] ’ ’ -  —

i t ’ . c - c - c - n i -  -a t  c - c - I  c -c c - s  i t, i - f l  ‘ i - n e  c - c - i -  i - c - r o T c - u - l u - t n -  
~~

‘
~

c- i- - J CTt I , l  cc-c-: • i-c c - c - s c ’ c - s t  I c - n c - c - c ’ ’ ?  above , ‘c - I ’ .
• i c - c- c - c - ,‘ n,’ c- ’c - ’ , n ‘ c - n t ,  o f ’  t i - n e  blade ~6O0 ac - ’ i r c - s n u - ? n  c - , u - c - ’j v c” l  , and t,w c - c - c- cc-’ c - n c” ( ‘ 7 c - ; n c - n t c - c -  u - c - - n ’ - n c - c - ’ ’

• , ,‘, ni .
i- i8~~). For ‘:1 , 1 s c - n ’ c- P u - s e c - s t  , c- - i - c - n , - nc - n c- ic -na ‘,‘ ‘. - jo c l t c - ’

= ‘~‘T ~ V j  ~~~~ 
(~~

: 4  ‘c-” 5 c- ’ ‘- - ‘ ‘ —c - n - c r c - n—s  ‘i - n, c - s m n ’ e  ‘c c - i c c - c c -  :- -

I N 1 — 2V2v 1 =y-~
—- ~ ( V j ( 1~~~i j ) _  v 1) ~5 )

u - c - - n - - c -  c- ’ s s ? c - - n ; , ’ c t c - ’ c - ; .  he n c - c ”  the act ;ia t c - , ac c - ,h c’c  of nc -ee dant  p c - c - n - t i d e : sc-np I c-’s c- u-

c - i _ n -  i _ I s  , n n n ’ m su -’ c - s t  ( u - v t  ‘i c - n c - c - i  i y ,  2 5) .  A t ’t , c ’u -  t i - s n ’  v i  c- c-r ’ c -  cc - c - l cu l a t ’c -d t i - , ”.’ oven -a l . ’. t i c - n , ’- —
vc atcc - c -l tIc-’

— I 20 — c- i’ )
V j ’5’ 

~ 
V 1

i~~I

a’m, c- C c - L i  - .‘~~~ at , c - c- - n .  c- c - m t  c-~ “ ‘ . :tputs include ;i  I~~ , ‘c - i - ,  and v i -  c - n c - n ’  - ‘abs of tic - c - - u - c -’- : , ’

u - c - - c c - rn ’s , t . c- as west 1 as u - I n c  ‘c- ’ - u - n 1 1 t l m n n ’ — s c -veu -a~c-e u - s c - n  ues • ‘I ’i-;c more : c - , c c - ; n ” ’l n n n ’ c - dc - . ]

t i c - ’, c— sc - veu - sc-c e y e ]  -f tp , ~ , 01 ’ c - q .  (;.) waS used f - u -  the ‘ i c - c - i - c - n ,  i - c -n ’-: ’- e n t c i  ; c ’c - n - ’ ’ i i - ; .

c-’U, l data samples ( “ ‘ ° f ” I ’c-
~ 

en -  per iod u - nc - i -  a rr ival  t i n e ) w’. ’n~c-c- c- toned ‘ m n  “ c - c - c u - n -  “c - t , c

u - c - n :  c c - c - c -  (i  in s ,  i S  u-n o  1 i - )  I c - c - ’  subsequent editing. Two main  sources of c - n c - c - c - c - c ’ - c - - c - —

c-ic-ic l u -t a  are n cr -a s  i c - c - n c - s c - c -  ly i npu t t ed  inc - c- a t i - n c -  c. c - - i - c - s c - I  nc- i’ . The i’i rst l c - ’ n s c - c-ip l en
i- c- ’ ; - r , c - a u - c - ,  i c- I c c - c -  ‘c - c - c -c -  c-ac c n u - s ’s t e ly  t r a c k i n c -’ the 11 naw . Au - m n c ” n n t , i  oned p u - i c - v i  c - - n ; : -  i-p , t i - s c -c-
u-ide range ic-c- part i c-Ic sic -c-en : (especially wi -ti -c- some c - b d , ’ ’ m c - c - ’ c - c - n n t i c - c - n) n e c - c - u i - i c - n  i n .
- n n ’ - ’ n , c -j on a i  i - -m i- c- ;anp ies ( n i c - s c - c - s i n 1y . 1 c c - n c - ;  c - D c - i s  10 p c -u - c - c -cc -I of I - i c - n ’  t, n , c- c - n ’ s c - a rc - i - c - r n’ c - f ’

S c-c-al - o n )  . Since t, i - 5 c- , c- , I measures only i - ” i - I . i c I i -  c-” ' l ocj  I V , i t  n c - c - n c - s c - -  ‘I - i i  s t i  ngUi s? n
b c ’ t , w c ’ c n c -  i- c-a r ti c l e s  Ic- n ,  i- i c - w i  ng or c - c t ,  fo i l  owing t i - n ’ ’  ‘ I c - c -  a’. Also , w i t  i- c- n c - c - ny  n ’ n c —

t , t - c - n ,  i-c c - n y u - t e n - ,, occasional  sample :: ‘ n _ c- n - n the noic -c-e .s i g m n c - n , i wi l l  ic - t ’  val ida ted  anc-i
i n p u t t e n i  u - : t he  - c - , n - c - ’ ; ; t c c - r .

- c -n + a cdii  i c - c - ,’ u - c - c -c - n  “ n c -I: I n s n ’ t , ’ ’ni t n  n’ ;” i ’sc -c - c-,”’ t i - n n ” cc 1 ; n : n c - ’c ’ ~‘ c - c -~~’ 1c ’  c - s c - u - c - ! c -  I “ - c - c -  • I ’d  i t  i c - n ’
W’ n , ’ ‘ - r ’ c - ’ c- c- rmec - l  c - c - c -, s’+ I n c - c c - ’  t ime c - n o  as not c- c- c - c-5 c- ’i,c- c - - i - n c ’  n i - c - i c- c-i a c q u i c - n i t  ion j ” i ’n gu-ci3c-’s .

i-o r c c - c - c -’ i i  i- c-
’ - n c - I - n c-n - - ‘ c - - c c - , t , . ‘ - . - , c - c - h i  c - ; t c -  ‘ ‘ ro sa (p1- ’ c - . of c - n c - u n - I c - e n ’  c - c - c -’ sn~c -u -p le : :  V ;  • ‘c-u- ]:‘c-’—
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accurately re flect. the airflow velocity , the  unaccep tab l  c-c- samples w i l l  u-cc-’
t’it ‘,c-l ti -,’iri the i c - i , :t c -’n,’cr-”sc-c-,, ‘i’he operator instructs the ‘ n c - c - s i -c - c- u - er  I, cn ignore t i - c - c - s e
,nc - c - 1 c - n [ ’ n  c - c - c - c -  and c- c - i c - cdi t e l  c- c - c t of i’c” su lt . s nc - n -c calculated. For f-otnc-r” u-c- f e n - c ,n ’, -e , t i - n - -
edited, and the wc - “ c - i - i-ted re c - n n , ’it s  arc’ printed as outputs .

1” - -c -r’  c - . f c - e  i - s c -  c - v a r ’  D e c - c - u -, ti ;e velon c - l I sp c - c - c - - ! ’ s j c -o mnen t  V
ZT , Pc ndin c - , sir t, c- t i c - c

r’ n c - ’in c- c - p . t~~ c - c - , c ’ , ’ ‘u - ’ ’  wsa:’n the i - m i  u -nary  n s c - enas ur cne c -’c- t • For selected c c - c - s c - c - c ,  irc - c I ud imc - c-

u - c - c -; i , sc - c - n c - :n , u -  ,. c- . - u -~ I :an;,; ) u - inns  cc - ti - c - c - ar v e l o c i t y  components were mn - c - ac - c - ac - a’ , ‘I c -y’j’i Ca . ] ly
500 sc-t in -p ies were t nic -n - €’n fcc- u- ‘c-na c - h  1 c c - c - c - c - t i c - n / f  - ow c o n d i t i - c - m ’ c- c-c c-nc-ic- c- n c - c - t i ‘nc - c -. A ccs;inn,i,y’i

i s  , f c - r c - c - ’ c - ; , n e m s t  n c - n - a c - c -  I c - a c - s a l  tc -. s n - I n n s  c- n c - n c - n e  leve l and ns ’c - c - c - ,1c-c-C!’ n -c - f  ‘ s c - c - c - m,r l e s s : c-i ns t u r b ’ n l e m i c n c -  
-c

i c - u - c c - c - c - si c - p  i - c ’ c ,” - - - c - , ’ ’ , ,  ‘ac -n i- n c- Or c - c - n c - c - c - i - c -eu - of u - r ’ss;i- ’c - l e : ;  i c - c - n r’€ ’c -anc -c - -c , a- ’curo c -v is ic - c- c
,\c’ c- ’s : c- ’ac’c i -s a c - n c - c - c -c- 1 j  ‘ c - c - c - i nc - i -  i - i c -  n- c-u -n c - s aT ’ n c - u - c - c - n - c - c - a c -c e r ror .  l ’ n -clc- ab i . cc- e rror is
.ic - ’ T i  n c - c c - ;  as the  em ’ u-c- c- c-’ i - - n c - n c - n i  ic - u - c - c - s c - c - c - i  the u - r u n -  vs :i .lue w i t h  a c - s  w h i c h  68 l c - ’,’- c - ’ c c - : ’ c - c -t , 01’ t i -ne
s c- c-at i . c - t i-cal r - :;u lt :s u- ’ nc -,a ’ -j Ic- I , c-c-ftc-am II n s c -’tn ’ c -jnl e .s . . c - p c - :c - ’ i i i c alIl :n ’ , fcc -’ ti-c-c c- c -n e c - sc - ;
va lue ,

~ (m e a s ) — v 1 (t rue ) / V
i
i ~ I

( 7 )
v 1( t r ue )  

“ 
V1 /-i~-;-

anal n’d ’c - r  the i-I’ll vaLue

v~ (meas ) — v~ ( t rue )  I I
N ’  I ( 8 )

v 1 (t ru e )  I

The r igh t—ic -and side of ( , c - )  and (8)  represent  the probable errors ; again , c h i n - c -

mean s that 68 pe r cent of the t im e repeate d se ts of N 1 sc-c-c-c-pl c-sc - at cc -n c lorati’.c- r n

would result in ( 7 )  arc-sI (8 )  being satisfied. For the i - c - cc - u - er test , the I’u-c-c-bin tn .e

error for the mean ve loc i t i e s  at any ,;egment A~c - 1 , from ( 7 ) ,  ran ged from 1 pc-- c - c -’—

cent i’or low turbul ence—high sample segments I c c -  20 percent for high t ‘nrl c - n n ’S’c-c-ce—

low sample segments. The probable error for most of the segments u-ac nc- -nc - ’  t i - c - ’.”

lower limit of the range. This j~ ev ident in the repeatability of the nIat;’n

in F ig .  39 ( t o  be d i s c u s s e d ) .  Based upon (8) , the pu -c ’bnl ’n ] e  error in  RNS w n c - :

typical],y 15 percent  or h igher ;  thus  any IIMI results a c - c  p r c n a e c - s t c d  c - ’ m i l y  to
indicate  t , r r ’c - ; c -, ls  ( i . e .  , high or stow f l u c t u a t i o n s)  and c - i n - n c - I c -  c - s c - i  iso nc-ke n c- s c - ;

absolute h i-il ] p ro f i l e s .  It ,  wil l  be showrn that ,  the pc-n ’m n c -”- -. l u - c c - c - -’ n sc - , c - I c - i  i t y  of c- in c

t , i m e— n , v c - ’ r ’ s i c - c - c - ”n i  f l ow ve loc i ty  data was wi thin approximate ly  3 c- c- i - - n - n -
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/ 1 ’ ,’; VELOCITY ( LASER VEIc-OCIi - 1ETER) I)A’ A

I c - c - th is c-cc-- c -, i - o r , , t ; ,c laser veloc i c-n-etc-u- data is presented c-c- n - c - cc-c-c-c-pu-u-cc- c- cc-c-

c-’ - . c- c-s c - n t tu -c-t ,~ecc - ‘ ‘u-Ic’ and wind  sensor loca tin ,r c - s .  c - c -u- c - c - nc - c ” t a t ’ i - c - n -  of the LV ‘i - c - c - t n - c - i c - s

i- c-” -” c - e u  by t n s c - n -  f o l l o w i n g  - i - e u - c - s r i  ‘u - i o n  of the c - i n - n w  ve loci ty  scal i c - c - n’ c - c - r ”c -c c- ,  c- - c - r e
appl i e  i- t”  t i-c- c-n c-’ , c - c - ’i - c c - l  ‘ c - c- ’ data to u -u - a r c-s Cc-c-c -c-s ti-c-c’ c - i - a u - c - ; t o  be re c - ’u - es’ c - e rs t sc-tive of
c- c - I c -eu - c- c -’ i~. nrc - a  , N r c - u - e r ’  c- .’ ’ : c - c - c -  c - i  u- ion of the Ic-c-I I—sca l e c - i l l — I  G .

I’ l’.’ ’’I’ , dc-- ’ ’i- ’i’Y ,‘c-

,‘c- c - n c - - c c - c - c - c -  i c - - c -c -c - c- c - c - a u - i  i ‘ n ’ , u - I c - c  nc - so c - el  rotor t i p  c - c - c - c e  ( l p’ c-’ fps ) was t w o — u - l i-u-
of t i - c - c’ f - c - n i I—scale ~‘c - i ] l d  v u - l n ; e  ( “ l ~(c- f tc ) .  ic - s or c-er  to u - - u - n c - c - c c - n c -  f l o w  veloci tl ;

c- c- ’ a c- ’ n c - c - ” r e ,c- e c - c - t  ‘nti ye of c - t i ,  c- — s n c c - c -] c- c- ‘,‘c - c - Iu e s , c - npc - ’c - r’ . c - c - l n r I c --at e  veloci ty  scale fac-~ On - n - s
c-c-sc -c - r c a  c - c - c - u - -I i c - _ c - .

‘c -c - c  n ’ c - r n , c - c - c - c -’ , n ’ r c - a ,c-a l relation used for sn - c -c-I in g is the  fDl l owinc -c - c -  ( c - c - I c - s c - c - u - i o n  Ccc-

the ‘c-c - s i fo rm i c - c - - c - n c - n - e d  ve loc i t y at a i c -n c -cc -r im ; ,”, ro tor  based on nc orc -se c-c-tc- n nrn principles:

V t mom
_
~

’lR(~~~) ( c - )

i” q; ; a t i c - ’c - n -  ( ) )  indicates that the  induced f low velocity is Tc - ’ e pc-r t i o n a l  I s -
rotor t i i- . speed and c - h e  sa luare—root  of the thrust cc-elfin-ftc-at. A velocity
c- c- c rc -i -c  factor , defined in i - c - i - . (~ o ~, u -a c -n c - ti- ’c- ’,i Ec-’ ‘c-f c - c - l i e d  t c t i - s e  c - i c - c -c-I ‘a .

(~~R)2 / 
(c 1)2 \~I /’2 1]Q )v2 4v elo c it y scale f actor ] v 1 (DR) ~, (C1) 1 ) V 1

The n nno c - ,i - eI ,  LV data for the reference rotor , isolat ed rotor , c-c- sc -n -i -i- fled n r c - c - c - c - U i - - p.
and i n — g r o u n d — e f f e c t  confi n ’ c - s u - a t i o n n’c - /c o n d i t io n s  were scaled to tine f c c - I l — s c a l e
tip speed with a Velocity Scale Factor of 1.5. i-br consic-st cnsc~,’ and purposes
of comparison , the model LV data for the modified thu -ic-st coefficient and u - s o c - i - i —
fienl tip speed cn n-i -itionn c- were also c - n”nled to the re fe rence  f u l l — s c a l e  r c -- r c - c -’i i —

tiomn representic-’nrc - tine AN— ] (I gross weight c- in n - i operac - i ‘c- n c - c -  I t c - p  n - -p e e - i - . ‘ l i i i  S

permit t c - n c - i -  a check on the scall i ng  procedure t h r o u g h  direct cr c-c -nc -I c - u - ri- nc-on of v e ln ’n c i I  I”
p l c - I c - s n . f t  n c - i n c - n i  I c - i -  be u - ecn , t c- nn i nc -ed t i - nr c - I  the actual  f l a w  veloc itie s s - a c - c - n n c -’, c - c - ’ n - ’, for
the nc-c-od d rotor operat i c - r n can be reconstr nnc t , cc - i- by d ividing I - p  t i - s e  scale c- ’s c c - ’t c - c - ’.

i i i -

~~~~~~~~~~~~~~~~~~~



Also , tine flow velocities representative of full—scale operation at the reduced
thrust and tip speed conditions can be determined by dividing by 1.15 (from
1.73/1.5) ac-c- I 1.33 (from 2.0/1.5), respectively.

As mentioned earlier , the above scaling procedur e has been examined in past
investigations as described in R e f s .  12 and 1~~. A summary of the Velocit ,c- Scale
Factors is presented in Table 7. Also included in Table 7 are t I ,e momentum
i n d n n c c - e - , i- veloc ity values (v j ~~g~ I from Eq. ii) for the model test conditi orc-c-c - . The
v c - n i n c - e  of V j c - c - c - , c -  for the full—scale AH— 1G operating conditi rnrn (CT = 0.00 1472 ,
c-IC = ‘ - ‘146 lpn -n ) is 36 .2 Ic-s c- .

‘ c-’AIILE 7. Flow Veloci ty ic-cal e i- c - c - c - u - - c - u - s

c-ft i ; c - c i t y  I n - a l e  Factor i - ic Inc - i
(For Scaling to Full—Scale

‘l est Configuration/Condition Ah{—lG Condition ) 
_____

Referenc e 1.5  -.

Isolated Rotor 1.5 214.1

1-lodified Canopy 1.5

IGE (All Conditions ) 1.5 2 14 .1

Modified Thrust 1 .73  20.9

Modif ied Tip Speed 2 . 0  “ 16.1

R0C}~IT TRAJECTORY Ic-V DATA

Prior to presenting the LV data for all conf igura t ions , condi t ions  and
u - c -’n n - k , - t  t r a j ectory locations, the data for one rocket t n ’ r ,j e c lo i ’~,’ of the re fe renc e
confi guration operating at the reference condi t ion  is presented to - ,i o u - c -’ c-’ i ’L -c c - i - n e
funniamental  flow velocity character is t ics .  The LV data c - c - i ml ” c - c - t ‘c - c - s - i c - c - c - c c - i -  the u - - c - c - - I c c -
t r a j ec to ry  flow characterist ics iden t i f i ed  theore t ica l ly  in Ii -efs . 6 and 7,
and the following observations are consi stent wi th  those presented in t i - c - c c - sc
references .

I ’ i n e — a v e r r s f c - e c - i -  au-nc-I time his to ry  c - I c - i t - c - ;  f o r  t h e  — ‘ c a s t e ’ -  I i ~~ , ‘ ‘c -m m ’ ’c- n e c - n i - c - n  c - i - ic - -

verti cal plane and norm al to t , i - ; c - c -  rocket t c - ’ -c - ,~enc-tc-i’y ( V n - c - 1 ) —‘c- u- c-sc- i - c - i ’  - n c - - c - c - c - e d  in
I- i n c - c - s . 38 t i n ~ ’c- c - ;g c -  1t0 . ic-he v u - c - - i -i t i o n  of ’ the t,i c - s , c- — a v c -c - i c-n, rc c - i - v c- 

c-
- ‘c-u-c- I n c - n - I c - V  , c - c -c- ’5 —

pm c- c , sit s c - c - i - -c- I i ’ c - n . ,~ ’c- - ’ c - ,  ‘ c - ’y No.  14 is i - ’ m n’ a s c - e c - n t , c ’c - l  in F i g .  38 a c - i n c  wj ~ i - ,  i - c - c - I c - — u -  —

~ ,
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c - a c - sc - a c - l i c - ’ n i t c - c -  at- each i - c - n c - i n s t .  ‘Id e p c - c - c - k — t m — p e a k  l i - c - sc - i t s  for each rocke t  t r aj e c —
ton-’,’ p a n i c - s t  coc-’c-’eiipond c-. c’ ’t -I se peaks of t i n e  c - c - s ear5 c-,imc- vc-iria’t i c-c - ’ ( ro to r  a c -z ir c-
- n - c - c - i -  i a t i c - , n . )  sun - l i  c - c - n - n t i - s o c - n c - c -  of F i g,  ‘~~~~~. * Sin ce l i - nc -’  c - c - t e n - c - ,  of tF .e s ta b w in g  u- sc-:

t ’nn c - ; iri c - l  u - -n-c - i - c -.- I c - c- c - i n c- i c - i -  l i - c - n c - n c - c -, ,  n c - x cc - er n t  in  the i n-sc- c - c - - c - c - c - a t e  v i a l  c - c - i - u - p  of u - c - c - cs win g , u - I c -n
t en - st i- ac-ta in t h i n - c -  c-b ,c - c - n e  have ‘ i - - n c- c - c - n  s n i c - n p l  (c-ic-c- c - - c - c - t n -  I w i t h  ro tc - c - ’— I - nc - c-l c - c - c ”c- dat’c- i r

~ 1c-c c - c -n c - t i c - u -  u -m i k e  area. The t i c - ’ c - c — a v c u - c - i n’cc- ’ i -  c- c-c- fl’ - V c c - ]  0cc -icy “ c-’c - s’ c - j c - c -c - nn cns t  increases
Iron-s appropriately 35 c - p c - n  to 70 c - p c - c -  ( c - n n w c - - c-c-’an- 5 )  go i r ’c - n c -  Cr - ac -c -n the  r o c k c - c - t  launc h
posi c - I o n  ( X T = 0) to t i - c - c -  i nt e r z e s c - I , i n c - s of l c - c ~ rc -c -~~c~” t~’ c- c- ’y wi t h tic-c-c- c -a c - c - i - c -cc- lc-onc - c - c - - imn  u-IT .
The wake i c -occ -n~a ac-’y , where the  t i p  vort ices i :c-tea ’sect rocket  t c - ’ s c - j o c - n -t ’c -c -c - ’I ,’ II - . .  2 , c- n - n -
n i e t e r m c - c - i c - c - e J  f roc - nc -  the f low ‘c- c - i c c - c c - c - I. icationc- rossul Is - s to be at ac- c- c-c -c -rc c -c-~c - i nately

= 0.75 for the re fe rence  c ’ or c - f i g u r a t i on/ c o n c- i t i o n. The Innc -r ec - c -c - 5ic - c - c -’ c-Iowys —
wash t r em,d over t a o  i nne r  wake p on t ia c - .  of u-ic-a ’ rocket  tr a j cc ’to rc - ’  is c-an -c-—

s is tent  wi t in  the fact that t i - c - c -  rocket launch pos i t ion  is r e a r  the center of
the wake in hover , an d ‘Ic- c-c-c c-c c -a -c -c -w ash in t ,i ,o i c - o cr i n g  r o t c - u -  cake ic - nc - known to
increase w i - ti - , u - c - - n i - u - i  posit -cc-c-c- (Ref. 12 ) .  ]- i oc-zi ng Crc -c-n - i r n c - s i d e  c-

~~~ o c -t u i c - l e  the
wake 1.’ c-sc- c - inc - nc - c - u -i - ’ , c - c - c - c - cc-i c-’ c - c - c - n t  cIr ,an~’e in V Ec-n ’J oc .i t y  o - ’ c ’ c - ,r n - c -  i - u - c -  i - - t I ,  c - c - c - -c-s f tude ac - i

‘ .i - i i ’ n’.a- t ion  ( - i - c - a c -c - s c -’ c - c - u -  to c - n c - m w )  . The sc -p t”] ow is not n ,crc-i’ly u - n c - ‘“c- -n-ore ac-~ c-c- i- c- c

c - - ; w ’c - i :’ l c-c -c - b c -n c - c - c - se  the cor ’n t r i  i - c - n- n c-, ionc -s of’ u - c - c - -’ t i p  ‘,c-c -i ’t i ce ’ c- c - c - c - c -  t i ’,n .- nc - c - c - c - c - s c - n ’ I
arc-c-c- - i-- c-n  c - i c - c - c -c- a c - c - c - u - c - c - I i-c of t c - i - , c  u - - c-c-cc, wher’e s,c-: t c - c - c -,c-c’ are a-c-I c - c - i t, i-y e  j c - .  c- . i c - c - s i - n e  c- c - ’  -

u - c - c - r u -,’ ic - c - s c - c - c - c - s c - c - c - c - i - ’. Ac -s ~he roc i c - c -, c - c -, c- c - s c - cc - n c -nc- away r u- c- n - c - c- n the wake , u -h a - y e ,- ’. ‘i I,17 I c , ’ ‘u - c- -c - c -c - c - c c - c - c-
si n-” c- ” xp- e c -’c- . c c - i -  and is close to zn - c - - a  beyond c-c- T = I . .

The I ,  - . -- w v e l - s s c - , ’ it ie s  sc- c-, each roc ket u - c - ’ a j ec t c - :c - c - ’y i - c - c c - i n c -c- vcc-r’i-- ’c-ai u-h sc- i-me e’,’c c - c-
i n  hover due to the u - c - c - I c - c - t i c - as of the blades and the a s so c i si t e i -  u -a s-n c - c-age of the
‘c - c -mi ke e lements by the paints. The pn~riodic u - I c - n e  v a r iat i o n  of c -h e  C i .  a’ c-’ c-c- i ’c-ei’  l
ot points on ti-ne ,-“ac- ket ,  t r aj  c-ct cu-p are ind i n - a l  c-ni c - in F igs . I’c-3 a c - n c - i f9 c - u - c -’ sc - i - ic

c- ” c-~c - — t . c-c -—i c - C ’ a i k  l i m i t, s a n - i -  I i - c c -  t ic - c - nc - c -— i - I i S t ’ 5 c - r 7  c-c--’i r :ia t ions  w i t h  rotor c-c c - aimc - c - i - d c -,

s ” c - ’n-’ i - - ; - c- ,’t .L ’ c-’€n .c - y .

i-ri F i g .  “ c - - c- , the t i m - c-c c -n - ’.c-, r ’ ic - n t , i o n n  of u-Ic-c; Vz  Velocit, 1c- c n c - a m n p c c - c - c - c - n c - c -’c-, i c - c -  ic-c-’c - c - n ; c- c - . c- C I
c - c - c - c - -  t h e  c-- c-len- c- n c - c - n - n c - n c - ic - c - c - u - n at ion  c c - i c - c -n c o n d i t i o n  ‘at sc-la- c - c - u - c - c - i  p a i n t ,c- ,’c - i o n , -” n - - -- c- ’ k ’ .

‘ c-” c - i e c t - c- . c- c- ’y i - i - c -~c-~ (x
T 

= 0.025, 2.2, ‘D.b , m , .68 , 0.73 , 0.8 , c -c - c - c -~i- c - . ’ ) .  I N c -c- c- c - c - c -:” c- c - s
c - i ’ the i r i s t c - c - n n t c - c - i s e o u s  v e l - c - c- s it ies  (measured ve loc i t i e s  of i n n c - . n i v ’ i n i - ’ n r ; . I c-c- nc- - - - c - c - c - i n c

‘ c - , c -’~ i n - i c ’ s )  i - c - ;  i nd ica ted  at each blade az imuth  by a c- ’c- I r c - c - n l c - c - c c - I .  l i - i c - c- i -I csj . l l i - c - ,

i c - c - c -  ~~, u- v e l oc i t i e s  at a point  below a u -wn ” — b i s n - i e c - i  rotor c - I c - ’n -  - - u - i cc - l i e  w i - t i - s
cc-ac-c - ic - i - c - c - c -I t ’ — n - c - n t ,’ c - c - ’  r evo lu t ion  (2 per r e v ) ,  the LV t i c - c - n ’,c - — I i i s t - a c- ’~; c - s c - c -  ‘ c- c - c - 5 ’c,c- i- ‘, t ‘ -  n 4
“c-c - E r  a 180 dc - nc - rotor a z i m u t h  i - a c - c - g e .  The a z i m u t h  p c - ’ c - c - i t i o c - n c - a  fon ’  c- c - . c - h  b l c - i - i - cc - s ’

a u-c i c - n c - i -i c-c- ’ated , and d i f f e r e n t  symbols are used c - - c - c -  n i - i  c-n-c- . i n n n ”,i i c - n i -  i - - I u - c c - - c - ,  dat  cc-
u- a c -nc -n for the first and second half c -c -f the rotor c-’ c- c-vo I c- . i t  i c - c - c - S  B c - c - I c - c - u-’ ’” - t , c - c - k ”-c -c-

- n c-c-c-~ ‘c- u - c - c - c - c - r n in ~c- the peaks , individual  mean LV , i - c -’c - t c - i  p c i  c- , i $ ‘ic-’CI c- ’c - c - n c - c -i ’ s  i c - n c- ’t e c -n

of the faire i- curves , c - n c -  show the maximum ac-ec-’c- n- sn r c ni c- c - c - c c - S.c- c- le’;iationc-n c - u - n  - t i-ne

t I s- c- — n c -  u - e u - c c - c -u -c - n i  cc-n I ic-C S

I n c-i-

L~~~~~~ , _ _ _ _ _ _  _ _ _ _



— - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘- ---- , ‘

- ~~~~~~~~~~~~~~~~~~~~~~~~~ ,,::~:
c-:-c-c----

c - c - n - u -  many re v c - c - n n t i o n s  ( c - n o r m a l l y  until the velocities of 500 sc~ed~c - s c - t  par- i c i c l e s ;
were measured), and the symbols represent the mean v a l u e  at  each rotor
n c - s i c - c - sc - t i c -  p o s i t i c - - i n .  The FIll d e v i c - i u - i c -,c- rn , ic-’ic -nmcat in g the u n steadi n c-ess  (nonper i c -n i l c i t i -
of ’ t i - n c ’  C l  ~c -W I c -n ’ numerous ran t :n’ r e v c - -  1 u t i o ns  is i c - i  l i— a t e  I i -n  F ig .  SIc by u - h -c-c-

c - c -  ‘k ’ .” t c - n .

~~c -c-~ c - c - - c - c -c-a t t r a j e c t o r y  p o i n t s  well  i n s ide  the u - cc - I c - u -  wake (see F ig .  38 c- c- c- c - c- c-

= 0 .025 ,  c - i - . ,’ , and 0.6 in Fi g. 39), the t i - c -ne  va r ia t ion  of u -b c-c’ ru -c-ac-c- v e lo c i t y
i~ c- ’c - c - c - atiVeil’,’ c - sn - c - a ll . As the wake boundary i n t e r s e c t in - c - ;  (x

T 
Ic - s

c - c - i - c - c  - c- .’ c - , ’ c- c- , t ine  i - c -- a r c -— t o — p e a k  ve l ,s’ n i t y  variat i c - c - c - c -  i nc reases  (see 5c -~~c- 0.6 ’S i-ri
F 1 c- n-~ 38 c - c - c - i c - c -  ‘i c - ) n c - c - c - c - i  i c - c - c - ic - ’  th i s  wake b cc-n cc - ’c - c - i - a u - y  ( x c - ,,  = 0 .7 3)  the c - - ’ ‘ c - k — c -  ‘n -—peak
c - n c - h i t  iO rc - i c - c -  ‘ c - ’ c- ,’c-ices s i g c - -. i f i n - a n t  c -p .  In toe vic i~ ity  c- c- ’ the wa ls ’c- bc -c - c c -,dai’y , a

- -  ve lc ,c-o’ ic - , i c- n : ’ ‘ c - l - i - n- - c- s i c - a u -  l a y  100 fps Wa. : c- sner c -cn c-jc - ’c,- c - ’l when the t i p  -; ,c - r t ex  i a n - s c - c - c - i -
c- c-p t i - c - c  c- ’ c- c - c k c -c - t .  tu-c- ;,c-eCt c-c-i’lc-’ p. i c -’c - t  • I t  is p -s c - s i - b  c - c  tha t  c-n s c - c - m i : w l c - ; n t  grea te r  we - c - c c - t i e s
n - n i - n - c - i - n t  i - i c - c - c c - c - -  been c - c - nec - c - c - s i n - ”  ic - c  t h i s  region if the c - c - n c - c - I s  c- ’il ’u c-c - ing c - i - I C c - n t  n-n t’ c - i n c .’ tip

~
c- s- c - - ic c - ax , l i c - j c - n ’ t Limi t the  n c - n c - c - n I - c - c - -  01’ seedant pa r t i c les  pass ing t hn ’u u g i - c -  the IV

~ . ‘ be ‘,‘ c c - l ’. ic-ne ( - i - i - s c - u n - sc - n e c - i  b e l ow ) .  it is  c - c - ted t ic -at  the 100 r i -n -  t I c - . 1/ v e l o c i ty
is S l c - ’c - j c - c - i c - ’ i c - i  c - c - c - n c - c - c - n i t ic-dc- to the  i c - c - i c - i - a l  2 .75 i n ’s, rocket n c - c - n c - c - c -h ye I c - - c - c i t ’, .

The c-y in - i  in  r n - i t  si c-u-c- c c -C th e  induced  flow at a f requency  of  c - n c - - c - - s - —b I ‘c - -,l s n —

passage (2 i - - eu -  c--eu- ) is si direc t result of the passage c-c-’ the tip c c - - n - t i c -nec, and
to a lesser ext-c - c -nc - ~he inboard vortex sheets , past the trajectory c- ac -nt. The
peak c - i - c -’ w c - s w c i r ” j  ve loci ty  oc c -n -’,c-c- ’s when the t ip  vortex is close to the p c - i c - c - c - .  Where
the c - c - i c - c - c - c - nic-l t c - i - c  of c - i - c - c- velocity is low near the wake b a u n s - i n ,i n ’Ic -’ ( e . I .c - . ,  ~ ~“ = c-c-c-cc -

c - i - c c - ’ for xT = 0.73  in ’s Fi g. 39 ) ,  the trajectory passes s n f c - l -- r o x i n n a t , c - c -’n y  m i d — w a y
b u - u - e ec -n  the t i p  vor t i ces  - ‘ c - u -  t h i s  rcntor position.

The peak—to—peak ve loc i ty  var ia t ion decreases as the rock et , tr a j n a c l c - o ’ l ;
pc-Ants  extend ‘i - - c c - c - c - c - c - c - i  the wake , and as shown in Fig. 39 at x T = i . ,  the
velocity t ime var ia t ion  is small. In fact , the var ia t ion that  d i i  occur was
found to be essentially the random turbulence in the ambient am ’ ac-

i n f l uenced  somewhat by the rotor opera t ion .

As noted above and indicated in Fig. 39 (at X
T 

= 0 .7 3 ) ,  the  c --c - -c - c - s ec - at - C i- I s ” '

LV data was somewhat l imite’i-  in the v i c i n i t y  of the t i p  vo n - c -  i c - - c- c - - . Ic - i  F t c - c - .
i -c -Q ( a )  and ( b ) ,  the number of flow seedant par t i c l e s  ti - c - c - nt pac-n n - c - c c - c - c -  t i - c - n - - i c - n c - i c -  t i - n c - ,

LV focal point (“ probe volume”) during the period of time th eir va-I c-ci t i c - c - c -

u - eu - c -.” b e ing  measured  at X
T 

= 0.65 and 0.73 i c-si p lot ted c - i t  ° c - n t c -  w i t h  t i-Ic f I c - ’u-
veloci tu -c-’ ’nc - c - i r c - nn c - th  var iat ion . Althoug h t i - c - c- veIl o n - i  t ies  c - n I ’ “ u- i - ) c - n c -  ~00 i - c - c - c - n - t i c - nc- i n-s

ue r ’-  n-c - c - r u - i ’s ly c - c - s ’ c - c - c - .c - c - c - i ’ e , i -  for each focal poi nt c - nc - c - _ s i- t ion  ( 5 ’ - c- I n - n c - c - ,  I n - -n j  c - u - c - I c - n c - - v

p c - ’n s n  li - i nc - c - c - n), i t  is n - n I n n n - w c - c -  in i - h o c -cc- f’i-gnnre sc- t ha t ,  the d i st r i l ”~t ‘ c - c - i  c-I ’ i - c - n  - .~~‘ - J -c-
w’ c - n n n c - n i -, ‘i i - w s i y s  c - n c - n i - I n n - c - c - c - w i , t, i - n t c , l an ]c c a.c’c-muth i-~~u-s i t i c - n c - s .  A c - ,  i - n c - c -,i ’ i t , c - c -  c - i a - , c - c - ’- rn ~hc - ’

w’ i ,k n ’  boundary , t he a z i m n i t h  i - i c - a u - r i - b c - c -  t i c - c - n  o n ” c - c - e e c -i- n c - n c -  i - n 7 c - i ’ c -  ic ’ i i ” c - c -  ic - s ic - c - f” c - i r  c-c-
u n i f o r m .  i - i n c - c - n c - ’  I ,h e w’ c - k c - ’  i- nc- c - i n r i da ry  , v -u - c -’ ‘ ‘ ‘u- I~c - c - c - i- i n - I c c -  I - i c - c - c - cc - c - I t i - c - n - ’ c - sn ’ , I Pc- - 

—— ‘— ‘ . 
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~~c - r o L c - e  v~ c - t  c - c- c-ne ‘c-c- I c - c - a r c -  c-c- t i - i - ’  V c -  c - u - tc - - y  u - n c - n -  in close x’a c -x ic - c - s i t c - ’  . ‘ l i - c - i - s  is cv l i - C - c - n t

c - ic - c - c - c - n- c-c- = ‘ic-I dc-n c - c - i c - c - j ig .  1n 0 .  A l t n i c - c - c - c -c-c - c - n  c- i - n e  v e i c - c ’ it,p c - i - c - u - n j  gc - ’.’ c - c - c - s u - a I  l I ,, c - i - c-~~~n ’ c - i 1 ’ c - c - n 5i

be n - n c - c - i c - c - - c - c - c - n i  i c-c-c- , e v a - n c -  :‘c - c - r  U i - a c - I c.- — n z j c - c - , u t c - I ic - c -  u-I c-c - i - ,  c - - s  l c - ir t i c l - nc -  , sc - c -’ k c - n c - c - w ’ i e d g c - n c - c - n c - c - c - n t
c - c -’ n - c -, i - , c- i - c - c -c - u - c -. i n i - c - -  u- s c - n - i c - t i - o n  led t, c-, t ,i se u - e qu i s’ ec- - . ’ - r i t  Cc - - u -  ‘c- c-In i it i on a l  a - c - i - i n - i c - c - p c -  of
Ic - ia - f,V c - n c - c - sc- , c-\ . i n c - c -  , fo r’ c - c - I  n t - n - c- in I he i c - c - c - c - c - n c - d ia l  e vi a i c - c - i u - ,- of c- i - se  w -u-, ; b c - c - c - r n  i-arc’
u - c - c - n c - u - c -c- s- c-: a c- ’ ’ c - ru -i - c -I c- ’t c,c- c- d c - s c - c - c - c - s c - n c - n  of i - - sm - t id es at c-c - c - ,, -  c-c- c - c - c - c - c - s c - i n - i - c -  locations ‘ s c - c - i  ci ,
i c - ’n c - ’ l c - r e c - c - c -’ c - - c- i- t i - n c  a c - c c - c - c -sc -sc - c- ’ on ” c- Sc - cc - c- a - s c - k — t a - — i - c - a - a k  c - c - c - c - c - i  t i s c - n ; ’— a ’,’ec- ’a, - -, c - c - j v c - I c - c c -i t c - j n - s  in
t i - i l :  region . c- c - a c - c - ’  p o s s ib l e  c- c- i c - c - _ s c - -  o f ’  t i - c - i s  c - - s . c - c -  I - c- c - c - , , ti -c - c n - c c - c - u - r i  f u c - t i  c - c - c -’ of c - s c a n

a r c - c - in - I c - s  by t h in  n - i - i - -  v o r t i c e s , could y’c-cc-c-a -a ib i~n ’ be c - c - c - i c - u - i c - i n c - t e d  t i - c - c - ’  - n - c - pc - i  I c - c - c - s  c c - c -
c- c - f  s c - c - c - s c -Ic- icr , l i c - c - i i ’c- .cr’ .se e c - i -ac - at  i- a rt i c l es .  This shal l  be i c -c -ves t iga ted  Car n -n c - c -’
f o c - ’ h c - c -,’ . ’n - c - c - c - i np  w i - c - id tunnel t , e c - c - t  p rog ram.  In add i t ion , t h e  s e n s i t i v i t y  to se c - dc - c - c - c -
sc - c - c r - ce  I c -n - ca t ion  n - c - c - a l l  be l c - n v n c - n c - c -.i  ‘c - c - t e d  f u r t h e r .

i c - i c - c -  c - ca l  c - c - i -  UI - I c - c - I - n c-’ ‘ c - c-” ‘ , c - c c - c - c - t ,  m g , the t i , c - c - sc— - n . vc -ar ’ag c s c - i  ac - i c - I  i- . c - c - s c - k—’, ‘ c - — i -  c- nc -k c- _ i

vc -’loc i t i c - a n -  at c- c- s - -  n - c - c -c-c- i-c - ’ c- t u - c - c -, I ec t , c - n c - ’ i e c - n  fo r  all model t c - c - :’ corn f i g c -,c - n ’ s c -’. i c - - i n s ’- and
- c - c - c - c - c - i t i  c - c - s .  ‘ c - c - r n -  i - n - c - ’n c - , c - c - ’ c - n t ’ c - ’~ i c - n F igs . i-il to 62. -Ic - c -n - snnçc-ar ’i son s  of t i - n e  t i r n , c - ’ — c - c - ; c -’:r’ n c - r-

v e l c -’ c - c i t y  c - I c - c -1 n-c- C c - c - i ’  w a r i o n c - ,n  c- ’ c- ’n n k o u -  s, u -a ,~cn st ory  locat ions , ic c - c - st. c o n f igu r a t i o n c -n .
c - c - c - n c - i -  c o n d i t i n n n c - c -  are i- n - c - - c -c - - c - n t c-’c-c -c-I ’I c - i  F igs . 63 t i - u - c - n c - c - c - h  70. A c - d c - - . , -  i c - n - c - i c - c -n of I c - i - c - c
I c- c-i’ c- i s ’i t .a a, -. I c - c -c - - n - c c - c - t e d  and c- ” c- c - c - c - n jc-c- ’c-c-’ c c - n j fol lows below .

i-soil “it  c - c - c - c - i - c - c - c - I c - n c - ’  LV Data

- i - c - c -t a  along a l ine  - c -u - c -c - i  ‘c - c - -  I t n . an d in t h e  n - - i c - c - c - nc, ’ c- c - f ’  roc kcd c- c - ’’ c - t  c - c - c  c - c - c - u - i c - :
1 I n c - u - c - c - c - g i - n  i- c- wc -c-re  t, sc - k ’ ’c- si I cc - sec - c - c -h t i - i c -, - c - s c - c - c - c - t c - : n ’ l i n c - ’  of ‘ n c - c - -  rc’ t or (at  Ic” - = 2 )  in t h e
‘ - - c - c - ’ly i - - o n - l i o n  of t h e  t c - a n s t  i - c - - c-’ c- c- , ’c- ’c -ic - c- i. “ k i t i n  ~ i - n c -  except i - c - u n  of the n- - c - c - nc - sc -IL ] a iI t  c - c - c - c - ic - c - c - ’
( c - c - u - - k e n -  att  i t u c - 1c -c- = 7 n l c .c - ; c - )  , ‘ h i s  l ine  u - c - : I c - c - ’-n - c -’ic n t s  a radial l ine  c - si t u -Pc- t ra je:~. c - c - y
cc - I c -c - c c - c - i n - i - n - f l  bc - - low the c - u -n u -c - c -c- ’ . l en - I l  e cu -  i n c - c -  Is he generally i c - c -d . c -c -n I Ci cant, ‘ c - n c - s I r ]  I c-c - -

i - i ons  of u - i - c - c a small sc - i  i j c - : t u - c a c - i c - ’ c -  u - c - u - c - c - u - i o n  c c - c -c -c - n i - c -c -a i n c c - ’c - t n c -  (v  and v ) to  the c- i - i t  c - c - I
x “ *v 

-- 
c - c - c - s c - c - n c - c -n i t ,  , t, i - c - e  v 5 , , v e loc i t  i - c - n - s  were c - c - c - i c - _ i c - i l - c - i t _ c d  to be :yi-~~set r i c a c -  ( i c - s c - i - c -” —

c -Ui - nc -c-n t of ’ a z i m u t h  cc - n -c - c -~ c- i - nc - i vu t en t  at equal u -c - c -n i i - c - c - i  i-. n o s i t i o n s )  . h i - n c - s  c - c - i - i c - awn
t h e  LV data at y,. = 0 to be t r a n s for m e d  to ot l sn , r J o cc - c - I  ions at the c - c - c - c - c - c -c-c-

c-ic-vat, i c - rn  , ac -id t i - c -us u - u - ac - nc - n -format .i n c - n  c - n c -  t i - i c-c- c - c - - - ‘ k c - c - t  c- rc - i ,~ c-~~c l , c - c - u - 1,’ . 1 (n c - n I i on c -n  c - c - f

i n t c -c -c - ’c-’:t. Plots of the ,c- c ’ a i c - ’ c - i -  t i c-c- ic’— c-c-i v cc - r’smcu - c - sd ‘cc - ic - i - i - ’ca k v ,, veloc- s i - c - ’  “ c- c - c - c - i - c - c - ’  c- c
-

at the p - - c -  = 0 line , rn c - c’ kc - - L tr a j c -, - c c - , n ) u -I n’ no .  1c- (y  = 1 .21 —~~- t i ’ c - c - f l ,s i ’c- , ’ n c - c - ’, c - c -  ‘ c - c - n c - i

c - n c - n c - s — t u - ,’ c - nn~~form ec - 1 n ’1at ,si~ c-c-n , I  u - o c k c - - t, t r a j ec to ry  c - i - c- . 3 ( t  n - - c - c - c - c - c - I c - n - c -c - n c - - c-i c- I c -~ c - i )  c - n r c
presented in Fl c c- , c - . 141 c - , c - n u - c -c - n c - c - c - i - n  145 f’ c- c - n ’  the I c o l a - f  ‘ ‘ c -  u - c - n c -  c- c - c - ’  c - ic - c -  c - c - i - c -- u - c - c  c- c - c-i- c - c - c -  t h e
re fer - c c - i c - n -c condi  c-~i - o n .

In Fi c - c - c - ;. 141 and 14~~, it  is c - c - - c - Ic -- c- i -tic-at i -- inn ,’ n i - c - c - t n “c -n - c - -  i c - n c - c -c- c - c - n y ‘ -c at i - - c - c -  m c - , ;

near the wake h o c - i c - c - n - i - a u - c - i. This is to ind i cc -d c - i c - -  t i -n a t  I c - c -  e a r l i e r  c - l e s c r ib e d  n—c - - -- l a c - , t .
pa r t ic le  l imi t, a c - c - i c -’ c -n s  at az ic-c- sn.c- c - , i - c -  cor responding to a c c - c -c -c - s n’ t i p  v o r te x  p c - i c - c - : a,~c
‘ c - i - c - i - c - l i e d  at the  n c - u - - a c - i -  wake boundary poi c - c - u - s n . The i c -c - ak — I, c -— i - c -a -ak c - Ic - c -c- c-c - , in c- c - c - - c -  i c c - n i  ar ,

was r e c o g c -n i z e  I L i - m i t -  ‘ i - c - s  c - n v c - c -ui mc ’ c - , u-y c - n . i - c - i - ’ l i e c - n  c- ’ c - n l~c’ I c - i - n c -  n ’  ‘I c - I  - ‘ c - I  c - - c - c - c --n -

1 u n - c - i c - j o n .  The I ’i c - , n n -  i - S c - n c - c - ’  c - ’- t ’ n ’ ’’ c - l c - ” ’ c c - c - i  i - ” i ’ c - c - - i - i i c ns c - c - c -i- l n. s : , ’ c - c - c - i c - c - n ’ t  n -v.

145



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- i c - c - c - c - i - I  c-a - c- - c - c - u n :  I i - c - - c- c -nJ n c - c - i  ‘ c-pj’c -u - x imate  for  such  po in t s .  This genrn c -r ’c c -i c-Li-c- ap~. lies
10 c - c - n c - c - c - I  i - - c - ’  a r ‘ c - r .  c- _ c - i _- c - c- c - c - c -  u - s c - F e  t c -un l l c -d a r y  , and n - n c - u s c -  i n l e c - , tj f i c a t i on  c- . I ’ - n c - c -h

i- c - i c - i c- ’: u - i c - c -  c - ic - nt U ’, ’ t ” ’ i  -c- ’ a tc - ’ J  in subn ,c-equeri t  f i gu res .  To compare the r e p - c - a n - a —
I l i - i  + In ’ c - c -’ t c - n e  c- c- c-’ c - c - c -c - c - , ‘ a - i - c - c a t  da ta  taken ‘c- c- c-”c- = 0 and l u - a c - c - c - s  t ’ -~ c-- - c - n , c” i - a  r sc -y c - c -, nc - ’.
c - c - - c- ‘ - ‘‘ o n ’ ,’ c - , - n - .  14 - c- u - c -’  i - n - n c- - c - - c - u - c- c - i- f’ - c - r  t i n e  v i c i n i t y  of t i - se  u-siFt’ i - c - c - a c - a c - c - c - -c - c ’ , - In i’c - i

c-~~~. 143 .
A c -  c- ’ I~c- ’ c- c - c - , i- i - c - n. c- wc- c-k c-’ i- c -  c - c - c -  I c - c - u - c -  , c- i - s c -’ da ta  u - c -c -pc-c-ats  well . c - - c - u - ’  - -

‘c- c - - c - -  , c-c - c - c - c-n the ‘sc- k’-
t c - n.c- ’c -u n n i c - c - n’p , u - I c - c - - c - ’- t h e  i c - c - j e  “zT c-.c -u - a die c - c -n - c - n - - ur n-c- , the ra-r -a c- abi l i ty ic-c- not ac -n c-~goo- i .  This  i s  c- 1fc - c - c - ’  I butable  to bc - c - Is  ii t he  c-’s ’,a c ,’ c - I c - n c - c - t  l i m i t c - c -t i c -c - c -n c - c - c - c - c - c-, l arc - c - - d au -n - c e
a c - n -c-i - c - c - c - , .~~,c - c - c - c - i - j c - c - ,” c - ; c - c -  of t i c - c c- f I n - c - u -  i c - s  t i - c - i - s  r eg in ’ c - c - c - . l e v i - a t  ions  u - c - c -, c - c - c - c -  i-c -rca - - u -
l i - n c - c - c - n  tho, c- c -’ o f 1”i,c- . 143 i - c -  c- c-c- c - ic - se of t i - i c - c -  c - t i - s - - n  c o n f ip u c - ’c - c - t i o n s  c -c- n — I n ’ c - ’ c - n d it ,, i oris .
Al t  c - i c- ic -c - c - c - c- c -n e c-Ie ’.’ i ’c - t  i c - , . c- should 5c - c -e rec c - c - i - c - n c -  1 zed and t i - c - c - i ’ m ’ .sc - c -u r’ -” c- .-s i c - c - c - c - c - -n Is i cc -c -, -c -i

f u n - c c - c - ’  - c - ’  I c - i  f’ c - n t c - c - c -’ - -  Les t i - - u -~c - c - - c - c - ’ c - c - r sn -.s , u- hc.c- 0-c-e u - c - i l l  data , wi - n e c - c -  i~n c - I u - - ’ c - I s.c - c - n c- c- c-u - c -u - - c - i ,

5 c - t ‘, , c - i’ Ic - - . n t . c - c - c  obj cc -c-ic I “.‘c-’ , n of t i c - c c -  c-c- c c - c - c -n t ,  i-c-~u-o~~c-’a’;n .

In  F in - .  63 , ‘ti - se fa i r i r c - c - c - s c -  of t i c - c  - t ime—average data of Fig:- . ii-1 c-c- i - ac - - cc - c -i c -  145
c-c -re -: c-c - c - c -n ’ s -c -n- c-” I I - a  n - c - n w la t h  the  e f f e c t s  of rocket t ra jc - ’ st cnu -v  l o c c - c - u - i c - c - i  and t rans—
c-’-n-c-’u -,c-c-t iOn c - c -’ ~Ic-c-t, c - c -  Cu - arc - c - c-t -c- , = 0 Cc- c -u -  t he  isolated ro to r .  A d i r - e n - c -  c - n - n ’ c - T ac-’ i n--arc-
ot ’ u - i -c - n c -  c- r’ c - i,n n - f o c - ’ c - n u - c - i -  LV nc- n c - t a  f a i r i r c - g from Fig .  142 w i t h  the  data C c - c - i - r i n g  I” nc -n
F i g .  1414 , taken dic- ’enn-tly at rocket trajectorc-- no. 14 (y = Itt-- = 0 . 2 2 * ) ,  i - s  i - c - c e —
n-cc -c - c - n d  in i - I c - .  63. ‘c-he general agreement of the data . su i - c - s t a n t i ’c- t ,es the
tran c- c-fou -r c-, ’si c- ion procedure d i scus sn ec i -  above .

A c- ” c- c - n c - c - c - c - c - u - I s o n  of the ic-a ired i-c-V data for  y = 0 w i t h  ti - sc -’  c- ,r ac - c - c -c- formed
c - lst tc - c - for the  v a u - i c - - u ,c- rocket t r a jec to r ies  i n -  also inc l s c -n i ’a c- I  in F ig .  63.
The downflow from the isolated rotor decreases from c - i - c - a -  c- s , n t l c - c - n c - c - ’c - i - to the
inboard rocket u - i c - t i c - - c u - c c - r i  nc-c - n - , and’ icc - c -c d i f f e r ence  is the greatest at c - c -he Thor - ‘0
points  (X T = ‘o ) .  For y = 0, an up flow of 2 fps is ind i ca t ed  at x .. = 0 , and
at the rocket launch points downf’low velocities of 17 and 27 fpc -s anc i ndinc - n.c- i- cc-i-

C c - c - c -u- n - u - a j c-.’c- ’c- o ry nos . 2 and 3 (y = i 0.16) and 1 and 14 (p  7 0 . 2 2 ) ,  r e spec t .c - .v c - iy .

This is ot,t,c-’c-buted to the following . For u-he p = 0 data , x - 1 = 0 l i i ’ s c- a ic -n nssc-c- t

d i re ctl y beneath the rotor hub center (there r = x — 0 , 035 ) ,  wher c - ’c- c -c - t he
rocket launch po ints are f ur ther  out radially from the  c - c -x is  of the c - n c - u - o r
(r = o. i6 14 and 0.226, respectively). The differences i c - n  the ro t c - i ’ cL c -w c - c -u - c -c - : c - ,

at t i-ic t r a j ec to r i e s  decrease as the wake boun dary is approac-nhed due to the

decreasing different ia l  of th e radial coordi nates . It is also shown in Fig. (3

c - i - c - a t  the intersect ions of the  wake boundary wi th  the t ra jectory l ines oc cur
slightly further in on the outboard trajectories. This is cnn -nn ’c- istent with the

relat ive geometry of the wake and rocket t ra jector ies  as shown for  one rotor
azimuth in c - c - j~~ 16.

*‘I’i-c- a n c - n ) r c - I i n a t e s  y and are equiva len t  arid arc -used i n t a - r ” i - c - ’ n f l c c ’ c -’c- i - c - i lc ’

here i c - i .
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‘ c - c - - c - n - c - c - u -c- sans of t i - n c~ isolated rotor LV data w i t h  r n c - t c - c - n u - — f u n n e l a c’ -c- c-s and u - c - s c - c - c - c - c - ’—
fc- is e l age—wing ( r e f e r e n c e  confic - - s ir at ion ) data circa i - c - u - e n - -c - s t  c - c - - c -  i c - c -  Fi t’ . 61, and
i - i s c u s s e d  below .

Rotor—Fuselage c - V  c - c -c - c - ta

Scale,1 LV c-Iota for  the ro to r—fuselage  co n f igu r at i c c-c -’c- , as tested at the
c- ’ c - c - f e u - c -’nnc - ’e condi t ion , are rn u - c -.c - ’c -c -ented in Figs . 16 and 147 .  The f a in - c - c - - c - c -  of the
l ime—average VZ ,c- c - c - c - t a  are c - - c - c - c - r n - a u - c - c - I  w i th  those of t i n e  i so la ted  r o t c -n  ac-s -c-
r e f e r e n c e  c o n n f i ~ c- u r a t i o n s  ir, Fig.  614 . ‘I o n c - c - i d e c - ’ i n g  the dec -c- icu -st c - ’c-c-t ed in c - ’ignc - if i—
cance of the e f f e c t  of the  sm all stub wing at remote po int s , c-he data in
Fig. 1n7 we r e surrd c-c-’ c-’nc- ec-c-ted w i t h  data fu-oc-c-s the reference conf i-gn,c-rati-on (win-n ,
u - i c - ag )  at and L c -e ,ccc - rsc - c - the wake boundary .

‘ c -c-c-he compari c -noc -c -  of t i - c - c -  r o t o r — f u s e l a g e  c-c -n i isolated u - c - t a r  “Ian-a inn F i g .  614
( a )  and ( b )  i c - c - d i n - c -c- t en - a t i - sa t  the  c - f t c - c l, of the  presence of the f - c - s o c - a g e  on n-c -nc -

t ic -c - c — a v on - a n - c c - c -  veloci’cI,’ c- s  c--c-oct :i ig n i f i c - c - a c -’i t  in the v i c i n c -  i - I s p  cc -f  t h e  rn - c - c -n i - se t  I a’.nn c - l ’,

points where the fuselage apparently increases’the downflow by approxirnateil.c-
10 fps . The fu selage  in f luence  decreases as the wake boundary is approac ’hc ’ i - .
2cc-se t endency  toward an outward s h ift  in the  LV data ind ica t i ce  c - f  an o n - t ’c--c - c - c - ’

n-c - i - c - i f t  i - c - i  t i -se u -c - ik e boundary , produced by the fuselage , is ind i ca t - c -  c- i c - c -  F i c -’. n

A s l igh t  sh i f t  was an t ic ipa ted  from analysis of the flow v i sua l i sna t ion  .~~s t , ’c-

‘~Fi n’c- . 33) .  Shown ic - c- F i g .  6 1 4 ( d )  is the e f f ec t  n c - f  rocket t r a j e c t o r y  locat ion
for  the rotor—t ’uselace conf igura t ion .

k otor—Fusela ge—W ing ( 1- -aference Confi gura t ion/ Condi t ion)  LV i-Ic-ta

Foaled LV data for the rotor—fuselage wing con f igu ra t i on , as t ,ec - c -t e c - l  at
the re ference condi t ion , are presented in Fi gnc - . 148 through 52. The a s soc i c - i t ’, ’ -i -
data fairinc -c- .c- for this reference configuration/condition are cn- ’spscrc-”d in
Pigs . ~ through 66.

i-n  F ig , . 614, the close agreement of the rotor—fuselage—wing and rc-c-stor—
C c- c - c - c c - a g e data indicates that,wi th the exc eption of a small ef fec t in the
vic inity of the launch point which approximates the repeatability c-c-f the ta - c - sc -’
data , the e f f e c t  of the winn c -  is neg l igib le .  As expected , the f i o u -  d i r c c - ct .’I I ’
i ’ e c - l c - c - c - i t’c- t i - c - c  wing (behind the l c - c - s c - n c i - n  point ) is unsteady and in f luenced  s t rong ly
i - c - I ,’ i- b c -n pu-~’c - c - c-a n c-’ o of the wi c - c - i c - .  This is shown by the LV dat a in i-~i c - .  71 , w i - i c - c - I c -
were measured at several ver t ical  locations beneath the wing .  c - c - i - c - i s  re ir i c -t’ c -s’c - -c -’ :
the wc-” i  1 rca rc- c-’c - c - -n c - i zed  c o n c e rt  ‘c-f c-’c- cc -n i in t i n g  the rocket l aunch ers  i c - s i c - n - i - s  hat + bc-c-
r” c k c - c-c- “ c - c - t a - n - c -  i-da c- airstrearr c- in fr o n t  of c - h e  u - i c - c -c- c - .



1,7 nc-ta for a c - ’ ” c - c - k e t, t~ ajectory (11cc - . 2 )  ‘ c - c - ’  t he  oppos i t e  s I d e  of the
!‘c - i n - ’ e i an c- ” ' c- ’c-’ -” nc - s t i - s e  i - c - c c -  i - c - r I  ‘ s c - c - - p  u - r c - c -j e c t c -c - r i c - c -s ( Nc - c -c - n. 3 i c - c - c - I 1 )  0t ’ t 1 - test  c-
‘c - c - c - c - - c -  a c - - i - c - l u - c - n --i c- ’ - r th e  c- “c- - c - - a rc - ce confi guration/condiu-i c-- nc - . The dat a are
i- u - c - c - :c - c - c -c-~ c- ’ c - c - I s ,  F ig , .  50 a c - sc - i  - C c - n c -  c - c - c - c - c r c - c - c -  w i t h  the LV i- au -a  a :’ t he  s c - c - i c - c - c - c - c - r i - ’  u -c-c -c -c - ,
c - s -- c- ‘ c- ’c-n -t ’r ies in Fi  c - c - .  (1, . In the I . c-t t t .c -u - f i  g, uu - -c -c -, a s i c - c - n c -i :1 c - - a c - a u -  f7 ’ ’a’c-’ ’-re i c - s ci t y
i i :’ c- ’ n, ” r c - c - c - ’, , ’e isa ind i ca t , -’ - i -  c - c -t w a - c - r i  c - i - i a  t c - ’a c-~ ’ sates - c-’ on t O n -  c- c - - c - an -n -c- side cc- f’ n -I c -c - c -

c-c-ac - c - c - c - I ac- - i - c - i - c - cc -c-c- c -c-an t O”  c - c - - c - u - I  c -c - n s i n - . i  s ide . As shown in i - i n - .  5-0 , th i s  sin-i f “ c - f e c - c - c - c -

is c - c - c - c - In c - c -c’ ic-- c- ’c- sc-n r ’ c - i  - c - c - s  tn-u- c-n- c - i - c - c - c -~c- p s c - c - i c - c -’c-c s , an- i -  thus, ti -c- i c - n f i c - , ’ i i c - , c - c -  s i - s o c - c - I c - i  be cr ’r sn a i d e su - e c - c -
c-’el I c - ’  i c - c - c - c - c -I 1. j :’ I ’ n c - c -c - re ic- ,vc - c - n - sti, c-a tc-ion c-a c- c- i -c - c - ,atantiates t h i s  c-’ i n n d i c - a c- ’ , i - n -  c- c -n c- c -p c-c -c-

n ’ : c - , cl’ c- 1— ” c- c - i - a t  cc- i i sn -n i - ’c- c -k ntu - ’ ;  in t he  f i - c - a u- between the c - - c - u -c- , c-c -c-~I , ‘ ‘ c - c - u - i -  — ‘c - u - c - c -  si c- len-

in  n c - - c c - i - c - n - ’,’ i i c - ,- i - i - c - c - c -  ~~~~~ i ’c- ’ ’ ’ e c - c - ’c- of the f’ u c-s c-’ Il c - cc - c” .

As c- ’c-c - ’ c - c - t, 1 ‘c- c- sc- an c- c- c - n - l i - c r ’ , c - i - e ‘-‘zc -c- celon -c- i. ty n - c - c - c - c - ’n pa ne c -t. u-a:- of t ’ - c - ’ i c - ’c- c -c-r 1, c - - c - -ncc - - c-’ n
i c - n  ‘- c - , is  ‘ - ‘c- n- c- 5 5’ c- c - n - S c -’.. However , ii , or-ic - - c to ni - c - r c - ssc - c - ’c-strat,e ti - c - c - relat i vely _ o’u -eu -

c - c - c -’~c - c -c - , i  u - n c - d e s  of t i - se  c- c - t i - ,’ s ’ - ,’c - -  I cc-c it  i-’ cem p c -anc - ’ c -n t  S , v~~~ am I c.n -~ c- I c - c - t a  c on - - a  ‘ c- ‘ ‘ s c - c - i  c - -c c - I
at seve c - ’c-c -c- c- ’o c k - ~t t n - -c - , le c t o ry u - s a i n t s  c- ’or the u - c -’ u-c-c- c-c -a c - c - ‘e c - -3 nf ic - c -c- ,c-s’a t i c - c - c - c -  n - j c - c -c- c - c - i i  c- i c c -c - , .
t c - i - n~~ ia t c--c- an --a  crc - - n - c c - c - t e d  i c - c -  I ’ i - c-

c- . 51 and ccc- c-ni -c -ac - ’c t to t O n ”  “s n c-c- , ( , ‘,vc-; ) c - - c- i- c- in
P ica, . 66. ‘i’lc- e I o u -e r  magni tudes  for the  VXT c - nc - c - I  vc- c - , .  cc - . - c - c - c - p c -c - ra c - c - i tca are - “c- c -n s-n i c - ’.c - , c’r c - t

‘~c- I th  the t h e a u - - c - u - i c a l  results  presented in R e f .  C c- .

P e n -n - I t s  for a rocket a t t i t u d e  ‘aau- I ation ‘n - c -r the  c-ac-ferec -, ’e 7 c - i - - a c - c -  ~t r’ c- , c - e ’ n —
~
- - u-c-- 1, . ’ . 3 ) u - c -  9 i - c - c -  (tnajen ’n-t c-c-r’n- ia. 5)  au - c- c- j si-c-eu -ri in Figs . 52 c -nc -_ si 65 . I c - i c - - c - n e

c-c- he c - - n - - t ar  i-ner ’c-t  ~ c - I n - condi t  i c - c - n n c - c - n i -  wak e c- c- c- - c - c - e n -  c-’ , -are -,ic-a ‘ c - c - nc-- c - nc - i -  , t i - c - C  t i - c ’  —

c - c -u - eu - c - c -- c- c - - i  v e t - c - c - c - t v  component s do c - s c - n t  ci-c- c - c - c - c - c - c - c - i  c- ’c- x c - ,ensive l Ic - w i t h  u - i - c - c -’- s n - n c - c - I l  c- - n - i - e n —
c - c - c -si  c -c - ’ i c - c -  e l eva t ions  of the ro c- ’ket t ra jec -a t ‘c - ’; ,’ n- c-n- t he  : “ c -c - — o v nc - u -”c- c - c- i  u - c - ic - c -’
c - I c - c - c - c - n - c - a - t n - p. However , conan in - t e n t ,  w i t h  t i - c - - n -  r e c - c - - u i -  n - c - c - c -c - i - c - owr s  in  nc - c-f 14 , c-a c - s e  ‘,“ h c - - - ’

t i m e  van is ,,t i n c - n  in tine v i c i n i t y  o1~ t i - se w ake i - - c - c - i c - c - c - i - o n l y’ u - c - c - n -  c-’oc-n-” ’j  to n:- x t c -er ience
a pha:c-’ s c - s i f t  w i t h  rotor azimuth pos i t . i  sic- due t-c the c- - c- .c - c - c - s t i o n a l  r n - c n n - c - ’. “c-i c- i c -arc-

“ c - f  the t i p  ‘,-‘ c - c - - u - i c e s  w I t h  respect to the t r c - c -,~c-, ’ ’i -c ry .

ic - V Ic - s c - i c -a c-’sc - r  t i - c - a - ’  Modif ied - ‘ ‘c- c- c-o~py c- ’onf’nl gc-c-rc-it i c - a .

S n - c - l e d  LV dat a for thc-  modifie d ( f l a t ) canopy c cr c - f i gu n a t i on as ~~~
“ '‘a [ c - c - c - I

at the referenc e condit ion are presented in F’i s. 53, c-ni-c- , and 67. As c i s c - u - c - n

ic - c -  F ig .  67, relative to the reference conf igura t ion , the canopy n - c - c -c- c-I l f i n ’ s-c-t i- n r c -
tends to increase the time—averaged down flow by up to 5 f m ;  at the po r t i on
of the r ock c -’c-t , t r a jec tor ies  asic-Ic of the fuselage w i t i - c - s c -, c - t , signi fi cantly
ir i t ’ l n i n c - n c i n c - s c -  the wake boundary data.

LV N ata  fan  t -he Modi f ied  Thrust Condition

2c c - i l - c - i  LV c - l c - j t, c-c- Cc- c- ’  t i - c - - ” reference , - c- ’ c -n f ’ i g sns ’c - i t  ion i - c c - I c - - c -  c-- c -I t h e  c - c - c - c - c - - i -  i f i e c i

c-~~c - n - c - c - ,n t  condi t i o n  ar - n  i - c - u - c - c - n s a - n - t i - c - i -  in  F igs . 55 , 51’ , c - c - c - i -  68. A c - I  i - c - c -c - s c - c- s t i c - ” d at a

were n - c - ’ ‘c- n c - c - u - - c -  c- 1 t i - c - r ’ c - - -— : ’- - . c - ’ t hn  t , i c - cc - t h r - n i : I ,  level  (C T = 0. 0 c -  ‘c- c - ; , )  c- c - C  t i c - ’ re fc- ’n- ’ c - n n ’c-

i c - c - ’ ,



‘ - c - c - c - c - I  c - c - ,  ( 
‘ , = O . c- ” c - c - i -, c-’ , c - ) , ‘ i - , - l i t - c - c -  u - - s - c -  ,acat c - s ’ i t c -  1”c-pu -e n c -’ c - , t the  c - - c -’ eu - ec - ,c-se

— c- c- c t c- c-j c-~~ c - c - c - c - c -” s a  h r  c-, c-’ c- c- i” 0 ” c c-- c- c- c - 1

c-he  c- ’ c - - c -’ c- ’- c - ’ - ’ c - s c - ’ ’ - c- i -’c - c- - c- , as “. ‘ s c - c - c - c - , t , e c - I  in F ig .  65 , c - c - c - c - c -i c- i - a - u - c - c - I, a -;aiuat I~~c-. ‘c-n c- ’ 5 1 . 0
c- c - c - c - c - ic - _ c c - c - c - c - c -c- ’ ’ c - ’ , s ” ’ . l i - c - ’  ‘ i c - c - c - s c - c -  s c - c - - n - e e c - c - n e c - c - c -  O c - ’ t c - s c -  c - ”c - ” ’c- , part i c- n-~~I ‘c - r i p  at u - c -,- ’c - c - .  c- - c- .
c - , r n i c- c - - c - n t c -  c - ’ ,- On . . - (p = 0 . 2 2 ) ,  “ - n c - s i - T n -m n- t i -ne c - i - c -c- l i c c - c - t c - i  c - i n -c-It of t i - c -  - ,‘c-c- , a c - c - a t’,’ s c a l i n g ,
;c-r c-c-’ t - c - l u u - - a  - , ‘~ ,- ‘ c - . c- ’ t i - c - ’  ,c - c- . c - c -”,’c-c- I .

In a c - i - , i i t i o n  tc-c -c - inc -iT c- c - - n c - c  ic - n c-c - the c-rc -as~c - c - i t’ c-,’ c - - ne  of the flow ‘,‘ec-, , ‘n - c -n - i- t ieS , a change
o f u - i - c - c c - c - u - n - t o n -  t hu - -ant  c c - c - c - c - f f i ” ’i c-c- r c -t i n f c - ’.nen e c - c -s t i -~.e phasing of t i - c - c -nc - v e l oc it y  tic -’c-,e
var c- s c - t i c - a n  an- c - e l a n -c-d c - _ n -  u -c -c-t ar  ac-c- inc - s ’, n t i s . Th is  is a t t n - - n - n -  able to  the  sac -c - an n -c i c-an
t i - i - a  r ot o r  ‘u-aS’: c- ’c -c-c - ) c - ’c - c - c -’ tr sa ‘n - sc -, n c h  results  i-mi a u - c - c -c- u- i e nta t i on  cc-f t h e  wake u - c c - i - a c -c- ‘cc
n - o  c- a n - c - c c - c -  rc- sc -’k~~t, t c - c -,’ ”' c- ’ c -n - o r - ’,’ point , as p r c v i a n c - s l ’,’ sho~~ ic-c- t i-ac f l ow -n - i sua l i sc -c-ti on
rec -c - c - c - l t ,c- n - c -’ i - c - c - c. 20 , 28 , ‘ c-n - c -c - i  33.  ‘ c - s c - C  Wc-c k a - c - i - c - c - a  c - c - c - c -  be c - c - sec - c -  to e s ti ma t e  t i,e

n - c - c - c - c - , c - e  I c - c - - ’ u - c -, n c - c - c - -n - c - , c - c - s  :“ c-’ sa c-c -c- c- c- c -c -c- t i - s r  c - s t  level c-c - a  c - c - c - n - c - n - c - i - s e n .  For exc -,c-snc -’-I e , ira n- i - ac-c -  u-cc - c - u - i a n
c - c -c- t i-on ’ wake c - c -- - ‘n- c - c - c - c- nc - c - ’ ; ,’ whe n - -n -  the ve loc i ty  t ime - a n - n ation is of ‘u - c - c-c - c - c t - c - s t  si n -c -, i c-” c-

c- ’c - c - c - ,c- ’ - c - , t c - i - c - c - c - ’  p c - ac - c -c- c- c - c - n c -’ i c - c - s c - r i - c - c - c - i c - c - n t  can t i c -  i - e u - l u - e d  i-c- ’,’ r el at  i n c - c -  u - i -  c- i c - c - c - c -  r c” , -ac - ,t ic -a t i c
‘: n - r ’c - - c - c - n  s n - n c - a - i n5’ to t i- c -c- 0 I c - c - i - c - n -  az i c - ic -u t i -n  pos i t ion .

Ic - V I c-c -t o c - c - c - c - ’  t I -ne  tI -oc- l i f ied Tip ~ jc-c-eed Condi t ion

c- c c - l ed  1,7 c - i - c - tn- f-c - c - c - ’  the s-eu -c-c-u - c - c - s a c - a  c n - c - r , f i -’ - c - c - ’sc c- c- on t i - n - t o  j c -n c -n- i c - c -c - c - ‘c-c- c- ‘ c - c - fled
t i - n c -  speed c o n c - i l t i o n  c-i c-c- a- pc- -e :entec -i- ic - a  F i - ~~. 57, 58 , and 6 14 .  A l t i - - ’c - c -i n - s ,  c - c - c - c - c
ic-’c- tsa u-c -c -n rc - c -c-e.c-ic-c- c - c - u -~~ c-i c - i t  t i c -r c - e— f o c -. i r t Ic - c -~ the t i c - c -  n c - c - c - e e c - h  ( ~ 7 C f p s)  of c - c - i - nc -  r c - fc -c - ’ c - c - c - ccn
c - c - c -sc-c- ’ cc-sac - s i i t i c ’ r c -  ( c - c - 9 7  C u - c - n ) ,  and ‘c - n c — c - s c - c - c-~~ t c - c - ;“n i ,.i— :ca ’i - e AN—l I c c - c - nc - c (7 1c- 6 c - I - c - n - ) ,
t i - s c- c- c - i a n - a  were sec - icc - i- to u - c - c - i - I - u - c -sec - s t  u - c - c - c e  Cc-c- I I — c - c - c - - c  , e t ip  speed. c- c -

~~- l ~~ n - c - r u - c - i c - s  a
i - a r c - c - s a t .  (-nr c-c- c-c-,anisnn o f the data cc-t ic -  the scaled r e f e r e n c e  coc -n- .ij t  ion I c - c - c - c -, as

c- c -r c -c-- ,c - en ted  in i- i c- c - .  69, and t i - c - e u - e l ,’,’ a ‘c- c - a c -  c - c - c-c-., t ion of tc-,,c- vel.oci tn-- scsc-11n’

prn-’-ce d c -n re .  ‘- ‘ . c-r c - n - s ide r i c -n g that  the c c - t o n - i t s- c-n - c c - s  i nn -  f ac tor  -c-c-c-c - f  c - c - n - e n - I  u - a r  the
c- n c - c - c - d i f ’ie c i-  t i p  speed c o n n l i t - i o n , rec -c - ’ n l t s  in inn n -r em e n t s  ic - c -  ~~~~ c - n

_
c-

c- _ n ) u - c - c c - c - n - i  c - n c -- Cr c - c -c-c-a
8 to -i-i ; ‘pc - c - , and tha t  ‘c - nc - t - c - c-e’c -c -enu - of the c-cc-al ec -I data  is w i n - i - s n  0 to 7 fr - c , c- c- - c -”
f ol  I c -c -u -i- n c - c -c -  c - c - sc - sesn -c -sc-ec-c-t, is ma c - ic .  The flow v e l o cit y  sc -a l  i n c - c -  n - c - ’ c - c c - ”c - j c - c - c - -c- c -c-

_
ar c-c- i - c -  c-

t i c - c -  sc- c-c- i ’d s’ec - c -er a lJp  c - i - c - c - i - i c - s  as has previously been demon :tc - ’at - ” c - n i n  c ’ i - , i - s c r

exper imenta l  and t i ,e c -c -r c t ica l  programs ( - l ec - a c r ibed  in - c - c - - I’ . 12 ) .  i - c - c -c- wc - a ’-,’cn -r , ‘ i - c -

low c- ’aj u e of the c - ccc - c - l i f i ed  t i p  speed (373 u -ps- ’ )  c -nc - i c- c- c - n - u - t i - n c -  i- n c- sc-f lee  of t i - ,e
i - u n - c - d c -c - c - c - r esul ted in a n-c - c- c -nc - eu -hat  n -u - e a t e r  d i f f e r e n c e  in t i - c - c --s scaled t ’i c - ’ s r —s n -;y ’-s - ” c- , ”c-

ve locit  i n - c - n  than a n t i c i i -n at c- a c - i -, part i c c - i I ’ c - r y c - c - c - t he  ini cnar ’i -  u - - ’c-c-’ k c -” t  t ” s c - ,~ c - ”c- - c- c - c - t-I ;

( . j  = n-c- S 16). ‘ c - h i s  may In-c- related to the - c - i -c-c-c-it , i c i c - c - c - i t c -’ c - c - d i s c - i n - ic- i c - c - c -n - I i- e n - u - c - - c - c - - c - c -  the

* I c -
c-

, ,  small d i f f e r e n c e  at rocc-et ,  I u--’c- ,tE’c-c-’tOry c-~ c- c-~ 3 (v  :c- c- ’)  ic - s  i - I c - - c t  c-c-c- a

pc-a c - c - - c - l i -  ‘c - c -  smal l d c - u - i — c -c- ion t’ r ’nrc -n the  s e a l i ng  i - ’ c - ’c- ’c - c- ’”'d c - i c - ’ i - i —  c- c-’ 1 i - c - c ” c - ”  ‘-c- I c-c- i- n -v 1-c -c-

‘ c - c - c ’  f ’ i i , c - c ’ I c - c - g , e. i - c - c-wcc- c - i c - s r~ , ii , is recognized t i - n c - c - i -. tir e di  ‘ c - ’ c - ’ r e c - c - c -’ - ’ , c - c - c - i - ’” x i c - - c - c - cI ~~~
3 f”ps , is about the  ex ’t , c - - c - n I . of t i - c - c- c-c-c-p etit b i ll  u-p of tin e LV Ic- i t  c-c- . 



- c - ’-,

~~~

c- 

~~:i~~~~~~c-c-
- i . _ _ _ _ _ _ _ _  

---

~~~~

c- c - - c - . c - - - —

~~~~~~~~

_ -c- -— _, ---- -

~~~

‘u- c - v - c- - ‘ - - , c - c - - t ,  c - ’ , c c - ’ t he ‘‘u- - --  ‘ - ‘ c- ’ I In - c - i-c--s c - c - ,c - i c -j c -,~c- n 1 I c - c -  c - c - ,- ’  :c - ’ b c - l l a ’ c - ’c - - c - s  c -c - . ,

u - i n n - c -  c - - c- c - - c- c - c , n c - ’ c - ’ i b ” l c - c - i c - - c - c - e c - ’  - c - c - , - I  r ’ ’ • , c - e c - u t , t ” i  ,r c - i c- c- . 21. c-
c-
c - l~~~~, ’ c- , c -  ‘ c - c - s- c- ’

c - c - i ’.; c- - , n t i - ; c - c - i - .i or 0 ” t c - n - , 3  obsc - - c - ’ - c r c - t. i c - , i s  c - - c -  c - n c - i c - c - c -i- , i - c - , i c - s  c c - c - c- - c - - c-c- ,c- ” ’, n- ho c-, t i _ c -c-

c - - - - - ‘ ‘ - - ‘- - ‘ i -  c - i  c- ’” - -s ’ - - c - , c - ”a , c- ‘ “ t , c - ,  s c -c -a ]  ‘ ‘  i- c - c - c -  c - c -  c - c - -  c - c - c -, n - c - i c - c -’ - a; c- i - ,  ‘ c - c - c - 1-a’u- c - i  i - c -  - c - cc - c c - c -

cc-I  c- c , - c - c - _ i i - c - c - n -  n - c - i ’  ; c - s a c - l ac - c - g  i - -~’c - n ’edure i n ’  c - - c -. r c  c - n - - c c - c - c - n - c - c -’ c - I~~ c - , I ,  ~i,o c - c - c- c - c - i c - C r H p

s .O c - . ’ - Ic-c- ’ ‘, c -’ c -  c -c -  t i - c - C  c-”c- c-’- ,’ c - ’ c- ’ c - , c- ’O n - c c - n - i -  c - c - n - c - .  i - i - t i - c -  r , c - n c - c - I  ~ct I — - c- n - c - c - i  a- c-~i - c -’ a S ’ c - c - . c- c- c - c - c - .

.‘in c-n -e , l i - c -n -c t  ‘ p ,  t i - c - c - c -  u - c - c - i - c - c - c -n- u - c - c - se  , c - c - c - c - ” I I i c -’ic -, c - c - ,’c- ( c - , c c - ’ c - i c - n - c - c - r , c - c - i - t s ,c- ’c i i : c ’ - ’i- 0- ’,’ F )  ac- ’ .
i c - c - s c - c - c - c -- c - ,  ‘ c - s~ oc - ’ t i p  c-c - i- c - c - c - _I c-~c- c - c -  c-i c- ’n c - ’ - ’ - ’.- i c - ’H s’ - i - e n - i c -c - c - c -  a n , :  c- , c - c - r  a , - ’ c - j c-

‘c - n - - c - - n ’  I . ” c- , , ‘ic-i _ c - cc -  n - c - _ i  c- ’t. c - c - ’, t i - c - c- ’- c-, I ” , - ‘c- c - c - c  ‘c - t i c - c - c - c -  cc-i t c- c - c -  s ac -’ c-- S ’ c- ’ ’,c-- c -  -? ‘ ‘c--’ ’ n-c- In-IT’ ’ ’ ’ ‘‘ - c - c-
t i c - _ c- ,n- “ c- c-c - c -  ‘ . c - . i- n - c - -c - ac - c - . n_ - c - ’ soc- c-c-c - c - c - , Sn 

- 
c - c -.c - n - : , i t ic - ’,n -  ~ nc - n a ’ c - n -  - ‘ s -n - c - c - c -  nn . sc-. ’.~ c -c -_ . i - : n , - c - a c - n- ,

c - c - t n’ -
~n - ’ c - s c - c- ic - c - I c - c - n  c- I , ’ , on ’ c- ’ c - , c - c -c - i - c - c - c -’cn- i c - c - f ’ , c- ’n ’c - ,c-’c-c- s. c -c- c - c - n ’s ‘ c - c - , c - c - c  -n - _ c- i - ” c -~c-~

c-e d i ’ ’ c- ’ -c - c - c - ’c- c - c - ”-”e :’ ,
, hc- ’ c-c - s c - n -i 1 ‘ c - c -’ rn-a c-c-r , ‘u - - s c - c - ’ -  . - - , - - s ’ sc - , - c -  - - c c - s c -i- Tn- n- , ‘~~-s, ’ - ’ n - ’~c- ‘ c - c - - . c- ’’a ’’ -’c - ’ c - ’- - c - . ‘ - ‘ a n ’ s - i -  t c -’c-e n- c - -n - c - i l  ‘ l a d
H c -  , n c - c - e c - -- c -  . a a - c - t c - c - ’ i  c - ,  u - -c-c -c-, ’ si n - u - c -  i n ,  c - 1 .  ‘i-n- . a c - c - c c-fIn- c--at -n-f the ic -n - c c - c - n — I  L c-c-c-,j ’c-
v ,“ c- c-c - c- i-ic-c-s c-,’ I c - n , Hoc - c - i t ,,’ i c - c - - u - n. n c - c - n- i c - c- . c-c-c ] c - u - c - c - c- c - c-c- -n-~ i c - a c - n -  I c - c -  c - i , ,  - c - - i c - sc- c- a -‘c - c - s -a 1 ‘c-c- c-

- ‘ l i s c -, c - i c- ’ , i ’L ’ c - u - i ” c-- i c - i  t i - c - c - ’  1.0 H o ”  h i , ’ ’. ’ ’- n ”: i c - c - et c-c - .

- c- - c- Hc-’ 
‘

c- ,— I ”  n - nc - ~ i- c - i a - - n - c -  C o n c - l i t i o r c - s

, “ s aa i c” i  - -: - c - - c- c- a c- c - c - ’  t he  “c- ’ - c - c - c - c -c - c  -c- c-r , t ’i c- ’c- , c - ’ c - c -t i-on t a - c - t e l  ‘c-c- ’ u i s c- ‘c-i s”- ’- I c - s~
s c -c - s—c-f :’- ‘r . ( I c - N -  c o n d i t i c - c - n ,c- are i - c - c -u - c -c-c- c - a - c - t e d  Ic - s  F igs- . a ‘c- t i c - c -~n - c -u c-~ i-c - 62 ac-c-d Fi

71) . “i- ’? ‘c - i - c - u - c - a c -  c- ’ c- n c - i - i n - i c - s c - c - s  s ic - s c - c -c - i c - c - se ski l i - i e i c -’n , t c-s ‘c-L c-c-’-,’c-a ‘u - cn n -r i- -c-n- f 15.5 , 10 - c - n c - c - c -

0 s’s . .  i - c - i c - c -  c-, ’ ”.’a c- I - s c - c - n - c - c - a c -’ c - c - c- c- skids and n o t - c - c - , nc c -ndirc - scn- c- ,si n r a a l i c - c -c - c -’ —i - ‘c- n- I.e s - c - - c- on
c- ’c -i i - I c-c-a , are m c ’ ‘c - i c- I ic -c - I c - c - h i - c -  3. c-i c-c -c -c -u t, c - c - t c - irs c - I ic - ag di f :’-n -ren ce s  are c - c - c - .c-.c-- i- c- -c - c-u-’u - -c - c - c -c - c -
tc - c - c - t c- c- - ’ c- l ’ c -— t c - a- ’i-’ c -n - ak -,‘elocis c-c-’ i c - c - c  c - ’c c - c - c - n - c - rn n -  c - c - of 1 ic -c --c ~‘,c - c -  n - ,nc - s c- fo r  t, } , ’c- i - O F  an~c-i c-c-c-c-p -
cs~.~c - s~I in - , i c -  nc - c -  . i i  - ‘u-c-sc-- u- , n - c - n - O c t  a n t i a l  c- i- i fCc-c -c -s - c - n a - c - c -c-a c-c-re ol c - s- a ’s’c-.’cc- i- i - n c -  t i - n c  t i n - c -  — c - c - c - ’ec - ’a c - ,’- c-J

T i - sc -  fc - c - c- n - n c - c - c  c I ’ ‘ c - -c- -c - c - I  c - c - , c - ’ —avec - ’a c--’nc-” i --ac -c-t a are corn i- sc - c - •e c - i - w i n - i - .  t i  , n -  n - c f c c - - s - c rc - c -c - -. ’
“ - I F  c c - c - c - s c - c - L i - i - c - n a  i c - c -  I n ’ j c -~~. 7 c - c - . In s i d e  the c-- c- c- c -n ’  wake , the nI ’c-wc-c-t ’ c - - s -c- w c-c-c t t i c - c -  c - - n - - c - c - c -c - n - c-

t n aj c - c - c - nn -t c n n i e s  c-ic- c-c- c - i -c - a c - s  t n - c- - ‘c- c- nc - cr -ease w i - t i - a  de c - c - s - c - as ic -c -c - ’  h ej c -’c-’ n-t, . Al cc-c -c-, c ’
i - c - c - - n - n c - r n - c - -c-- i

shi f’s of t i c - n  ‘.r e l o c i c - ; c -  ‘u - c - f i l e  w i t h  I c - a u-cc -c-c- s i c - c - c- ” height  is i n d i c c - c t  i c c - ’- c-c-s c- i - n , ’
wake expnc - s :  i c- c - n observed in t i - c - cc-c- TOE f.c - ow vis ” c - c - I  I za t ion dat ’, . . The f low c- ’c - c - a u - c - i c -’-
c - , e c - ’j~c- i- ,i-sc - c a n i a t i o : c - c - c -  w it h  c - c - c - u - c - s c - n c - i  -heic-n-’, I’c-~. a r c -  non l inear . The a i r ’I - u- c - c - c --ar i - c - c - c
ic- a c - c - c - a - h  point  of rocket No. 3 (y = 0.1 ’)  is shown to  he c - c - s -ant  e s ’s’- , ‘t ’ :”i- c- cc-tu-c’ ”n
dc - IL ’ and c-c- i - c - c 18.5 c-”t sk i T nc - c - c -  I c- -li t cond i t ion . The c - n - c - I c - c -c- ’ t ies  in t h e  v i c i c - c - i  u - c - c -’ of
lc-, c- .c- wake i - - cc - c - i n c - i - au - p  au - - c - c - most c-c-’ c- ’ f ’ cc-’ t - ‘ c -c - I du r ing  operation i c - c -  ver ; n- c ton i c- proximi i-c-p
I , , c -  c- i- c - c - gu-ou.nd ( I . - - - . ,  sk id h e i n c - I c - t s  b c - u - u - cc - c -c-c- 10 f t  and I) c-~c- ) .  The l”ct t c - - c - ’  r c -’c- ; i n l t , .
in ‘ i n - - c- - c c - n c - n t  i on  o f i- i - c - c -c- i - n i g h  t ime— average  c - 1c c -wmc- t ’ c - c-’-w of ’ - c - i -  “ox  i- n - c - c - nt e i ;~’ 60 u - c -
near tic -c wc -’ck ’c - ’ bo ’c - n -Io , ’y unt i l  the skid hei ; ’c - c - st becomes less t i - s c - c - n ’. 10 f t .  c - i - n - W e - c-.

for n - k i - .i- i c - c  -ic - c - h t , s  below 10 ft  , the r e c i - n c - c - n e c - I  e f f e c t  sc - rn i - c - . ’ c-n - c-c-n- cc-- i- a:’ the I c - - u - -- ”

i - c u - n i -c-low i c - s somewhat -c - c- n - s - _ i- c-c- n c - c - r n - i c - a c - - i -  by the i c-c-- c -c -n -er t ime i c - c - - c -’ iod t i - c - c -- n ’ n c i n a - t  I n - c -  i n  - c - n c -’

u -n -k ’, - i - c - c - c - n - c - c - C c - c c - u -

i-i 

--c-c- . . . . .



c-c- - c-n c -c - i , the  c- ’c - c - c - c - u i t s  indicate that  a n c - c - - c - c - n a t  w i l l  c- ’c -c - Sc - er]c - u - c - n— c r’n - Ic -n,n-iv”c - l -c-

c - c - c - u - c -c - c - ’  ‘ I “u -na c - I  c-”, ; ’ ,c -e  I - ‘ - i - ties c - ar in—grourrd—ei-’f’ec-c-t ‘ c - c - - c - - s c - c -.’ ion , ac - c - - i- i- i n - s c -  n - i - s o c - c - c - c - c -  1

I c - sn - s e c -’c- ’c- c-c- ’t a - c - i  -1. -. t i - c - c -  c - c - c- c-c-c- ’ wake.

c- i - c - c -  ‘ i c - i - :  ‘ c i - - c- c - , v I ; c-c-TA

1,0 - i - a t - a  u-c-a c-’ t he  c - c - c - c - f ec - s  ‘u - i n c-i s e c - n c - c - f l u -  ‘i c - -n a t i o n s , ‘c -en- c -c n ibed  p r e c i c c -- c - c - n l ’c- ’ , c - c - n - ”
c-’c-’ n- c - c - n n -’c - e c - [  i-ri F i c - c - s . “0 ~ ic - c - -- ’ c- c - c - c -c-i - n 76. As c-h o c -r n  in Li-cc- . 5. w ind  sc-ms-c-u- l a s - a t t n-c -n -c-

‘Tn - .  1 tc - c - c - ’o c - c - g i - .  5 are -an - ide t h e  c c - c - n - c - n -n - c - n - -, ac-a c-i wi c - c -d sens’c- c-- locat i c--c-n c - c - n -n - .  6 c-r, c-n-

sic - c - in - , u - u - ann - of tn - c - c - fun - c - l an-c nose .  c-li-c-c w ind  c - nc - f l SCns- coordinates were p ’s - en - en -n - c -c - c - t
ic - c -  Tab le  5. The c e l o c i n - ’c -  c nc-c- c-’s nc--a rc -ents m ean - a c -r ea l  at ti -n e w in d  sc -nc - sc - - u -  locatior.s
were i c-c-’ the c -n - -c- c- -tin - ac- (v 7 ) c-n i  hon - o n — a l  (v ~ c -n -nc - d Vy ) n - I s - c c - H o c - c - n - .  ‘

l
7,’ i c - c - c - n - c -  I ’ s - c - -,’ - nd Soc-a c c-n-c-’ c - n - c - a - n -c - i -  ions Aside of ,‘c- c - c -, c-,~ r” ,j c-

c - c - ,  Fi g .  72 , t he scalec-’i time— n-c-, c-,c-ec--n-c-c- c-” c-n- I - I o u - ac - i - l ow at wi nd se c - c - ,  c - Dc - -  I c-c- n - c - n -, ic-r ,
c - lo s .  1 t i - c - r o s s ,  5 is c - a u - c - n - c c - c - n - c c - i  for the ison-a ted  rotor , u - c- i - dc -s-c -n c -ce , - c - c - c -- i  n-c-cc - c - i - i - f l  cc-

‘c-nc -c-r an ’  c - ’ar c -c-’ic - ’ - su - c - c - t’:. c-c -rc - ,-c- as c- c - c -  ec-’c-j te d at the c--c-c-ference cond i t in - c -n . c- c c- c - c - c - c -n - c - u - In - cc - c - c -  oc - ’
n - i c - c - c - -  icc -crc -’ic-’I.ow at t }sc . c- pr imary  loc’c-t i - c - ’  c-n c-J o . ic- ac - n c - i  i t s  ccc - c-n -r c - te c - ’ c -’ - ’ c-c -’ - ’ , N c -c- c - . 1 , -a- c--c- i - c - c -”

c - c - c - -c- n- c - c - c-c i t e  s i t e  of the fan - c - e la n -c  i n d i a n - c -i- cc- c close agreement f-a- u- cc- ’c - c - u -  con f ir ’ :c’c-t i n c - c - .
The generall;r linearlc-— increasing ‘ic-c- c-nc-” c -i c-c-w frc -c-c-c- I c - c - n a t i o n  2cc -c- . 2 n-a- 5 ‘ n - c - - u - e n - —
u -c c - n c - i s  t-c - c -  the general i - c - c - c - c - u - er ic -n -  u - i c - c - ’  u-c-los ic-c- an’ p at t e rn - ,. Ti-c-at is , the  ‘icc - ’c-c rc - i -’c- ow
in c - c rc - c - c - se c  as the wake boundary is approached. Cons i s ten t  u - c - i t O  n - ic -cc- rocket
I- c--a ,~ c-n - - - t c - c - r ’,’ dat a , the c - s - c -c-s - a - nc -ce of the fuse loc -c -c -c - and the mc d i  u - l e d  c’c-c-not c-i-’ c - c - a c -’

n - c - I d  an increment  I c - c - c- the downflow . The wind  sensor c - c - c - c - i n - n -  he tea- , ’c - n - c -c - I  ‘ it i - c - c-c- n- ’

as far out as location i-J o. 5 i - c - eu - c - a re  t i - se  c - c - ’- c - c - c -e l age  ‘c- - f” -: . c- I, sn- i c - e o n - c - c - c - c - -c- c - c - c - c - a ll . I ’ i-.e
u-low v e c - .ec i -t y  at icc-r at i on l i -n .  2 c - i c - p s  n-c- c- i- u- rn- c -c - c - a the  cc- c - n - eu - s c - i  n - u - c c - c - c - c - i -  c - I c - c - c c -  1. 0 ic -. n- “I

extreme close c-c- c - ’c c - c - - c - l a i ty  to the  -com es- of tc - c - s e  c-c -n c- li f inn - c - i  ‘ -c-n ec-c-p . La, — ’  c-n- , 4
c- c- n - c - c -n- c-c-c- c - ic - - in’ s  t i - se  magn i t - i c - n - c - n -s of l i - c - c - a  dcc-wn~’’c-ow i c - e n - ’,; ‘ - “ c - c- I a - c -’ ‘c - c- n -h e  w i n s  c- ‘ ‘c - c - n c - c - ac -’
c - i c - c - -n - a I. tori and t i - s~it a ’ i - c -c - 1 c-s t - s c - i - i s - e u - t i p  lc-c-enc”n t , i - ,  on I c - c -ic- c-c-c- c-i c - c - c - I  r c-c-c - a - i-’, ec- s~sc- ,l e c - c-i-

N o n .  2 and 3 ( c- ’r’ c - c - c - p r io r  i. c- . c - c -~ c- c- c - c -  ‘I i c - c - ’ i - i c c - c -t c- c - c -  a s in -n i- f i  c’-i’ , ’ - - ‘ - c - -u-c - c-c- c- n - w c - , I ’c - ow
ve loc i ty  ( ‘ c-i - -c - i - ”c- ’ , ’ , i c - - ’ c- ’ - c - i c - :i 10 fpc -c - ) n -n t i - i - c - c c -  w ind  sensor n c - - c- c-c-- ,’- . ’ i - On  ‘c- n c - ”  s c - I l  a -n - c -c - c -5Th ” , ”- c-~~

t i ons  i n ’s F i c - ’ . ‘(0. I t  w i ll . c - c - c -  n c - c - c - - c -c-c-c- c - s n - c - u - p  u -n  ac -cc - c - c -n c-’ ’ ‘c- or ‘ is when t i - c- ” c a l l  l u - c - n —
‘ i c - c -n  of wind c - a c - - n c - c --u -  n - c - ’ - ” , ’ c - s c - ’ r n c - --fl t c - ,  ‘ c - c -  ac c -c - c - i r e  c- ’ c - - n ’c - ‘n ’ i v e  “c - ’c-c - - ’c-’nc- I - c - r c - t  i c - n -c  

p
an- n’ “;c -c -~~ c-.at t r c -c -, i n ’ -c-c-t o u - I  c-s i n  n - c - n - t, c- n - s- c - T i-,~c-c- i  -.

‘ic-se LV data i - c - j s- the t i - n ’ - - -- , a - - c - ” ” ’ c- ‘a ’ eral v e i c c - c -’i t’ ;  c- ’ - c - -  - c - c - c - ,  c- c- i s  n - c - c - ’- ’ , c - c - s c - a - I

i - n  F l c - - . 73 for the c-n -c-m e c o n f ’ i c - ’c - i n ’ c-t ’, i ’ c - . c - s , c- . The u-I c- c- d i c - ’ ” c - ’’ i c - c -c - c -  f- - c-’ a l t  -‘c- c c - c - c - s _ _ c - _ c c - c --

c-c - c - c c - c - I c -n is in the i i  u - c - n - c -u- ion of ~, i , ca  port side oc - ’ f - i - c - c - -  nc , i  ‘, - c - , ’ a ” ( c - c ’  ~~‘il j ’,c - , c- 

~
‘

i-- c- ‘ 1’

c - l i - d c - n  in - n  c o n s l s t c - ’ ’ c - ,t w i t h  ti -ac ’ ‘c- c - c - l , i c i t c - c - c - lec -i c - i - l u - c - cc- ion of L i - c - c  1 , 5 , - n - - c - c -  - ‘ c - c - n - c - c -  c-_ c - c - c - _ c -’

i c - ’, l ’ i c e c - i  -c- Ic- ’ c - h e  c - c - i  - c - I a c -, i -  c- c -n c - of I n c - c - ’  i n I ’c - n ’c - c - c - -c - i  n c - n c- - s c- ’ . A 1 c - c - ’ c -, i- i - n e  c - n c - s c - - c - c - i ’ ’ c - ,i - e o ’’ ~ c- -

, c - i - c - i - c -” - I ’ i c - c - ’u- , i c - c - u -  t h e  f c - i n - c - e j -’c-~~r’ I n n - i n c - i c - a c - i  c- c- c - c - c - u - i c -” c - c - c - c - ,I i c - c - c - c - c- , c - i  ‘ u - c -c - i ’ s ’ n c - c - - a c - - c - c - c - n c - c - i c - ’  , i a c - c-- sa

of i - h c c - ‘c - n. c- c - i c - c - a - c - ’.

c - i l
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c - i - i - i c~ -u - m d  c - i c - c - c - n - n - c - ”  i - i  ‘c - l .a c- n - c - c - S  n- hi- ao l- i - i c - i -  i~ c- u - , c - , n i. cc- ,. ’r . ” i - i t i - -,’ c- c - , 1 c - ’ c - - , c - a - rc- t , ” - c - i  i - c- -
F ’ic - ’. 7 )-c- , i - c - c - i c - n  i - c -  , , c -~ c -n~~~~ c - i  - u - - n -  d i -  u - c - c -a -I c - ,  “ c - c - - p c -c - c - - i  c - c - c c -c - c - w i n - i - .  i-c - h e  r e l ’e r n c - c - , c e  c - c - c - - i - i  .H’rc-
lo t a. I i c-c-s i [an- ‘ o t i c - ’ c- - c - c - u - k -n -u- c- a- , 1 e c t c - n r c- c-’ resul  c- ,~a , t i c - cc- c -c - - c-rc-crc-i ‘ic- ’n c-ec-, cc - c - c - t  a l  i - ,  -

ic -V a i c - c - - l i - c -- n t  ‘ n - c - I c - c - -c - i ” t i c - c - ’  “ - , c - ’ i s s~ c- oc’ ” c- ’ i c - - i e c - s t  s ca l ing  c-- c- - c ’  c - i c - c - ’  is an -c - c - c -  i - c - ,

c - i - _ h e  w i c - c - . I n c - c - c - c - n - n c - -  i- -: i - n - n t ‘a c- ’ . c-’ ‘ i - c - c -.~ l i - i -c- ( s k i d  i - c - c - c - l i - c - c - c - c -  = c - U  c - n - )  c - c - sc - - l i  H a - c - .  5

c- c- c - c - c - c- c -c - c - n - -c-c - i --u - i -  u - h  ‘c - c - ’, re : ’c- ’ c - ’ c - c - c - -’e c- ’ c - n I E  - i ” c-t , a in  i - I n ’ , 15 , c -”, c - c - ‘ u - c - i c - c -  - , - i - c - c - ’ c - r ’’;r- - i c - c -  c - c - c - ’

c - - c - h - c -c” ' I u - c - c -,~ cc-c-c i - nc - c - ’,’ - i - c - I. - c - , 5 n c - c- - i- L ,  ve~ o,a it , , ’ e - c - c - _ c -  - ‘ ‘ c - c - c - i -c- - c- - c - c -” ' - c - - c - , - - i  1’ ‘ u - c - c - u -  i c - c -  c - c - c -  ‘c - I c -

c-- ic - n c - c - c -  n- i c - c -c- . i - ic - ‘.“ c - I  - c - c - c c - .

i c-Ln-c-±ti- c-2c-c - . l t ic -._ ’- .tc- c -tc- , c - c -  . .,
‘
c- , , 2u-ationc-’ ’ i - rl c--’r c - ’nl c - c - a c -  i - , c - c - a -  a .  - - c - c - i - ,c-c I , , , : ’

~c-~i- c - e c- c - - c - a - c -, H ’- - ’ — ’ - , -;’ c-” c- , c - ” i , ‘,- c-c- c- ” i ’ c - c- i ‘ c- c - c -  l r c - n~~i’ , c - i c - c - c - il “ ‘c - n - c - c’ - ,‘e l ’ c - c -” .i c -c- c- c- ’
c c - ’-c - n , c - -c -c - c - ic- c-’nn ’,n - c- c - c - , w i - c - c - i  ‘ c - c - i n - c -n- ‘ c - c - u - c - c c - c -s I , ; c -i c - c - i- ‘~ c - c - a -  c- u - c - c - c - - ~~‘ c-’c- c- c- c- c- Fi , .  Ic-

’
.

si - own s , ‘ i - i c- s.c -c-’ ‘u - I c - c - i- a c - - c - - c - c - c - c - ’  i - c - - c -c c - t i- c c - c - i n -  ar e n - ” c- , c - ’ t c -’ c -~ n - cc - c- n - c- c - l i - c - s c - c -  -
~~~~ c-n- = U c-c - nc - c - c -

c-nc- c - ’ - i- el  t ‘ ti -ne “c- -c - c - -  i - c -e u - c-. n’a , i c- c-c - c -c -os ’ i f - , ,  - ‘ c - c - -  at- , I c- c -, c - V  c - c - c - c- - - c-
_

c- c--c -- c-c- c-c-no - c-c - c - c - i u-’ ‘ ‘a n-’
sc - c -c - c - c - -c- ’ c - r ’ ” ’ ,’ j c - c - c - , n - l a n ’  s c - ’ c - c -c - c - c - c -c- c - c -. c - c -  i n  F’ c- ’, L i .  ‘c - he c - c - c - n -i - i a - c - t i c- c - c - s c - c - p -’ - r c - - c - ’c- c - I  s - - c - t a  o f t i n - ’

c - i - c - c - c- c- c - c - c - n - c - c - c - c - -c - u -  ‘ - c - c - : - - c- I” 5 c- ’- c - ’ : c - c - r c - t i - c - l p  w i t  i - c - t he  c- i-n-c-ta - c - I ’  t i - c - - c -arc - ’ n - c - I  t i c - c -c-’ i c - c - c - ’  I c- n - c c - ’- i  i c - t
i - i c -, (n - , c- n - c -  a u - n c - c - ”’ also c - c - c - c - a c -’ c - n - c c - c -  c-i -, ‘ - - - w i - c - c -i- c-’- en .n or  lo ‘ c - c - i - i c - c - c - c - s  w i t h o , s t t i - sc -
I c - c - c - c - c -i c-in-c -- ’ ‘c - c - n i  i c - , , ’l n c - i cc-’ ,I i-ri Fc-i . c - .  ‘1’ - . c- i c - c - c - c - n c -  i - s c - I c -c - ac-Ic- so in i - c -  ‘ a l e  t , c- , - - c - , n - Ic - - n - wi - c - c -’S

, ‘., ,‘ c - , n - ’ c- s’ 1- “ ‘ c - t i c - c - c - c - c c - c - c e  , c- ’ c- ” c - ’i n ’  c - c -’c-r , u - t y  c- ’c-c-c - ’c- ’a c-’, i - n - c -  io- -c-.u -nc -’  I ’  c - - cc--n t i - c - c -- c - c - c - a c- -c- , i c - c - n - , ,’”—
c- c- e u - c - nc -’ - - c - a c -’ I , c - s c - I ’ c - n c c ,l a c -’- c- . c - i - nc- c -u -p c-sc -u - , n- c - i - c - a -  - “- c- c - - t n ’  u - i c - c -n-, c - - n - n c - c -c-c-c-u - i-c- - -c- ” ion S  on- c- -
un- i c - c- s  i s - c - n i - c - I c -  f - - c - ’  c - i - c - -, ‘c- u- a - i -u - ,  t i -n a -  i c -c-nr c-c- i - i c - I c- ’ i r i - ’ ’ I n - . i i - ,c-c-’ o f ’  c- ic - cc -  r a t  oc -’ c -u - c - ,-’, c- i - c - c - c - i c - c - c - Ic -c -u -c - ’

for i-ic c c - ’  c - c - c - c - n - c - I  i -on ,

A c - n - sc-’c- c-c-~~c - snen it  c- - c -  ‘c - i c-id Ser 4noc c- Locations for Tn’c-’/crin~ i - i  i c-, i - n ’.
I

O f the  i - - c - n - i -  c-c- I ‘ u - i - c - c - c - i -  s ec - i c - n - o r  I n c - - c - c -i, i - c - c - c - c - c - n  , the  10cc- a t i c - c - c - c -  as i - - c - c - c - s c - i  c - ’c ’ rc - ; c -’, c- - I n

‘ c - , c - -  c - c -n c - c - c - I c - c - c - c -- -’ ‘ ‘ c - s c - c - c - c - p p  c- c -u - 18 p c - u - c - c - c - st. 01 ’ the c- -c - , c - . u -  n - n - c - c - i -i c - is  ( i - D c -c - i c- i - - c - ,  5 \

c - c - - c - c - c -i - c - c -  be c - c - c - c - n i t -  c- ’c - n ’ , ’ c - n c -’’j ’j’ j c-c-c- c-
_

c - c - u- avoi i - i r s c -~ f t c - s c - i c - c -c- c-c- rc - e s ’ ’ ’ c - i - ’c- - c - c - ,’u- c- i - ’  I c - c - c - - c - - c - a - c - c - n - c - c -’ , c - , , ! c - - I

t i - c - c- c - k -  b a - c - i c - c -  i - c - i c - ”,’ . c - c -. is c - ’ e - n - ,’c- ’n i ze’i- i- i - c - n a t ,  i-he  c - n - n c - i - c - h o c - -i- , c - c - - i c - c - i  n - c - - i -  c - c - c -  i - c - I s. - ’ ‘c - c- c - c - c-

I i c - i - c  I c - c - ’  - u -  ‘u-- i c - I  be c - c - I’ - ‘ c - n c - i c - eu-f l , i - ” cri . l c - ’ c - J-c - c - ’ly i - c c - c - ’ i- c-c - c - u - n c - ’  c- IT 1~~i - s t  - i - c -~~c- c- . I i -’

u - c -- c - i - c - c - - c -I r n n ’ l i ’ ’ I i  c-n t , c -~rn c - :c- c- ’  i s  cons i i - c -.’t’ c ’ - l  n-i, s e c - - i c -c - ac - a  - - . c - c - ’ i - ’c -c - ’ - ’-s c - i c-c-c- , i - c - i c - c - c -’ c- c - c - i  c - t I c - - ’c - c - , i  c- c - l

i - c - i - c - c -  w i r e ’ t ip  may h c ’ i n - c - - : - c - r ’ c - c - I c -, i - e  ( p u - o c i c - l i n c - ?’ it  .i n i  s u fi ’ i c - n i c c - c - n i -  ,y  u - c c - c - c -c- n - c - - i c - c -  c - , c - i-c- c ’

‘ c - c -_ c - ’  c- - i - p c - c - c -c-n -i Ic i c - c - I  c c - c - c - i c  - i’c- . s r i c - ’( ’  o f the  rc - ‘ c - c - k e n  c- c- c - ’ i c - s c - ’ h c - c -c- ’)  .
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‘ c - c - c - -c- c- c- i- c -i - c - i - c -i- Cc-t i - , ~-c- I- c - :c -U I , TC A lP ) n i - id -Jl c- c-c-n- c-J ,.l f l Ic -  o: ’c- ’ c- c - I SV’ ‘- c - c - c -

Available  i - c - n c - n - c c - n - i - n e ’  rotor theory wa-s applied Cc--u-  t i - c - c - -  re :’ c- cc - ’ec-s” ’e n- c-r c -d c - c - c - c c - l i - u - ic - ac-
“i - s ,’ - c - c - n - ’,t con d in -  i - c - c - c - ’  t-o cc-c-arc-,r c -c - c - r c -  p r ed ici -ed  1 1 c c- u- ‘,‘c - loci t ies  w i - I c - i-c- t he  LV ’ ‘in - ni - c -, and
n - c - c  --‘a c-c- -n - c - n c - s  l i - c - c c -  s c - c - c -c - c -i ic a bi li t ,c -c -’ of i- ’ i - , c - c - model test re sc- c-~ - to  ar. c-i an -c - c-c- c- c - c -c-iated ‘- c - c-il i - n c -’

i - ” r c - c -c- ’ e i -n-c- c-n’es t n c -  s i - c - ’ s c - c - n c- -a c - s c -  n- cc- I c c -  a i r n ’’I c-c-ac- .

l i--c - I c - ‘c - I t  c- c - C L ic-F T i - c -EC c -Li ’ c - ’TT ”AT , c- -I c -c-c -Tic- ITS

c-1ic-e Ic-TE l’ ic-’re ’,acr ibed I c-hi ’ Hover P e u - f o c - ” a c - c - c - c -,-e Arc- c-n-c- y s i s  and a c-c- ic -k ou - sky
A i r — c - r a f t  - i e r i ’ .;n i t i ve , t i c - - Circulc-c-t.ic -c-r s c- n c - c - c- c -c - L e d  c-- c- ac-c -c-er A c - s a c - p s i - s  lu-c-c- c- c- ’c-s-c-c-c-, ( i - l i - i -Ac - c - ) .

were u n - c - c -.i in this  in - c - c c - a t ,  ‘at ion . i-c - - ic - f i - c - a s - a u - i c -c- ions of t h e n - c -  ‘oc - c - .r c - c- i - c n - n s , n c - l y ses
-‘n rc - - presented below . i -c - c - c - n - c - c  - i - c -c - c - ,n - c - 1i. ,c- on the contents , c-c- c-c-. s c - c - c - c - -,~~~~ c - , ’c -c - , c - ’ c - n , s ’ c - c -  c - c - a n - - t i —
c- na t ions  of t i-ic , c - - c- en -ho  i-s c-is -cc -— ‘ cc - c - c - tn - n - i - ned i - c - n  Bc -u -s . 12 t i - c - u - a c - n - r i - c -  t i -I  anc-i- 211 . c - i c -c- i- n - c - c - —
criben i ‘-lake Hover i’e s - f -n - t ’ s ’ a c - n -’ c - c - ”  c-c-c -n c-

c-
c- c - c -c -  is is a c- -c ’ - n c - c - crc - e c - ,t ,  c-c-f the H c -c - t a r c - - c - - a c -’ t’, Eak c - c-

c-’c-i’c- n - c - i,y s is  dc- sec-- i-bed in Ee C. - . 12 n -c - c - c - c - i -  13. Ti- i c - s c - c - n - s n - c l y s i s  c-’c--.c - c- c- c- r n - c - i i-ed ‘c - n c - i - n i ’  a
c - -n - c - s e c - ’ c - c - c - i zed wake to c r c - c - c - m i- the rocket t ra ,l ect-a u-y a i r f l c - - w  p u - c c - c - c - c c - s i - e l  sin Cc-u - s .
6 and 7.

The func t ion  of t ic -c- U TEI C Pr e sar i b e c - i -  Wake iou - c - c - ’  Performance Ac-sac-I c-i sis in- t c-

compute ~ he c i - u - cn , i at i o n  cc -nc - i - i n c - i - c - m c i  ve loci ty  d i - s n t - r i ’c,r s t i c - c - n - nc-c- c - I c - c - c - c - ,’ the rc-H or
blades and in the wake i-, i - c - nc-c -t  are c- ’ nc - , c -a c - sc - t i lj l e  wi th  a prescribed n - e s, of n - c - l tn c-- c - c - -

section operating cond itic -ac -c-n c-a and a prescr ibed wake c- n - nc - c - c - c - tn - c - -,’. li-ac-ic - blade in -

represented by a n-etc -u-c-c-c-at -c-i lifting l ine , and “ ic - c - wake is rerc- s’c’c -- ec - c - te c - i Ic-y c-n

i ’ i ’ c - i t ” c -  number of cc -n c -a c - c - c -n - c - c - i ‘n - - a c -ru - es ’, fu n - c - c - c - c - co ts trail-nc-’ from the ‘Li c - c - , i c - nc -  ic - c -c- n - c - nc - ca in -c-
h o c - i n c - i - c -u - i - e s  as shown in F i n - .  15. The f sn -n ’Jamental relati c ’n-c-c c- c - f  }‘- ln -c - ’ ie c,i c - ’ c-:c - c - c - --

t i -on  to l i f t  coef f i c ien t , an, ’l e of a n - c - sc -a -k , blade c - c - c - o n - i  c - c - c - n - c -, n- c -c - c - c - c - tx -o l  , c - c -- ’t t i c - i n - s ,

c - n - c i c - n c c - n  u-c-c-l c c - u - i n - i ’  , c- c-n- i wake , c- ’” c- ’ c - c - c - ” c -t ,u -’n- c- c - c - - c -  n c - c - c - c - c - c - c -  in  t i - c - i c - c -  anallysi .c- . c- c- c - n c - p  n - c - - c-
circ ’ c- c- l o t i o n s  are -a”  - “ - c- c- - n , t i - s o  v e l o c i t i e s  induced at ‘ a rc - c - i -  ‘away ( e . c -” . . at
rocket ts - - c- ,i c - c c - t - c - , c - ’i- c- c - a ) from the c-”c-t,ni - disc ic-i the bound and i- r n - t i - l i - n c - ”  u - o s - t i c - i - t v
of the rotor are - i c - n - c r c - c - c - i c - c - c - a d  i - , i -’ c - r o c - i n c - c - ,  applicatc-i . c - -ss  of i - c - c - ’  h i - a t _ I c -c-u - c - c - c - - n - ,  law n - ; l c - i ch
re lates the i c - c - c - i - c - n c - c - c - c - i  -velocity at a c - a - i c - s t. i-n space t c - ”  I bc-c-’ ‘ i s - c c - c - i  c - c - t i - a n n -  and ‘u - n -s c-c -c- c--

, c - c - o c - n se t,T’y . ‘ inc - c -  induced v e lo c i t y  is i - ’ u - c - ’ p a - c - ’ t  i cc-na ’ t ,çs t h e  c - c - n c - c - c - c - c -n-n - t i c -- c - s  01’ I c - i - n e c - c - u - c -c- h ur t s
of the c i r c u l a t i o n  str cc- - i , c - ’ l- h  and t i - c - c -, c - c - e e c - n c - c - - c -  u -ic i n f l u e n c e  c o e f fi c i e n t  of c-ac
c-i c- ac -c -cc-nt of v o r t i c i t y  i c - c -  t i - c - c -  ro tor—wake sys tem . “i- c- c- n c - e O c - i c -~~ c-~ i- c-” coe f f i c i en t  l.a
reia t c- ’i -  on ’lc-y to ti - c - c - c  - relat ive nc- c-c- n rc- c-t n-p l’eu -c - ’c ’ec - s c - c - wake c - i  c-c-’c-c-’ec-n-t c-ua c- ti - c - c,’ pc - c - ic - c - t

at which  the induced  c-n-a- c- e u - i t , ’,’ ic -n - ic-c-ire n c-n c- ’ c-’c- ”, I c- i . ‘ i - c - c - ca- ~~i-’ c- c- wake c- - c - c c -c -n - c - n -u-c- : is

rc - ‘s c - c - c - u - i - i -. c- i- , the wake nc-v can-p from an undist c -c -u - c - c - a c - wake model i - c -c- c- -a cc - c - r s p l c -’x

experic -c-c-ntsc-i or d i s c - c - n c - u - t i c - c - c -  n - n c - s c - n - t i - c a l  wake model W i t - i - c -  i - c - i - n  u - c - u - i  cx r o l l — c - c -p  a c - c - c - c -

vortex c - - c - c - r e  c u - i c -c- ac t s  ri - c - c -c -i- i c-u-c-s n-c- i- i - c - c -  i - i - p  c-c -c - c-c - c - i - c - l e d, The a - n - n -c - - c - ’ i - c - c - c -c - c - i - a l  ‘- c - c i - a - I  c - ’c c - i - - c - c- c -c- ’ wake
was c -c -ic -ed for i - i - c - i s  m u - a -n - i - i c-c - c - c - c - i - j o n .

c- c- ~c-

_ _
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The c - i c - - c c - c -  c - c - f .  c - c - n - c - .  - c - a -c-c-i -c- i- c - -c - i - -c - c - u - er  Anal ys is  i- u-on -u -ac-n ( c -’t’ ’i-uc -r ’ ) inn -c cr c-n -n -s
def ines ti - c - c c - hover -n c- -c- c - - c - c - n -  - u -  wake geometry t i c - u - a c - n - c - a t ;  ou sn -ph i -n g  of t i - c - c c -’ wake ‘ c - c - c - - s  “c- c - - c - c -’

c - c -  ‘ c - t i - i c - c - c -  to the bla i-c ’ t c - n c - c - c - , c - n - c - i , c -  s o lu t ion .  i - c - i c - i s  c- c -rc - ly c i s is dc ’c - c - - :r i - h e c - i  i-n i - c - - I ’ . Ci
and I c - a c - n  - i c c - c - c - n c - n - n c - n -  c - a u - n - c - t e d  good co r r e l a t ion  ci t h  t i - c - c - c -  hover pe s ’L ’oa”c-.-c-anc e t e s t  d an - c -c - c- f’
u - c -- n - c - c - n y c- c - c - t a n - c - n -.

— c -”c - v c -c-c-i ‘c - t c -’ , c - . FL ’ c-is c-c- i- n - I c -’ . . c- In -  . c- c - - c-

c - i c - c - c -  ‘ a - ’ c -c - c -, ’ c-c-- n- c-cal c - c - c -c- i -c - i c - na  i- c-c-m are for  ac-c- isolated s-ot c - ,n- . ‘n c - c - atC c-’ - i -  sn - c -n - c -  u- - ‘ c - u - ‘ - c - c - c - ;

i - c - c- c-,c- been c-c-nad cc- for c- ’:l ’wn . r c -i ’ s ’u i - n h n -  to i r i c l u c - i - e  t i - s c - n -  i n f luence  of the I c - n c - e l  c - c - c - c - c ’  in
t } , c -  i - c -~ tec- c- ‘n-c- f tc -hake c-~ ’aai~~ 5 is , as c - i e n - o n - ’ i i n - e J  in E cu-s . 21 a c - s i -  2~ , c - c - c - c - c -c-c - i , c - -  c-

c- i c -c- c- c - ,’ 1’ u-
t in e  ‘ c - c - c - s - c - c -  I c - n c - c - c -  c - i c - n -c- cc - i - p c - c - c - a c - c - i .’ i c - , t c - n - c - ’c- ’en-’e c - , c - ’ - b an - not yet i - c - c - - a - n ,  l c - c - c - c -t c - c - c -c --c i fcc -u - c - c -”:- c- - n -  i c - c - ,

c- c-l i - c - i , i - .  t’i-i c - c -~ t i - s c - ’  - c- o ’, , n c - c - c - c - c - S  -~en-e f ir s t  ap’pli c - c-i , in th i-o  ic - c - u - c - s i -  I c - c - a t  c- c - c - c - , to tic - c - a i - so—
i c - n - u - c - a c - i  s-n i on -  c - s - c - n c -’ i - c -” , rn - , t i n - c - c - c - .  c- t ic - c  scaled t I sc -nc -c -— av ec -”a nc -e-c - ~~~ ‘n-- c- . , cc --c - i  ‘, c- c,’ c- n - ,i ’c- c -c - ’ - c - c - i

c-c- r ’ e c - i  i - c - c - i- - . - ‘ I c - c - u -  c- ’ocket 1, r n - c -j  c - c - c - ’ Ic- c - a r c -c-c- i- los . 3 ‘ c - c - c - - c-n c-ire u - cc -u - c -pa ne i c-c-’ I n - c - ’, ttc-c-c-a sc -s. c -I - e I c- ’c -e c - c -c -
‘-oct - c - i c - c - t n - c  ;~a c -  t , Ic -~c-c - i - c -e t c - n - n - c ’  c - ’c - ’ toc - ’  ic-c- i - c - i c - - c -, 77 and ‘ c- ’l . i - i - s e  c-c- ic- c-c - i - c - i  ‘ c - t n - - c - ’  sc--c -c- ,k”

c- ’c- c - ’ ) c - n , e t r c-’ ( c - i n c-n - ; . 32 and 3 i -c-  ) u - c - c - c - ;  c - n - c - c -c -c -  in  i-he P r - a n - n c - u - i - b et i- akc -c- Ar c- c - i n - i s  c- ’c - c - t ’  5 i - c - , n - ;

‘apc -c-,i i c c - c - L i o n .  The I ’o’.c- - c - u - c -c - c -  c- c - ,  n - ’ ,’c - ’r s ’ lat i on i c - c - - i -  i c an -e ’-~ the c c - I c - i n_ i c-c - i  - I i -j  c - c - c - f ’ I c - ;~ c- a c - c - c - c - l u - ,  is
n- cc- r c - c - - i i c t  n - c - c -n e  u-c-tar t ime — a u - c -ra n - c - a c - i -  f low wc - -c - c - c - ’n the assc-n -c- c-n i c - c -, ’ c-a c -c -c - I c -c-c-a c-c-c-a--c- c - c - s c - i - rn - ’  i s

A l c - s _ c -  i - nc -c -c -ic- c - c - c -led in i-c- I c - c -’ . 71 ar e the t i c - c - c - n - c - - c t, ic c-i  p c - e r i c - c - n -n- ions n rc-c-c-c-n h a t  i- ’ c - c - c - a - -i - c -i- c - -c - c - s
f -n - c - -  t he  C c - c - I l — n  c - c -

c-c - I c -  c- ’n j c -~~i ’c-i- r -c-c - t - c - c - ’  s ; s i n c - ’c- the c - a c - ’ c - c - c - ; c -’r i in -e :l  model rotor ’ wake and the 
- m l  c - c - n -  c - I c - c - n  - c - - c -  ~p ied  wake , u - ec - c -c - c - c - c - -c - a t i v e i y ,  The small d i - C ”er en - c - oc - n -  i- c-c -Lwn -’ e c -c - i - c - c - c -

v eloc i t  I ’ .’ ,: of’ t i -n ’ ’ c - - a c - c -c - i -c -c-l and u - c - c - i c -— c - c- ale c-c- c-n- u- c c - r n - c -, p r e d i c t ed by t i c - c - c  -prescri -lc--cc-c-i wake
c - nrc -c - c - .y n -  i n ’ , are i c - c - c -  i - c - a  di  I ’I ’c- n - c - ’ c - c - r c - c e s  irs the  opeu-at lonal c - n - i  s-foil c- I an - a  n -- c - c - c -ic-e (d if—
‘c-c- u - ’c -c - , ,’c- n - ’~ i - I c - c - c - c - I ;  L O .  c - c - c - c - d  i - ic - c - c - n a - nc- in - c - c - i - a .  ) , the sc -c - , a l l  ‘c - i i f fe r ences  in the  s - c c - i - - c -c-

me n - n i - c --c - , c - ’ ’ , a r - c - - i - c - c-u- Lc- ’ i - , ’ s ’ I c - n a - n - i c - c - -c - i  ear l ie r ( i - c - c - n - c - i c -  1) ,  and nodel t i - i c -  spa --c - s
, ; c - ’ c - c - i - j c -, c- .

lc-i - i c - n - .i i c-c-v c - - c - c - n - p c - r i  sc-n c - c - n c - ;  t ’- c - r tatc-c- c - c - n o - i l  u - i c -’ u - I c - u - c - c - s t  c o n d i t j c - c - c - n  are i - c -c - ’c ’~~c- c-rc- ’ - i- c - c -

Fi g. 79. I t  i-s c - c - c - r i t e _ i  t i-n-n-i t for this conc- i- i t lor ,  c - c  u-c -o ld LV c - J o n - c - ,  were  ni c -,”c-u- c- i c-’ - -

w i n - c - ,  the fUse i c - c t c - c -c-’ and u - i n c - c -, whereas  t i-c- c-c-’ t i-, e c c - r ,- is for i - i - c - c - ’  i n - c - u i - c - a t e  I c- - , ‘c c - c - c - ’. I’

ic - c - also noted t i - c - c - n t  Li - c - c -” r e su l t s  in th i s  u - i c - c - nc - re n - c - c - -c- c - 1 c c - u -  I he c - - c - c - i n c - nc- - c- c - i - I i - c - u - o c - t  c- ’ c - c - c -” t ’ _

u - i  c- l ent , ( 1  . e .  , t i c - v tn c - c - ,’n- c-a c - s c - -c - i - . been u - c c - c - I c - - i  I - - t i - c - c -  r c - f ’c - ac - ’c-ru-e t i - c - u - - c - c - c -n- coc -c - t’f i c - ’ I c c-- c - i -  ) .

‘c- he- de gree of c o r r c - c - i a t , i - c - r ;  is an-c-ic-n c-’c - c -”- c - c -’~r’n-l i- iy favorable c - c - c - n i  i c - c - i c - c - c - i l a r  t i c -  I n c - c - m t  cc- f’

t~ nc-c-s re ference ccuru i - i t i - a r n .

‘ n c - r c -np c - c - r i son s  of the ‘c - c - c - c - i - c - i - rotor n - b c - c - o r n - i -  i c -’n-c - i- u-cc-c-n- ‘c - c - c - w i - t i c -  I cc-n - c -t da c- “c- for i - h - j

refonce i c - ’ c - rc - f i ,c - c - c -  s-c- i - ion  ( ro tor - — u -u s c - i an - c_ w i  c - c - -’) ,  a ’ r~ -at-;c’t tva ,~~’a- 1. c- c- c-’y i - c - c - c .  2 c - c - c - c - I

on opposite n - sm c- i e c -.c- of I i- s c -  mo dc - c-n i , are pu - c-a c-c-n- c - c - c - c - mi - c-c- _ i i n  i - i c- ” . 80. I c - i  I ’ t ’c- c-c - ’ ec- c - c - ’ c- au -  w i - c - i - c - c - i - c -

c - c - i c -c-si c-c-c- , i - r n  c - V  c-c- i, i , i ’ ’i- b c - c - i - c - c - i - c - I  c-c -i-n ti -me pre sc-n -c- .- a c- a  c- c - f  I ’ i c - c - ’ c - n c - c - n c -, ’- c - c - - c- c-c -. n c -~c- e n - i - c - c - c -  c- , ’ . ‘-‘c - i -  ‘ c- c- a - i c -
t i c- c’ t i - ’ ’ c - c - n - c- ” - i c c - n l  resul t , : ’  for ~he isol- c- L c -’H u - c - I - c - c - ’  i - c -n - c - ’  c -j e t  c - c - ” u - i c- c - I c - i  ‘ s c - c - C ‘,‘(  i - a - —

c- l ”~’c--’ lj I ’ t ’er’ c - c - n c -— ’ ’  “ c - f l  c - ,
~ c - i - ’c- c- c - i ’,n ” s i t e s , c- li f f ’ . c - m ’ ’ ’ c - s  ‘ - c - c- - c - - i .  - i - c - t i - c - ’  - 

‘ c - , - , t c - n ,

_ _ _ _ _  
_ _ _
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c - c - .  c-,_, c- c-c-c- ,

I-

As c- I  i c - c - c -” c - c - c - ; c - c - ec-i a--sn -i-li -er, th is t i c - c - c - c- c - i -  c - c - n c - ac-s c - s c - - n c -  - ‘c- n-c-’ is  ic - nc - c - sec - n -  c- c - c - ,  a i c - - c - i n - c - c - i  ~~ soc -nn t  of
c-n - i~c-~c - i~~ c-~ c -n , l  n - at c -c -c -u .1 1 be i-nvesti c- “ c - i -  c c - i  i-’c- ,r t i n e

‘ c - c - s c - c-c - i c - ’i s ’. - n ’ , n - c - s i c - n c - t i n - c - c - ’  t -  t i c - c - Se c- , f  i - i -c-c - .  c-i-o , c - s c -sc- i-i-, t ha c- i- i -a c -In-it c- a c - c  u- c-c-- c iae

c- n~c-e c-~ • c - n - - - c-- c - I c- a it y  c - ” ” 5 c - ” c - -’c - c - c - i - c -’~~ c - c - c -  n-c - s - c - c - n -c - c - c - C “ c -  i-r F ir .  h i .  i - a r  n - c - c - - ”’, e  c r c - c - ic- —

c - c - cc - c - c - n -  -c- t ine  i- i - c - c - - - c - c - ’  n - s-c--i l. ~t s  cc - c - c - a l l  ac- c- ‘c- i-c - c-n - c- c- , s c - a - n i t - n - I c - c - c  -si n-c-i-ic-c t c - n - n t c - n -’c- c - c -n - t a .

I i -  ‘ ,— V O J c - I A f i - i - ’  FLc-c -~ c-c- I c - i c - I c -Of  I c - I  i - f ’

The t i -u -c-c’ v a r i a t i cc -na  of c- c - c - c- c  -scaled n-c- f l o c -,- , - v e loc it c - c -- - “ c-c- c-n- ,rc -rc-r ,ec - , c- c- n c -  se’,’e r c - c - l
n -c- c -n -c -a -c-c- ,; on r o n -F a t  t r a j c -c t c -c -c - ”c -  To,  1~, c-c-re presented is, F ig .  82. Cis c-win- are n -n -m s- a r —
i-sons cc-f t he  n - bc - c - c - s - c - c - -c- a i n - a l  p r e d i c n - i c - c - c - c - s, based arc - the presc c-- i- l c - c - e c - i c - c - a - c - e l  r n-c-t c - -u -  ‘u-n-nic e ,
‘n - i - t b  n-be mean ‘c-.’ i - c - c - t a n - n ’ s ’ n -en -c - cc - c -n-c- - i - i c - c - c - c -  i-a ,s n-c-c’c - ai f’i . c u - c -r n- t a- c -c az .i- c-c- , c- c- i -. i-; n -c - n - i -n - i - -  c - ’  c - c - f  ‘ i - , c
isol c - t e d  ron-or . - ‘c-w c - c -,c-c- c - n - -c- c - c - ”, the u - c - k - :  i c - c - a s c - c - i - c - n n - ’ c - ,c- ~i . e . ,  i n c - i - c - c - -c- c - n c -  c-c ,, = 0 c-c- 0 . ’c- n-c -c -

c-c- i

1. 0 ‘ o 1 . 1c - ) ,  l i - c - -c - ’  u - i c - - c - c ’  ‘,‘ s n u - i c - n. t i -  c- c-rc - is snail n- c - c -u - i - s  c- c- c -” i - c - c - c rc -i- in  i - c - en - i -c- s t i - c - cc- the~’ u-n-’ c - c - c - c -
tc -c - : t  n - c - su i t s , The n-l ie-a c-- c- , ’ ~c- c - ’ e i i c ’c- c- ’c- c - ’ ;  2 ic-cr c- c-’; u- i - - c - c - c - n - - c - c -  c - t i ’ s - c- c-m ci- c- c-,s,i-c- c- I n-’ i c c - C  c- ‘ c- , of
the p c -c -c -c - k — i -  -c - a —c -n - i --c - c - k  ve loci t  p i - c - - n- ’ c- c - c - - c- c - c - c - c -

c-
s near t i-c - c-c -‘ - c - - k ”  i ’ n - a c - c - c - c - ’ c - a r y.

The n - i c - a c -c- ‘,‘c - c- ’ ’ i ’ c - t  iOn ‘n - I’ t i - s c-” veic-oe i t ’a ’ c- a - c - c - - n - -  c - c -c-’a ”- n - ’~ i-s c - - c - a - I - c - c -’ n c - c - -  to t i - c - c -  n - c - - c - u - i - c - n - i - i - c - r
i - c - a ,c- c-c-nn -c- -c of the I c-i - n-” c-,c-c-ri- . i c - c - c c - c - n -  pc-c -u - - i - t i -se point  c-n -a ‘ i - - c -rocket I - c- - c-

c- 
- 

- ‘ c- - ’ c - c - - c - _c- . Ti -c -c - r e i n - c - —
‘.1 ac - c -  i c - c-L u - c - c- c -c- - s c -  n - c - c - c -c-- I c - i c - c - a c - c -  tn - ’n c - c-- c-’ tc - }c -c -a p c-sc-k v e l o c it  c-- c ’ s n - c - c - i- t i - - c - ’- r e l- ,t . ive p en - i -t i -nr C r,c--
of ‘ ic - c -  I c-c- i - c -‘,‘c - c - c - ’ t - e - s  “. ‘cc -c-”. c’t c- ’y w i t h  the p o i - c - , I, c-c -wI - c - n - - c -  the u- c- c-c -.’ket  t u -n - c -ti- c-n- n-c-l c - u - i c - s
i c - c - t ’’ c- ’n- ec - :t the fa t ’c - c -’c - i c - ’ I wake h nac - c - n c- i - n - in ”y’ c-c-sc-c-c-c- ’ i c - c - ’  i c c - i — i - u - i c - c -i- Ic-y n - ”e J  n-c- n- c-i rs-n- i - ’ c - n~ “c - n’c- ’ic - - , c -c - ’°
locat ic -c - c - ’c-c of the  i-nec -I ; v e loc i t i e s  to the e n - i c c - c -i- c -t i - on  of ti - c - c -  t i - i- ’ v a - c - - t i - c - - c c. c- i c ’

c- n -ore nepa~ i-u-c- peak v n - c - ’i c-n-es n - d c - c - e u - c -nc- c-i-ac-’ (ac- cur wi - nec - c -  c - c - n - l i - a - c - s c - ’  t a - n - c -  n - c - c - a c- ’ - , c ’ t o s e sn -t  i- o
t i - c - nc - a c - ” c - i - c -, c-, , and t~ n c -~ c-c-c-ore positc-tc-;c- i -en-k values ~c-~ c - c - c - c - c - -n- i- c - c - n - occur w i - c -cc- i-c- i - i - s c -  i - - s i c - c -’ i s

c - c -l c -p u - a n ’c -i n - sau - c- a.L t c - n - s idwap i--c-;twecc-n-m Ic- c-n- c- successive t ip v a r — i - c c - n - .  Tin - cc-’ ‘c-- a - c - c - n - e s’i - c- ’c - c-c-c- c- —

n it u - c - es of velocit’;  n -e s - s- c - sc -c - -en -c- to the n c - c --c c - c - -c -- ‘- t i v e  p c-c -ak vol . c-,- c-c- c c-c-f ‘ c - c - ”  pal
I c - a t  i c - c - n - c -c- I - c-ba “ i - c -~~c -wake he c -c - c - c - c - i -n-c - c - ’ c - c -’ ‘pr nc - i - ’c- m n - c c - I  in-- ’,’ n -he i - c - u - c c - c - c- c - c -c c-c -of ti-c -cc - i - t i n - c -  , a c - c- -~~

C c - c - m a l i  c- - c - c - c - c - c - c - c - c - u - r i -” i - c - c - ’ ’ c - ’c -” - c- n ’ c - , t c - n  0 1’ the t i - s i c -  ‘n-a- c - ’ ’ c-- n, n- c-in i - - n - - c -  - c - c -  I n c - c - c- ac- c - n - nc - i - c - c -c- c- i - i - — ;  n- c- c - c - n’ c-

c-c - }’ii , ”tc-c-c-,. c- c - c - c - s  ic c - - c - -a- - c - ‘ c - c - i zed when it is c- ’c - rc - n c - ic - i c -’-c - ’ c - c - t t i - c - , ”  i-- he - i- i - - vcc- r ’c - c - - a, ‘c - c-c ’- - c-in-
c-, ,, ‘ i _ c - c -  Vi c ’ i f l c - i’tc- Ic- ’ 0 1” i-- ic- c- ~-n -c -n ’i --n c - I. Ic- n,; O .i8R ‘‘ -s’ ti - c - ’ c- ’ c - c - c -’e r e c- sce  c- c- c - c - c-- c - i - t i - c -- c - c - . ‘ i c - c -c c - c-

l , i , i s c -  ~~c - c - ’ c - ’c- - s ’ n - c - c -  c - c - I ,  t c- c -ac - c - c - i n - i n c - C c -, c-~~v c - ] e  of’ 180 i- c-c-n~ , c-ac-ic - c - c - c - s c - ’  percent  -c - i - u - pc - c - c - cc - -

menu -  of i- c - c - c - ’  n - c - c - ’  vortex c- ’c- , ’c -u -c-’ n ”’ ’ r- -c -~c - s c - i - c- c-  i - a - a 1,0 c-ic - c - c -  i c - I c - c - c c - - c -  sh i f t  . T I c - I s i - c - ,  c- I n - - n t . ,

t i - c - cc- i c - c - i - c - c - ’ ’  “ c - c - c - c -c- c’ ” I’ an’’ “c -t i - I v c - ’ c - c - i - ” t ’c- - c - c -  ‘c -n t , ic - i c - c - the wake i -i ’  i- i - c ’  ‘ i - n - n - c - c - ’  i - c - c - i -  i - o r ,  (c -u -

i- be c-mc - c - st antn -c -neou s V a-c- i c - c - c -’ i-, i . c - -c - c  -‘ c- ’ n - c - c - ’  c - ’o c ln -  cc-’. i- c-’ c- . c- c - c - i “ i - - c - - c- fl - c’ c- c - i-
c -ic-c-i-- c -c-- _c-at .

li-ic phase dc-i s ’ i-’ . c - n - c - c - c - ’e . c -  ‘c-t Xc-- c - c- = 0 (c-nc-i , c - c - . - - = 0 .7  ‘ n - c - ’ ” - ’ n’c - c - u n i n - c - a  be c - c - n c - c c -  n - c - - “ s c - ’

b I n - I n  c - c - c - a c - c - c - c - i t  I c - c - - ,’ at ’  c- c - . -. - c- ’ c- , ’ , s n c - l i -  c - c -  u-c-n- c - c - c - ’n n n l ’l c - - i - c - c - c - , c -’ c- , ’c - c - n c - ic - i  L h c  -wake n c- c- - c -c - - c- c a- c- ’ , c - c -c- c - n ,

and bo ’, i - c -  c-c-c-c - u - c - :  c - sn - s ec -c - i - i - c - n i -  c-_ c - ’ ‘ nc - ’ c-’ c - c - c - c - r c -i-,ab,l,e c - c - c - c - -I cors ’ c- ” c - ’ t c -c - i - - l e  w ’ i I t c -, i - n  i- i -nc e c-’ sI c-dri c- ,, c- ’c - c - I c - nl

a - - c -c- c-c- c- er in the c c - - c - c - c - c - c-u -i “ c- - c - c - C  n-n I i c - n i - c - c - a u - i -  c - c - c - u - i -  e~’ c - n i -~i- c-c-t- n - c - u - - i -  I i - c - ”  ‘c-’c - ’ c - ’ t e y ,  c- ” c- c-c - c - c - i -  c- ’,c-,’

c - ’ c - ’ c - c - r c - c ’ a - t j c -’c’c - ; y .  - “ c - i -. i c-n- , c-c- i - 5  percent  c-_ i- c-n c-n -n - c’ c - c - I’ t i c - a -  c - n  c - c -  ‘ i i - ’ i -  ‘u- c - ic - c” t c - ’ n - c - n , c-’c - c - c - c - - I

‘,‘cc- I c-j c t i - c-S (n - c - c c -  i -- ’~ n-’ , ~i- c- i c - c - i-- i - n c - ’ I ’ nc -c-c- ’:,- , u - a - c -c - r i - c - c -c-t c-c -c- t I c - c - ’cn - c -’ c-k c- c- ’ I c - ” t i - c - ’ ’ r’n c-c-’ ic- c ’c-i-

launch po i - c - .n- (X T 0)  , s c - , c- ’ i n  t i - s c - c- t i - c - ; ’  i - i c - c - ic-c- l i-n -I c- W c - n c- n - i c - c -  c - c -  - c - ’ c - c- c - c - c - c- c-. t o t i - n c - c - i -  cc - ’ i - i - c - c - n -  i-~v
c- n - i t  c- n , . I c - i m i l - i c - ’  c- ’~ c -c-  n- I c - c - c - c - s c- c - ’  i c - c -  L i - nc’ i c - , c - -  c - I  u - c- c-Icc -c p’ c -c - ’c - c - ’ c - sc c - c - c - - u - c - n  w i n - i c c -c- ‘ c - c - c - c - c - i  i- _ i c - - - I i s ”

a ’



-c-c- ‘---c- - -c-c--,_- c - ’ c - - - ’ c- ,c-c- c-c- c- -c-c-c-’- c- ‘- -‘--c-c- c-c--c----,, -c--c-

c- ,’ nc-c- ’i- , c -c-c- c- c - c - a c - r ’, n i - c - s c - n t c - c - ,c- (F in - . ~C )  c - l a w n  - ‘ c - c -  -
‘ —~~ .015 i - c - c -  the v i c i n i t y  of Li- ic-

c-c-- c- c - ’ n - c - ; n ’ n — m ’ c -’ c -c- ’c- c - c- t u - c - c - c -
c-c -c - c -- - ’ n - n  s - c- ; i c - n t  ‘ - n - ’ c - c - ’ ’ - t i c - c - n  ( ~ 0O den-) -c-c--a c - c - s c - c - u - u - i - c - c - -c- c - n c - i -  n-a

c - i - c - c -c -- a 15 i - c - n - n -  ic-i ‘c-c-se c - c - c - _ i -  f t  t c -. c - w c - c - c -” i -  t n - c- i - c - a - u -  m i s c - i -c - a .  It u-ac -c - i - _ i _
c - c - n - c - c -  concluc - l e c- ‘-i- -

t h e  ‘c - mwic - i - u - i - s  is cc - sc - i c - c - i - - I c  of i - c - n - c - a c - m i ’- t i c - c - I c -  t i - c -c- In - :  sc- n - - c - n- c - i  v e f  ,,, c - ’j ti-’ i- i  c - c - _ c-c -’ ‘n - n - u - i  c - c u - i o n

c- nc - c - c -  c-- c- c - c -- i-c-c t t c-’- c- , i - e c t c -ac - ’ i c - , n . I c - c -c - ) W c ” c -.’ c- ’ :l’ , t i ’ . i c - a c - i - r n_ -c - of cs ’ c- ’c - ’e l ’c - t i c -c- ’ c - c -  “c - 5  v -c - -c - f

i - c c - -c- -c - n ’, n - c - c - i - ,  on n- c - c -c - c - c - c c -c-’ur ’ c - tc - c  -wake c- c-,c- ol’ c - c - i -, r’Y i’ - .- c -n - c - ’ ec e c - c - t a t i o n .

c - i - _ ic - ca  t s c - c c - a - ’r - c t i - n - a l  t ime v an - i s c - u - i a - c - n - c - ,; of the ‘~‘~~~~ c- ve loci ty  Cc ’ - s c - c - ; c - n c -, -. c - c - , I, for the
c - c - c - C c - i c - i -  c- ’c- ’’a c - u - n c - n i  t i c - c -- f u l l — a - ’c - n c - l e  A d — i - c - i -  rotoc-- n-c -n - c p,-- c-” ’c-c-a -c - ,t ed  i-c- , i- i - c - c -c -n-c- . 8’~ ac - s - c - b c - c- .

‘ c - i c - c -  i-Cc-c -c-n-c- c- I i f f e r e n c c -c-s i-n l , i n c - ~ n-- ic- c i c - c - i  t n- c -c - f  i - h e  c- c- c- ike b c - c - c - c - c - c -  c - c - n c - ’ y  ( c--c- . .7 c - c - c - c -  c- 0 . 8)
c - c - u - c  c - c - u - ic - c - c - c - c - ’  I p - I c - c - ” '  t o  ti - c - c -’  c - i l  c-”fex ’ c - - r , -: c -n -  i - c - ,  c c - m n - i - i c -cc-’ c - c ’ c - n’le i ‘ c-n- v- - .c - e rm “c - s . c  model ‘c-c-, c- c - c -  

-
—

n - u - c - c -i c - n - n - - c - a L e c -’ .3  c-and :‘. ‘c-’ . - i - ca n - , s- c - n - n - p c -’-c-c - i -, i ’ ,- ’ - i ’ c- ’ )  c-c - i - c - i a - -c-’ , i - _ c - ’  5 , ’”: an - c - n - ic-c - ,sc - ’ I c - c - c -c-. c- ’ a - ’ n - s - I c - c -~—

I c - t i -  c-n of t i - n e  t i p  c - c - - n - c - ’ ’  ices  r e lat i v e  i - nc - t~~c - c -: n-” ,c- ,Cc - c-C i - u - c -n a - - I . c - .  c - i - . I 3 i~~~~ i Q f l a i- 1 p,

i- i - ne  c - c - c -ni ’—~ — c - - c - c c -, c- ,’ c ’ l c - n cc-’ j I n -’ “ c - c - c - c -c - c - c - i t a c -  i- c-c-c- is  n -c - u -a - - l i c - ’t e i - to ‘i-sc-’ I c - i c - i - c --ac - n-Cc- c-:,,, = 0, ’,’ c- ’c-,’:~
t i - c - c -’ n - c - c - I l — n - c - n - c - n i - c -  u- n t ,  c - c - ’ . ‘i- i - n - i - n - ’ ic - - c - c - _ c- c-ue i - ’ a i c - ’ ’ ’ c - c -  c - i -  n- c-c- ‘n - i - c -  c- .~n ,n - , c - c - 1  - l i , ” n c -c - c- sn- ’,’e ,n -,c-nt c- i t ’

t i - c - c  rotor ’ i - i - c - c -  ‘,‘c - , c - ’l, ’ . c- c - ” c - l c - t lv c - -  to n - c - i .  i - c - o i c - s t  c - c -  i - i - s c -  i c - , i-, c- c - - a c c - t i - c - c - c - ,  c - i - t i - c -  t n -c
u - c - c - a k - i -  “ c -an c - , i ec l c- . r’: cc - c - ,c- n - . ’a c - i i - p  l i - c - c - n ’ n a - i s i y c - , c -  c-c-c- c- c - c - c’ i c - s c - c - ’ u - ’, ’ c- c - nc-c - c -n-,i - . c - c - i - n c -. - , i - b c -  sc-s” a Jc - ec - I
‘c- c - c - Ic c - ci  c-- c - c - a - i l a c -  i - n - c - s  ,c - ’ c- ’ -. ’ c - , c - ’ c- i ,  n-n-ac -- predicted to be i - i - s c - a  n- sc-c-c-c-, -:’ c-

_
c - i- ’ n-he ‘c - c - c - c - c-el  s c - c - ,’: c- c-c - c - s, c--

sc -c - n- i c  “ c - n t  c-c -c-c - c - ’sc - , c-it u -a c - ’- -c-- c-c- r,., c - l sn, Iec - i - tic-at lai-a j-,n- ac-n - jil t , c - c - n e  dc -mi - f t c-c-c - - cc--nc--c- at c - , ’ = 0. ( is of
litc - c- c- a . ac - ’, :c ’mlence. c- i - c - c - i t. i - c -c- , c-ansi-dc-ri n c- c- i - c - c - c - c -  ex i -c-rec -n ,e  sc -c - c -c - c- c -i - ti ’,c - i ’ c-c- ’ cc-f t i c - c -  i - -c- n-c-k

~zeI - ‘ i t  i - s  to small n -b .c -c-c -c-n -ec-’ i-fl 10cc-c-ti -arm c - c - c - nc - u- t , i - ,~ wake I c - c -c- s n - i a n - n -  , I c- c - ’ . - theore t ic-si c-
p ’c - c - ak—te—peak a m pl i t c -c- i-en ; c - u - c - c - u i - c - i n - c - f ree fol ’I n c - a c i nc - c -  n-c- c-c- c-c-c-c-li s i - s i  u -u - c-f t i -me roa-bc- cc-n-

t n - ’c- c-~ecn - .nry p c - i i c - n - t  of the model rotor ( e . c - . ,  to X T =  0 .7 1 ) .

I - I c - a rc - c - c - si  i-c-c- n i  u - i crc - n t, is t i - n - c - u - c - a t  that  t n ’ c ”  L i - c - cc - cc-  s-p 11” c - i n - u -  a c- . - c -  c - - c - c - u - i - c - a t  i c - i c - c-c -c- s-

i - c -c-s c -k  ‘,‘ec - , n c - ’ i t ’c-’ c-c-’c-c-u• ti-c-c t i -p  vc- ,-;’tex t ic -c - i c - i t i  - c - u - i - c - ,  s c - c - n -n c - u - c - c- c - c -p  u - in c -c -  i - V  c - c - c - t a  ( c - . - . ,  117
tc-’pc - c -  i n  i - i - c -c- , c-EU’ vs c-

’~ I ’ -a ,’ c- i-n ic- n - c - c- . i- n - f l ) .  i - c - i - c - c -~~ c-si c-p ‘c-ac - a’c - t r i ’i ’ c - c - l r c - i c - l e  i- ,O c - I c - c ’  i - c - i -  c- c -”
Sc -  - c - n - c - si - c - t i - vi - t .y c-c -n t ’ i - i - sc- l i - s n ’ - c-c- c-’ c - - I lc al  c- ’c- c- ’c- c- ,I to i c - n  u-lose r o x i c - c - ,c- u-c -c-’ t o a - i - c - ’  u - u - u - i - ,’ c-, i - c - ’  t , c- -

iu-c-c-n i i -, core u - 1 Z C  c-c - c - i l c - c - c - ,rc-, c - c - yc-~ i- ‘‘c - i v o n — c - ’ - , c - — c - c - c- ’; c - - c c -r , i - ,’ it’ j c - c -c - ;. c- c - c -c-c-c - c- c- ’ , c _ i c - c - ’ ; c - c - c  ‘, s c - n - i n - c - n - i c - .’

c - u s c - c - c - a -semi n - c -c-c- c - c - I c - c - c - c - i -  l i m j c - , c - c - t  c - - c - c - n i - c - c - c - I u , c- c-c -0 1’ ‘icc’ c-’ c-c’ ’c- n ve l o c i t y  c- ’- ’. c - - n -  an 18 - I c - ’ c - c - c - c - i-
n _ c - c - t i - c -  i c - , i- ‘ c - c - ’vn - c -.l , c - c - c - c - c - c -’ u -’ c - c-c-- ’ , i t  ic - c -  i - c - c - n  c - , ’ i c - c - r  I i -  - ‘ c - c - c - e c - - u - n c - c - ’c- - l I a - ” c - -_ k v - a - i c -c- c- - i -  S y  01’ ‘ c- - c- -

‘ i - c - c - c- c-

t n - c - c -c - ” . the a b so iu t , c - c - c  - i n s t c - c - r s t , c - i n e c  c - , c- i- c - c - c - c - k  sc - , i- c-c- c’ i c - C “ s - s c - c - c t  I c - c - ,  ‘ c - f t i c - c -  t i i -  n - c -  r t , ’ yc- c - n - n c -
u- c- c-c -c - - I c c - - i - .  t c - ’ s c -,~ - - ‘ c -, c - n~i-c- ’

Lc-c- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~c- c-~~~~~~~~ c- , . , . c- 
~~~~~~~~~~~~~~~~~~~~~~~ -______



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c - . . ‘ c - c -c- ‘ 
- . - c- , c - c -y ’ c - c - , ;

c- . n- eac h pc-a -ic- c- s c -c- in t ime n - c - i a - c -c - c - c - c -  t i - n c - i - u -  • c-~ c - c - ’, . c- “ c- i - -a , t ic - cc -- c - ac - -k r - c - s  ‘ c - c - ” c -’ c - s c -C” ' - c - c - c -s

c- c-n - t i -me i c - c - ,n t c - c - c - c - t c - c - c - c - c -” c - c - c -c-S i c - c - c - I c - c - c - ’ e d  V c - i - c -n- u -  I c- c- c- c- c- s a c - -  ‘ c - c - cc - c - ;’ S c-c- , c - 5 c - c - c - c -. i - c - c -,i , c- c- ‘c-- i  - h c - he  ~ n - c - u - t  ‘ “ c - c-n- u-

n ’ - ’ t - a s ’  f u n - c - s i t  I c - c - c - ,  c -n - ’, t , i - c - , ai- i c - c - c - i - s c - c - c - c -  of ’ I , i c - - c - c a. li-n- c - ’,;, i-c-o Ic- c-c-’ - c-n-- c- , i -e  c-c- c - c c - ,  i - c - er i’c-c-c- s - c - , i - n - ,’
I i - c - c - c - c--’ - ‘ i s n ’ t  i -u - ,  - ‘ ‘ i -  - c - v  n - a l a - c - c -  m i -c - ion -n- , the i - c - c - ’  ‘ c - ’’ - ‘ ,c-- c - - sho c - m m  be c-

~~~~~ c - c -  - - s n -  i - n - c - c -  t i _ c - ,

: -  ‘u - c - n - ’ c-c- c- c- a i c - i o n  ‘c-c-- c- ac - i - c -  D o in s t  a c -to c - nn c - a t r a ,~eac -c- c - , s -y  and c-n- c-c-c- c- the c- ’n -rrc -n - :c -” c -c-’c- ’c - i - i n - , ,’
c-~~ cc-c- cu - i corc-ponerts However , c-’ -c- c c- c-’c- ‘c- c-’ arises ti-c-at c-c- e ~~~c-c- c-- c-c --c , 1—

u- n - c c - c - a -  are c - ,ot kr,c- ac-c-n--c- due to the fact  t i -c - at  the f i n - i - n c -  tic -c-c-c- is a n -n -c -’ n - ,t ’, ’c-’ ‘ n c - t e n - c - c -i c-sc s
i-n - n - ’ u - i n - c ‘a - c - ac - c - Cr ir respective of u - a- i -c s -  p o s i t i o n -c -, .  i - t c - c -c - c - ) - c -+ , u -a” c- c -u - r o s i n -  i- c-c -n n -c- ,’u - , c c - ’ c - n -’ ’ r. —
i c - - c - c -. c - c -n - c - , t i -se n - c - c - r s - o s c - J c - -’c-a r c - c - c - a - ’ n - ,’ ’e of n - c - n a - I c c - i -  i - c - c- i -t i -on wi th  u - c - c - - o r  p a - c - n - i  t i - c c - , ,  i - s  n - I c c - ,  “c-_n - , ,
c - c - , “,— ‘ c- ’- ; - ’ - s ’ , to eval- , n - c - tc -  the ‘I c - c - f l c - c - c -i- of t h i s  i-~ c - - c - c - c - b u - c - c - c - -c- , the u - c - c - i - c - c - c - c -c - i - c - c - c -’ , c- n - c - n - ’ e n - i -  -c- c - c -  n-c-~~ —

‘ c -  c - c - c - n - e s  u-u -c- c-c-c-s i -- c-c-l’. i-c -sc-c-rc c - c - c p u - a n - e l  I’cc-c -’ c - c - i c - c -  c- - c - c - -” k c - .,c-t , t r n n - ,~e c c - i - c -, c - ’ c - ,’ c-c- c- ic - c c - c - l a’, 5

1. ‘ a - c - c -c- a - c - c -c - t ime  c - ’c - c - c -n -k e t  tr a j  c - c -to n -  c a i c u c -  a; ic - c- -c - c - c - c - u sj n -n , c- c-
c-

c-
c- ‘,

‘i c - a I c - n - c c - c - I  vel  a-n- i - t n -  n -n - c -s ’c - ic - ’ n - c -c - ’c - e n - n t c - ;  c - c - i - each c - c - c - , I n - , t

2 .  i - c - r u - c r c - c - c -  ti - c - a -’ calcui-ca’i-, .i c - .c- c-a sa asc-,n sn -rnc - inn - that c - i c-p s-nc-dc-c- c- i - c -’, P c - c - s - n -  ic - i  u - Ic c -u -c -

c- c -r o c - ’c -i c-c-c- i ty to a ti-p vort c-”c --c- . In c - c - ” c - c - c - u - c - l c - c - ,c- ’ c-c -w i th  t i - , c- a c-- c - c - a - c - c - n c - ’ i a - n c - c - c-
c - c - a - i c - ct, the peak veloci ty  components ( emphasize V c- c-’ c - ic - c -  i- i - s c -” a - n ’ . ’- - ’

c-at ti ne t r ’c - c -, iec to ry  p o i c - c - t, c - c - c ’ c - l n - e c - c - t  an-i  inside the u- c - c - k ; ’ i c - c -. , c -  - c - c - c - - c - ’. U n - i - c - n c --
an assumed rocket veloci ty  ( e . c - ’ . , n -b e  1c-c- c - n c - - i - c -  velocin-c- : c-f ‘ c - i -

c-c-c- c- c- t ic -i n-’ 100 ic- c - c - c - c-s ) , -c - c -t , crsc - c -i ne t he i - , i n -, c-c- ’ ic - c - n - c - c - cc - n - c - c - c - ni -. and c- ’- ’ c-’ c - ’ - ’ - , c - r c - c - ac - ’c - -i i - c - s n -  c-

“ c - c - t n - c - t ic - c - c -  interval between po i,rc -c- a ac- n c - n c - c - t i - c - c - c  -I c - - c - c- c- c - c - c- ’ - ‘c - n - - c - ; , c - c - c -n - c c- “c-n
n - ’c -t , oc -~ n-c-c- c-c - c - c t  i c - c - n c -  i c - a t  c c -~~c- , s c - i -  , c- cu -c -  n_ ic - , i-ne the u - n - t n — c - ’  c- c-

~~~~ i- ,  i c - c -c - na  f c -  - - c - c - c -c - ’  c - .  c- i - c - ,’.

alo ng the tra je u - lc - c - c - c - -y  and ic -c - t e c-’r n-’e~ t i - s c - c -  u-c - c- n - - c - c - c -  “ b c - a  l~ c-i- n-c- c- c - c -” c- c- ’ l i - c - ,  ‘In--
to obtain the velocc-ia’n ;c-’ u- n - n - n - c - c - c - c -c- c - c - c - c c - c -’t s c - c - n - c - c - sc - r i - c -  i c - n - i c -  ‘ i-n- i - c - c -  n c - c - n - c - - i -  i c - c-
cal c n c - l a u - i o n  of the rocket t c - ’ s c -  c ’c - - t c - c - c - ’ n - ’.

3. ~c -’ u -f’orrn the  calculat ion -c- ;  c - m u -  I c - c -c- ’ i - n - c - n - c - n - c - c - c - c - n -  c - snc ’ cc - c - a u-c- i - c - a c- c -i n -  i c - a  c- ’ ‘ ‘ c - ’ ’, ’c-c- - c - ’ i - c - c- , c-; c- i - c - ,, ’
to a few othec-- s c - i c - c - c - i - c c -i- c-- c- c - t a r  s- c- ” n - c - i - t i - c - c - n c -  c - c - c - ’ n - c - c - c - ’~ c c - c - c -.

Usi -n n - the c-ui-c-c-c-c- nc-c-c n i-- oc-’- ’’ i- n c - u - c - c - c -, c-a t  c- c- c - c -,” i- sc - nc-c - c - c - c -c-n i sr c - i n i c - ’ n -, c - c - -. - i - c - -c- ’ i a t i c - c - c - c - s  c’ c - ’ ’h e  n - ” c- . .- c-c ’ -

c- c- c - c-  
~

c-, c - c - - c- c-
~~~ based on t i - c - c ’  i - c -  a ’ - ’  c- s c - u - c c-c- c- c - n c- i - n - n - c - c - i c - c -c -c - c - I  Vc I ( c -  i c -  i c-c-c--s i ’ m t  i - c - c -  t i c - c -  ‘ r n —

c- c-” c- ” t , c - c - c - ’ j c S  based on t, i-c-c c -ti- c - c - c - o —sc -’ic-c - ’an-” - c- v e l o c i t i  c - c - c -  c- ’ i - c - c c -c - c - J c - i -  n - e c - c - c - i ’ s n i  I ’ ,’ c -’c c-c- c- c - i ’  - - I ’ ’

t ic -c- se u- -c-”,;’c-C n - c - c - , t i - c - c -’ i’ c - ’c - c - c -c -c - c c -  ‘ c - t p c - -c- .’ ‘- i l - c -  ‘ - i - rn -c - i - eu - t a - c - s - ic - c-s  p r n ’c - ’ i n c - c - ’ enl c - c - u -  c - c - ,  c- ‘ c - sc - ’s- i n - i c -  ‘ c-

‘ i -  n rc - n -  t i- c - c - c -, s w c - c - c - c -  I I 1 c-c- c-,”c - t  c - c - i - c - i  ished

..c -.~~~s’~-*~---

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~

‘ n - ’ ’
~~~~~~~~~~~ 

n-
c-
c-:



- - ‘-‘- c-

~~
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c-
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c-c-c-

~~~~
, ,c-c-c-.

~~~~~~~~
c-c-

~~~
c- .

n ’ u N - c - I , i- i - c - i - c - J f l : c -

u - c -. i n - c - Wi -  r c - g~ u- n - c - n ( ’ I c - m s i - c -’,c - , , c- ar e based on the app i- i - c - a c - i - o n  of’ model tc’st,
r ’ea -u l t s -c -  te c-c- f u l l—sc - - ale t i over i c - c - c -~ he l icopter .  Where vc - , c- c-c - cr c -c-n locations c - c - u - c -c-
i .1 c - s I ( ’ f c - lc- nn - ’ l , t c - c - ey  are represen ta t ive  of the n - c - c -’ i—c-scale All —i  I ic - cc - i i- sc--c-n - p c - c-u - .

1. The f c - c - n -w v e l o c i t i - c - , c -  of the hover -n c -c -  hel icopter  si -r c -s ’c - n - c - a t i - u n  c-n -s c-c- i -c -i - ,
meas c - c - e , i -  w i t h  the i c - n c- c - c - ’  n - c - t o n - n -ic - c - c - e n - eu -, su’b st a n t i c - c -t a - ’d the c -c - c c -n - c - c r c - c - c -
al u - c -’ , c-sic- c- ” c - . ’ c - c - ’c- n - - t n c - c -~ i- s t i c - . c - c - c - c-ct rocket t r a jec tor ies  n - c -f ’ c - i c - c -  ‘U ’ — ’ ‘i- i - c - c - a , ic e i - a- - c - ’

i- ’c -”c - c - c - i -l at -a - c - i -  i -n the  r- c-’a--’i n - C c - c - Sc- 1- c-; c- c-n -reti -cal invest i -gat in -cc - ’c-. *

. ‘i- ic- c - c -i - n - c - c - i - i ca t ion  c- c - c- “ c - c - s c - n - ’  u -c - lou -  in-c-c-c-t c--i-’ to c- m c - c- asc-1c - ’c- , c- ’ 5 , c- . n - c -n - ’ i c - c - n -  c - c - c -c-- c - c-’ ‘i i  r u - n  c- ’

‘u - i c -’- .n a c - -,’ c- c- cc- nL; u - c - c - c-, .  c - c - V  p n - c - u - c - c - I  i - c - ’ i c - c -  a val uable t a - a - - i - c - n - si q ’ c - e  u - c -’ ,” c - c - c - - , c - i c - - i - s
i - c -  t c - , e  t i n c - n - — c - c - ’ ; c - c - c - ’ n - c - c -’c- ’ s c - c - , i- t ime  i c - r n - c - C  j ,_ c - c - c- ‘ c - f ’  I c-

i - c - a c - :  c-.c - c - c - c - c -’c - n - i t y  u- c - I c -- ’c- c - c - c c- , ’
c - c - n - c -  c’ , c - c - ’ k c - c - t  t i - c - i - c - ’  c - t n - c - u - y  ‘ n - c - c - c - I w i - n i -  sensor la - n c-c -na t ions  m u - i - I c -  sn - c - c - c -c- a - c - C u - i d e  j c - I
c-c- i - n c -c- n - - c - c - c - O s - w ak c-c -’ .

- . i”lc -aw visua lizc-c-tion t ’ c - c- ’ i - c - n - c - i q u e s  ( smoke and Sc h h i - e r e c - , )  were -c - c c - c- c- , c - c - h c - c - -  tn ’

i in - c - n -t i  f’y wak e feOs ’c-c- t u-i-c’ , wake s tabi l i ty, and vorte,x n -n - c - re  s i z c -  c- n ‘ c - c- c-
v i c in i t y  cc-f the rocket  t ra jectory and w i n d  s e c - c - c - -c- or locat ions.  The
influence of the fuselage, modified canopi-, thr ust level , t ip spec-c- I ,
and ground e f fec t  on wak e geometry, determined u -ru -c -c - analy sis of t i-c-n-c-
t ’ i - o w  v i s c -c-c -a l iza t ion  c - n - n c - t a , were useful for i-nt-erp c-’c-c-t - c-ti on a - c - u - t n - c -c- f i c - ” s i

veloci ty dat ’c- .

1~. the total and separat e influence of each c -n- f the ac- rn -r a f t  “ s ’ c - r c - c - n e n t c - c -
( rotor , fuselage , modi f i ed  canopy , and w i n g ) ,  and signi f i c - c - n c - n - c - i - ,  cc-cc - s - c - -c- n - i n - i
c-c - n -d i n - i - c c -n parameters ( rotor thrust , tip speed , arc- c-i c-c - r n -u nd c - - u - c - c - c t) c - - n  t i c - p
airf’ow inf luencing  rc-cket t r a j e cn - , c - r l e s  were s u c c e c - s f -c - c - c - ly c - c - c - a s i c - r e - I.

5. ‘i-c-he presence of the fuselage produces a small h - m t  p o cu - ib ly  s 1 1 - c - c - c - i f i -’ c - c - c - c - I

e f f c -c t ,  on rocket n-c- u- -c-c - I c -u -to ry  a i r f low . c- c- c -f l  the s t a n - I - c- n - c - rd S i - c - i c - ’  c-c-C ’ t i - s e  a i r —
cc--af t , the u - u s c - i n - c - c - c - c - c -  e f f e c t  Is most noteworthy i - c -- s t i c - c -c- v~~c t n 1c - v  c - f  i - h e

rocket launch poin ts  where it “ c - c - n i  r i - i c - c - n i - e s  a d d i t , i a - c - n n - n - c -l - I nc - c -u-c - c - c -  I - c - n c - . A

possible fuselage  produced f ’lc - — w di saymc -- c - et -c-’y , which  r e q u i m - e c - c -  I c - n - r i -  i - n c -c- ’r
‘c-e r c- f i c a t io n  was i n c-c-i icated i- nm a c-c - cc - s i r -c c -u - i  son of bc-’ data fc - ’ c - n c - c -’ - n r c - p c - c - c - -i c- c-c-

s i c - l e n ;  a t  i- i - c - c - ’  t ’ s c - c - c - e’I c-i~’c-, n . c-ic-in- c- presence of t h e  c - c - t i c - i -— a ing ,  c - I c - c -c-’,. c - c - c - ’’ u - i c -- —
c_ c - i  f .i c - n - n  i-C c-c-’ c - - c - Ic - i  c - c - c -  t,hc ’ aerodynami c i nt e r f e r e n c e  of the f c c - c - n c - C  ‘c-fe at
r c - c - ’ k e i -, n i c - ,~ c- - ‘t, cc- c - ’ ie c - c -. ti - n -c- mod i u - i  c- . i -  u - i -  c-n - c- — s i c - i c - c - i -  ‘ c - c - c - a  i - c -y of I I , ’ ’  c- I n - c - — i  C

i u - n c - C c - c - s c -a- , ; a c - c -  c - i c - I c - i - i - c -  lonal c - j c -’c-s,.c-’r c- f ’ l c - ’W In c rement c - c - Ia - n rc - f t ,c -~- i - c - ’ c - n t  i - c - i c -  cc - f  c - b c - c-

l ’
. ‘ c-c ’ ’ c -  - n- ni , I e c - c - I , c - c - r i cs  ‘c - s ide of i - i c - p  u - c - m u - c - I c - c - f c c -.

k c- r i - ~, c i - c -  a i r f ’ i -  ‘ c - c -c-c- c-c- i - c - c - s ic-c - s c - a -  i - c - c - — i n c - t i c s  are l i - n - i - c -c - I  i-r i i - I c - c - c- CC c- ’ . ‘ c - c - c - c -i C c - c - u -  c- c - ’  c - s’ t i - c - c -c-

c- ‘ - - ‘o .” ’ ’ i n ’aI ~ rc - ’ c - c - ’ c - i - c - f ” c -f ,~ on i c - c - Append ix  B .

c- c- E~
— .

—c- —‘——.— -—— ‘—‘c- -‘c -” — ’ 
_c-c-”— ——— c-—’—— -~~~~~~ c--. , — ‘  , 

~~~~~~~~ -c-c-,



~c- , i - c - s c -’ c-i ’ :’ c- - c- ’ - -, c- 01’ u- ‘ - ‘ c - c -  , c- ’ c - c - ’ t arc - c -c -  i - l i - c -  s c - ’ c - - c -, - - c -  i c - c - - ’ c-’ - ’ , - c- c- s c- c - c - c - s  the c - c - c - c - n - I cc - c -
n - c - n - c -” ’ ’ ’ - c - i - ’  31 c- u- ‘c-’ ’ c-Fc - n - C c -n i - s c - i c - c - C ’  sn - c -’ i c - c - c -’ c - c - s c - c - c - a c - - c - n c - c - c - c - c - c -  i c - c -  i - c - c - a - c c - c -  vec -ca-c i i-i - ’ as

c- n c - c - ’ 5- c - c - c- i - c - nc - c -  c - c -n-c -- c - ’ , - - ’ - - r .  i ’oc - ’ c-c- n-c- c -c - - c- c- c- ’ c- c- pc- ‘c - i - c -  c- i i c - c - ’ u - c -’c-” .c-c -r c- i-’ c - ’. , a c- . - u - i -~ c - l c -
c - c - i ’ c - C - c - ,  u - - - c -c - ’  c - c - s e  n - c - c -  - i cc-n ’ i - c - ’ . ’ “‘ - ‘ c - - c - c - - c -  - - ‘ rc - o i  n , ’, , c- c- _ c - sn - c - ’ n-:,e u- c-

c-c- - ’ c- c-c- Cc-c-

‘‘c - c -  c - c - c -  ‘ c-c- i - - c  s’ c-n- ’c - ’ s ’’ , -’ n -c - s t i- c - s t c - n - d  ‘_ i c - r ’ -” - c - c - c - C, c- c - s — c - i c - c - c - ’  j c - ’ ’,’c c - n - ’, i c - — c - , c- ’i - - c - r c - .

c - c - - c - c -  ‘ i - c - c - c - c -  c - c -’ ‘ c - c - n -  ‘ i - ‘  ‘c- ’ - c - c - c - c - c - c - I  n - c - - c - c - c - . , ‘c - c -  i - c - .  a n-c- i - c - m i  t i  - ‘ c - s  c- n - c - - c - i c - n - c -n- i - c -  c- ’c- i c - c -  n - n c - a -

c - c - c - ; c - n - c - c - ’ , ’ c - c - i e  on - ’ ‘ i c - c - c - n - u -c- c - u - c - c - c - c - u -  ‘c- - ‘ti - c - c - - c --c - -c -c- c- - c - i -, of ’ n-c-c- c -c -h e I’ c-- ’c - c -, ’i - ’  c- n - cc - c-C c-c- ,;

i - c - n  ‘ c - n e  r ” n - - ’ , - ‘ a - n i-s c- c- . c - c - ’c - c - s ’ s i - c - n - c - n - I  - c- ’ c-c- ’i ,~~c - c -~ , ” c - c -  c - c - k i d  I c - c - i - c - d c -c- c-c- ‘ c - c - c - a -c- - c-” , ‘r c - c - n c - c - -,c-i c c - ’
I c - -c - c -c- s  ‘- c - si c - ,  c-~i - - u - c - ’- ’ -~~lc- c - n - c -t cc-c- -,’ Co u -u - , f c - n - n - ’c -c - c- ”— c-c - n - ’c - t ’ c - c -.c- c-c-c- c- I s c -p c-C c- c-c-’ c - c - c - - c -c- s- , c-ac-c-c - c -’u ’- - ’ c -  i n -
t h e  a i c-c-’ i c - s c -j ’c-’ n- ’ -C” f i - n c -,~ ~c -c - ’ c - s c - c - ’c - ’ c- cc - c - c - c - c - i -c - n t - c - f  c - c - -  n - c - c - i - ”c--a;’i c-c-- c - c - h e ’- “ u - c - ta--” n- ,Oc -- i -,c-

.

0 , Tn - n -he  r o t - - si-c-i-ne , r u - u - c - a c - n - t a - c - a” n- -n - i- C’ , s - c - C r  ‘ . c - ’,’c - c - ’ i n - . u -  c-iowc-C”, c-c- ’c-c- n - n - c -’c - t e r n -, c-c - ,
c - i - ,~ c- ia - c - n - -c - c - s”los-.’’C. t i- - “ c - u - i c - c c - c - c r c - i  rn - c-- c--c- c- C. c- c - c - c -c- n - c -c- c - c - — c- n- in -; a - e n - c - c - c - - r --c-,, Z ~~~~~~~~~~~~~~~~~~~

n- b c - c c - c - fC c -n -c -f, o c- ‘t i c- c- c- s i - c - ,  i- c -c c- ar - c - i  c- c-
~~c- c -ct c - a - ’, -

C ( c - f ’  c - n c- c- c- c - c - sc - c -’ ’ c-c-j “c- c - i c -c- ’’; ‘ i- - c- c - -  c- 5 ’ “ c - c -s c - C , c - c - c- - c - c - nc - c - c- c - u - c - n - c - I  ‘‘ ‘ n c - n - c - c - -c-- c - c-- c- ‘ c - c - ’ ’ - I t n

t he  rocket  t , u - c - n ,~c-”c ’ n - o c -’c- ,’ i c - c - c-’’ s I c - c s ’c - c --c - n t i a l  , ‘
~ 

l ’ c - s ’ c- ”’ n- ’ in  c- c - ’j c - ’ c - c - ’ i - ’ n c - d c -  ‘ i c - c -c - c - c -  “ ‘c - c -”
ot- imers ,

10 . c- c-c- i-’ c-”c -c -” kc ’c -t c -  a ’ c- c - c -  ‘c - c - c - I c ’ a ’ s - i  n-it “ c - c - , cc- f’ 2 - i c-c-c- p does “c - a - c - i -  a-- i c - _ c - c - i- u - i - n - c - c - c - c -c- c - ’, i n  u - c - ‘ a- c-c-

t -he t i  c- ’ie—a’c-c- c-c-’ s i c - c - c - c - c -  u- c- c - c - a ’  ye c - n c -  i - t i e s  n-c-n -’ t c - c -’~ rockes’  t n ’’ c- , ’ ’ ’ ‘ c - n c - ’-,’ • n-c- c- c- ” c - c - c-n- c- c-c -c-c-

r’c -’c-c u l 5 . i c - c -  a r i-c-c - a c - c - c- c-n - h i - s t  of t ic - c - c - c - t i c - n - n c -  n - - a c - - I c - c - s f’ n--’c- ’c- ’, c -c- c’ ’ii- i c - c - c-”C ’ c- c- . i - v e  n - c

n - c - - c - ’  ‘ -. .s i - c - c -, c - i t i ;  n - _ n - c - c - i t i o r s ,

11 c - i - c - c - c - sn-m i n - u - c -  c - c -a ’ i - c - n c - c - i - i ”  the c’ , c - t cu -  wake is f c - i -  u - c -  c-- c- ’ c-c-c- ’ c- c - s c - c - c -  ‘‘‘ c- c - ’ ’  1 c - c- c - u - n - c - c - ’

i - c - c - i c - c - c - c - e d  ‘c-c - c - c - c - n - c --c-c- i c-n - ’ n - - c - n - r i - n - c -c- i ons  w i t c - - c -  c-c- c-c-n-nc-i- ic-, ic - c - - rc -’-c - ’c - ec - ,c-- ,c- on ’ c - i - i s  ‘ c - c - c -, ’’,- c- c-c-n - c -
t i n - c - c -  o n - c c - in -  at pc- i c -c - c- -a-, on a rocket c- ‘ c- c- -’ c- c- c - c - - c -’ c-c- c c - c - c -  ‘ ‘c - c - ’  c- a- I - c -c- c - c - ,  i c - i - v .
Ti-s n - c - c - ”  v,sin - ’ i - ’ c - t i O c - c - n -”.n -” c - c- - c - s . c - sc-c -c -i by t i - i c -  c -n - lose  p c - c - a ,s c - c - c -c - c - c -  ‘n-” ‘ , - n - - i - p V c -” c - ’ t i c c - ” a -. c-

c-

T ic - c -  c-c-c-c - s c- c- i - n - c - c - c - I c -  ‘c -f ‘t i - sc -  c-c-cc-an ‘i-’ i c-n -c- c - ’ — ’c -: - c - c - - i nn n t  ‘ I  ‘u-’ I ’ n
_
-u - c - c - n- c --  ‘ i - c - n - i - c -c-c- I  u - i - t I c -  e ’ c - c I c -

- c - c -  a z i r n u n - h  s-c- a-n - si -t i - a - - c - c -  i c - s  c- ’c” c- c - c - r - c- . i ic - i W i  i - i - c - i -  c-c- c- c- n - n -  n ’s -c - C c - c - c -c- c- ’ c - c - n -  + fl c- n- 
- of ’

n c- c-c- c-- n - i - c - n n ’c - _~~c-c-’ c - c - c-”;c- c - c - e v a l c - c - c -c- fc- c - c - c - ’  cc- c - c - i c - c -’ . on t h e  “ c - c - c - ’ k - - c- t i”c- , ’c - ’ ’ ’ c- c-c- n - i c - -c- c- u - i - t h i s ,

u - i c - c - -  ro c-~n~- c -, ’ u - s c - b c ’. i- ’h is Pc-c- ‘ c - i - c -’_ c- “ — c - - , - c - ’  - - Van i a ’ icc -r i i c - c -  - c - c -c - c - c - u - c -c- c - c - c-c- , i t  a - c - c - c - ’ ’ i c - c - _ c- i c - c -’
( e . c- - . , -4-~~(i-J u -n c-c - )  I n  t i n - n c  - c - ’ c -c- ’ j c - c - j  , c- ‘ c - f  c - i c -’ ’ a- sc - h -c-” l~~~ c - c - n  c - - c- ” . ,  c - ’ i - c - c ’  c - ’”,’

c - c - i - i c - n r c -s f’ s-n-n tic- c- ,c- m a - c -c - c - n - c - c -c- - c - c - n - c - c -u -low ‘c-c-c-c-c- c - I c -c - a -  u- - c - c - -  c - s - - c- - i - u - i - c -” “- ‘c- c- c - I n - i - i ’  ‘ r”, :” ’c -” c - ’ c-,’
i c - c -’c - i c - c - t~~

’ ’ c - c - c - c -c - i  i-c- n i - c - c - n  n - a n n - c - c - t i c -  p c - c - c - c - i n - i  ‘ c - a , “- ‘ c - ’, c - i ” n - ’ ; c -” n i - s i i - i ’ c - - -  c - c -’ n - i c - sw - s c - , c -’: ’ - ’ , c - I n c - ,c- ’ . c - s ,

n -ms -c-a- c c - ’ c - i c - c - c - ’ s c -  c- a’ ‘u-i - C c - i n  10 u-p s , c - u - c - n -  5 c - ’ ’ c-s - t c-a ’ s,” -, P- ’ b c - n - ic - n c - c- c - n -c -.’ .

c - i - f .  On - ’ the ic-c c - u - c - c- w i n - c - c - i  c-c-ensor 1 c c - c - c - c - c - - i o n s  , c-i ‘c - c - c- i- ‘ n - c - -‘in - i  i cc-c- ‘c-c- c- c- c- c - c -c - c -. ‘“c-cl c- ” c-’ ,
t i -ic- c- u- n c - n - c - c - i - s c - c -c - c -’ ‘ ; c - i n a - c - c -,T by 18 pen-n-cc-n-c- , o c-” i - i c - c  i -c- c - c - ’  “ c - c - c - i -n - c - , “ c - n - c - , ;  “ c - - c - c - s i t -  he
s’ ; , ’c - t  f’a’r ,sr-aic-le fc-’c-r a ’ n - ’ I , I i- s’c-a - u - n - c - - c - e l -- c - c - n c - c - c-cc-c- u- c-1 c -c -’c-’n nc’c-, c- - c - c - c- ‘ ‘‘ - “ c- c - s - c - c - c -c-c- - c - c - c - i “ i c - c
‘c-”ti’,c-” b c - c - a rc - c - I n - n c - ”,’ . i - c -’ I ‘-c - ” ; c- f 1n c -- k , ~ ,j- c-u-e . ‘ , , ,  ‘ i - - c c - ’ ’  t ’ ” ’” ,c-c- “ c- - c - c -  i - c - c - c - c - -c- C’; ‘ s-u - - c - c - - i
u - i - I c --h i -  I c - •~c- n c- n-~ ’c - n c - i i ’ c - € ’ c - ”c- ’ - i  ‘ c - c - c-- , p ’Lac c - c - nc - ’ - ’ s c - n -  ‘- c - i c - . - n -c - i -  ~~“ c - I c - , -, c - c - i - n - c -c - i  i - I c - ’  “ ‘ c - ’~ to
u -c -”  i-c-c- nab c- c-- .
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c- ’, c - c - ’ x ’ c-c-’ i - s c- c - c - a - c - c -  c - n t  , , c - c -’ i c - n c - c -  i c s s c - 1 , c-a- t :c - sc - c- t i - sc - c -  UTRu-’ u - c - - s n - r i - ic- cc-c - b - c-i- c- - c - c - c - c - V C ’ r  
- 

- u - c - ’
c - c - ”c - c - i c- ’c-c- ’ - ‘c - c - c - c- . ‘c- ,c - s  c c - c - c - c -  acc-’ n c - c - ’c- , c- ’ c - - c - c- - i - c - c - c - c - c - i - c - c -  i- c - i - , c-c-: al u - f i  c - c - c -c-c- c - ’ i -s c - c - ra c - c -’t , - - u - ’j s t j c - c - c -s c -f
c- ’ . ,, .’k c - c - ’ c -  c- “ - i - -  c- c- i c - S .  ‘ c - ’ i c - ’, c- i i - i , , ’c - — ’ c - v e r c c - c - e n l  c -i ‘ ‘c c - c - c - f ’ j c -.c-c-’ u - i c -c - i - c - n - c - c -  is , ’,’ c- c- c- ’ ‘u- c-n -s c- c-
a - c - a  n - c - c - i c - c-c - c - c - mi -  I c - ’ - , i i c - n - c - c - c - c -  ac - j  t i c - i c - ,  5 t n - c - s  u - c - c - r  i -h a -  I c - ’ n - i - ; ’c- c - c -  ‘ c- c- c -c- c - c - c -c - n - .  ( i -  c - c - c - c -c- i c - c - c - a - c - ”

c-’in-c -c - ’- , - , i - ’c-’ c - n ’ c- c -c - c - c -’ i c - c - ’ c- ’ r l ’ c- ’ r c- ’ n c - c - ’ n- c- i - c -n c - c - c - s  c u r r e n tl y  i c - c - c - c -i- a c - c - e d  i - rc -  c - i ’s ,  a c - c - ’c - c - t y c - c - i c - c -.
c-
c - i - c ’  c-n -c -paL I i  I c - c- ,, 01 ’ t i c - c - s  nc - cc - c- c - c - ,  c - i - c -. to ‘ ‘: ‘ ‘ ‘ - c - c - ’ c- c- c - n - - I y  ps- c - c - c - c - c - c u -  i-,i- ’c-e - i- c - c - , ’ ’ — ’c-c-iu- c- n-c- ’, i -c-

cc -u - i - i - s c - c -  u - c - c -c- c-w a - c - ’  i c - c - n - I t  Ic - c - 5 i c - n  i - c - i - c - c - -c - ,  i - e r c - t  n - c - ,  i - c - i - c - c -’ s - c  c - s c - - c - c -”; ‘ n - ’ ‘c - u - c -c- - c-c-c- c- c - n - c -” ‘ ‘ c - c - n - c - c - , :”, .

c - - c - . “'he c - n - , , c- c - c c- te n - c - c- c - I c - c - c -  c- ‘ c-n - c - ’  r o ck ec -  c c - c - c- c- - ‘ - i - n - ,’- ,’ c -c- c-C w c - c - n r n -  c - c - c - c - a - o r  n - I c - u-
c- nc - irs ~~c-c- c- s i- n - c - ’  - :  5 ’ . a ‘c -c - , c -  c - c - c a Ic - c - ’ ;  to n - ’:r ’re semn t u-c-_ ni c- — c - c - c - . , c-c -n-n- i a- “c- -c -i t t c - i c - c - c - c- ic - i  r a
c - c - c - s c - I c - t i -  ‘ c- s , a- ( ‘ i - c - c- c - . ” u - c - c - c - c -c- c - c - c - c - c - I  ‘ i c - c - c -  c- c - c - c - c -c - c - ) .  R e f j c - c - c -” s ’ ’ c - n u - ,c- f -ar  t i - c - c -  u- c - c - i - I - — c - c - a - c - i c - c -
c - , i - c -~~~c-~~ i-’ c- , n - i - ’ c- - c-c- c- .. , c - c - c - c - ”, c - c - t i ’  c - , ,  u - c c -  acc- ’ . c-c-c- ’c - t ,  1 . - i ’  c- c - a - n - c - n - c - i c - n i - c - c - c - n -  i n -  c-’ ’ ’ c-~~c - ’ c - c- - c - c -n - c-n- c-a “ c - c - c - i’. fi c - ’c- c-c - ’c - ” c - t i n -ic-

c - c - - c - c - c -a -n .  ~c - i c - ’ c -’c - c - i l  c- ’ i s c - c - c - ”,n -t c - c - ’ i n - t i - c -’n -  ( c - n -’ c - n c - c - s - i - c -c- s n- c - c - u - c -e s’ , i- n - c - ’ c -, c-~c - c - n - c - h e c - ’ ) ,  ‘ c- , c - , c- c - - c -a c - c- r n -
‘ ‘ c - c- c - i  c - - c - c - c - n  c - c - c -  c - - c -  “ c - c - c- ’ n - ’ c - i - n - ,c- ” c - t  c - m u - c - n p  ~c - u - e c - c - i - c -’t e c - c -  i n  ‘ c - c - - i ’ - - , L : c -  s - a - c- c- ’ - ‘ “ , - c - c - c - i  ‘- ‘c- ’ c - ’ i  u - c - c - i . —

n - C c - a l e  t , i - c - c - ” T l ’ O t l n -n - c -,i - c - c - - a - c -c - i t s  c - c - s  a c-c-,U 1 i- c - : .  c - ’ n ’ . - c - ”: c - c - a - t i - - n ’ c -,-J i c - c - c - n - i - c a ’  c - c - _n c - c - S  5’, ;” ’  n - c - c - n - c -i-

c - c - c - c - ’ ;  cu - f -  , ‘ ‘ ‘,c - c - c - u - t , c - c - c -’ i - a ’ c c - ’  c - s c - c - -c - i  i n c - c -  c - f ;  i - c -’ - c- eric -S n - c - c c - c -  - c-c--c - a c- c- c- c-’’ c- , c - c - ’  c- n -- c - c - i l , p an-’—
c - i ”  nc - s- c - ,  u - or  5 , i - c - ’c - c - ’ — , - ’.’ c - - u - n~ a- c -’ ‘5 VeLoCitieS’ ,c-c-’ , ,I s - hc - c -  r c - c - — c - pc -’, itc - n - ic - -s n--f u - c - . - c - i n - _ c-_s

‘. ‘c - c -’ n- n-c - c - c - c -  ‘c-’e I c c - - c - i t i e s .  c-i-ny c - c - c - f c - c - m e n c - -L- on c - c - n c - c -  p c - c c - c - i n - i  ‘ c- c - c - c - c - c - n -  ‘ c - c - c-n- / c - c - ”  t i - n - i c - m t  ‘c-c- ’

u- n c - c -” t i p  c- c- 01’ -c- icc-s , c- c - c - c - i c -  n - c - c - c -  c - - l a n _ n c - c -  c a - c - c - in c - c - i i  c- ’C n - ’ c- ” - - a-n - c - c - i - c - ” c - ’ i ”c -  f t .  a n - c - c - i -  a c- n-c-c-se
c - sc - a - u - i o r c - c -’ ’c ’ , ; sc - c - c - c --a- n- c-i ’ e’l ‘c-c- c - t n - ;  f’ c - c - C . —c - c - c -c- c - c- ie h e l i - ’ c - i - . ’ ; ’  n- c- ’c- t c - c -,’ c - ’ c - n t j ’ n - - c - c -, ‘ - c - ’ ’ ,i. i n- cc - ac-c-i n- in
c -c p l c -c - c - n e  c - c - h i - n - C  n - c - i c -  n-c - c - c - c -  f ib w c-c- c- Cc-c-c-c-l i - a -  ‘ i c-n-ne var ’j c - n - t i -  c- c- c - ,’ - c - i -n-c- ;‘ a c - c - ’ k c - .c - c -c - i - s - c - i c - a - c - ’”, n c -c-’, ’

a - n -  n - n i - i c - c - i  c - a c - - c - c - c - n -c c - n’  c-I cc -n - c - i - c -. on. - c-’ S’s - c - c t  i ( ‘c -n - c - c- for pc - c - cc - s e  a - i - c - i  t n - c - s  n - c - sc - c - ‘ ‘n - i n - c - t e d  u - i n - I c -
n - c - _ n c - c - i c - ac- c- cc -c - c- c- C c-c-c- cars he c - i et c - c -s’r, .i m n c - - i . C. ’ ‘ c - i - c - c -c - c -c-c - n C  c - s c -”,n - , c-j a-rn ’- f cc - n - s - - c - c - c - t i c - - c - an- for  c-I

c- ’_nc- c - c - a - c - c -  i c - i - n i - f t ,  an - ’ n c - c -c - c - n -i c - nc - c - c - c - i -  w i t h  amb i e~, t, u - I c -~dc-s , hel i c - n - c - ’ ;pl c - c - c -- u- c - s c - sc- ’ C c - c -c - , ,  or wak e
c- c - c - c - c -  e ’ c - a - c - ’c - c - c -~~

n - ’ c -’c- ‘u -c- c - !  ‘ . 1 c - c - c - ’ ;  c-n-c- c - c - a - h  more d i f f Ic u l t , i f  n- c - ’ . i c- au - c - c -a- i c c - c -
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r c - , n- c - c - , r . : c - , c- c - c -’ - c - - n -  i - a - c - c - c -c-c- 0 ” th e  s - c -  c- ,c -~~ ‘n - c - - n- c - c - c -  c - c -c - c - c - c - n - n -c- :-’: v --i oc i c -, ic--n ’ c - c -  c- c- c - c - - ic - c -”. :
i - ,  ‘ ‘ i a  i - c - ,’; a ’ i c - s - c - c -t i c - a c - c - c -  c - c - c -  ‘s, e n - ’  n- i c - c - c - - c -, ‘d m-~c - c - , c- e c - t c -’ ,r i, . - c - n i - a - - c - i  i - c -’- c-

~~
c- c- c - c - j i b,c- c-’, c-

i n - , n- ‘ c- c - ’ -  c - i c - c - ’,, , c - c -a c - c - P c - - f ,  c - c - I c - c -c- n - c - c - c - C  c- - c - - c - c- c - ’ c -~ . c-c -51 .’ . , S i n - c -  c - c - c - c - I c - c - c -c - -  c - s - - n  ‘-c c-n - c - c - , ’ —

c- . c - ’ n - ” ’ i c - , .  Usi c --~c- t I c - - c - c - c - a -  i - c ’  - ‘ c- :‘ ,:‘ c- ’ c-c- c- , ‘ c - c - -  -1c-c-’ c-c- ’ i ’ c - ’ ; i - -’, c - c - ,’s a- c - c -
’ c - c - c -  n - c - c - c- C ’ ”

‘, , c - ’ c - c -, c-,’ c- ,’ ’ C c - i c - S  can be c - c - E ’ c - , ’ ’’c- a l  c - c - c - ’ ’,,  ‘c - c - c- I t i - c - c-c- c - - - c- ’ s ’ c-’- c -c- ’ ’ c - c - f ’  ‘t cc’c-, u - c -c - ‘ , c - c - ’”’ I c - I c - ’:

‘ n .e  i s ,  c- c- c- - c - - c -  c - c - c - c - c - c -- n - t n - c -  . ‘ c -c - : c - c - c -’c-’.et c- c- ’- c- c-: c- c - ’ i - c - c - c -n-c-c-’ ~a i-  - c - c - c -’ I c - , ;  c - I a -c- I i - c -: c-c-c- i - c -c - c -, —

c- n- c- c - c - . .

2 .  n- - n - c - c -’c-,ic - c- ,’sis c-c-c-’ c-i-se c - i c - c - e—’c-’sc - r i - a c -c - c -  c- ’ c - c - u - ’,~c- c - c - i - i- ’,c- c-ac -a ‘c- n- n - s - c - r e n t  arc- -i i n - - c- r-
u - s - - i -  ‘ ;he  n-’c’- ;c- ’c -j c-i-’ c- c-, ‘

a - c - c -c- all ‘ c - ’ ’ u - i - ,’ - c - r c - c -” ’ ’c- , c - c - c -  ‘ c - n -i- a - - c - c - m a - i - i ’ m — c - c - s  r c - ’ i - ’c - C c - ;c-c-c- c
-

- , ‘ c - n - , c- ’ c - ,  s-c - c - c - i - c - l a - c - ,  c-,”n - . c- c - a - n -’c- . ’n- , d t i c - c - s n - c - c - n - - c - ’  of ’  ‘;c - , c -  j n c - i a - c - c -. ’, i c -’ - c - c - t i n - n  c a - n - o n -c- c - c - c -

c - , c - S”:c - , n - , .  c - c - n - e s’ c- ’:, c - ’ , , ’ a n - .  c- . c- c- c - ’  c - c - i - c - a - c - i c - c -  c-’ ” C ’ n - ’ .n-’, ’ ’ n - . , i -’ ” i 5 a ’c -” c - i u , 1 S ti c s  is, -,’ c - - a t c - —
n-n-c-i- ion , c - n c - c - c - - c - -. c - , c - c - ‘i c - c -  ‘c - c - se - i  to c - n - u - se c - c -s i- l i e  :c - e q c - c - t  a - c -  c - a- - n-, ’ fcc - ’ c- i c - i  i -c - i c - c - c -n-i- ‘ c - c - c - c- n-c-
‘ -c - , ’ c - , , c- i s I n  “ c - c - c - a -  ‘ c- a ’,’ i - c - i s  i -c - c -  , c - ’ c -,’ n - c - c - - c - c - n - c - c -i-c- ( i s c - n - c - i - H ’c - i n - j i -c- c-c -’, t , c - c - c - i - c - c : n-- - — c - , - c- , n - c - - c -

c - n c - s c- - “ ‘ c - k — t n - — c -  “ - ‘n -c - C “ a n -  n - c - c - c - c - u -  s s - c - ’ s c - c - ’ n -.t ec-’ ,i ) .

‘3. - c - s . c - i I c - ’ c -’ i c - c - c -’ c - c - c - -  ‘i - e r’  -i _ _ a - i -  r at ”  c - c - a - c -’- f ’ ; c - i c - ’se’c - c - , s of an - c - c -’  c-c-’c’ I o ’ c -  n - n - c - c -c- n -c -i for :‘‘ . c - c - k c - ’n - ,
n - - c- c-c c- o s ’ , ’ fCc-a’ c - c - c - e n - c -  a-- ’’~~c- ’; c -, , n- , ’ , i- he  u-nc-c- c -n-C hel i n - n - c -p i-c u- a - - u - n -  eu-i c-c-

~~
c-
~

c- a-’ c - i  i- u -” p — c-c- n - c - .

is h - c-c - I c - , ,’ -c-” c-’c- ta - c - rc - i a - -c- c- t o ‘ c - i - c- c-
c-
,’ t i c - c - c -  .c- , ’,c- c-c- c’”' h c - c - i q c - c --’c -‘c-c ‘i c - c - c - c -’ s c - i - c-n e c-ic- c - c - c - c - c - - c - c - c -c- - n -  f’i, i - c -c - i - c - t

c- ’oc - a - c - ij t ion s  i- c- c - a u-i-nd u - c - c - n - c - c - c - a - i c -. i t  is sut -’c-c-c- c-c-c- ,’c - t e i  n - tn - a t  sc-a -’,c -e r s’C n - c - n - c - c -c -s i c - c - v c -c - m c - c - c -

i-u -n e u - a - c c - u - c  c -n - n -’ C c - c c -  cc- Lanr , c-’;c-i- u - r c - c - c -c- ’s-~~~nc - ‘c-c- cc-nC c- e n - , e c -  , s - c - c - n c - i c -  as n-b.c u - c - , :  c- c - i n n -  on - ’
u - i i — l i- , u- i c - c - c -’u -’ c - c - -- i  c- c - i  i-pl c - n - , i n — i n - n - c - c - n c - c -, — - ‘- s ’ s - c- c- , ac- -c-i , ‘ac - a - ’ c- s-n -, ’ i i i - a i c - s’ . .c- .

‘c - i -  t i o n c - c -c-1 l’s c -c - - ’ier n - c - s n - i c - c - c -’ c - c--c-’; u- c - c - - i - h e r  Ic-a ’c-c - e s ti n - a te  c- c- - c -  ; - c - ’ c - ’ c - ’ n - ’ t  of t i - c - c - c- c - c - - c - a

n,i- i s n - c - c- ,’c-c-’.mc -,et r’c- ’ u - c c - n - c - c - c - c - e d  by i - h c -,c- ’, ” m c - c-c-c-lac-” :- is rec o c-c -au -c- ’. ’rc- c-i c-c- - - ’i .

5. ‘ “ , c - c - ,c- I c- c- : s-i c - c - , ’ c- n c - c -’ - f a c -c-’c-c-c- i’ab - c-c-’ c-’ c - c - ’c- ’c-c-C u - t i n - s c -  of the  hovec- i n -c -c-’ ‘u-c-nj ’,e t i n e - a c - n-’,’ i- ’c- ”r

‘5 , ’ u - u - c -
c- c- c- c- c- ’ ’ n c - ’ ’ ” , and c - i c - c -- c - c - ,c - c -c-- c - ”c - c - c - r c -” ’c - c - s of i - I c - c  c - c - c - c - -c - c - - c-”: fcc- u- i c - c -’c - - c -- i - ’ r c c - t a c -, i - c - c - r ’c-
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i - n - c --:c -c-c - I ‘c - c - ,” s c-n-’; ‘ ‘ c - c - c -c - c - - i ]  I ty  i- c - ’ ;  c-c- - - c- n- c - c - c - _ s c -  c - c - I c- c-n- -c - ‘
i c - c- c- c - i  i- c - c - ’, ’ c- i - c - - c - i n  - ‘ c- c - c - a - c - a - c - c -  i - c - c - c -”

t c - c - ’ ’ ’’c - i- ’, 
‘-- ‘ c- ’ ,rc-c- , 

- c- —c - c - c - c -’’ w i n - c- , , ‘;c -  c - c - c - c - c - ’  i -c - . i c -’c - i - c - ,- n - c - n .  Ve ’’ ’ i c -c - c - c -  ‘‘ c - c- ’ ’ ) ‘ - l i c - c - ,’, , ”-c - , c- ’n - c - c -c- c- c-’
* Un - ‘ a- ‘j c- c- a - c -  : n-- - - c-~ f c - c -  c - c - n - n -  j c ’ c - c -t c-il i’ s - u - f t  c - c - c - c - u - n -’ - - c -’ , ‘ c - ’  ‘ rc ’ c - c - _ s’:c-c- c-” t ’ r - c -c - - , -’ c-

n - c - n-”, i - c - ’ c -  I s - a - ’  - c - c -’ - ‘ a c - c - c - c - s t  c-
~ In c- - c - c - c-a- c-c- c - c - o s c- i- ” i - n - c - c - ” : ’ ‘ U - ’  ( ‘ ,“ c - c - ’c - c - ,  ‘c - c - - ‘ ‘ c- i i - u -

- ‘s’s ‘ ‘c - c - - —  I .

c - ’ c- c - , c- c c - c - a - ’- c- c - c- c - i  c - i - c -  - ‘ c - c - n - s ic-e n- ’i - c - ’c- c - c - I  ‘c-c - i - ’ i - c -  i r c - i- 1c- .i~ i l  i - c - I c - i - c -  V ( ’ i - ’.” . c - i ’ i c - - c - c - , n-c - c - c - -’ ‘ n - c - c -

c - - c - c - c - c - c -I , ;  , c - n - ’ c - a - i c -  i - c - c - i - .  c - c - c - i c - n  he ic - i - c-,’rc-n i- “n- c -c - n i -  c - c - -c-I .] a - c - i -  i - - c - n Y - c - c - c - , , c- n - c - _ c - c- a - ,  ‘ ‘ i s-c- i n - n - i  ‘ -  ‘ - 5 ’ - i - c - c - c - -

i c - _ c - c - i _ _ c- a f n - ’c - c-’- c - i  i- c-c- c-’ , ’ i - c - c - c - c - i -  u - i - ”  I c - c - c- c-c-a - i - n - c - - i - c - c -  i c - ’ c- ’,’c-c- - c - ’ , i - c - c - c - c - — n - i -  c - a -  I c-a a - i -  c - c - u - c - c - c - ’ ’

“ - ‘ ‘1 rn- a - s .  c - c - i c - ,’ ’ f c - c - c -  f s - c - ’c - c -  ‘ c - c - c - s - i c - i c - c -  s- ’- ’Pc- t has a c - ’ c - c - l ; c - b i  c- ’ ’ n-c -I c- a - a - P.1 ‘ I c- - ‘,‘ c- ’l  ‘u - c -  - , -
“c - c - c - i rc-c- c- c- - c - v c-” ,c- c - c - c - c- i- c - - c - c - c - i c - c - C  ‘ c - c - i - c - i - c - c - c - c - c -c- c - ’ , i f, i - c - c -  n-c- ’ c- c - c- c - i f j , ’ a - c - c -c- i - c -,’ c-u - n -’ n- ’ c - - c- ’ i - ’ ’ l by t i - c - c -

i - i c - c - l i -  “ ‘ ) i c - t c - ’ ” a  s - _ c - c- ’ s- I ‘~~~ n w c - c -. c-c -I c- c - i - I c - c - L n - u - ,  t i - c - c -sc - c- . ’ m ’ c - c - c - c - c -’ c- ’,’ c- ’ c - c - a -  Ac - c - c -  c-’c - c -I v c - c - c - c -~ c - a - ’ i  c-’c- ’ - c - i c - k

P ’ c - l i - ’ c - c - t c - ’ ’’c- ( ‘ c i i i  u - c - c - - ’  ‘ I n - i  ‘n-c - i -  I on-s - sc -  c- i
c- 

c -c - ’ a- c - c - c - c - j  , i - or pc- c - c - ’ c - i -  a - c-c - I o n - ’ i- ‘~ c-c- c - c - c - i c -’s _ c - i  c - c - c -  n- c-_ c - c-’;

I c - - c - c - c - c - - c - c - c -  i - c -  - ‘ ‘c- c-l c - c - c- - c- ’ bc - c - _ c- c- c - u - .  i i -  ‘ ‘ c - c -’ ’ ‘c-’ c- ’r , 
c - i - c - c - c- c-

c-
c-c-c - i - i f’c-’- i - c -’ ’ c- ’’ c- c - c - c - - c - i - ’  c - i - c- c - c - ’’’ ‘ c- c- c - ’ ; —

c-c - i- ‘- c- a - ’ -c - c- i- c - i - c - i c - ;  ‘ i c - n e , to  I c - c - c -  t i - i c- c- ‘ c- p s c - i  a _ c- i 1’ ’ c - c - c - c - c - i  c - I l “u-c-c- ‘‘c - c - c - n ‘ c-c- c- ; c - s - c- “ c - c -’- s - c - ’  - c- c- c-

“5 r n -c - c - c - c - c- 5 • c -  c- _ c - n- - c - i -  c-u-’ ‘c-i- ’ -c - s c-, c - c - c - c - u -a- c - u -ta - c - i c - c -  c-
j , - ‘c- c- c- c - , -, i - c - c -c- a-c - -c - ’  ic - c - c -  ‘ , . I I’” c- - c- - c - c - ,

’ c- - - c - c - _ c- c- c- c - _ c - c -

i - i c - c - ’  c- c - ’’’’ c - c - c - c - c - c - c - c - c - -c -c - ’  o n - ’ i - c - e l  i- ‘ ‘ : c- t c- c - c - ’, ’ c - i - c - c - i ’ j  sc - c - - ’ ;  c - i - c - - c - c -c- c-c- nc - c - c - c - c - -c - c -c- .’ ‘ ‘ ‘ ‘ ‘ i - c - c - n ,  c - c - c -c- c -n- r i ‘ c - c - ’  r n - c - c - i -

‘: _s  r ’ - ’ c - ’ c - s  n- ’ i c  -“ c-i ’ ” ’ ’ ’  c- 5 - 1 - c - c -I c- c- c - i - I c - r , 9c- c- c - i ’  1 c c - s  - c - c - c- - c- c - c - 5c-i , i- c - n - c - ’  “- - ‘ ‘ c - i ’ - ‘ i - c -  1: I - ‘ i - c - c - c -c- s r ,  ‘ c - c - ”  -

- ‘ ‘ i - c - - n - a - i - c -c- c - ’  c- i - i c - ’ c - c - c - c - ”  n - c - c - c - ’ t c - c - ’c - c -  - c - f  l i c - c - v c - c -r l v c - c - ’c- ,c - - ’, c-c - c -’c - n - .  Pc- c- 
~~~

c- i a - c - c - I n -  - i n - c -  c - -a c - n ,  c- c- ‘c- a - n - a -

1, - a -a c - c - ’ - n - ’ ’ c -  c- c - c - a - c - i -  c - c - c - n ‘ c-c - c - ’ c - s n -  n-
_ c- ‘ c- ” 05 ’ ; ‘ c - c - c - c - c - p c -  c - ,  c - c - ’ - r n -’c - a -” c - ’c - c - .  ‘ c- ~~i i c - _ c- ’ ‘ I c - c ’ ’ ’  c- c - c - c - sc - c --

c- _ i - c - c - i c - c - ’ c-c- ‘ i - c - c -  Ai’c- i- 1 c - c - ’ , c- c- c- P c - T i —  I i - c - c - l i  - c - c - ’ ’ c- c - c - c -. ‘ c - c -~c- c- c- c - c c - n c - - c -’’ c- I c- - c - c - c -’
- ‘ c - c - a - n -  c- - c - -  c- ‘ c - ~~c-~ tc -c -~c - i - c -c-~ ~~c - c - c - 5 c - i - c - c -c - i - c- c - c - c - c- - _ c - c -c - i c c - c -i- ‘ c - c - ’- c - c - c -’ i - c - . ‘c-’’ c - ’,c- 1 ’
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‘ c - i - c -I ” c- c- c - c -  c- ren -n c - c - c - c - mn - n -’h I c - c  -b c -i -  nu -  p a-a c - c - e d  Ic - c - c -  i - c - c -  c-c- c - n - c -  c-c-p a so lc - c -t  ion to t i c- c-  s n - c - s c - u -
s ” ’ i - c - I i - ’c-n- c - sc - c -c- n , c- . f- c-c-’ c - c - i - n c - n - n - c -c- c- - c -c - i -c--u -  ai c-’ c - c - r a n- ’t, c- w c - s i f c -c- c - c - c  - a c - c - c - n - c - c - s - c -  c-c-, c- Dc- a i r  a - i -  - - - ‘ - I .

“ . c - i - c - i-~ ( n - ’ c- n- - : , n-~~ - , . c - a - c - c - c - c - s c -c - u - a - c - I  n - c - c- n- 2 . 7 5  I c - c - c - i - c -  i ” '- c - c- c-n-c-c- i- ,/A1 ’l—1~~ c - i - v u - t c - c-s-c - Bas c-c- c - c- is ’c - c -’
c-i: a- c- c - I c - s c - c -_ c - n- ‘i - c- c - c-c- ‘a- c - c -  i - c - c - c - c - c - c - c -c - c - ic c -t  u -i  ic -c -c -c- i- anal ys ic -c - 0 1’ t i - c -c- c - he] I - “ c- c - n - c - c-c- c- a-’ c- u- c - n - P c - I c -  c - c - ,’ c- c-’, etc - c -
i - c -e r  I’-. c - ’ c - c - c - c - ic - c - a - c -’c- u -n -, n - c - i  r u - p c - c - c - i - u -  o f ’  90 u - c - c - -:1 120 k s c -~.:-t , s. The c - c - s c - i j — c - u -  c c -- c - , ’ -  i c- a i c- _s n - c -  of u - i .e
t a- s t  wc - i , n t i - c-u - f ,  he~~ic - ’  i - c - n - c -- c - c -  c- c- a-cket  f i n - n -  - c - - c - ’ c - c - c-’ rol was needed to ac -c- c - c-c - c- c - c - sn - c - Ti - a - i c  -a
a - i  ‘ c - c - i - f l e a - c -a-n , i c - sc - l c -c - ’c- ’ : - c - n - a - c - c - n - c -c- i - ri sc - Tn - c - te rn  c-” f’ f c - ’c -’ c- . i - ’,’ei-’c - - ’ a - s .  The lack o f an- c-c-c- u- c - c - n - ’ i a - ’ ; ae
ic -c- c - t n - c - c - n - -c - c -c - c - c- i-c-i ’. i c - c - c - c -  ‘a- n - a a i - c - n - i - n - c -c- ’ I ’ u-”t  c- ,c-’c-’ in n-c--c-t c-c- c-c- c - i - c - c -  u - i - _n - , - ’ n- c- c - c -  u - c -c-n -c - -c - t n - c -  ‘. O f ’

c - c - c -t a  n - u - c - c -  a- ‘ c - c - - n - ’  c-c-s c- low c-c- c - u - u n - c - i - - c  a i r  speeds . ‘-‘ c- n -I’ s- cc -c -t c-i- . y , inn-st i - c-  n -sn -c - c - n - ac-c - a c- i- ‘n -c - i - c - ” -c - c - c -
s c-s i l l  n c-c-t advan a-’c-c- I sc - c- n-c - f ic i e n t ly to provide adequate ec- c- ’c-peric -n -c-c-c-r c-ta i ‘ian- a u-c -in -
c-c -i c - c - u - i - c-nw un -i-es - u-ic- c-c- Cu - bc - c -u- c - - c - t o n -  d i sc  t i - c - r o s c - c -”lc-cc-n-t the weapon l aur ,u -i -c - en c- c-c-e Io rc-e
‘c - c - , low a i r c - c - r n -’c- c - ’ ; - i c - . ~i- a - , ’ c - c - ,c - s i o r c - s  w i t h  the  ac-sc-ac - c - c - n - c - c - t i - c a l  i c - i  - ‘c -c -- -c- c-c - c -c- c-c - i - c - c - c -  rc -c-vealc-’i-
i- h - c - n -  c-c-o i c - f i n - i s  i n - c -c-c- c - l a n - u -  e n - c - i a - t a - c -i on- c- t i -se area of c - c - c -  c - c - u - c -c - a t .  i- c- c - - c - ’ c -c-’c- ” i-c -c- ilL c - c - t i c
a- i s - c - c - c - i -  - n- ’ i - u - c - c - c - c -  i n c - c - c - i  to i, e  pc -c - s - u - os - c - n - c - c d  c-c -c-’ , ’i- i i ;; i c - s c -c- c-c -c -c - a - c - c - n - c -c- c-” C c-in -it u- u - c -n c - c -n - c - a t e - i  wi th
,c - t - i r c - c - i - a s -  .i- c - n - ,c- ’c- n -nc -c - n t c - n n - c - c -  t i c - c -n - c - c -c-p,c- h a c - c - c - c - c - l  Ofl t i c - c -  sic-se o n - c- t he  c- c - c-t c - c -u - and c-’ s - c - n - u - n - c -  i c - c - c - l i  u- -c - c - c - c - c- c-a r

c - a - ’ c - i -  ‘ i c - c -c - ,  c-li u- ”c -. ow p a - c - ’~ , ,  i - _ c - c - c - c - t i c - c -i c - n - c -  ‘c-c-’ j ’  n c - i - n  t i - c - c -c- r c - t -c-_c - s -  i -our  W n - c - c - c - i - c -  a - c - c - c - -c- ’ ‘n - c - c - ki - c - c - c - n -.

5. c - i - 5’tc -~~ lc- c - t e r r n i c - s i c - c - c -- t i - c - c - ti- t hc - c - c - e  exj sc-t , c- c- - , i a c - c - c - -c -c - c- u- c-c-p in I c - c - c - c -  c - c - c - c - a i r c -’ n- “ c- c-a-

i n -  t he  rocket I n -, c - ’ c c - c - c -,’h envelope n-c - t l o w  u - i  ra-tc-e a-c- c- ’Isa- , ftc-c 2 .75  Inc -ha c-i -c-c-. - - ’- i - i - - c - c - a -  c - c -

‘ ‘ c - t c - c - ’ i c -c- - c- I ’ ’  s C c - f t c- ice u-ook ad -n -u -c-st -ac -c-c- of a i - c - c - c - a - p c -c-c- sal f rom 5 ln it e d  A l ‘c- - - s - ’ c - ” c - ’ ‘i c - eu - ca r - u - i - c -

c- c - c f - a - c - c - n - n i - c - c - r i - c c -c-c -( TJ AR L)  n - - c -  u- c - n - c -i c -c-i -re i c - c - i a - i c -” i n f o r m a t , i n - c - c - c -  ‘ n - t i l i z i nn -  c- - c- c - c - n - c - c -  , c - c -c- a - I c - c -, c - 1 c -P c - i on .
n-- I s - . -Jac k Lu - c - , c - i - c -c- rc-b e ‘ c - c - n c - I  i c - i _ s aa-’c- ” ’ : c - c -  ‘ i - u - t i c - c -a- sc- it Ic-JARL i-~c-n-c-n - c -c - n - e x i c - i - b i t a -  c- -a- c- a c - s c - c -c - i  ‘ c - c - c- c - c - c - c - i - Pc-
- ‘ c - cc - c - c -c -n - t -c- u -c - and i c c - J i c a t i o n - c -  in d e c - i n - c - i n n -  the deti-ree of data f ’s - c - c - c - c - a - s c -c- c- ’- -c  -in-  a - c -

re fe rence c- c - c - i - c - c -’c-s -t , rc- n - n - r t i c - s c - i. i- au - iy  wi -c-en one con - s ic - Ic - r u -  t i c - c-- s ize  of t i - c - ”  i c - I a - -c- c- i c - c - c - c - i - c -’
.‘c- c-~c- ’ sc c - c - c -uI c-c-sc-c-tract. The cc-c-c - n c - p c - c - n - cr s ic - c - c - c - c -. I c -- c-t ion t e c h n iques deve loped  Ic-y c-n - ; , p c -c- c - c -~ c- c-

un ’i q c - c - e  i n  t ic - c -  c a p a b i l i t y  to provide in s tan c-c -an eous  ac-c- c-I t i c -n - c - e — c - c - v e r a c - -c-n - d c - c - i  i-~ fJ  c- c-”c-n-

a -c-- c - c -  - I - c-c- c-c-a- i-ri both c - i - i c - c - i -  c-c- s-t e d  u-c-
_

c - _ i -  u n di . c-t , c - _ s c - ’ t e c - l  s -c - c - t n_ sr wakes- .

6. n - - I c - c - . u - n - c - c - c - I  iP’c - , sse r rnan 3 of the c - i - a - s - c - c - i - c - c - i I I i s t i c s  c - c - a - n - t  i- c -c - c - s n - c - c - i -  h i  - c- c-_ s t - i c - c - c - c - s c -  A r c - c - - c - c - c - c -

i n -s c- c - c -’ i -’~~c- .c- c-’ i - i - c -c- i ’c - c - f  i c-c-w i- n - n c -’ t i - c - c - c - c - c -c - a - I c -  w i t h  i- , i - c -~ c- j c - c-i- c-c- p c - ’c-c- a - e c - i c -, e I ic - c -  c - i -c- c-c- c - c - a - c - j c - c -’c - c -’c -  c- ac-

c-n - ’ c - c -  c-c- c-n- i ‘a - b c - c- the e f f e c t , ’ c- f  t i-ic ’ a i r f l o w  on c-
~~i - c - c - c- r a ck e t  hal l i s t i n-  lc - r a -,i e ’ c- -n - c- ’c -n - .

‘c -c-b c-c - ’ rocke t w i l l  c - n ’ s-c -c- c-u -f i - c - j’ be i n t ’ l uen-ced by the pass _ sc-c-c c - a u -  c - c - pr’ c - c - n - s i r n a t c - a l y  ta ’ -
- “ hi  ades I c-c-s - i- n c - c -  its cx i i - , from I - i c - c -” w a - ’c - j c - c -  c - c - ,  c- c - c c - c - s c - a - ic - c -n c -.rc-c- i -c- c - u - c -c-c-. I c - s c - c -P  c - c - c -c- i - c - u - ’’—

l i - u - i n c - c - c -c-- a- i - u - c - c - i - c - c -c-c- i o n s  w i t h  c - c - s ix  - t c - ” n c -r’ c - - c - c -  c-’ c - c - ’ ’. ’ r c- c-ec -I c - c - c - ’ c -  r c - c -c- ’ kc - ’t  b a 1 l- i a -t , i c  a - i n - - c -  c-c - - c- ’ ion ,
P c- c- i c - c - ; f a a - c - c - c - c - I  t i- c- c-c- ’ at u - c - c - c - c - c -c - e s  b c - i c - c - u  2000 rnc- ’ i - , c-” c-’ , c- , a var ic- iai  i a - c -n c-in c - c - c - c - , _ s~~~c- i - i a -’ ’ c n c - ’ ’-
- c- _ i c -  c-I i- c-” c - i - c - c - t, c-’c - c -’t, c - ’ , l  ac - s c-i f s c - r , c- c- c- i ‘c-c- n of the blade c-c- c - c - c - c -c-c - i - t i  c - c -n - c - an -c -c-I i c - c -c- c- c-a- c- c- ‘ c - c - c - c -  ‘ ‘ ‘ c - c-’ , ’

a - c - i -  -- - i - i  Ii ’ s i c - c - pl c - t e l i n  Fi c -c - .  15 of ’  t he s.c- - c - ” ’  c - c - c - c - n c - s e  s - c - c - c - c - - c - c - a - , .. .~ , ‘ c - - ’ c - c -c - - c- - ’ , s c- c - c - c -c c - n- er
t h i n -c - 200U rnetc-’c-c- ,c- , t he  c-’ c - c - c - c -’c - ’ c - c - ’ l, a - c - c - a -  c- s n - c - f  i n - f l c - c - c - c - n - c - c -’c- ’ c-d c - ; ’c- ’~ i- ‘ ‘ c - c - i- ly i - c-c- ‘n- n - c - r i - c -c- i- c-c -c -c - i c-c -
c- ’ i- n c- c - u- c - i - c - n - c - c - c -  S Q  i - c - c - c -  i - n - i - c-c- c - t . c -” c-l i- fl  ‘ ‘ i - c - c - c - c - n c - c- c- c - u -  j f l  i - i -  c - -  c- c - i c - s  c - c -c-l  ‘ c - i - c -- I  ‘ i ’  ‘ ‘ c - c - c - - I  ia--si- ‘ c- - - _ Ic -c-

c - c - c - c - i - c - i  5 i - c - o ’ !c - c-r t i  r i - c- c - u -  “ c- c - c - ic - n -  - ‘A  Y’c - c - c - c - c -i i- u - -c-c-- n - i  c - c - c -’ ‘ i - n - a - c - c - c - c - c - i -  In  1”c - ‘ ‘ c- , ‘ c - c - ’ 2 .  c - c -  i- ~~~
U n c - ’k ,c - i -  ‘ c- , - ’ i-’c - i  c a - c - c -- i -  a c- c - c - c - c - c - c - n - i  i- i c - c - c -  of ’ i c - c - c - c - c - c - i c -c- - c - S  ~~~~~ c-~c - ,~
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c - n - t,ab ’l c-c-’ a c -n  I ‘,a-c-”’ c- c - c - , - S’’ _ ’ c - c - c -s ’ - , ’ ’ c - l -  l i i i- , , - c- b c -  ‘‘ ‘ c - i - , ’ c - c - ’  c - c -  ‘ ‘ a - c - :  wc - i c - ; i- c- , l i e s - c -” ’ ’ c -c - ’ ’ ’ ‘ ‘c-_ - c - ’  t
c- ’’c- c- c- ’ c - c - c - c - c -

c - h e  i- ‘ ‘ c - c - ’ ’ ‘ c- c - ) c - ’ c - n -  o c -  i - i - n c -” n-c - c -c- I - c - - ’ ’ iu- c-’ 5 j c - c - c - c - 1’ ’ i - C c -’ i c - c - i- , .



_ _ _ _  
‘ c-c - -- -.-

7. Ac-n- n -_ sc c - c-lc - i - a - n -c - c - c - c - c -. i- i - c - c -  t i - c - c - n -  i- c - c -c - c - c - uc -~n - c - ,  a n-c - i s , i - c -tc- r of t i - c - c -  c - i s s c - c - n - r c - c - c -  1 ;c-c- :’i a t - i - a - S  have  y et ,

i-c- c-c- Ic - c-c - con f’ i r s n - c - a - c -I  n - ic - c - c - I rc -c - f ’ i c - c - c - c - c - -, a -r c - t  c - - i t  I probably have s c-n-nc-c- c - u - n - c - c -sn- i: or. ic -he  i-a c - c - - c - ’—
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a - i c -c-l, c ” n - c -c - u i t  in - c -  t i c - ’- i c - c - s i - c - c -  u - s i  an - ,  t i - s c -c-n- tn-i c- ‘t i n - f l o w  c - c - c c - dc - n -u- u - , ’c-t c-c- r Pc- ‘,‘c -’ n-’-c-c- j ’,c -n - c - c-c-_c-su-c- Ic-
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c- c - i c -c-a c- c- c- c - c - c -c - n c - i c --
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c- ;c- c- c - i - c - V  c-i c - c - u- ’’ - ,’ u i - c - i - c -c- n- c- n - c - c - - n c - c - -  c - c - I I c - c - c - c - c -i a- h c -na -el n - p c -’ cc-f c- c - c - c -”l; i c - c -  I u - c -” n - c - t er  c- ’ c-c- -c-’

‘n- h i p  ‘ a-” c-- c - n - v - n ‘ c - c - c - I c- c - - a - c - c - c -c -c- ‘c - l u - c - s p e c -c - i . ; c- s c - u - c -c - i c- I - c -  e x pc -’c- c-- ’ ” - c - c - t a - I d c - I - c- -ic- c- -c - an c- c - ,l c -.’u - i -’c-
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c - c - . Initiation of (1.2 and (I . rc- ’ s c - c - c - c - a - c -’ - ’i - c - i c - c - - i nu - t r c -r n c -e n t at i o n  c-c-c- c - I

c- c - u - c -’ cc-at ional, a i r  dat a sensor c - I c -~ vi  “ c- ” , ’ .

h .  Fun d i n g  i- c-_s r c- -c - c - c - c -c’ i-c-allist i c - c - c - c -  c - c - s c - c - i c - c - n - s i c - c  - o n -’ “ i - n - ’  ‘c-c -c-”’,, ‘ c- c- -c- e n - u - c - c -”’ c- c- n - c - n- c- -,~‘r -ca - t , c-c - c -c - c -

p a - s - c - c-u - c - sc - c - c - c - c - a - c -  arc-id c - c - c - c - t i c - c - u - ti c - c - c  - c - c - t’ c- - c-c - c - c - i - ’  ‘c- c -s o n - ’ ‘ c -c - c- I c - c - i  c- a- c - c - c - c - c - - c - c - a -n- c-c- c-~ ta- c - u- at u - n - c- c-c-’
e i- i-

c-
c-c- n-c- t c-c-

la n- , i - i c - l i - c o p t e r  c - c - t c - a - I’c - i c - it :c-’ n - s c - c - c - t  c - c - c - ’  i c - n c - c - c -c - c -n -c- ’~’c -’ c - i -  ‘ i- c - s i c - c - c -c- boy ’ s- is , nc--c-Ic -u- to s- c- c- ’,’ i - c - c - c -

an eu -u - eu - t i r e  weapons p la t fo rm . This is i - c-a r t  i c - c-- c-n-las -c-p tr c-c-c-c-’c- w i - c -c - - c - c -  a - ‘a - nt c - c -c -  c - c - c - c - n - c - c - e r

a-c-t’ r-c-c-c-u -k e t s  are c-c-c-o be fired ic-fl n- i - a -  shortest  p o s s c n - c - e  tic - c - c - c -, It is c- c-cr c- c-c- c-c -ed ‘ c - c - c - c - n -
hel l c--a st e r  c o c -n -t r o i  syc- - t en - c -n - s  w i l l  eventual ly  arc -_ s ide  t h i s  cc - c - n - arc - c-u- n - e u - i c - n - n - i -  a - .
i- ar c -n - i- l a -c- i research e f f o r ts are necessary so that a coc-c-tb l ’c- at c-Pc- c- ’, o f ’  p la t for c -n - ,

stability, fire a-cc -nt ro ic- and rocket  design can accomplish acc n-ra t ? nc-c- u- i c - en -
i c- n - i in - c - c - c -s -n - ’  , i - c - c - u - i c -  c-- _ c- c - s c - c -  u-er , pop—up and low speed f l i gh t  as tn -c-c h e lm - a - c -n - - n - e u -  t n - c - c c - c - c - i —
I i o n s .  Tic- c-c--c -c - P. r. ,c- c - c - s - c - it , c - c - c - i -  n - c - c -c - c -Ks  c - c - c - c -c-ft be performed in o s - i c -c - ’  that  t i - c - c - c -  ‘ic-c - c -c -u- c c-c-n- ’ Ic-c

i-c-s- c- n - i -  i c - c- I ‘a-i t i-n- c - c - ~~c- e n - f t - t ir e  he l i cop te r  c-c-y :;tec -c- c- he ‘ c - c -  sic -u - c-a - -.
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AP f ’E N i - c -  i - c - c -P Pc- ( c c - c - c - c - i ’  c-

.i c - c - c - p c -’,c - .c- s i , n -c-c -nc-c-ic- c- ve i . c - c - c - ic- c- c - c - S  c - ’ , c - j ,’ c - c - - c -  i-c-c-c-’ n - c - c - ’  d c - n- c-c-e i c - - c - s c -c - a s - c - c - 01 c- ti- i- ‘.‘c-c-c - r l c- ’i-n- -:

a s-c- c- ’- c -  c-nc - ,i - I c -U  c-n - I c -c-c - i f l c s n - t c - n -c-. iy ac-L t cc- i-’ t h e  - l c-c- ’c - ’ c - t  i c -c- ’ ’ c-c-c- I’ c-
c - : ’ ’  s- c-I ‘ n - c - c - c- c- , ‘ c-

c -n - c - - i - c - a c -c - i a - c - c - c-c- C -c -  st’ n - c - -” l c - ’ c -c - a - c - ,  c - c - c -i n - c - i - a - t c -c - c -  c - ’ - ‘i-c- - * i - i  s - i c - c - ,’ t I c - c -c - c - -  ‘a - c - t ic - ti-c- c- s’ c - t m : ’  ; n - s i —
c-

i c - a c - ’, i - c - u -  c - c - -c - c - I ”, c- c- c-c- t i - i-c-c -‘‘ c- c- c - c - c - c - e s  i c - n - t c -n - r l ’ec - ’c - c - c - c -  ‘ a-’ c - n - c- -_ c - i -  c- ic- c-c-c- cor, c-c-s i- c - - - s ’ c-c- - c - .

‘ c- c- c- c-c - i - n - c- c-’ c- c - s - i n n - t i - a r. of t i - c - c -  p s - € c - d i ,’ i - c - c- , c - i -  t i c - c -c - - c - c - c - c - a - c - a -c- n- c - - i -  i ’ c- d u : u- , i -  ‘n - c - ’ I~~- u - n -c- u-
‘ ‘ c-c - c -c -p c-’ c - c - a - c - c - t i - c -  n - c - - t a - - c - c - c-, n - I c - a -  i - n - c - c-c-- s - u - - c - c - c - - c -- s 01’ t i - n c - c  -c- i - i - i - — c - c- Ic-c-,,, . - ‘ c - c - c -  I a-- a - c - t i - -c - I c -
± . ,0 i ’ s’s c- c-t s i c - c - c - i l - c - c - c -  j ,c - c - - t f l tS  a1 c - c - c -c- c- t ’. e ‘,r’o c- ec-c- i-c - c ” i .’:c- .

c-c -i- c -i- c-n- c- c - c - c - ’ c-a - - , c - n j i - ’ i -, c - o n - c - c - c - c-c- an n - c - c - c c - c - u - c - c - i c - s  c - ’ -c- c - c - , c - -- c - ’ ’a -c -c - c -k e ra a c- c -lc -_ sc - i n - ,  n - c - c - l , c - ’. , c - ’ t ’ i -
c- c-c - ’ c - ’c- ’ c - ’ t c -c - c  -a - ’ ’ ’, ‘ c --c - n - l i - ‘ c - I n c -n- in ’- l c - s , c - c - c - ,i- c-~a _ s . 0 u - j ’j e s  a t  “c- c- n - ’  “ a- c- - s i c - u - c -  c - c - c - e s ,
Ti -c-c - c- c - c - c - c -  O n - ’ c - c - n  c- c- , c - i - a ’ c- n- b c- ’ - ” a -c - c - i c -c-n-’ s c - n - c -  c - c l  “ c- ’ c-i- n - bc - n - c - c -  c- _ c- c- ’ c - c - c - c -  i n - n - t i n -  c - i s 5 c -c-i , ’t n - _ s c -
“a- c-n-c-~~’ ‘c - c - c - a c - - c -c ’ s-u -_ c - c -’ ’  , t ,c- i c - c -  s i ’~: c - I : : i c a c n -t c - l i -c - C c - u - a - c - c - a - c - - s  i - c - ,  u - c - c-c- s c - u - t c - c -, i- i - n .j  ‘ ‘ c - c - c - c-

i c - n - i a - ..

i - i  ‘c- n-c-c- _ i c - c - i - i ’  c- c- ( c- , l e a - n - ’  - c-
c- - s c - ) i- c - c - c- - c- c - a - n - e l  I s ,c- c - c - c -  ‘ i-c- u n - t i - I c - n - c - i -c- u- -s- c - c - 1 - c  -‘c -c- a - u - c - a l l

i s _ c- c-c - s e _ s  ‘n - c - c - u-c- i t y a - i c - c - a - c -n - c - c - c -s ‘-
~~ c- i-c-c-c- c- s-oc-c-ket t c - - ’ c- , 1 a - - c t n c - c - r t e c - c -  c- c-- - a - - c - c - c-, c - n a - n - i c - c -  c- c - c - c -  ‘a- u -P c- ’

c - c - c- s ’a ’ ’c-c- i- ’, c-j ’e ti -’c-c-, ; n - c -c - ’ i s n -c- i a -nc -c -  i c - s - - a - c -  , a - e  c - c - c - i - i n - i -c- e r - c - c - c - c -’ - ’ i n ’, t i - c - c -  pI n - c- c - s c - sc - c - ; u: c- c - - c

-n - c -’c- , ,oci-t i e n - c - u - a - u - u - c - c -c - i c - c -c- c - c - i  ‘c - c - c - t i - ,  t i - c - i- u - c -, , c-c- c - I  on- i - ’ C i -c - W c - c - c - i  c- - c- ’ i - c - c - n- ,, I I I  ‘ c- ‘ c - i _ c -‘ b c - ’

p t a - u- c - c - c - - c - c - c - c - ’ c- c- t i p - ‘ ,- “, c - s x .  c- i - i- c - i - n - ’  i - cc - c- ’c- c- sc-eu-tP c- c-c -’ n i - u- ’c- c- t ,u - c - :e  Ic- c-c-c-r c - c - c -~ n-c - i - ,  n - s,n - s - i -c - tia c -c-c-s
i - i c -  c - ’ , . c - r .c - c -  1 - ~ .”~ i - c - t c - P r s ’ , f i ’, c- c-a-’- ’c-’c -r ’ , ‘ c- c - c - ’ t i s a] c - c - c - c - c - l / a r c -  - a c - c -c-c- i n - c - , c- i c - c - c -  ‘ ‘ a c - c - i c - I  i n - c - n - n - s
i n ,  I c - c- a c - c - c -  c- ” c - n i - n - c -’ p u - c - c - c - u - c - n - c --c - s i c - c -c-c-l :’ ‘ c - c -c - n - ,  va rj ’c- t , i c-c - u-c-S I c - c -  irc- c - c - c - e n - i  n - ’ e c - oc -c-’I t n -’ c - c- ’ n- c - -c

-

c - - c -u- c -i n -c - c - i c - c - c - n - n c -- c - h  p o i c -~t at ‘ c - p -p s ’ a c - > c - l c - c -a c- ’ c- c - ly 30 k t s  c - i c - c - n - -  t n - c -  c- i - c - c - c - c - c - c -’c-’ c c - n - c - c - c - n - c - c - t ,  u :

u - c -  in ’  : c-~~c - c - c - i c - s c - c - I c- c - t o  ‘ c-c - c - i - c - c - i - c - c -c- On - ’ t i - n ’, ’ c-’ c-, ’ O c-’ a - c - c - n - c -  c- c-c - c - ’ ’,’ i , ,c - a- ‘c-c- x ’sa. 7c-c- c-
s’ ,‘lat i’, c- c- p c -c -si t i c - _ sc - c -  o f tn - c - c -c -  u -cc -c- ’ket ,  c- c - i _ c - c - c -  c- i- c- u c-a - - in t  t’ - n - i - , a -~ a- n-c-c-e c- c-n- c- i c -n - c - ’y c - c - c -c-c - c - , . ,

i - c -. - ‘c- c-c - s - i -  a - - c -  s-p c-c-c-ha c-’c-c-’ c- ” c- ,c- i-n n - c - n - c - p  of the c - c - c - c - c - t o r n - c -  a - c - , :  . , ,  le ’, c- . ’ c -  ‘ n - i n c - c- - i - , c- a- c-

c - c - ,  c- c - n ~ u - n ’ c -,c- I c - P  i - c - c -i - s t  n -p ’c- ’a- . I , ,c-’P, a-’ c - c - s ’ a I c -  a - I s -  c- n - a - c  -‘a- c - i -  c -n - c- c- c -c - n - c - i  c - ’ ’ ’ c-c- s - / C c -c - c - c- ] c - c - c -c- ’ ’

a-c- ’,t it  c - i c -. ’ ) .
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‘c-c- ”

“ c- -c - 1- ~ 
‘ , :c -c - c - c -  , ( c -c - c - a - ‘ d

‘ _ ‘  ‘ ‘ “ ‘ c -
, , ’ ’ ’  c -l i  ‘

, , ‘ i- ” ’ i - -I ’ ‘- c- c - - c - -  C- ‘ - c- ‘ ‘  c - c - jc- ‘1

I .  ,. ‘ e c -,’ a - c - ’c-c - i  c-
_
nc- _ _ c - c- c - a -  a - ’ i - c - i c h  a - c - - n - _ s  c - c - p i - c - c - ’ c - ’x i s ’, n - n - c - c - ed  -c- s -  n - n - c - c - c - c - c -- c - a n - c - c -i i c - c -  ‘, i - , c- , ‘ - c - c - , c - c -  - i - c - i -  al

‘ ‘ c- “ c - I c - c - ti- c-c-S , u - i - c - c - ac- c - c -  I ‘be c - a - o c - c - s i c - l c - c - ’c-c- , c - .  c - i - c - c - c-c- c-c- c-c- sc- c- ” ~~c-c-c- i c - n - r c - t c - c - b i -  l i - n - -c- c- n - n - u - i
d i , c-,c-i c - c-c - c - n - c- cn , -; -c- c- - c-c-c-c-c- c-c-on --c- s ize , t i - c - c -  c - 3 e c - c -, , - t . ion - c- O n- ’ t he  c- ’ i - s , i ’ .’ a - p c - c - ti- c-i ], c-a - c - c -c-
t c-c-c-c -. p c - c - c - ”n c-, P-c -c - c - c -c-c - n - c - c - c -c-u-i’ s n - c - u - a - I in the n - c - c - c - -c- c- pu - c -- c - a - , c - i c - c - c -  ‘ a - i n - c - c -- ‘c - c - c -n- c- ” c - u - a - , n - uc- e i n - c - -c ’s--
c - e s - c - i c -u - c -, - e t c - e n - n - s .  Also , ti - c - a -  p o s s i ble  :‘c - c - c - c - c - ,i- ,c - ’ c - c - c - c - , c c - r c - t  fc-c- c- ’ 1’ - n - s -n - n - n - I n -~c-c-
the c-c - c - c- -

_ -e  c- c-c-b c i-tics c-c- c - c-c-I a - i -c-c- c - c - n -n - c -c - P c -’ ‘., r’ ,’ n- , i - c - u - - c-. , c - ! ’ ~~ n - i - sc -- c- ,c - u -a - ‘ -cc-c -c -s i c - c -  s - n - u -

2 .  c- c- c- c- Ci -, c- an - i o n s  of ti-c-e e f f e c t  on - ’ the n-c- c -a l a - c ’  wak e in-. c - c - c - s - c - n -  c - n - c - I c - c - u - i n - i - e s

c - a - c - t e c - ’ s c - , lc- n c - a - c- In  t i - c - i s  i s c - ’ n - c- c - c - t i c -c- ’ c - t i o n  on tin - c -  a- c- ’ k c -” - ,“ c - ’c-, c-c-c-’ c-,c- ’c- -c-a-’j eS sic- c- c-c-c- I

3 
c-c - i -c - c -  a- i- ,~ c- ’ a - c - c - P c - -  c-c-a - ’ ’ cc- t n -~ c-

_
c- _ c- u- c - c -  ic -c-i- ,t  - ‘ c- , c- c - c - c - c -c - t i - j r c -,-c - c- c - n - i - n - a - i - -  c-c-

_
c - c -c- c- c- ‘ i - c -c ’ P- c--c-c-

c - i a - u - u - c - s n -c - c - _ c -  i c - c-.c-c- ’ c- c- i - c - c -  u- i- c -ca -c-c - c - c - be i - e t c - c - c - u - i c - c - a -  a - .  i - n  u - a s -t i cu i a r, c - c - c - c - c -c - c - c - i - u - t I - c - n - c -c-c-
,-c-c-”c- c- c - c - j t’ i - c - c - i- , i - c - c - c - c-’ ‘ , c - c - , , l i c -  i “ n _ c-- _c- n- c-c-c-u- a - s c - i c - d c  -‘P1 c -c - i - c - I t a -c - c-c-, c-’ ’ic - - ’ c- a- t ,”c- ,’ c - c - c - c c -, c c - ’n - c - a - ’it’,c-
‘c - ’ c - ’ ’c-’c - c - , a - c - n - n - n - a -i- i- n - c - b , e  u - i - c - ,~c- c - c - ! c - i -  be c- - es ’”- u - sc - c - i - c - c - sr c a - i - a - c -c- I c-i- , s ,  r ’ s-pc-- a a - c - c - s .  A ] , ’ m .
i-~in - a -~ c- ;c-n u - i t i c -c - s , i - ,c-n - o n - ’ t c - c - e  i-’ c - n - c - c - ’, c - c -t s  s o  ‘ n - n n - c - ’ i n - n - t l o c - , s  c - c - i -  • t c - ’  S n - c - c - c - c - i -  c- ’n - c- c-~t c- c- c-c-u-~c-n-n- —
n-c-’ c- ’ c- ’ c-c -l fl c- n-c-t ‘ c-c-ii- . c - c - i  u-c-’Tc-c - ”i - - c - p c - n - c- c - i - n -  ‘a-i, i- c-i- , i - n i -P  c- c-c-c - c - c- a - c - ‘ i - i ’  u- c - P c -  u- c- “ - c- s c - ’’ in- c - n - c - c-

c-a-’c- i-,c- c-c-c-
’ r’c-c-c-c-c-ket c - ’ , c - c -.l i -, I c -c- c - c - I c - c - c -c- a- i - c - ,, , - C c - c -ic - ,’,’c- c- c-’c - n -  i c -’ c - - c - c - , c -’c- c-c-I , ‘ c  -5 i s - ”, ” ‘ c- , l , c - ’ c - a - c -c- c- ’c - c - c -~

c- -’e n e c - ’ c - c - c - i z i n u -’ i - h e  s-c -_ sc-c-ults should ‘c-n- c-c- c - c - - n - c - - c -- n - c -‘ c - c - c - c - : ,

c-c- . i - i - a - - i - e l  he l ia -c - c -’ç ’ tec - ’ t es t, - c- c - ic - c - ‘u- i d  be 2c-c-c -rc -c -c- c-c-’ S  c-c-c- I to c - I c - c -c- i - c - c - i  s’e c - s n - ’ c-c - t c - c - c - c - c - c - c - c - t i c - s  “ c - c - c - n - e n —
u - c - c - c - c - c -i- ‘ n - c -  1,- n - ta - c  -on t i - c - i -  a s o c - a - k e n -  aero~~ c - c -, c-c-’c- n - c - c - c - n -  i : c - t c - c - ’t ’eu - c ’ c - c - ’ c - c - ’  p c - c -  at  ‘c- c- c-c-c- c- . i - i -  c - a -c
in-c-c- -’c- ’c- r i - c - lc-c- c-c-c-c-c-i w i c - n - c - i  t u n n e l  n-c- a u -j u t ic- s ’-c-n -n -c - . i ~~~~~~~~~~~~~~ C, ‘c-n- c-c - c - c - c - c - u - c - , u - c - c - - c - ’, c - c - c - c -
and n-’ i - sa-c- al iz at isc -’rc - te c h n i c - c - i c - a - c - c - s  c - c - i - n - c -c-j c - c - c -  c -‘i-c-e c-a -c -n -c-c-i t c - c -  c - a c - c - u s c - c - c - c - -  n- c-c-c - - ‘c - c -c-e i - ’ ’  c - c - c - c - a t - i - es
and flow veloci t ies  in the c-u-c-c-n-a-i- - c - c - c - , a -  c -o f  the c- c- ’ - P c -” c- c-c- c-c- c- c - e c - c -t os’ l e u- , c-

~c- c-c-,1 i c - a c -c - i

n - c - a - c - l a - i  r o t, c - c - i -— i -’ c- , c- ,c-e l ’ c - a - a - —’ a - i s ’ c- ‘ i - c - u -c- ’ i c - c -c-c-
c- , c - c - u - i - ’  c - I c - c- c- ic - c - c - a: C, a c - c - c -, c - c - c- l j c - c -’,t j - u - n

to ‘ i - c - n - s i a- c-c-cs , ‘ c - c - c-~c- ‘ u-ps c - i c a n -  ion of I c - n - s c - c - c - ’  n - c - c c - c - c - c - n - i - c - ’- ’ c - c - u -  ‘ c- - i - c - ,  i c -’~ ’ , c-c-’ , - ‘ - c - - c - - c - ’ - ‘ ‘ ‘c- c-’ s

in ~~e:n - ” i - c -c- c - c - c - c -c- ’e o*)  t o  c-c - c - c - c - -c-a-, c - i - ” ’  c-P c- c-a -  c - c - c - l o i n - i - t i e s, c - s i - c - a, ,  ‘ ‘ c-u-c - c - - i  lu - c-’ c - .  c - i - c -,’

result , n- c - of n-c- c - c -c--h  an c- ’~’ ’ i - c - c - c -’, ’ i n c - ,c -c - c - c -- ’ ‘c- p i- ’Oc-’i- ’c - c -n - i -, c-c- i c - i  c- a- ‘ c- , i- I c - ’ c - c - c - i - c -c- ‘ ‘ c- ’c- ’ ’ c -c -_ c - c -  c-c - c - —
Ic-ion w i t h  t i- sec - c-u - : ! c- c - c - c - c - I  c-

_ c-_ _ i ’  c-c - c - i c - - c- ’ ‘ ‘ c-c- c- c - t i c - n -  i c - c - i- ~c - i -’ c - c - c - c - c - c -’ n- c- : ‘ c - c -  ‘ - c-i] ‘ c-s - c - i

separate i n c - c -  c- c-ern- c-c-e of c-c - a -c - c --h  O f  t he c - c - i r a - c - - c - i  i-
c-

i- , ‘ “ j c -  c- c - c - r i ’ c-s c- ’ ,. c- c-, i- , n - c - c - c - c -’ , c-c-, ’c-a

‘c- n d w i n - c - a - )  c - c - c - s - c -  u - c - i c -” c - c - I C i  ‘‘ c - c - . i- i - c - c - c - c - c - c - c - c - c-c - a -’ c- _ c - ’ c- c- ( c - c - I i c-i, i- c-c - i - ’ - ’ - ’ c- , c- c - c -’ c-’ , ‘ a-c-” j c - ’ i - , ’ , ‘ i c - ’ —

n - a - c - u - c - S t  a t t i t ’ c - c - e, c - d c - ’ , ) .  in  c- c - c - i c - i j t ] c - c - c -, t i - c - c -  c - c - ’ c -, c - c - c -’ c - ’ , i - c - c - c - c -’ Dc - c -  0 ” ‘ i - c - ’
f i e l d  c-c-i, i - c - c - c - t ,,,’ s c - c -  i c-i] locaI  i. ’ , ’ c - , , c- Cc- c-c - c- w i - n c -  s c - c - c - , c - c - o c -•s n - ’ , ) , c - c - c - l e , l  ‘ - I ,  c - c - _c- ’ n c - I c - - c-s-c-c- n- ”.
wc-c - a c - L  I assis t  in  sol c-,’i r c - c - ’ the pc -- c- - i - c--c - , ot’ ac-c - s c - n - c - c - c -c- c- c-c-, sn - i c - c - c - c -c- c - c - u - i c - c - c -c- 1 a- n - c - - i c-c-sc- ’ i —

t i e s  ‘ i t ,  the ] c - . c-w a i r c r c - c -’ ’t i - l i - c -c-i c - i  a - c - c - c -n - c --c- c - c - S  c- ’ c -:  c - i - s - c - c - c - c -  i c - c  - c - c - c - n - c -  c - c - - c - c - -c - ’  — c - ’  c - c -  - “c- ’’- ’ ’
c - ’ c-c-ckc-c-t, I c- j r i c - c - c -’ tactics.

* R e f e ’- c - ’  n - c - ’’ i i c c -’ i - i - c - i c - c  -s- c - i - c -c -  c - c - - I  .

_ _ _ _ _  - ‘ - ‘ c- - ’ ’ ’ ’ ‘



c-c-c-c-, c-c -~~~~~~~~~~~~~~~~~~~~~~~~~~~

b d c - n - c - c - sn -c - ’ s- a - f  rotor l, c- , c - c - c - i -c ’ ,c-

c-c - Blade u-hor n -I , f t

c - n - i, c-c-c-n- c- c- c-or i - c - i - c - u - c - j ot - c - - ,c -c -.s f t ’j c I e c - c -t , r ot , c- c - c - ’  t hc - ’c -n - , c - ’c - / p c-c-P ’ 
i i - ’  )

2

c-’ 1. c - I )  Pc-c-i t vc -c-c-t os’, c - I c - c  -- c - c  -c-’c- . a i - c - i - c - c - c - c  -“u- f’ i c - c - c - i  ]c-’c - c -’c - n -, i n - n - c- - c - ’ c - c - a - c -- c-c-n -,,

c- a- i - n - s - - a - c - i - c -’ ‘c - i’ll 0 C c -c- c -c -c -c- t C c - ’ - ’  i - c - c - c - c - c-c- c-p ( c -n - c -’i , i- u n - c - t n - - P l c - )
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