
AD—A 077 196 ARNOLD ENGINEERING DEVELOPMENT CENTER ARNOLD AFS TN FIG 1/3
WIND TUNNEL TEST TO INVESTIGATE AERODYNAMIC HYSTERESIS PHENOMEN——ETC(U)
MAY 79 .J F HERMAN

UNCLASSIFIED AEDC TSR— 79uP27 Nt.

--

•FNULJULDL
flfl ~n1rI_______________I ___________________________________________________________

I 12JJ7~



10 ~~2 
2 5

L I) ’!’ 2 2

L
4 ~~ ~~~~ 2 01• 1 L ..

_______ L.. I~~ 11.8
4 ‘ 1Illl~.~! II111~~

! 
~~~

,.  — /

IdA T1ONAL 8I$~AU OF S7A~~~ RDS
• t ~



_ _ _ _  
LEVEL~~

r! 
~~~~~~~ 

-

~~~ 

-

~~ W I N D  TUNNEL TEST
_____ TO INVESTIGATE AE RODYNAMI C HYSTERESIS PHENOMENA

OF THE F- 4 AND F - i l l  Al RCRAFT MODELS

it
— l Joseph F. Herm an

=I
~~~ 

ARO , Inc. , AEDC Division
A Sverdrup Corpora t ion Company
Propulsion Wind Tunnel Facility

I 

Arnold Air Force Station , Tennessee

Period Covered : March 27 - April 5 , 1979

:I
_ _

I
— —  1:111. A~~~ a.,Sd $0, g~jbhc ,v4 ss ~~str.bia t ,an uø4.’~v t d

~~.• .I ~ *i pp~wed i~~ PuhI.tati ~ n

I ::_
_

~~~~•___ H)R Jill ( OMMANUI R

_ _  

k)~~~ A ~~~ 4

~~~~~~~~~~~~~~ ~~~~~~~~
• _ _ _ _ _ _ _  ~ ~l I l K  V , ) \ J  j~~ i &‘iAMI-s U. SA~~l)l KS , (o lonc i . ( ISAF

_ _ _ _ _ _ _ _ _ _  I s ’  ~~~~~~ rv. i Durtt i ,, Tr ~i () fwvs ls~ns

_______________ I h~ -~ i j j i~ ~s !  I -
. 4 Deputs t~~~

>—

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

. Prepared For: AEDC Director of Test Enqineerinq
AE DC / DOT P

_______ - LU Arnold AFS , Tennessee 37389
_ _ _ _ _ _ _  I •—~J

• ___=

ARNOLD ENGINEERING DEVELOPMENT CENTER
A I R  FORCE SYSTE MS COMMAN D

ARNOLD A I R  FORCE STATION, TENNESSEE

~~~~~~~~~~ _ _ _  _ _ _



~~~~~~~~~~ -~~~~~~~~~_ - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSIFIED 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _} REPORT DOCUMENTATIO N PAGE 

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

/
‘

~~~~~~ 1 ~ 

T 1 GO~~1 *( ( t ~S4~ t~~~.Q 3 H1( 4 I .. ¶ ‘. .. r.(~ ~

~~~~ 
~~~~ DC-TS~~~7 9- P2 7/  

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

_ _

,
__ ~- — 

- L ~~i i C ’  t

( 
~~ W i n d  T t t : t t n l i t • t . t i i ’  ]n v c st l g a t t  Aeredy na m l c/  Ma ra~~~~~ — Apr~~~~~~ 1979

- -

~~~~~ 

H y s t i  i.
~ .s i’ht iwu*~n ;i  of t h c  F— ;. and F — I l l  f~A i r c r j f t  ~~ ik 

~~~
. 

) I . . ~~ ‘‘

-_ -

~~~~~~~~~~~~~~~~~~~~~ 
—— - -~~~ a c n.,1i~~a :~~ ~~. ~~~~~ ~

~~~~~~ ~
./  l t ~~. ~~~ 

? d t . Inc. ,
a ~~~ t~ ry TT~

- r~c-?j~ r ;i t 1 t.n ( • V

, 
~ i — , - •~~~ • . •. • ...~~~a ’ . . . &ii ~ A . .  :- ~ ,.- I ‘ ‘. tCt i k~~ (.i~ A M I ~ I ... • . (1 ~ ££~~t A I ~~OI4 K ~~~ ~. Mii i  RS
A rn. ’ l l  ~~: I i,  l i i )  ~~~~ I n t  ~~~~~~~~~~~~~

A i r  F . ,  . •. ~~t c t  ( ‘ t~~ l’tn )~~~r F i c i n en t  (‘~~ iR 0 7 F

At  ~~~~~ •\~ r I~ot ~~~~
- n ~ in n . ~~ ~., ~‘‘

A r t i  I d I  ‘ t C i  r i ’~~ \ \..L~ ‘ \ I I _- 179
At :~~- • TN ~7 ~~~~i 

—~~~ .f $1 wtt ~~~~~ W C T V L ~ T~ 
—

I
‘ A  M . C)~~’N~. 

1 1. A1 .~ A t ’ ”  • !y ~~~~~TZ.e1~~~fW 1iiA~~D 1 .  ‘~~~~ S t ( ~~~i i t i  ( L A S:.

(
~ ~~ 

~ 

/ 

IIi~~ 1:- n : i f i o d

• 
‘
~~~~-~~~~~ 

— - -— ~~. : i - ,• ~~t P -  i~~~~~~~ ’ .
t (  ..i

N I!.
‘ b t i ’ ~ ? k  ii • . ~~~~A Y I l i 4 W ~~ ~~~~~~~~~~

Ap pr ovt -d  pub !  I c  T .  ‘ - . 4 : . - t  r i b u t  i n t l  i l l  C r :  i t

‘ t - - ~~~~c’ • • A ’ I  . 4 4 1 . • t a~ be ~~~~~~~~~~~~~~~~~~~~~~~~ f l I ,,
~~k II ct f l f lC ” P I..w.. be :  -

‘0  S v P 4 1 1 1 1 !A f l .  •. ‘ ‘ i %

. , 4 Y  erur i ’. - ‘ ~
.- - •.. . n. . •- . .  i ( . . •C . . .~~~~, ..f ~~~~~~~~ S i  t : ~-~~ A n.n.. t...)

Aer od yn . ir ’lc  h v n t e r e s i n  F—4 a i r c r a f t
W i n d  t u i r n t l t e c t I  F — I l l  a i r c ra f t
Statli- aerodyn:riic rh arart erictics Flow visualizati on 

— ,
i~~~

Wing pr. 5:ntl re dir - i r i b u t  inn : ;  
~~~~~~~~~~~~

~~ * P %~~~~~ A ‘ ~~~~~ — de ii n. ..... ~ de.~~iV ~ Ii

4Wind t u a n e l  t e c i r -  ~‘.r e  c n n du c i e d  to  inve stigate aerodynamic hysteresis p1w—
flOU~~fli f o u n d  in o i l i e r I i i v i - u t  I ~~

;,t i ons of the F— 4 and 1— III al rc t a f t  mode Is .  A
J/ ? O— sca l e  mode l of t h e  F— tiC a i r c r a f t  war . t iced to  oh t  In s t a t i c  f n r ~~e ,
mon~•nt  and w i n g  p r n - : . u I e  data In p itch ~nd ~ it k s 1 I p over a Mach n ionber range
f ro n  0 .7  t o  0.95. A 1/ 2 6 — s c a l i - mode l of t he  F — I l l  a l i t - r a f t  was used to o b t a i n

• stat Ic - force and r ’arn-T :t dat  a f o r  a Mat -h fl ufl*let r an~~- ~ f 0. 7 to  1. 1. Dat a on
the F — i l l  were ob ta ine d fo r  w i n g  sweep ani~l I -’: o f ?(~ ;n d  54 deg. In ~dd 1t ic ’n ,
tuft ant!  oil f l o w  v i s ua l I 7.1? Ion di i  .1 were ‘‘b t .ii ni - I selected conIl glin t I m t  •

• DD , ~j A .~~~~i 
1473 1:. ’ -.. “ ~~~~~~ ~~~ ‘I ‘ UNCLASS IFIED



•~~~ :~

CONTENTS

Page

NOMENCLAT U RE 2

I 1.0 INTRODUCT I ON 4
2 . 0  APPARATUS

2. 1 Test Facility 
2. 2 Test Articles 
2. 3 Instrumentation 

3.0 TEST DESCRIPTION
3.1 Test Cond itions and Procedures 6‘I 3. 2 Correc tions 6
3.3 Data Reduction 7
3.4 Uncer ta inty/Precis ion of Measuremen ts. . .  7• 4.0 DATA PACXAGE PRESENTATiON 7

I LLUSTRAT ION S

Figure

1. Details and Dimensions of the F-4C Model 8

2. Details and Dimensions of the F-ill Model . . .  13

3. Mode l Ins tall ati on i n Tunnel 4T 15

4. Typical Flow—Visualization Results 18

TA~~LFS

1. Ta bul ated Loca tion s of W in g Stati c Pressure
Orif ic es 20

2 .  M odel  Confi quration Nomenclature 21

3.  Summary of Nominal Test Conditions 22

4. Data t’ nc’er~ aint ies 23

5. Test Program Part Mumber Sumn~ary 25

6. Forma t for Tabulated Data 28

T t l u l  i t n ~~ Data Nomenclature 31



• I
N OMENCLATU RE

A Reference area ; F—4 , 1.325 ft
2
, F—ill , 0.91146 ft2

F—ill model base area, 0.03169 ft

I ALFA , ~ Model angle of attack measured between the relative
wind vector and the reference waterline , deg

J B Wing span , F—4 , 1. 93 ft , F— ill , 2.625 ft

BETA Model s ideslip  angle , deg

BE’rA, 
~M 

Measured local wing surface flow angle in the yaw
plane (Preston tube) , deq

BL Model buttline , i n .

c Local wing chord , i n .

c Wing mean aerodynamic chord ; F-4 , 0.802 ft,
F—lu , 0.377 ft

Model centerline

CA Total axial-force coefficient , total axial force/Q.A

CAB Base axial-force coefficient , —AB(PBA - P)/Q.A

CLL Rolling-moment coefficient , rolling momen t ’O.A .B

CLM Total  pi tching-moment coefficient , pitthing ~~~~~~~~~~~

CLN Yawing-moment coefficient , yawing moment/Q .A .B

CN Normal-force coefficient , normal force/Q.A

CP Pressure coefficient

C? Side-force coeff icient , side force/Q.A

FS Fuselage station , in.

M Free-stream Mach number .. 

- 

~~~?
‘ 

~

P Free-stream static pressure , p sfa

PART Run (data set) identification number ~~

• PRA Average base pressure , ps fa  .~~~ 
‘ t ’ ~~ • ,

P HI A Mode l ro l l  an gle , deq --
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PT Total pressure measured in the tunnel stilling
chamber , psfa

I PTi Preston tube pressures , psfa (see Fig. ic)

I 
Q Free-stream dynamic pressure , psf

WL Model water line , in.

X/C Fraction of wing chord measured from the leading
edge

Y/C Fraction of wing chord measured vertically from
chord line

• 
.~ Wing leading-edge sweep , deg

V
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1.0 iNTRODUCTION

The work y 1’ :mrt ed herein was conducted by the Arnold
E n g I n ee r i riq I’’ -vt  I m~ t ’:er i t Ct-rI t t~r (AEI )C ) , Ar-no )  ci A i r  Force

• ‘ S tat i o n , T m - n t n : n i - ,  , un der  I x o q r a n i  I- lement  65807F.  The Air
Force } ) l ( ~~] t n t m o n t ’  wa:  M r .  A .  F. Money.  The o1~~~ c t i v t -  of
the Fl i ;~? t Vt-l. m C I .  ~~m : t  ion I .~ t ion p ro j ec t  ( l ’32 I ~— 3 0 )  i to

- • prov i i-h mot  i on .i : - 1 y :; i y : a i t -  I s in  I .: t ion ca~ ’~TiTTty~~~t t he
AI~~X .iiI~~ i t. ) S t . I V  .‘ :east ~~~~ ~If l( 1  ~~~t - f l t  j h . ’ t i  t o  t echnoloq y in
th i  ee a :~ - I S  : ( I  ) m ; y r s . I r .  c m i m  i i v~I t • e,; t : m.i~ ion , (2) ai i f rame
f l t - x i L ’ i I i ?  ~~ ‘ ! : , • . u ; ( ‘ )  ,~ t T t n i - ,- 1  t : : : t e  !:~- :;t.- -:; i r; . The

J I I t : : ’  I ( ‘~~-O , I 1 : 1 !  I t~d c :. h i - in I i i , w . n  ren: ’. u c t e d  in ~
; t : l t ’ f l r t

of f l i  h ’. : : I  ‘ i . : 1 :;  ~~~~ : i - : t -  m l  th ’ • ? O ) ( ~ C~ t::i ~lt ’r J~~l l )  Project .  No.
P4 I C —  • 

I n  • h i  • . - i ’: ’u l’ - i t  %~~ nd ‘ca:w - I ( 4 T) f rc .~t ?Ftrch 27
• routjh ;.; i i  ‘ , 197~~.

The t i  n t  n ! - t r  l v i - - w - i . ’ t o  ( : l : t , i i ’~ ( 1)  for c e  and w i n g
• . prc~~’ u i. i - I t t  a on t l/ . u — ~ ; i - .  ., ia m d i ’ 1  I t h e  F 4 C  ,n rcra !t  and

( 2)  : c t :  l . : t t t ’ ; ;  I ~ 4 •  - . 1 , -  n o W ~ l of t h e  F — i l l  a i r c r a f t
w i t h  w i i i ~~ ~~. - • , . :1q~~~- ;  .‘ (  an d  r 4  d n q  j i i  It  j ;: ri ~; o f ac— r e—
dynast ‘c t n . ’ ;  1 . Tht i i  - t ~~~~~ Cm : - ~~ . c d  i :~ t h ree  p h ar n n s
( 1) w i i q  ‘a : ;u :  • (~ - t t  a t~~m y  t I t -  I’ — 4C mojol C t  he n r m i t - 1  t-~,t :  n on—
m e t r i c  d : : : n i - i  t F j : n  h o.. - ) ,  (‘) f o r - c e  d I ~~a f o r  the  F — 4 C  mod e ].
(p r e sr u l  1 t n t :; w i - r i - - (1 1 r- r : r : t -  too n i - a r  t h e  %-:inm ; t r a i l i ng
e d g e) ,  and (3) force ( la t  a t o :  t h e  F — i l l  model. in a d d i t i o n ,
tuft and oi l fIr~.- v.sualiza’~ ion dat.: were obtained for selected
con! igurat ions .

Rcuw st~; d at i fr o n ~ t h o r n  t e i - t s  ~-~h o u I d  hm addr essed to the
Di rec t  or 01 Test 4 n q i  n ’- °r  i i i : (t ~EI C/F  T)  , M-~~n ] m 1  A i r  Force
S t a t i o n , Tenn esro . ’  37369 . A copy of t h e  f i n a l  dat a  is on f i l e
on m i c :  ‘ - f i l m  a t  A r I) C .

2 . 0 APPAR A TUS

2. 1 TEST FACILITY

The Aerod y n am i c  Wind  Tunnel  (4T)  is closed-loop con-
t inous  f l o w , v a r r a b l e - d e ns it y  t ’innel i t t  w h i c h  the Mach number
can be va r i ed  f r o m  0 .1  to 1 .3  and can be set at discrete  Mach
numbers of 1.6 and 2 . 0  by p lac ing  n o z z l e  i n s e r t s  over the
permanent sonic nozzle. At all Mach numbers , the stagnation
pressure can be varied from 300 to 3,700, psfa. The test
section is 4 ft square and 12.5 ft long with perforated
variable-poros ity (0.5- to 10—percent open) walls. It is
completely enclosed in a plenum chamber front which the air
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can be evacuated , all owing part of the tunne l airflow to be
removed through the perforated walls of the test section .
The model support system Co flsinl S of a sector and sting
a t t a c h me n t  wh i ch has a p i t c h  : n g l e  c a p a b i l i t y  of —8 to 28 deg
with respi~c t t o  t he  t u n n e l  c ent  cr 1 m e  and a roll capability
of -180 to 180 deg about the sting centerline. A more corn—
p l e t i -  d e s c r i p t i on of 1t he  t u n ne l  may be found  in  t h e  Test
Fac I l i t  1e~5 h a  f ldt)OOk

2 . 2  TEST AR T I C 1~FS

Det a i l : :  of t h i -  1/ 2 0 _ s c a h-  F — I C  rr ’ m m l m i arc p r t - s i - n t cd  in
~ I gu re 1 a . The I t  - I t w i n ; .  ol t tie m m  ~ 1i 1 a c Ott  I r I I C  t (‘(I ~‘- i t  it
74 s t a t i c  p r i - s su r .  or :  I i c c ’: ;  1(’ca~ ‘ 

(1 : t t  I ‘ om 5~~~~5;-, : sn  : - t a t  i on :;
as shown in I-i g . l b .  F i gun - I c  p r o :  - , :- :c I r  i d i - i t i ~ i c a t  i on
hi - - v  :1:; us’ i- I I n t I m  - t ahu  1 at ‘d wi n-, i n  - - t i -  - d a t  a . T a b ul a t e d
l o c at i o n : ;  of t hti’ win ,~ s t a t i c  p r i- suri- i i i  f l — os :i i’e g i v e n  in
Tab i i -  1 . A P ros  t e n  t i d m i  ~ a 1 o c : t  l i d  t - ~~t t tu- I I I W i  i i g  U p pc

s u r f a c e  shown ‘n  I i  g . I c  ;u ’I dot a t ’ ’ -  I i i i  F . I d .  V a r  i oun
sin:u~~ & t n d  l o a d i n g - - . h~~m ’  n )~~ t : :  ~d ic - h \ 5 m  Ii - l i d  with t 1 m ~ b a si c
W I  r i g  are  5 t - ’ m V ll j U  i j  . I i  . A c o l t  f I ,  - -

, ,
~~

:
i t i. fl m - f i t  i I i  cat  i omr

f ree  I aIr i r a  r —  t o — t u  r - : ul  l o u t  l i t  ~~ : d:m r v I :t ‘ 1. 1 ra  i ; :- i i  i o n  was  a l l  owed
on al l rr do I C t m m I  n ’  i t t

Deta i 1:; of t he 1/ 2 - i  — S c a ii - F- i i  i: uu - I  ar e  ~
- ni nm l~ t od i i i

Fig • 2a . For l i m i t ’  I i ’ s  t ~~~ - I ho ls - u : :  1 - 1 i - v  1:i v m ’r  W a : :  I r I pped
by app i V i r i g  . 15() g 1:4 : i i  ad  a : ;  nh -- u I n  F :  . F I t  - 13u1 h
a i r c ra f t  ~~t u i 15 W I ’ I O  t ( s t ( ( !  W i l t i m i t i t  p v 1 m ~m : ;  or i n.. t c ~r -na ]  st or e s .
The m o t h - i : :  I a st a  l i i  ‘d I n t lu t u n f l e  I ar  - : ;ho wn i n  El  g . 3 .

2. :3 1 NsTig’Mr;TAT1 (.~
,

A six—compon ent , int ernal s t r a i n — g a g i  l ; t ] a r I c i ’  was used
to nioa:~u ri - t h e  :u-nms lvn am rc forces and i~~~~~~~ ’ i- i:ts for (acli of t he
mode l s test d ; liu~c’ - v m - r , the f o r c e  a n d  n o n - - u t  d a t  a

1
Test Fac il it ion Handbook ( T e n t h  E d i t  i o n ) .  “Pr o p ul s i o n

Wind T u n ne l  Fad l i t  v , Vol . 4.” Arno ld Engineeri rig Do~~ -]opment
Center , May i!174

5
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obtained during Phase 1 must be used with caution because
the mode l was non-metric due to external wing pressure
tubes. Base pressures , total pressure at the exit plane
of the flow through ducts , and one cavity pressure for the
F-ill mode]. were measured using orifice tubes connected
to differential pressure transducers of the PWT 4T pressure
system. During Phase 1, the PWT 4T pressure system was
used to measure the pressure sensed at the wing orifices
of the F-4 model. A camera was installed in the top or
side wall of the tunne l to provide flow visualization data.

Electrical signals from the balances , pressure trans-
ducers , and standard tunnel instrumentation were processed
by the PW’r data acquisition system for online data reduction.
The balance outputs were also recorded on an oscillograph
for monitoring model-balance dynamics. Selected coeffi-
cients were also qraphicall y displayed on a cathode ray
tube plotter durinq the test for online evaluation of data.

3.0 TEST DESCRIPTION

3. 1 TEST CONDITI C ’NS AND P ROCEDURE S

The n o m i n a l  t e s t  r - o n d i t i - n s  a t  w h i c h  the test  was
conducted t r e  l i s t e d  i n  Tab l e  3. Force and moment data
were o b t a i n e d  w h i l e  v a r y i n g  the  mode l ang le  of a t t ack  or
the  s i d e sl ip  an g l e  a t  a con s t a n t  Mach numbe r and to ta l
s t a g n a t i o n  p r e s s u r e .  A l l  p o l a r s  were run  a u t o m a t i c a l ly
(p i t c h - p a u s e)  u t i l i z i n g  o n l i n e  computer f a c i l i t i e s  wh ich
set the mode l ; ‘i tch  - n d  r o l l  ang les  to — i i v e  the prescribed
v a l u e s  of ang le of -t t t a ck  and s i d e s l i p  a n g l e .  Ang le of
a t t a c k  was va r i ed  f r o m  -2  to 24 deq and a n g l e  of s ides l ip
was v a r i e d  f rom - 12 to 12 deci . In a d d i t i o n  to the force
and moment data , selected confi gurations were examined
u s i n g  f l o w - v i s u a l i z a t i o n  t e c h n i ques .  Fluorescent  t u f t s
were attached to the mode l or fluorescent oil was painted
nf l  t h e  model s u r f a c e s , a f t e r  w h i c h  the test cond i t ions  were
established and the model attitude was set. The model was
t h e n  photographed u s in q  an u l t r a v i o l e t  f l a s h .  Two typical
p h o t o g r a p h s  ob t a ined  in  t h i s  manne r  are  presented in F ig .  4.

3 . 2  CORRECTION S

The angle of attack and sideslip angle were corrected
fo r  s t i n g  and balance deflections caused by aerodynamic
loads. Corrections for the  components of model weiqh t ,
n o r m a l l y  termed s t a t i c  t a res , were also applied to the data.
Severa l  of the  model configuration s were tested both upright
and inve r t ed  to provide the  data  to correct for the tunnel
flow angularity in the pitch plane.

6
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3 . 3 DATA REDUCTION

The mode l aerod ynamic  forces and moments were reduced
to coef f ic ient form in the body and stabil ity-axes systems.
The model base pressure was measured and used to determine

J 
the base axial-force which was then used to determine the
forebody coefficients for the F-lll model onl y. Moment
reference pointi for the F-4 and F-h i models are given
in Fig. ha ars~ 2a , respectivel y.

3 . 4  UNCE RTAINTY ’P R E C I S I O N  OF MEA SURE~~~NTS

The da ta  u n c e r t a i n t i e s  d e t e r m i n e d  fo r  a 95-percent
c o n f i d e n c e  leve l are  p resen ted  in  Tab le  4 .  The aerod y n a m i c
c o e f f i c i e n t  u n c e r t a i n t i e s  i n c l u d e  the  u n c e r t a i n t i e s  of the

— Mach number and dy n a m i c  p ressure  a lo n q  w i t h  t h e  u n c e r t ain t y
c o n t r i b u t i o n  associa ted w i t h  the p a r t i c u l a r  balance , trans-
ducers , and data acquis ition system.

The precision in setting and maintaining a specific
Mach number was ±0.005. The Mach number viriation in the
tes t sec t ion occupied by the model was no grea ter than
.0.005 for Mach numbers up to 0.95 and ‘0.01 for Mach
numbers  g r e a t e r  t h a n  1 .0 .  The u n c e r t a i n t y  in the model ang le
of a t t a c k  and r o l l  a n g l e  was 0 . 1  deg and ± 0 . 3 0  dcc i ,  respect ively.

4 . 0  DATA PACKAGE PRESENTATION

The f i n a l  d a t a  package c o n t a i n e d  t a b u l a t e d  da t a , f l o w
v i s u a l i z a t i o n  pho tog raphs , and i n s t a l l a t i o n  p h o t o g r a p h s .
A p a r t  number summary of t he  da t a  is presented in Table  5.
A sample  of the  p o i n t - b y - p o i n t  test  da ta  for  Phase  I i s
shown in  Tab le  6a .  An examp le of the  summary test  - l a t a  is
shown in  Tab le  6b .  A l l  d a t a  p a r a m e t e r s  used h e r e i n  a re
-l i ’f i ned  in  the nomenclature of this report. The n o m e n c l a t u r e
f o r  t h e  parameters appear inci in the t a b u l a t e d  da t a  i s  pre-
sented in Table 7. 
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Table 1. Tabulated Locations of Wing Static Pressure Orifices

In boar d Uppe r Surfac e

No. Y/C NO . X /c Y/C NO. X/C Y/C

1 0 0 14 0.2998 0.03050 28 0.6610 0.02369
2 0.00997 0.00883 15 0.3199 0.03067 29 0.6822 0.02255
3 0.0255 0,014 06 16 0 .3509 0.03081 30 0.7013 0.02145
4 0 .0501 0.01908 17 0.3811 0.03077 31 0 . 720 4 0.02029
5 0.0755 0.02230 18 0:4104 0.03065 32 0.7410 0.01888
6 0.0999 0.02436 19 0.4405 0.02038 33 0.7613 0.01745
7 0.1291 0.02585 20 0.4708 0,029 95 34 0.7810 0.01604
8 0.1611 0.02731 21 0,5007 0.0291 4 35 0.8006 0.01465
9 0 .2004 0,02866 22 0.5308 0.02868 36 0.8259 0.01283

10 0.2212 0.02919 23 0.5611 0.02781 37 0.8514 0.01100
11 0.2409 0.02962 24 0.5812 0.02714 38 0.8760 0.00925
12 0.2606 0.02997 25 0.6019 0 .02637 39 0.9010 0.00747
13 0.280 1 0.03027 26 0.6204 0.02562 40 0.9506 0.00399

27 0,6415 0 .024 65 41 1.0000 0.00042

in b o a r d  Lower S u r f ace

[ 0 0 1 4 0.0986 0.01442 7 0.7035 0, 01~~12 0.0232 I 0.00934 5 0.2995 0,02259 8 0.9013 0.00633L3 o .o s m j 0 . 01214J 6 0 .4983_j_0.02377 9 1 .0000 0.00042

O.jt board Uppe r Surf .ce 
________ _________

r 1 0 
—

~~~ 0 1 $ 0.2584 0.02294 15 0.6552 0.01825
2 0.0211 I 0.01016 I 9 0.3199 0.02350 16 0.7056 0.01621
3 0.0482 I 0.01432 I 10 0 3826 0.02356 17 0.7559 0.01377
4 0.0757 I 0.01684 I 11 0 , 4420 0 .02308 18 0.8061 0 . 01092
5 0 .1192 I 0.01888 12 0.5024 0.022~l5 19 0.8564 0.00695
6 0.1489 I 0.02022 I 13 0.5532 0 .02132 20 p . 9083 0.00569
7 0. 2 O0 1

I
021

~~~~ j  
14 0.6055 0.01992 2 1 1. 0000 0. 00085

OU t board $4)w~ r Su r f a ce

r ~ 
0 

‘ 

0.1055 0.0o3~~~I 5 0.7056 0.00952 1
I 2 0.0627 0.00360 4 0 .3525 0. 00886 6 0 .9083 0.00360 I

7 1 .0000 0.00085]
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Tab le 2.  t4odel C o n f i g u r a t i o n  Nomencla ture

I C~ n f i q u r a t i o n
I No . C o n f i g u r a t i o n

— 

1. B a s e l i n e  F-4C mode l
2.  F-4C w i t h  S 1. S2 ,  and S 3

- 3. F-4 C w i t h  S 3
4 . F-4C with S2
5. F-4C w i t h  S1 and S2
6. F-4C wi th

7. F-lu with boundary layer transition str it - - ,
54 deg

8 . F - i l l  c lean , A = 54 deg
- 9.  F - i l l  c lean , .~ = 2t  deg

21
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Table  3. Summary of Nomina l Test C o n di t i o n s

PT Q R x io_ 6  
-

N psfa [)Sf 1/ft

0.70 1200 295 2.18

0 .80  
-— 

352 2.32

0.85 378 2 .37
0.90 402 2.42

0 . 9 5  424 2 .51
1.10 476 2.50
120 500 2 .52
1.30 513 2.50

22
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Table 4. Data Uncertai nt ie-.

~~~~, F - -I Model

N t ACN ACY ~ CA L~CLM ACLN L~CLL ~~cP

0 . 7 0  0 . 0 3  0 .0 0 8  0 .0 0 4  0 .00 9 1) 002 0 .001  0 .0 18 0 .005 CP
0 .80  0 .0 2  0 .0 0 7  0 .003 0 . 0 0 7  0 .0 15 * 0.004 CP
0 .85 L ____ I ______  ____ 

0 .0 1 3  0 .003  ~ p
0.90 0.006 0.006 0.012 . 0 .003  CP
0 .95  

_ _ _ _ _  ____  

, 0 . 00 1  
___

U* 

- --- -

~~~

---
_ _ _ _  - _ _ __ _ __ _ __ __ _ __ _ __ _
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Table 4. Concluded

b . F-ill Model

N ~CN .\CA • ~*1~M ‘ i~C 1.N ACLL ~~CP

0 . 7 0  0 ) 2  0.1)0.~ 
) .003 o . m)7 0 . 001 ) .001  0 .018  0 .0 0 5  CP

0 ~~ ) ~ 0 .~Y) 4 0 . 1) 1) 6 0 . 015 ) .00-1 CP.
~

_
~i

-
~
- 

.003  0 . 0 O2 ~ 0 . 0 0 5  
- 

~~0 . O12  - O . 0 03 CP

~~~~~~~~~~~~~~~~~~~~~~~~~
_ _ _--

~~~~~~~~~~ 
--- 4 - - ~ ~~~~~~

- ----
~~~~~~ 

- -
~~~~~~~~ 

-- -- _ _- —- -

1.10 )~~ l~~ )4  
J~
0.fl) 0 .0 0 2  CP

i~~ ~~
i’

~~~ 
-- ~~~~~

±
~~~~~ : - ± ~

24

_______________

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _  - - -- 



_ _  -
~=~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
I

- ----
~~~~~~~~~~~ I

~~ I
0 0

C’)0 C’)
~ X ~? it) ~~ ~~ 

C) ~~ ‘ it) ~~ — I~~ N
• 

~~~ 
cV’) i a~~~a~ — — e ~~~c’~ ~~~~~C. — ‘ —

I-.

~~~ ~~~ H H=I~L;.J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- *0

_ _ _ _  
I— — - - .- - -— — 4 - — - - —.

~
-.— —I -‘-- — — —— — — — ~, 4.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H
-

~ 

— ---

~~

— — — --—

- — -~~~~ — — — — -~~~ e~ -~~~ ~~~ -~~~ 
.i. -~~ ~~ 

-
~~~~ c~ I

-
~ ‘ . E O

- --~~~ - ~~.— - - — — —- — — — -
~~~ 

--— --— > I-. 
~~~

I I I I

I 
—~

— -
~ > - — c..~

_ _ _  — —  — — — — —  I I _ _  _ _

25

p 

-- - - --- ~~~
--* - -- -- ---~~~---- - ---~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



it)
0) 0~ 0 1

C.,

~~~~~~~~~~~~~~ ‘-.. 
C)

0 tt)~~~~~~~~~ N
C) it) N 0) 

~~~ — N C’ —
• .~~ C~) 

Cj’) ~
.•)

~~~~~
4) • ~~~

0 — — — — -~ I 
— — ~~Q N ~~~~~~ cci

N
— — u_

~ —

— — — — - ---J_ __• __ _:_ _ _._ .

U) it’) 

‘.0
it) , tt) —

- -4

4 -. $ - ‘— ,———- .
~

0
N

~~ I
—i--I::-

P 4 • - _ *  4--ui’. oI >I *0
-d

— -, —,— — — 0

k!~a 1 . 50
~ — —

— 4 - -- -— — 
~~

- - ‘  >. I-’ Ii.
‘.1) 5 I I 4

— — - --

~~~

.

0.

26

• __________



_ 
- —_ — - - - - -  

. 

-- -
~~~~ 

--_ --- --- - - -- --—---
~~~~~~~

-—- -.--— _

0 
~~~a )o—  0 ) N~~~~

— 
N C ~~~~ 1 C ~ e~~ c~~~ e~

C’4
~~~~V)~~~O N
~~~~e e ~~~ ~~~~~~~~~~~~~~

— we a  ~~~~~~~~~~~~~

2 0 0 ) . -~
~o w

— ~~~~~~~~~ c~~~ei

C)
e4 c’) —

‘.0
* 0 c~~~ c.a c’.i

N

c~l

~~~~~ 0) 0

0 ~~~~~~~~~~ ~~~~~~~— - “  o•.~~~~~— -.-*
0
4.,

~~ 
-

~~~ 2 —
~~~ > 2 — -

~~ ~~
. -

~~ 2 — —
~~~ 

-
~~ 

— — — — — —
4~~m

—

z N — — - ~~~~~~~~~~ 0) _
~~~~~

_ _ _
~~~~

,

o —
~~~U $ 4 0  

— — —  — — 5—

$ 4
C.’) — — - - —— — — — — — —- - ~~~

27

____  - - - - -- - - -  — —-- --



_ _ _ _  —— -- - 
-
~~~~~~~~~~ -—= - - --

IT -- a

Ii ‘ii !~~ I ~II I ~~~~~~~ 

—

V •~ $ 8  I
0 0- - —

6 ~~~~ • 4 *
.~~~ m • .. ~~ s - 

-
4 • ~a ~~ 0 ~o 0 o o

- — 4 ~4 I
• ,. • ~~ ‘ o — ~~~~~~~~p

— — # 5 1  r 4 0  t a l  •
6 - •$~~ S O  0 0 0 0 5  -

I ~~~~~ ~~~~~~ a .
1* — ~~ -- .. . 1 4 —
S •I~ 4 ~• a t $  -4 8 0 0 - .‘ . . V V~~~ I- ~~ .. ..i . . - - — -

I a .  r C# ’ _ *  .i~~ 
- - -

- S. P ~~~
0 C —  • 4 1  — - —

V •~ 1 ~
. 

~~ — C C 0  ‘ 4 . — 0 . o — S P ~~~ -
I 0 j  1 ’ O  c .  ,~~~e e * c r  .o . .

0 ’  ~eI - 7 ’  ~~~~‘ “ —  — •~~~~P~~~~4 8
I ~ • f C C 0 4~~~~~~ . 4~~ 

-
C .  — - 8 ~ 

~~ , V ’ ~ P P •
— I t #  • 8  S • p — ’ a 4 3 4 6 4 1  I I I  6 $
a - • ‘ ‘ ‘ ~~~~ • “
— — . .á O -  ~~~~ 4~~~ 4 . -.  Z

~~~~ ~~ • .~~~*. - • 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
& - . 4 4  0 0 ~~~ A. I ’ ~~~~~~~’ .~~~~~~~~. l 4 ’ ~’ . ’ 4 O 4 0 ø I 0S

I 
~~4 — ~ .

— . 
~~~~~~~~~~~~~~~~~~~~~~~~~ I

~ ~~: ‘~~ ~: ~~~~~~~~~~~~~~~~~P P - •.— — - ~ S 1 —
a - ° ~~~~ . ‘~~~ 0 4  4 . -‘  ~~~~~~~~~~~~~~~~~~~~.5 , . 

~~~~~ 
, - n  ~~~ 7~~ • ... 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ C • 4 4 4• • *  St

& I ~ ‘ ‘  ~ I:  ~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•~ — 0 — ~ 0 0 .~ - io y • — , ç~~ ’~~~~~; .  • • 
‘

~ - 0 0  0 £ 4 0  ••
4 ~~~ ‘ ~4 . a 0  .~ e J . 4  ,.‘ ~~~~~~~~~~

—~~~~ — — I . . 0 ~~~O Z r  .. .• •. c 8 0 8~~~~- ‘4
1 L ~ ~~~~~~~~~~~~ ~~~~‘ 4 . . - I I$ * ~~~~8 O S ~~~ I — .C C — 4 3  0 V 0 — — - -

1 O  Z~~ ’ 4 2 - ~~~~~~~~~~~~~~ - U P
- • ‘. 0  ‘ . 3 ..  ~ 4 0 - I - ——• - ‘ c — ~~ .~ 0 4 P  0 I

C 7 — P. 5 j O  — -
- C —~~~~ 8 7 4  . C # .  • 4 .  ~ ‘ 0 o f l 0 0•~ 

-C — t o  — l o  • J o  o . ~~~~~a . o o o o e~ — 4.
• I •4  4 ** 4 ..a O . 0 V . 6  -. I s ( * 0 — ~~~~4 . 4 P~ - I - i

- I - — s  L V  • • • ‘ o~~ .- P - - 0 — 0 5 - 0 0 5 0 0 00  - I —‘
4 .. I I 3 — -

- ‘. 1 4 •
• — . .•• •~ - &46 — • 8 • 4 — - — 4 . . . . ..  - I

4. I — — — - I ~ 8~~~~I t $ $ ~~ - (3
— . 4 5  8 0  -~~~ 4. 7 0 - s . V V 4 . a V V

4 0 d O . * V 0  t V
- ‘ S — • 7 - J •
I 0 4  5 0 0 5 S , W J ’ . I

1.  0 4 4 — c ”  r — . . 4 . . ’ 4 ’ .. S 5 8 4 S~~~ I S.a — - . — 0~~~. ‘ . 4 4~~~~~~4. ~- C q P — $ ~ 
p

4 4. .- ‘- p  c _ P .  0 . 0. _ S I
I. — — S 4.. C • P . O  —
I p. 8 ‘ . 4 4  4 —

— 0 0 IS  5 5  3 7 0 0 0 0. , 0 0 0 G 0I o
4 ~~ — .* 0 _~ 0 — 5  4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , , , I Ij

- V V 0 0  -

P
— . 4 4 . I 4. . 0  0 - 0 C 0 0 0 0 0 0 0 0 . , 0 04 . 0 4 0  S
• . 4  0 4 I • w V 4 ’ . 0 P .q 4 . t O S 4 4 S* P.4 8 0 4 .G  —

..C 0 .  — ‘. 4 .  ~~ ‘ ~~ ~~~~ *‘ 4~~~ 4 4  ~~~s S s — -  I s le S . .  4*
— — —  — .  4 5 S I,  I t~~. I S I I

~ 1 • • ‘. .‘. P 5 1  I ,  O e 0 0 0 0 0 0 0 0 . 00 0 0 0 00 4  4 4
- £ £ S I, a S  5 0 —

4 4 . 4 4  * 4  C c l
I ~ 

• S. S . c
P - - 0 0 V — I ~~~~~~~~~~

• 5 P  ~ — •
— .1 2 — .  0 4. — 4 p , d L ~~~~~~~~ .J .I L’~~.~~~~~ Q V  J I J UI Q

- - • 0  . d l l  I
C ~~~~- — ~~~ 4 — 4 5  4 ’ .  4 - -

4 .  0 . 40  4 . - P . a .• P .
— I - -  . — 4. 4 C ~~~~~~~ . 4 . 4S~~~~~~~~ t ~~~~~~ 5 P ~~ Ø 4 P .  4 1

I . C .a I 4 c - o •  ~~~~
-
~~~~~ p . — l 4 P~~~~s e’ S i 4 —

I —  - — I - 4. 2 4 T l . t 0 4 ’ 44 . 4 . . , 0  ...a. I,.
— — • 1 4 — p. . 

1 o - .~ ~~~ 4 — 5  • e e o — — C ’ . ’ 0 e S o o a . 0 o Q 5•~e 0
S C ’  - •. Q V — I l . I . f l , I I . .  S h i l l

S. — - 3 - A  ~ 0 4 b ’ I P .  - C
~~ P 4 5 5  - 4 .  ~. P ~4 l ~~~ - ~~~P.

— ~ — _ • 0  5~~~~~P. 5 ~~~0 O 4 0 4 l ,0~~~~~0 , 0 0 0 0 f . 0 S 0 a . 0  — p
r I l l  - 5  ~ S 0 - 

‘ ~~~. 4 . 4e P . . #’ S e ,— . 5 O
• —  — — - . — S .-~~~ S ‘ ~~—~~~ • 4 • 4  ?

‘4 — — 4 — v .  — — 
- — ~ — — ~~ 0 0 0 ~~~~O O ’ O ~~’ 0 0 0 0 O ~ P- 0  I.
— _ ,  ,-~ I ~‘ P 4 . -  ~~ . - I

- “ 4 ‘ S - SI •
~~‘ . 8 I —~~~~ 5 .  4 .  4 — 4  P. 5, 4 _~~~~~~4 4 . 4 . . 5 p Ø _ 4 . 4 4 n 5 p 4 n_ U — P

0~~~ *~ I- s .  • . 4 .  4 . 5 5  1 0 .  ~~p
~~~~~~~~ I~~ 4 - a. I • S I’ .  ‘ 4 5 I $ a 5 a & S % s S 8 t l S a $~~I%a 4. S 4. V U 3 J S I U U~~~~U V ~~~~U V h * V V U U - V V V~~~

- 2t h I I- - I - I

P.) 
) )

H - - - - - • - - - - - - •• - - • - - • - - -
~~~
--

~~~~~~~ 



—- — _________

I—

. 

-

‘

. — P . l P 5~~— 4 ’ P 4 - - I’ . - ’ . -J 4 5 4 * 4. 414. 1 •041 • — S •~~~~~~~~O I 4 4 4 4 .  ~~~~~ 4* ... . . . 4 4* 5 P 4 •— z  ..~. I
- S 4$ 0 - -. — - .  — .3 — .d — - .  -- — — P .d - - —
I ~~~~ 

- •

~ 
l

l

~~~~~ 

~~~~~~~ ~l 

~~~~~~~~~~~
I ‘1 I I

-~~~~~~44 -d 4 J 0 ’.’ O U p ~~~~. .  * 3 -  o~~~~~.p - pI . . p - o~~~~~a. 4  • • . . • 4 •
— U • C 0 0 a C C C 0 4’ .~J 0 0 • - I 0 ‘1 0 I C ,1 0 •

I # . .3 p — Pp - . * — 43 I~ 3 S. • 4. 4 C “4 0
I -~~ up  .1 —  

~~~~ - •°  ~- ‘ 3 4 ~~~~~~~~ • l
0 7’ -~ I 4 . 4  “ - ‘ - • ~~~~~~4 •j~~~~

. ~4 _ _ __~~ .~~ • . 4  , • p •~~~~~~~~~p Pp 
~~~S %01l ld

C - .- ~~~~~ 4 .
- .‘.‘ — ‘ ‘ - ‘ •  — P ‘ - c a C •~ 0- l l I , l , I I I I I , f  I , , . .  I a l l ,

S P A  l i
I • — C- 4 P ‘-- * — ~~ = — —. — — .4, .- — 4. • 4 4. p

• —‘ -a ~~~P.~~~~~ •~~~~~4*
5~~0 A  P 4 (  1 P _~~~ P_ I O ~~ ~~~~~

— -, 
~_ _ ‘•. ‘ d _ _ n _  —

‘p.
• ~~ I .. - —• - ~~~~~~~~~ - - - -J *3 .3 *3 0

~~ g S.4~~~ l , , I l . h I I , , I  1 1 1 1 1 1 1 1 1 1 1

- V 4 *  04 ’  — *  ~~~~ -~~~~~~‘ - 4- . .. 4 — ’  r . — 5 .l4 0 4$’ . .
o h  4 .  ‘- ‘ • 4 4 ~~~

. • p . .  • - ~~~~ • 4~~~~ ~~~~~~~~~~~~~~~~~~• • 3 ,4  4. ’~ 
. •~. -~~ O P . _ p~~~~ 3 I l ~~ 4

4$ - - 4 l 5~ - - -, ~~~~l o ’ p C O4 *
a .41

. a —, 0 5 0 - - —3 t iC a - - C - .-‘ *8 0 f l  *8 C. C C 0 0 0 •
~ 

,
~~~ 

- I

~ 45
-o .4. p ’ 4 P  4 • • A * .  o - . S . o .. . ’ .44 .’

• — .4 ‘ - • U - - ,, - - P. ~~ a a
. 4 . 4  - U~~ 

C , C . ’ O  A l~~

‘~~ 
‘4~~’ •  ~~~~ . 0

- -- . . o-~~~~ , — . . .~ - - - • - - .~- - -- .~~ao~~~e - I

I
C “i’ . 5  • 1 1 4 .  I . 4 1 1 1 4 1 4
5 .j ‘ . q  I -

I • 4’ ~~~~~~~~~~~~ ’~~~~~~~~~~~~~~~ . . ’ 4 0~~~~~~’ S . C 4*  I -
— 

- — 7 1  * 1 ~~~ - - . , Z . _ . 4 , A  i ’ ’~~~~~ ’N #  j - -
• — ( 4 -  .* . * A 1 4 4 . 4 ’  1 1~~~~~~~~ l I ( 0~~~~~CJ ’ d~~4C C  -., (_4 4 _

~~~ 4’ 1 ~~~. -  1 . . 4~~~~J . r 4’ JJ ~ 4’
o - ‘ . ‘- -4 . 4  - - 1  - P O P  0~~ liP C O  - I -... _ I~~~~ l I l l I l l I l l I l l I  I I  i t ’ l l  I S

“ 3 ,4 *  •~~~ •

S C — — .3 • - CI - — ‘ - — 4 3~ 1’ p. 1 — - “ P C 4’ —4I.- . 4  ~ • . — — A 4 ..4 1-. •
• • -P — O d C l .4

p. I ‘ 4  .4  - - 

, 
‘3  ‘ c a 0 4 0

Q
~~~~~ ‘ I 1~ — — - - - * —  -I - .. — I - , ,- -,

$ .4 -’. I • I I I i • . ~~~~~~ . . l - - a
• • .• ~ l i I ” ’ 4 . - ’ ’ G d ~~ 4

- ,  . -  .- - • -‘ • . - -  , t , t r  — O I C O
• ... t

. 4e   S I - - - ‘ -  1 *8 0 40
4_-~~~

_ ‘.4 — a 
- i p

I. 1
0• ’ •31 •

4 4 e  4 ‘ ‘ -‘ c — . t 1 1  € i — ’ ’- •-- .- 13
-- F.  ‘ ‘ — ‘ p  -

1*  ~~ • -~~~- .

— 0 0 _ S

— ‘ ‘   I

~~~~ 

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

~1 ~~~~~~~~~~~~~~ I j

*I~~E: I~~4 , 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• z ~~ ‘.
2 4 1 1 1 4. , 1 4 . . . . 1 .  - ‘ % . 4 S .

• ~.. . _ 4  4 .4  • I ‘ ‘ r  - 4 ,  r 1 - 1 t 4 ? .  . s• f l’ 4
- .. . Cv _• 3. • 3 4. I 4 4 * 1  4 4 * 4 ~~~~ 4~~~~ 4 4 9 ~~ • • •* • • e e

~~~ ~:::~~~f ::~~~I .:4 : : i::~ :- � ; ‘ - ‘°‘~~~° 4 , 
I

~~~~~ — - I-

~ 
1 I 

-

~~~~~~
1 * p

~~~~~~ I 4 1 ’  I I I
I -)

1.
• 

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



~~~~~~~~~~~~1T~~~~~~~~~
1 

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

I

— z u I.
I 4 5 4  l A•  I
I I

- ‘ .  P, - I
- ~~ ~~ 4 * 4  -

~~~~~~~~~~~~~~~~~~~~ p 7 o. 4 . 4 *~~~~~~. a .~~~~ I
I .‘. C- f l d  •_ , 4 1 r . e A I- t s q~~~~~ . . f . . 4 P .4 . ,

4 C _ . f ld  4 p , . - C • • 4 •  4 • l% p 0 _ I
4 4.1 0 ff1 S. — 4 5  0 — - - ‘.4 ff4 P..
- .0 .0  .

- • 4 4 J~~~~~~~~~S 4 ~~~~~J 4 A C -~~~~~ - l 4 P J 4 4 5~~~~~* 8 5
.44 4~~G , ,  C .’ ~~~~~~ P J ’ Y ’  ~~~. ‘ J  _ $ ‘ ~~~~~~‘~~~~~~~~ 3 p O
4. 0 C C C L~ 11 44 - .7 4 I - - 7 5 0 C- C

I — S Li 0  0 I — I ” l i  5 - *8 Id
—~~~~ I —
• —. 4 

I 0 0 0  ClId 0 4 4 0 4  C~~0 0 2 0  ,3u 0 . 0 .4 0
.~~ j .

I o I .
I .~~~~ ~~~~~ ~ ‘ P 1 ‘ll ’*5  5 .’ 14 , ( 4’ 1  (~~5 1 1 4 . 0  —

C l  4 . 0 4  ~~~~~~~ I4  f l 4~~~~~~~~~~’.~~~ * . j 4  t r — 1 - 1 L. t  4’
I 2 4  5 •  C - 4 uO -’ 3 . ’ l .-4

S fl SI S ‘.1~~~l .I$ 4.1

.• ..l 0 • -0 0 I , C C l 0 C .O 4 4 4 I 0C 3 1 0 0 0 0 C . C~~ I4~~~

CI •0 4 4
LI Al 4 C S C ‘4. Z, ‘ S — 4 4 4. - — C - — C S. 4 ‘-‘ P. 

~~ C3 8 4  4’ Z~~-~~~- ’ .~~- .  _ • 4 I .  . - — % O  • . , .* 8 _. - % .1jP.

I — — 0 L A C 5  — — c — - a -  O - P 4 4 ~~ 5 4 O

~~ ~~~~~~~~~~~~~ 
:::::::!~V 14 ’  ~ 4 1 5 . ,r A .1 2 4 1 - ’ J 4 4 ~~~~~4 4 4 1 J~~ 4.

• 1 4  0 - . 4 4  4 , 4r r . 4 , l d~~~~~ C- 1d’ . 1 1 . 4 4 5 J l’1o - LI 1a p1. C &  — 7  C C C  P C  C C f l I  4 ’  l i t  ‘ - C 0 0 0 0
I C  • 1 1 1 1 1 , 1 1 1 1 1 1 , 1 1 1 1 1 1  • • ~~ l

4’ 4 S .  4 -
- 0 I C  12 - $ 4 - I - - -’ ’ ’~~~~~ p.
• 4 0  % I  P . i L A  1 ’ - P - 3 •~~~J~ % .-. 4’~~~4’• 5 4 4  - 3 ~,a 

p CI p - - -  p-. _ - - .-A~~. 5 ’  1.1 1’ .4
• S • 1 - - - I - 1 ‘ ‘ - i 0 4 0

— 4 .
* I 0 5 c  ‘ C C C  ~~ . - ~~~~~~ 
~~ 0 - 4 I I t  I I I  I t a l l  I

I • — .  CI — t  W . S ~~~- • 0  -. -- - ‘ f lP .  ‘~ 0 • ~~~. — 5 4  4 0
_• S • - - ~~~~~~~~~~~~~~~~~~~~~~~~~~ • - a — - r • ’ 4 ’— s r % — J - 4 ..-

- - - _ p . p .0 . - - - - • _ _ • _~~~~~~. . p . _S.~~~~~~~- - - —
L i’  4 .

-~~~ P C  - - I c  C C ’  ~-a ( - - 0? f l  C P . 0 0 1 0

7 4  — 4 .  I
I S  ‘.4 0 . ‘ — ‘ J S . t  4 € I ’ - C - P . .  - s . ~~.- 4 ,.P

I I — - - .4  ‘ 4 •  ‘ - ‘ - ‘ ‘ l - “~~~~~0

I ~~- 
-

- I — I .~~~~ - I C - l C d  S C- 1 1 04 0

— - 
_

~~~~ 
....4 , - 1 1 1 1 1 1 1 4  I I  • 

-
0 ~~ 4 0  • • _ o p . 5 1~~ d . . ~~ n . 4 . .. .~~~% 4 .
• I 4 0 7 4 3 P P  - . — a 4 . - , -e - . 1r .  • , C s l’ 0’- .—

- .4 C • 0 1 4 • • •  • — 3.—. 3. 1 0  • • 44  1

~~ I ‘ - -
— .2 — 4 4’ 4 .
• pm I __

~~~~
_

~ 
-~~~~~ - — -4

4 ~~~~ o- I I I I
.4 • - 4.

• P 
~~ 4 ’ , 4 %  -

- ‘4 e I ,~~~~~~ — i i’ .~~~~~~~~~~~ ’ 
4 - 4 - ’ o % -.l ]

, I 4 .
~ —4 7 ~~~- . s l , ’ 3 ’ ,’ 3- - J ~~~~~ i i ’  C.

‘p S I ’  — ‘ C ’ -
~~~

.

.4 - - 4 • i
- l  - - - - I -

1 ~~~~0 I
F P I .4 O - I‘p- u — C S . C  —4 1 4* 4 1  n — 4 C1 .. e :  -, I C — I

‘4 .4 . 4  1’ . . 4 - . 3* 0 $
~~~

’ I
~~~

4 . _  • P P’
P- / P-A • ,J S.. • 4 • •  • 1  • 5
— A • — .. —~~~~ 1 ’ - 4 4 — C ’ ’ 4 4 4 S 7 c 4 . S c — 4 l~~~P - - ‘ — ~ a l 1 1 1 1 1 1 1 1  I I I  S- 9 • I
8 p ~~~~I 4 I

C I ll  ~4 l  45 I -
— 4. 4 — ’  -

~ I —  ‘4 •p .~~~~~— 4 — ~~~~~l 4 . 4 .~~~~~~~~~’ . . — . 4 .  5 ~~• 3 4 * •  ~• ~~~ 4 • • 34 - • 4 4 . 5 5 4 . 4 . 0 34 4 *  4 ’ 3 .7  I t S O P I
-. 4. — 4 *  _ p . .  . • . 4  S

4 5  5 0  I J 4 4 •~~~~~ * 4 4 4 5 4 5 # #* * 4  • * # ~~~~~~~.•

~:::z~::::1:~::: ::::: :1

~ 1.0 1~ % — .~~
_ • - . 4 - .— S  ‘,o 1 44 4 * 4 * 4 * l  4 * .~~~~~~~~~~~ P 4.1

‘ C . -
~~ 45~~~~~? •~~ C IS b o  4 4* — 9 I0 4 4 0 5 4  4 , 5. 

I -

I I I I  I

3.)

I

--



- — -- 
— - 

- 
______ - -

Tab le  7. Tabulated Data N menclature

Tes t  Da ta  I d e n t i fi c a ti o n  and W i n d  T u n n e l  P a r a m e t e r s

PART Run (d a t a  s e t)  i d e n t i f i c at i o n  number

P O I N T  D a t a  D o i n t  number

PROJECT P F I -  ) O c t  numb er

TEST Test  n u m b er

D A~~~ . Date  I~~d d at a  ai~~~ U i  s i t  l a f i

DAY Day (o~ y e a r )  -~~ da ta acquisition

HR Hour  of  da ta  a c q ui s i t i o n

M i n u t e  If  d a t a  a c q u i s i t i o n

Second Of data acquisition

Set ~I o i n t  Mach number

DM Mac s . number tolerance

SCHED Tunne l wall porosity schedule

MODE D a t 4 t  a c q ui s it  i o n  mode

ERCODE E r r o r  code

PROS DATE D at e  of  d a t 4 ~ p r o c e s sin q

W I N D  OFF W i n d - o f f  c ar t  and p o in t  numbe r

M F r e e - s t r e a m  Mach number

PT F ree- s t r ear ’  st aq n a t i o n  p r e s s u r e, p s f a

Q F r e e - s t r e a m  dy n a m i c  p re s su re, psf

— P Free-stream static pressure , psfa

RXIO-6 Free-stream unit Reynolds number x io ”6 , io 6 ’t t

A LF I  Pitch sect-mr indicated pitch ang le , den

$ 

PHIl Pitch sector indicated roll angle , den

TTA-X Total temperature measured in the tunnel stillin q
chamber - A sys tem , °F

TTR-X Total temperature measured in the tunnel stifling
chamber - B sys tem , °F
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Table  7. Con t inued

PTA- X To ta l  p ressure  measured in the tunnel stillinq
chambe r - A sys tem , psf a

PTB—X Total pressure measured in the tunnel stilling
chambe r - B system , psfa

PCA- X Tunnel plenum chamber cressure - A system , psfa

P C B-X  Tunnel plenum chamber cr s -s s u re  — B system , p sfa

PE Tunnel diffus er crossure , osfa

TPR Tunnel pressure r a ti o , PT’PF

WA Test sectian wall anqle . deq

FOR Averaqe tunnel wall porosity , percent of wall
area open to test section p lenum

~4I ’X 1OO Tunne l specific h u m i d i t y x 100 , lb/lb x b A

PM Hy-~rometer mix ture cr es s u r e , p s f a

IIvirometer dew r~ i n t  t *- r - (c e rat u r e  , F

Note : Th. suUixed “X’ s” w i t h  TT , PT , and PC i n d i c a t e  the
crimary s y s t e m  m d  t he  cr or Ir~ checks  on systi’n anreement
T h ’  su f f i x e d  n o ’ i a - n c l ~i t u re  is as follows:

X 1 Primary syster-

X = 2 Secondary syst en

X 0 D ’-~~’~~ I (‘h S ’I ’~~~ 5 ~~~fl s’,’s~ ~~~~~~ S l i reemen t

Eoc~~ j4axes_ Coe ffi c . en ts/Base  Pressures/Exit Pressure s

AI .FA Model a nn i e  of attack measured between the relative
w i n d  vector  and the r e f e r ence  water  l i n e , den

BETA Model sideslip angle , deq

PIITA Model r o l l  a n g l e , p o s i t i v e  right wing d~’Wfi , deq

N o r n a l — f o r c e  c o e f f i c i e n t

CI.M P i t ch ing -moment  c o e f f i c i e n t

CY Side-force coefficien t

dO N Yawing-moment coefficient
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Table 7. r i t i nued

CI.L Roll iriq—m o n~’nt c t - ~ f i -  i s - n t

r a t  It I - ix I a 1— t I !  OI~~ ‘ 1 )5  f ~~~
‘ S - r I  t

CM’ Pu r e t ) I  l ad y I t  X 1 a 1 — t ( I T  I S ’  I - f f i c i en t , CA— CAB

CPI3 
- 

Bas . -
~~~~~~~ r *o ; s u r t -  co*•f I ic  i t - n t

}‘low — thru !~ i a ’t  t - -~~- t l  ~- x i t  ~‘ r s - ~;-~~- i ! . -  - -

: t  i t t 1 i t~~ - Ax t o ;

I. I t t a ’ t ’  t 1 Ci -~

d I M  P 1t c ’ h i n L ~— r’a -” , - n t  a a)ç ’ ’ I i~~’ i t ’ nt

S i d e —  f O i 1 ’~~- a ’oe~ f i c i t’n t

Ya W l r i I ~ —~’I n~~n t C (- . f i - 1  . n t

Roll ~n i — r  -:  s - I t - . 1  icie:.t

Total - I! tq I 4 1 ~~~~I 1 O S - S

a ’t ) N  ~~- i - ; s  d r t - :  a ’(~e~~ t ( ’le n t

( 0 F ’  F’o r I - i i  )dy dra~ coe f l O i s - f i t  ,

PB 1 
Base pr essur e , p s f a

F low t h r u  duc t  t o t a l  e x i t  cr e s s u r e , i - s f a

Ba l an c e  Read i  n ys /Gr o s s  F T c e s

4M M 1 B a l a n c e  f o r w a r d  i tch i n-~ moment - l a qe r e - S I t i n g

B a l a n c e  f o r w a r d  y a w i n g  nIonl ’ n t  r I - a I l i n g

PF)\ Balance axial f o r ce  I~~~a II S ’  r o i l i ng

RML Balance rolling moment gage reading

RMM 2 B i l ’ m n ’s- aft ~‘itchin q moment gage r e a d i ng

Balance aft yawir-in moment gage reading

Gross nnr rna l force , l b

MMG (‘,r o s s  jt (’h 1n1 ~ moment , i n . — l b

FYC, Gross side force , lb

33
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Tab i t ’  7 . a ‘ l I l t  1 nued

Gross yawing moment , i i i . — l b

FAG Gross axial force , I t

MLG Gross r o l l i n - ~ mom ent  $ i n . — l b

PCAV ( I V 1  t y  i ) r t’ S 5 ’I l r t ’ , I O I  .1

‘- , - t  F’or c~~s m I l d  T r , m n s t , .r r o t  M a I m , ’ r I t ~~; stat o’ Tars’s

F’Y’J - t ~~~- I 5 1 f I r O t  - , it

Not t r m n S ~~, r r . l t i t a ’ h i~~~i :‘ - ~‘ .- nt , in. —l t ’

FY .~~t ’t S i  I I  - - t ‘0 I t ’

Net  t r a n s f e r r ed  - m w  i n i  moment , i n .  — 1 1-

P7 N e t  t I l t  i i  ax  a 1 1 I’S ’  , i t

Ml N t - t  r o l l  1 f lI ~~ m — - ’ i s ’ n t  ,

F’II~ Iw C ( ’ ! I  ‘ a ’~ t O f i  ~n~: l t ~ I F S  i t  I -h , ili’a~

‘ - -rma 1 ~ o t  c. ’ t t t  ,- , l t~

M,M T  P i t c h i n I :  m o n t - nt  t a r s - , i n . — l b

FYST ~~ i d e  for- : ’’  t a r t  , lb

MN ST Y -:t w i n - :  ml )fl~~-f l  - t ~~~s -  , fl . — -

A x ia l - r o e  t . l r s - , i t ’

“1: P c i  1 n - m a men  t t a r s ’ , i r . — 1 1 -

4T P r , -~m’~ur . ’ ~~- ,-~~ t I - n  I n t arnia t ion-a - - -_ _ _ _

: - ~~T Pre~~sure  S e t t l i f l I ;  s ic-ce  cri’ .-r ia , ps ’ ~ I O

Time I oi t  c r 1 1  s - r 1 ~1 , sec

PTA : : m d i  o tt o r  i f  pr e s s u r e  ss- t tlin q c r i t e r i a was
ss ’ttied - i t  t i m e  of d a ta  1I ’I 1i1~~ S 1 t i Of l  ( i  = I ,
l I T  1: i 2 , loop 2)

TR[-) i T i n ’~ r • ‘ i i  red f o r  set t Ii na

I L a st  c h a n ne l  t I  settle

-~~~~~ 1 N v ’ ~~~ to l i s t  channe l I - ‘ set  t i e

34
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Table  7 . Concluded

NCNSi  Numbe r of c h a n n e l s  not  set t led  ~i t  t 1 n ~~ o~ i a ’ s
acqu i si ti on

Phase  I P re s su re s  - Wing/Prto;t an Tube/Tunnel C o n dj t .  j Øfl II

X/C F r a c t i o n  of w i n g  chord measured  f r o m  t h e  l i ’ m t j r ; :
edg e

( ‘P i W i n g  p r e s s u r e  a’Otd i c i t f i t

PTi I I r a , s t , n t ube ; - r t - s s u r t ’ s , : - s f . t

BETAM Measured l o c a l  w i n g  ~:u r  f a c ’ -  fl -w a n q i t -  ;n  I h s -  - s w
t Il j n (I  ( 1 1 1 t ’ s t  n t u h t ’ )  ,

PCBLi Tunn el ;-lt -num ~‘~~ smt-.-r pressurs- -H rt i :  : 1 s t  . s  a ’’,’clt —

B S \ ’ s t e f l, t- s f i

P TBL1 Total cressure :~ s - i s u r t ’ at  in  the  tu nn ’- l 5’ i l l u : — i
chamber dur 1 nq 1 1 it  - s  a ’V C  le  — B syst f - ; ’ -  , t - i  f a
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