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-AFROX -
COMPUTER PROGRAM FOR TRANSONIC ATRCRAFT AERODYNAMICS
TO HIGH ANGLES OF ATTACK
VOLUME II

COMPARISONS OF TEST CASES WITH EXPERIMENT
John A. Axelson

Ames Research Center
Summary

The present Volume II presents comparisons of the estimated and experi=
mental aerodynamics for nine aircraft configurations over a wide range of
angles of attack and Mach numbers. The aerodynamic theory formulated for the
AEROX program is documented in Volume I. Prepram operators should consult
pages 15 through 19 of Volume 1. A program listing and sample output tables

and plots are shown in Volume III,

AEROX provides estimates of the lift, induced-drag rnd pitching=-moment
coefficients for winps, hodies, and for wing-hody comhinations with or without
an aft horizontal tail. Both trimmed and untrimmed characteristics are estimated,
Zero=1ift drag coefficients (ivcluding friction, wave and propulsion-system
additive drags) are not evaluated in AEROX, but may be input for inclusion in
the output values of total drag coefficient and 1ift/drag ratio. The method
is based on new, explicit aerodynamic formulations accounting for compress-
ibility, transonic flow with strong shock waves and separation, and supersonic
flow with detached leading-edge shock waves. The transonic airfoil mathematical
model incorporates the Laitone limit Mach number criterion, with the chordwise
location of the shock as an input parameter rather than an extracted solution.

A new 1lift equation derived from the integration of downwash momentum is used

for nonpotential flow‘regimes.» The directness of this new, overall approach

‘and the rapid execution time of the corresponding AEROX program are ideally

suited for use in computerized aircraft preliminary designs and optimizations,

and in activities dealing with aerodynamic instruction and research,



Test Cases

Validation of the AEROX program is presented in the form of comparisons
of the estimated and experimental longitudinal aerodynamics for nine different
aircraft configurations over the broad flight envelope shown in figure 1l(a).
Sketches of each configuration appear in figures 1(b) through 1(j), and the
dimensional inputs are summarized in Tables I through IX., The test cases
include the F4; the F5; a light-weight fighter configuration designated Model L;
five related research models identified as A-~l through A-5; and the shuttle

orbiter.
Data Presentation

The experimental results presented in figures 2 through 10 consist of
static aerodynamic coefficients measured in wind tunnels and reported in
references 1 through 7. Shown in the figures are lift curves (CL versus X ),
drag polars (CL versus CD), and pitching-moment coefficients (Cm versus X or CL).
The AEROX program includes the option for estimating trimmed characteristics
(ITRIM=1) up to 25° angle of attack. Comparisons of the AEROX trimmed
estimates with the limited amount of available, trimmed-flight data indicate
the same good agreement as displayed here with the estimated and measured
static aerodynamics. The small numbers appearing on the plots identify the
flow regime (fig. 1(a)) and the particular equations (vol. I) used in the
estimation. Two sets of symbols for the same model identify different test

conditions or model supports.

DISCUSSION

Accuracy

The formulations in the AEROX program constitute the only known analytical
method for estimating transonic aircraft aefodynamics to maximum 1ift, : No-
estimates are included for the effects of the propulsion system, such as the
inlets, nacelles, nozzles or pdwer—inducéd effects,  Approximations are included ﬁ

for the contributions of the nose, afterbody, horizontal tail and wing leading-edge



chord extensions or strakes. In view of the complexity of the problem, and in
light of the simplifications required in arriving at a rapid, practicable com=-
puter program, the goal for accuracy is realistically set at *5 percent of the
maximum values of 1lift and drag coefficient, and %5 percent CBARW in the aero-
dynamic center location used in evaluation of the pitching-moment coefficients,
Over 90 percent of the 117 pages of data comparisons presented here mect the

goal. There is generally good agreement at all angles of attack.

Test points which differ from the estimates by‘greater than 5 percent do
not necessarily infer errors in the program, but rather these differences can
often be attributed to test procedure or model contours not appropriate to the
present analysis. For example, the reduced 1lift measured for model L at the
higher angles of attack at a Mach number of 1.8, (fig. 4(d)) is believed to
stem in part from the relatively large model (1.5 ft, span) in the 4~-foot super-—

sonic wind tunnel.

Subsonic experimental 1lift coefficients which are well below the estimates
are shown in figures 6(a,c), /(a,c), and 8(a,c) for the related models A-2, A-3
and A-4, These lower experimental 1lift coefficients above 10° angle of attack
can be attributed to the poor subsonic characteristics normally associated with
the type of airfoil used on these models. For simplicity of construction, the
sections were double Lieveled, flat airfoils with four essentially sharp ridge
lines, which would tend to promote separation at subsonic speeds (but not at
supersoni¢ speeds). WNote that in the case of model A-3, tail off, (fig. 7(a)),
the flow apparently re-established itself above 30° angle of attack, and good
agreement with estimate resulted. There was agreement at all angles of attack
for models A-1 and A~5 at 0.6 Mach number (figs. 5(a), 9(a). These models had
the highest sweep angles for the leading edges and the ridge lines and experienced

relatively little separation.

Because of the sharp ridge lines and almost sharp leading edges on the wings
of models A-1 through A-5, the airfoil designator was set at ALELJ=1l for subsonic
speeds. The small bluntness of the leading edges would promote detached bow |
shocks at supersonic speeds, so the value of ALELJ used was 5 for the

supersonic estimates, The leading-edge radius has strong influence at transonic



speeds, but at supersonic conditions with detached bow shocks, it exerts no
direct influence on lift in the present program. The leading-edge radius at

these conditions (i.e., Z=6) continues to influence the wave drag and the CD
values entered on the input sheets (Tables I - IX). 0

Applicability

The AEROX program provides estimates of longitudinal aerodynamics through
maximum 1ift at all Mach numbers above those where low-speed, viscous stall
predominates. The separate or combined characteristics of wings, bodies and
tails are estimated. The program should also prove useful for augmenting,
correlating, and validating limited or questionable samples of experimental
data. Because of the low cost and versatility of the AEROX program and its
parameterization capability, it constitutes a valuable aid for design, instruction

and research activities.

CONCLUSION

The AEROX computer program provides estimates of 1ift and induced drag
coefficients for aireraft (including maximum 1ift) at transonic and supersonic
speeds with an accuracy generally within I5 percent of the maximum values. The
éccuracy for the estimated pitching-moment coefficients is generally within
t5 percent of the wing mean aerodynamic chord for the aerodynamic center
;1ocation. 'The AEROX program provides a valuable tool for estimating, corre-
lating, augmenting and validating aerodynamic characteristics and is ideally

suited to computerized design, instruction and research activities.



Nomenclature

The symbols appearing on the input and output listings of AEROX and on the

enclosed figures are defined as follows:

ALILJ,J  Input integer identifying type of airfoil (L4J$4 8 Sce AXE listing.

ALFTR trimmed angle of attack (ITRIM=1), des.

ALPIA, angle of attack of wing reference plane, deg.

ALTV input altitude, ft.

APLAN plan area of nose, sq. ft.

ARH input aspect ratio of horizontal tail

ARW input aspect ratio of wing

ASECT nose maximum cross-sectional area, sq. ft.

BDMAX input body diameter, ft.

CBARW wing mean aerodynamic ch;rd, ft.

CDHOR horizontal tuaill induced drag coefficient (ref. to wing area)
Ccoy nose or body Induced drag coefficient (ref. to wing area)

Cho input wing minimum drag coefficient

ChoB input additive drag coefficient (body, tall, propulsion system)
CDSEP wing separation drag coefficient (Z=4)

CDTOT,CD total drag coefficient

ChwW wing induced drag coefficient

CLHOR horizontal tail 1lift coefficient (ref. to wing area)

CLN nose or body lift coefficient (ref. to wing area)

CLO input wing lift coefficient at zero angle of attack (subsonic)
CLOB input additive 1ift coefficient (body, propulsion system)
CLTOT,CL total 1ift coefficient B

CLW wing 1ift coefficient

CLWL ~ 1ift coefficient for wing lower surface

CLWU lift coefficient for wing upper surface

CM, Gy pitching-moment coefficient

CMO input wing pitching-moment coefficient at zero angle of attack
CMOB input édditive pitching-moment coefficient (body, propulsion)
CROOT wing root (¢ ) chord, ft. ‘
CTIP . wing tip chord, ft. _

DALTR - increment of angle of attack to maintain CLduring trim, dég.



DELH
DLWING
DWASH
FTOTL
FTOTD
FCM

ICDO

IFiEX
ITRIM
IT
IXCD

J,ALELJ
L/D
LE
LT

M, ST
RNLOC
ROC
SEXT
SHK
SHOR
SMN, M
SPANW
sq?

SWING
SWEWLE
TCRW
TCTW.

- TRW
XCD

XCG

~ XEXT

increment of tail deflection to trim, deg.
wing lift-curve slope, per rad.
dovnwash angle at horizontal tail, deg.

multiplying factor to change 1ift coefficient reference area

" " " " L " n

" drag

" " " " pitching-moment coefficient reference

area or length

yinput control integer for minimum drag; O, CDO omitted; 1, input wing
CDO included.

input control integer for strake bluntness; 0, sharp; 1, blunt,
input control integer for trim; O, untrimmed; 1, trimmed (%% 25°)
input horizontal tail incidence, deg.

input control integer for limit shock position; 0, constant X/C;
-1, limit shock sweep angle SHK specified from XCD at airplane
centerline, ' o

input integer identifying airfoil . See AXE listing.
1ift/drag ratio when ICDO=1,

tall length from moment center or center of gravity, ft.
tail length from CBARW/4, ft,

zMaéh number -

Re;nolds number per foot.

input leading-edge radius-to-chord ratio for JéS«éiffdils.
input area of forward wing-chord extensions (strakes), sq. ft,
input sweep angle of limit shock when IXCD=1), deg.

input horizontal tail aféa, sq. ft.

Maéh:number

wing span, ft.

input sweep angle of horizontal tail C/4 1iné; deg.

input sweep angle of wing C/4 line, deg.

iinput wing reference aréa, sq. ft.

?swéep angle of wing leading edge, rad.

inbut thickness=to~chord ratio of wing root (Q_ Ychord
iinéut thickness=to=-chord ratlo of wing tip chord.kb

:infmt» wing taper ratio,

;inﬁut designated chordwise location of limit shock, Z=4.
inﬁ&f longitudinal station of moment center or center-of-gravity, ft.

input lbngitudinal station of centroid of wing chord extension‘SEXT, ft.




XLB input body length, ft.

XLN input nose length, ft.

XQHOR input longitudinal station of horizontal tail C/4, ft.

XQMAC input longitudinal station of wing CBARW/4, ft. )

YHOR input horizontal tail height from wing chord plane, positive for
high tail, ft.

Z integer identifying flow zone.
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INPUT FOR MODEL A-1 (Fig 53-0)
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~ TABLE X
INPUT FOR MODEL A- 2 (Fig. 62-0)

—— CE—— MG = ——— A—— - m—— —
N e S o S AN AU S AL SNSS. SUSIND. TSTNA  GSSER G SRS SRS S GENES GSE S SR oty w—

TITLE UP 70 56 CHARACTERS LONG<— MODEL A-Z
EARRAYS
NSMN  ® 5 e e
SNV O , 09 , L2 ,L.S5 ,z20 .,
1Cop o . \
eon ©0.018 0,02z ,0.050,0.042,0.C40,
TTCMD e 5 X0, o
€LDR o5 x0.]
conoa 5,
CHoB™ ® 5. %0, ,
80

o mr———— e A SR N - v e v m——— e

EWINGIN

ALELY » 1 ’

““!l“ a 4,0 [
’
)

MXAR

; INARW
INTRW
INSOW

"
-
| ]

CROOY o
.
]

l

t 4

%

ol

- NQ
N

o
Sl
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WNTRW ® (.25 MXTR
MNSOW & 74,273 Mx$Q
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TTYCRN T o 57z YCTW
RDE. ®» 0.0;0002¢ SEXT
Lok
~ ENOSEIN
8OmAX 8 2.0 .y XLN [0.65 o XL8 .
__BEND S e
TTRYAICIN . ) ]
SHOR #4225 ¢ XOMOR AMRH o 4.0 ¢ SQH ® 22.3
YHOR ® ), 17 :

REND
BFLAWIN
MNALF & 7.0
TTMNYCO e 53
IXEn » o
ALYV ® 31509
KEND
REACTOR
PrOTL ®» 1 v __FTOTD
K¥END ,

¥

L & & 4
nown
N
H

O
ceccseie

XOMAC
XEXY

OON
o i0

4h

’ IPLEX

TR T

!

-
|
N
ow
{;
L 2

MXALE
HXXED™
SHK

0.9 "i"!NXCD'i‘E,
0. * ’

40.0 o INALE ® 2.0 4
3
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b
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-
b
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=
]
[
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TABLE YT
INPUT FORMODEL A-3(Fig.78-0)

N i gy D A ST ST S AT, VNI - GG S S—— e G SN G Sw——

TITLE UP TO 86 CHARACTERS LONG<—MODEL A-3
EARRAYS

__NSuN = 5. _ R
SN '06,09,|.z,1.5,z,o
1Coo = | ?
€00 ®0.019 ) 0.022 , 0.050, 0.042 ,0.040 ,
CMO I 5 %),
cLos # 5 x0,
copa s5, £0. .
CHOR 8 5 x 0. ,

——— s  rmpem—— e e - Ve b v e p— i s

ITRIN = O
+ __REND e e i e e
T RWINGIN ‘ :
ALELY ® 1; 5 o i
MNARW @ 4.0 [ 9/ MXARM = 4.0 o INARW & 1.0 | ¢ _ B
MNTRW ® 05 | 9 MXTRW = 0.5 o INTRW = /.00 4 .
MNSOW ® 14 02 o MXSQW = |4 93 o INSOW = | 0 o €LO = 0.0
SWING IIO‘/' |G 9 SPANW = 205,50 ¢ CROOY @ 5,93 ¢ CVIP = 3457y
"""" TCRN %0 0700 ¢ YCTH "= 50414 ¢ XOMAC @4, (57 ¢ CBARW = 5 [
ROC. ®(..0,007¢ SEXT = 0. ¢ XEXT e O v IFLEX = O ]
EEND | ' : V
ENOSEIN , _ _ 6.0 0FF :
:gﬂll m 25 ¢ XN = [[.7 v XLB e 59,0 XC6 s %007/
END ' . e e
TTRYAICIN _ T
SHOR ® 47,25 v XOQMOR =23.4 4 ARH o 4.0 4 SQH » 22,5
YHOR s 0, v 1Y = 0. ’ ‘
REND
RFLAWIN .
MNALP ® 2.0 » MXALE = 40.0 ¢ INALE ® 2.0 o
TTMNRCO F 5.5 v MXXED = T 5,5 1 INXCD'® ©0.3 1
IXCD . v  SHK = 0 ]
M-"g ® 35000 ¢ '
AFACTOR _
PYovi. = 1 o _PvOTD = 1] « FCH s 1.
BEND -
AOyYTPUTY .
IDATA ® 1 - ITABL & ] o
TYPLOY ® ], PPLDY e 1
tgxs:':z,]olvilololo
ISP ® 1 4,197 ’ N
“—REND
TA 26E.SPQ 20013, 1 D16, 025,.055,.028, ...

SHOK '3

. . a— " ——— - .—u_—..,-—-_.—-—-——-——n_.____m._.-._.___——._—_—-._-——__—..—_—.-—-—._‘-.—
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TABLE ¥II
INPUT FOR MODEL A-4 (Fig, 88-0)

b . . D SUNSU SO S NSOt SR GRS RS A WIS G Goulh T CLE G NG M C— S N (N— — M ST, ——— —1 . | S— n———

TITLE UP 70 56 CHARACTERS LONG «— MODEL A-4
EARRAYS
NSMN o 5 [ - s e e e
[ ] .
f::o . 0.0 9 ‘5’9 b] "d ) 115 3 Z.O '
€00 ®0.018 ,0.024, )15 , 0042, 0,40,
— MO T 0.942 , J, 4,
[ ]
a
| ]

o mee——— 4 b4 SH e w et N e s i ¢y -

cLD®
coos
CMoa

e b a e s o H4E e e =16 emmmrmt  + Sb & a4 memeesoemmeeaia Seisdbs es L ¢ me ek 1 SSeemes emmsmmmemne ees 4 e

1y 5
MNARY @ 5.0 ' MXARW = 5.0
‘ "’Hﬂviv“3771?§“'é”'Nxvuw = .25
Nﬂspﬂ " (9.9 o =
SWING ®/03./( - SPANW = 2
TTYCRM T ATIZ T 0 YCTW =4
ROC. w0, "\0020 SEXT = O,
EEND \
IHOS!TN : ' 26,0 hieE
::nAx » 26 ¢ XLN .37 & XLB ®20.5% s XCG @ 4. 01—y
ND .
TTRYATCIN ‘ e -
SHOR ® 47,25 ¢ XOQMOR = 239 o ARH & 4.0 4 SQH o525
YHOR = 17 y

REND
BFLAWIN
MNALFE » 7.0
MNXCO ® 0.3
IX¢n * o
ALYV ®30 090
REND
LEACTOR B
PYOTL » 1.y PYOTD =
KEND ~ ~
R0YTPUT
IDATA ® 1 .
TPLOY o |,
LOJSP & |
DOJSP & 1 |
“—REND

0.9 |
1.8 % ..

o

»

o

o

-f
[ B I O BP

8
‘CCCQ‘.

la)

-y

[}

°
non

!

—e— - ew

' 40.0 4 :NALu . 2. .
0.3 « T INXED 8 O3
0. ’

MXALF
HXXTD™
SHK

B oun

i
o

o Peu e I

TojLoFf CDo =.013,.01@ . 034' 036, .0

SHoR 0,

et e, i i Aisa  —nt omormes S S ma—n ———n A | W ot} — ————— ittt | e S o e . ittt et v e i | it i o
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YITLE UP TO 56 CHARACTERS LONG *—NMODEL A-5

EARRAYS

:::N * 5> e — e

; = 5 , ' P
00

B T . A e e e e e fm b o

—o— Lot d oo e St ———a ratrEY i e Ge . 8 WGP | ews b meemes Sweedmdbs meber g0 e e mmmesd e e e ——

__INARY
T INTRW
INSOW
CroOY

5

.0 MXARY

2 [} XTRW

0 ¢ MXSQW

SNSNG 808.16 » S’ANH

""" TCRW 0137 B 4 1 XOMAC
ROC. ®0,;0.00Z0 SEXT XEXY

|
—ENOSFTR l P e
:g:sl » 26 ' ¢ XLN 7.63 ¢ XLB  @2/,57e XCO ® 3.0y

KYATCIN
SHOR ® 42.25 ARH @ 4.0 , SQM

YHOR s O, |
KEND T
RFLAWIN
MNALF & 20
TTMNXCOTE 5.3
IXen ® o0
ALYV @ 30000!
BEND :
REACTOR e

PVOrL ® 1. ' s PYOTD

EEND
LOyYTPUT
IDATA » 1 :, ITABL s 1
~IPLOY % 1 , PPLOT &1 .

€Lo

crip
" CBARW

IPLEX

k] ” nHnn n
. — 2
“9"m-\9(ﬁ
c n
0<3m()

nonpn

o
b"
- '5¢..5.

U

23,4

XQHOR
1y

-
-
[ ]
N
N
i
-

-
U]
(5]

-

MXALE = 40,0 -t INALE & 2.0
WXXED = T 2 !NXCD';“B '
SH‘ o= 0O ' ‘

* 'C.“_h a 1. ’

W
Lo

ggls: ®7 , 91 9191wl

s 1 4 v 1 ¢ 10

“TREND T — - T
TAlL OFF _(Cpos=s .ouaﬂo:z..025,4925y022,

;HUR e 0,

o e S— - S | AN ST TN O O . S — — E— A—— O S— — —— ————  — — — — —— ot ot ooty S— a——— .
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o S o’ SRS IS S, A AN SE ST T Smve S e a— ——

TARLE IX
INPUT FQR SHUTTLE _(Fig.10a-W

i et [ w— G——  c—— S S—— So— —— A ——

TITLE UP 70 §6 CHARACTERS LONG~—— SHUTTLE ORBITER

EARRAYS ,

MWD

v 0.6, 0.9, e, T , , ;5

Teon = OO ! 09, 12, i y 4.0 4 E

€oo ®0.064 , 0.030 10_"74‘ , 0. “‘70, pr/'4’3 ,_0,9?3 ) 0,065 .
TTEMD T T %0,

CLO® ®-0. ,-0.] ,-0,00,-0,"4,-0.06, —0.07, 0.0

Con8 & 7.x0. .

CHOB™ ® (.00 ,0.0% ,00% ,004,0.02, —9.51, 0.0

ITRIM = ’
+ . BEND et e i e+t = emerenms s e e+ remm e
EWINGTN ;
ALELS » 2 v, |
MNARW & Z2.7G o MYARM = 2.2 g INARW & | _ _ ¢ | 3 3
W & .2 " NXTRW = o, 2 v INTRW s |, ' \
MNSOW ® 35.2 ¢ MXSQW = 25,2 ¢ INSOW = | v CLO =0.0
SWING ® 37./1(c 9 SPANW = 4.05 ¢ CROOY @ (0,577 9 (€EVIP =2007 'y
TTYCRN TS T e TYCTN =010 e XQMAC 87249 o7 CBARW = 7.2y
ROC. » 0. o SBXT = 37,7 o XEXT @ ,.Z o JPLEX = | »
LEND .
ENOSETN ;
BOMAX & D,0 ¢ XLN =0 v XLB s Dy XC6 #/2.5%
~_BEND ’ s
“TRYATCIN -
SHOR ® 0.0 ¢ XOWOR = (5.0 ¢ ARH e O, v SQH e O ’
YHOR s O, IR = . ’
EEND i
RFLAWIN
MNALF 8 2.0 y MXALE = 40.0 o INALE ® L0
TTMNRCOT T 5T vy MXXED = T o v INXCD e 5 5y
Ixep » O v SHK = o ¢ .
ALYY 8 500990 ¢
EEND ;
RFACTOR ;
PYoOTL » |, v PYOTD = I o« BeH e 1.
REND
ROYTPUT
IDATA ® ; -, ITABL » 1 o
TTYPLOY v, T PPLDOT e 1
LOJSP ® 7 1 91 91 o1 el
DOISP & 7 , 1 ¢ ] o1 # I
"TREND N
ORIGINAD FAGE ©
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ANGLE OF ATTACK

40

20

MACH NUMBER

(a) FLOW ZONES.

| [ ] h\q
VISCOUS
STALL
SURFf§§}¥ACH - SUPERSONIC //,/’/
1 DETACHED S/
SHOCK
6 /
/
/
/S
v 2 / ATTACHED SHOCK
COMPRESSIBLE / SHARP L.E.
(SHOCKLESS) /
//
| i
.5 1 2 '\l 10

~FIGURE 1.- FLOW ZONES AND MODELS INDICATED FOR TEST CASES.




6T

MODEL j%4 F5 L Al A2 A3 A4 A5 SHUTTLE
REFERENCE 1 2; 3 4 - 5 6, 7
INPUT TABLE I I1 111 IV v VI VII VIII IX
"DATA FIGURE Z(é—e) 3(a-qg) 4(a-1i) 5(a-o0)]|6(a-0)|7(a-0)}{8(a-0)|9(a-0) 10(a-u)

WING ASPECT RATIO 2.82 3.75 2.75 4.00 | 4.00 { 4.00 | 5.00 | 3.00 2.26

WING TAPER RATIO 0.17 0.20 0.20 0.00 | 0.25 | 0.50 | 0.25 | 0.25 0.20

NOMINAL & - RANGE | 0° to 32°|0° to 22°|0° t éo° 0° to 60° 0° to 33°

MACH NUMBERS 0.9, 1.2 |o0.6, ,l0.5, 0.8,] =— 0.6, 0.9, 1.2, 1.5, 2.0 — , 0.9, 1.2,
1.1, 1.2, 1. - 0

(b) TEST CASE SUMMARY.

FIGURE 1.- CONTINUED.




.

0t

F4

Al A2

F5

A3

(c) MODEL SKETCHES.
FIGURE 1.- CONCLUDED.

A4

SHUTTLE

A5



1T

1.4

1.2

1.0

EXPERIMENT

——— ESTIMATE
- FLOW ZONES INDICATED

3
F4

] 1 I i L 1 1 l I J

8 12 16 20 24 28 32 36 40

(a) CL VERSUS a; M = 0.9.

FIGURE 2.- AERODYNAMICS FOR THE F4; J = 3.




T

1.4

1.2

1.0

EXPERIMENT

- —— ESTIMATE
FLOW ZONES INDICATED

F4
| ] ] ] l | i

12 16 20 24 28 32 36
o
(b) C_ VERSUS o3 M = 1.2.

FIGURE 2.- CONTINUED.




1.4

XCD
_____-—-_——- 0.9
v 3 — -— 0.35
1.2 - %_——-’
1.0
.8 -
CL
S 61—
Ry = .
EXPERIMENT
——— —— ESTIMATE
2. FLOW ZONES INDICATED
F4
1 ] 1 | | | | | [
0 1 2 .3 .4 .5 .0 .7 .9 1.0
Cp
(c) CL VERSUS Cp; M = 0.9.

FIGURE 2.- CONTINUED.




%2

1.4

1.2

1.0

CL

- EXPERIMENT

— — ESTIMATE
FLOW ZONES INDICATED

Fa

.

(d) CL VERSUS Cp; M = 1.2.

FIGURE 2.- CONTINUED,
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i
k

;

|

4

f

_ 6T

1.4

1.2

1.0

— — ESTIMATE
~FLOW ZONES INDICATED

EXPERIMENT

>

7':. M= 0.9

/ 1 I I I 1
-1 P -.3 -4 -.5

(e) CL VERSUS Cms; M = 0.9, 1.2.

FIGURE 2.- CONCLUDED.




97

EXPERIMENT

—— — ESTIMATE
FLOW ZONES INDICATED

M=20.9
F5

(a) CL VERSUS &; M = 0,6, 0,9.

FIGURE 3.- AERODYNAMICS FOR THE F5, J

| I I ]
12 16 20 24

1.



B

LT

1.
1.
1.

1.

— EXPERIMENT
— — — ESTIMATE

FLOW ZONES INDICATED

(b) CL VERSUS a3 M

FIGURE 3.~ CONTINUED.

M=1.2
F5
1 1 ]
16 20 24
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1.0

Cp
(c) CL VERSUS Cp; M = 0.6.
FIGURE 3.- CONTINUED.

—
//
—
—
—
—
-
EXPERIMENT
—— — ESTIMATE
-—FLOW ZONE 3
, FS
| | 1 1 i 1 | 1 | 1 J
.02~ .04 .06 .08 .10 .12 .14 .16 .18 .20 22



1.0 ~

.8
.6
b=
CL |
4
2 EXPERIMENT
; — — ESTIMATE
g 2 = FLOW ZONE 3
F5
| | | i i |
0 .02 o4 06 .08 .10 .12 .14 .16 .18 .20 22

| | o f o Cp
| | (d) €, VERSUS Cp; M = 0.9.

FIGURE 3.- CONTINUED.




- 0€

1.0

EXPERIMENT
— — — ESTIMATE
FLOW ZONE 3
| F5
] I l | I ] I I - | J
-02 .04 .06 .08 .10 .12 .14 .16 .18 .20 .22
Cp
(e) CL VERSUS Cp; M = 1.1,

FIGURE 3.~ CONTINUED.




T

1.0

- - ~
———————— EXPERIMENT
———— ESTIMATE
" FLOW ZONES INDICATED
F5
I | I | I g I 1 l ]
.02 ~.A04- .06 .08 .10 .12 .14 .16 .18 .20 .22
Co

(f) CpL VERSUS Cps M = 1.2,

FIGURE 3.- CONTINUED.




CL

®

1 L ]
: 1 L
1.

1.

6

o
I M=20.9
1

EXPERIMENT

—— == ESTIMATE
FLOW ZONES INDICATED

(g) Cp VERSUS Cm; M = 0.6, 0.9, 1.1, 1.2,

FIGURE 3.-

CONCLUDED.



bl

£t

1.0 — i ‘/
- |
8
.6 =t
.4 =
EXPERIMENT
) — — ESTIMATE
. FLOW ZONES INDICATED
L .
: . | | | ] | ]
0 4 8 12 6. 20 . 24 28 ——
, o ,
} (a) C, VERSUSO; M = 0.5. R
FIGURE 4.- AERODYNAMICS FOR MODEL L; J = 3. —
13




1.2~ e
) yd
ON”"3
TAIL
1.0 b~ / /
8
cL .6}
®
4
EXPERIMENT
-2 — — ESTIMATE
FLOW ZONES INDICATED
| | I Y g
0 4 s 12 = 16 20 - 24
- o
(b) CL VERSUS Q3 M = 0.8.
FIGURE 4.- CONTINUED.
)
o { e
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1-.

1.

EXPERIMENT

— — ESTIMATE
FLOW ZONES INDICATED

| ] | | |

T 8 12 16 20 24 28

0
(c) CL VERSUS O3 M = 1.2,

FIGURE 4,- CONTINUED




- 9¢

1.

1.

2

0

EXPERIMENT

——— ESTIMATE
FLOW ZONE 6
L
I I l | l ]
8 12 16 20 24 28

a

(d) C_ VERSUS a; M = 1.8,
FIGURE 4,- CONTINUED,



LE

1.2

1.0

] I

EXPERIMENT

ESTIMATE
FLOW ZONE INDICATED

()

.3 .4
)

(e) CL VERSUS Cg; M = 0.5,

FIGURE 4,- CONTINUED,
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s TN}

1.2

P 4
//
//
/3
EXPERIMENT
—— — ESTIMATE
FLOW ZONES INDICATED
L
| ] ] ] | | ]
1 .2 .3 .4 .5 6 .7
Ch
(f) C_ VERSUS Cp; M = 0.8.
FIGURE 4.- CONTINUED.
}




6€

1.2

1.0

(g) CL VERSUS Cp; M = 1.2,
FIGURE 4,- CONTINUED.

//
/
7~
//
/
P
X7
/3
EXPERIMENT
— — ESTIMATE
FLOW ZONES INDICATED
| | ] | |
.3 R .5 6 7
Cp



o%

1.2

1.0

EXPERIMENT
—— — ESTIMATE
FLOW ZONE 6
1 l ] ] ] §
.1 .2 .3 .4 .5 .7

Cp
(h) Cp VERSUS Cp; M = 1.8.

FIGURE 4,.- CONTINUED,




1S A

3 EXPERIMENT
2 —— — ESTIMATE
FLOW ZONES
INDICATED
M=0.8 M= 1.8 ]
1 ] I | ]
0 0 -2 -.4
Cm
(i) C_ VERSUS Cm ; M = 0.5, 0.8, 1.2, 1.8,
FIGURE 4.~ CONCLUDED,
'
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