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COMPUTER PROGRAM FOR TRANSONIC AIRCRAFT AERODYNAMICS
TO HIGH ANGLES OF ATTACK

VOLUME II

COMPAmrONS OF T.LST CASLS 14ITII EXPFRIMEINT

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 -o

angles of attack and Mach numbers. The aerodynamic theory formulated for the

AEROX program is documented in Volume I. Prcgr.am operators should consult

pages 15 through 19 of Volume 1. A program Listing and sample output tables

and plots are shown in Volume IIT.

AEROX provides estimates of the lift, induced-drag, wid pitching-moment

coefficients for wings, bodies, and for wing-burly oomhinations with or without
an aft horizontal tail. Both trimmed and untrimmed characteristics are estimated.
Zero-lift drag coefficients (ii,clud;i.ng friction, wive 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 lift/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 lift equation derived from the integration of downwash momentum is used

for nonpotential flow regimes. The directness of this new, overall approach` 	 i

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

suited for use in computerized aircraft preliminary designs and optimizations, 	 j

and  in activities dealing with aerodynamic instruction and research.

{

t
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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 1(a).

Sketches of each configuration appear in figures l(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-1 through A-5; and the shuttle

orbiter.	
i

Data Presentation	 i

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 of ) ,

drag polars (CL versus CD), and pitching-moment coefficients (Cm versus X or CL).

The AEROX program includes the optionfor 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. l(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 aerodynamics to maximum lift. No

estimates are included for the effectsof the propulsion system, such as the

inlets, nacelles, nozzles or power-induced effects. 'Approximations are included

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

'	 2	
E



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 lift and drag  coefficient, and f5 percent CBAR14 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 Meet 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 lift 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. spats) in the 4-foot super-

sonic wind tunnel.

Subsonic experimental lift 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-?., A-3
{	 and A-4. These lower experimental lift 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 beveled, f1raL airfoils with four essentially sharp ridge

lines, which would tend to promote separation at subsonic speeds (but not at

f

	

	 supersonic, speeds). Note 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	 a

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=1 for subsonic

_speeds.  The small bluntness of the leading edges would promote detached bow

shocks at supersonic speeds, so the value ;of ALELJ used wasP	 P	 ^	 5 for :the
j	 supersonic estimates. The leading-edge radius has strong influence at transonic

3



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 lift 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 proveuseful for augmenting,

correlating, and validating limited or questionable samples of experimental

data. Because of the Sow cost and versatility of the AEROX program and its

parameterization capability, it constitutes a valuable aid for design, instruction

and research activities.

I	
CONCLUSION	

{

i

	

	 The AEROX computer program provides estimates of lift and induced drag

coefficients for aircraft (including maximum lift) at transonic and supersonic

speeds with an accuracy generally within ±5 percent of the maximum values. The

I	 accuracy for the estimated pitching-moment coefficients is generally within

I

	

	 t5 percent of the wing mean aerodynamic chord for the aerodynamic center

location. 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.

—	 a
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Nomenclature

i

'i	 The
i

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

enclosed
I

figures are defined as follows:

ALIIILJ,,T Input integer identifying type of airr-oil	 (1 !^ J 6 5). ;g ee AXE listi.nF ,

ALF'TR
4

trimmed angle of attack (ITRIM=l) , deg.

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

ALTV input altitude,, ft.

APLAN plan area of nose, sq. ft.
M

AR:H input aspect ratio of horizontal tail

ARW input aspect ratio of wing

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

BDMAX
I

input body diameter, ft.

CBARW wing, mean aerodynamic chord, ft.

CDHOR horizontal tail induced drag coefficient (ref, to wing area)

CUIa nose or body induced drag coefficient (ref. to wing, area)

CDO input wing minimum drag coefficient

CDOB input additive drat; coefficient (body, tail, propulsion system)

CDSEP wing separation drag coefficient (Z=4)

'I	 CDTOT,CD total drag coefficient

CDW wing induced drag coefficient
r

CL11OR horizontal tail lift coefficient (ref. to wing area)

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

CL0 input wing lift coefficient at zero angle of attack (subsonic)

CLOB input additive lift coefficient (body, propulsion system)

CLTOT,CL- total lift coefficient

CLW ,
a

wing lift coefficient
r

CLWL lift coefficient for wing lower surface

CL14U lift coefficient for wing, upper surface

CM,C111 pitching-moment coefficient

t	 CMO input wing pitching-moment coefficient at zero -angle of attack

CMOB input additive pitching-moment coefficient (body, propulsion)

4	 CROOT :wing root O'chord, ft.

CTIP wing tip chord, ft.
l

DALTR, increment of angle of attack to maintain CLduring trim, deg.

5
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DELH increment of tail deflection to trim, deb;.

DLWING wing lift-curve slope, per rad.

DWASH _;downwash angle at horizontal tail, deg.

FTOTL multiplying factor to change lift coefficient reference area

FTOTD n	 n	 n	 " drag	 ► '	 ' ►

FCM "	 "	 "	 " pitching-moment coefficient reference	 I
area or length	 i

ICDO input control integer for minimum drag; 0, CDO omitted; 1, inpu.t,wing	 ...
L CDO included,

IFLEX input control integer for strake bluntness; 0, sharp; 1, blunt,
j

{	 ITRIM input control integer for trim; 0, untrimmed; 1, trimmed (0(_250)

IT input horizontal tail incidence, deg.

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

J,ALELJ input integer identifying airfoil- See AXE listing.

L/D lift/drag ratio when ICDO-1.

LE tail length from moment center or center of gravity, ft.

LT tail length from CBARW/4,,ft,

M, S n'T Mach numb e r
i

R14LOC Reynolds number per foot.

ROC
I.

input leading-edge radius-to-chord ratio for J=5 'airfoils,

SEXT input area of forward wing-chord extensions (strikes), sq.-ft.

S11K .input sweep angle of limit shock when IXCD=1), deg.

^	 SHbRi input horizontal tailn P 	 sq.` ft.

Smi, M Mach number

SPANW
i

wing span, ft.

SQH input sweep angle of horizontal tail C/4 line, deg.

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

SWING input wing reference area, sq. ft.

SWPWLE sweep angle of wing leading edge, rad.

TCRW;
I

input thickness-to-chord ratio of wing root (t )chord

TCTW input: thickness-to-chord ratio of wing tip chord.

TRW input wing taper ratio,

XCD iinput designated chordwise location of limit shock, Z-4.

XCG input longitudinal station of moment center or center-of-gravity, ft.'
I

XEXT input longitudinal station of centroid of wing chord extension SEXT,`ft.

6
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XLB	 input body length, ft.

y	 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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TFaBLE I

INPUT FOR F4 TP5T CASE ^Fi . 2d je

CT iL E UP TO Si • CHARACTERS LONG)-	 F4 TE5T CA5E (c^/ u.r'R^N )

^ARAAYS

1
.

0.40	 0.90 40 ;	 1.20
,..

).60	 ^ 1.95
Roo • /
CDO	 •xilO ^y 0ZOV— – _vjlO . .a . 0¢20 X0415 0410	 1 ...__,..	 ....CMD.,....!•	

Gl x0, ..
CLOG	 •	 6.	 01,
Cods	 •	 6. N 0,

LNI"GIN
14ELJ •	 9	 •
04ARW•	 2,1Z	 04X ARM = 21 - 72 ,!-	 1NMit •	 1.0 __ r	 __,_

0.167 /	 MXTRW =" TR W 0,1	 7 •	 INTRW •	 1,0 •

14 SOW • 45.0	 •	 MXSOM = 45: 0 t	 INSOM •	 1,0 9	 CLO
SWING • 530,01	 •	 SFANM = 35 ,.41 •	 CROOT 023,5 •	 CTIP
TC^M ^_'^ 	 0 

0^._
• 	 TCT
 

v	 = ^.U^30 +	 XOM1►C' ._.CSARM. z5. ^	 •.•^-:	 ^
ROC_	 0	 •	 SEXT 0. •	 XEXT •	 o, v	 IFLEX =	 ._>	 r

L E Nn -

BDNAX •	 5:7	 •	 XLN 20.0 •	 XL9 *44,o •	 XCG • 26.

t E NO _^.^-
-^,T ^ >YCI1r

SHOR	 • 9(0123	 •	 XOHOR 50.13 •	 ARH SON •	 .^.

YHOR	 •	 1 . 75	 •	 IT	 _ O. • ^__	 -^

MWI N
-MNA^f •	 2.	 9	 NXALp - 4o. •	 1NALF 2• ^__

• —
MN^jCO ^ D. 35	 ^I^XXt6

_
^ , p -r^1NXCD r^p • 325 •

lxCr	 • 0	 •	 SNK	 _ p. •
ALT V 	 • 35 Ocy, •

FACTOR
FTOTL • 1. 0 	 •	 FTOTO = I , o	 ---^T PC" .	 1.0 •

to VTPUT 8

IDATA • 1	 XTABL • 1	 ••
'—TL3'(^i	 `^P^C^	 •	 t

LDISP• 1	,	 ,1	 1. 1. 1 •
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\I	 i	 l	 i	 ^	 `	 !'I	 f

TABLE
IN^V T ^0,$ F' ^^'EST CR.SE ^Fi^ 3a ^^	 `

T I TL E UP -T0 ' 66"CHARACTE RS LONG .- F 5 TEST CA5E
rARRAYS

3MNN	
5,._..̂

	0.'6' 0,9	 1.1
..

_12 ...
	 .' . 1.,4

1CDO	 • 1
,

'CDO	 • 0,021 2 0 OZZ5	 0,0470..x . 0,0485 1-0.04101

CLOT}	 •
CDOA	 • 5. * O. --- - -- - - — —	 -

1TRIM • 0

ALELJ 0 1 •
MNA_RM 0 3.15 •	 M_kARM =	 3.75	 •„	 1 , NkI1 w aI.0 J a

---WgTltw • 0, 2 t	 MXTRN =	 O,Z •	 I NTRM •	 1, 0 •
O, pMNsow 8 24-.0 •	 MXSOM = 24.0 •	 INSOM •	 1,0 •	 CLO

SM iNG • 170. •	 SPANM = 25..Z5 •	 CROOT s 11,221 •	 CTIP =	 2. .,'	 -._._.TCW
	

.-^	 _.__.i	
8	 •	 TCTM 	 _ 	o-' -,u4so.04	

_._._..	 _	 .
64" -

^ 	 >kOMLC
.. • 25,^1`I ••^ COAR M =	 7--73	 r

ROC	 g O. •	 SEXT	 a	 0. XEXT	 • 0. •	 IFLEX = o	 0
LEND

ODMAX • 4.3 •	 XLN	 - 22.5 •	 XLO	 • 44.0 •	 XCO 025. i `/	 t
gEyo

- SHOR	 • 59.0 •	 XONOR - 38-54o •	 ANN	 • 2,'9? •	 SOH • Z5, 0	 }
yHoR	 •	 0.0 I T '	 =	 O.O

K^QMIN
MNALF• 2.0 , •	 MiiXALF = 40. 0 •	 INALO •	 2-,0 •MHxCO 0 0.3 5 i--MXXCD- _ '0. G 7 5 -INXCO -a. 0,. 38 5 •
1XCq	 • 0 •	 SHK	 = 0, •
ALT V 	 0 35000.'^'^-z -.



TA.B LE EZ
INPUj ZOMoDEL L TEST CA SELF a_iL

TITLE UP -TO^ 66 - CHARACTERS LONG)-*- MODEL 'L
ARRAYS
HN

ICDO	 •	 1
Coo	 • o___-___ozlo	 , a .^^ t( ^., o.6;a a	 0, :^: ^.	 ^_ _ ....__..___8
CMO- 4. * D.
CLOT}	 • 4.* 0 ^,.

CDO I,! 	 • 4.	 o . ---- - -

ORIN •
RENO

^NIMGIN .
ALELJ 0 3 	

•
IINARW •	 2, -75	 •	 NXARM =	 2, 75	 -!.. 1NARw •	 I, O--

-"Tjt 	 • O . a'	 •	 MXTRw =	 0, 2	 • INTRw •	 1.0 •
I4NSON • 43.513	 •	 NXSON = 43. 53 INSOM •	 i, o • i SLO B•
SwiNG • 752., ,2 0 it	 S► ANw = 4 rj	 `. 52• C R DOT • ^7 - j CT1P =	 5.5-1 

- "YC X 11 __	 ^'—"TCTN _
s ._	 r 

i XOMA'C. •
_	 1 •.- .CeARw =

RO(_	 •	 0.	 •	 SEXT	 c	 r XEXT •	 o. • IFLEX = o
REND _

—AMO Kim
•	 •	 N	 -	 5.lOMAXXL	 Z	 O	 • XL9 • (^ ^' • 07 • XCG • 3 i , 4

iE^lp a

S HOR	 • 2 5 G, w^- r	 XOMOR = % L - Y,•	 • AR H Z • SON • 3 7. 5
YHOR	 • - 2, 2`dCv9	 1T	 =	 0•	 ♦ _

RE4RMIN	
•	

1

MNALP • 2.0	 • KXALIF `_4r. ,)	 I NALf • . C	 •
14NXGt7 0 0 , 35 •^1XXCO _ 0 . L^7 • INXCD • 0. 3 c 5 •

I XCR • 0 	 • SHK	 = 0 ,	 •
NLTV • 35 oo r), • i
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TABLE ILL

INPUT FOR MODEL A-1(Fig,,5a-0)

( R 	 P T0
' 1F6^ • CHARACTIR S LONG)-*- MODEL A -1

ARRAYS

MSMN • 5

ICOO • I
t CDO	 • 0,0180; 0 0ZOO, 0,050 0.o400, 0,0 340)

CLOA • 5,* 0. •
CDOI • 5. * 0.	 _	 _ _ ._-- --_-	 _ _	 _ _•

ZMOs  • — .0t	 0,0	 0	 c7, 0	 0-0	 I

1TRIM • D

LNi4G1N
ALILJ v 1 ; 5	 •	 _	 !	 ^-	 -
MNARM 0 4,0 	 , IN ARM = , 4,0

---Wf ptw • 0.0	 •	 XTRN = 0, 0	 t	 1NTRM •	 ^. o	 •
 !	 INAR^ •	 ► • O	 +	 _-_ _

"NOW • 36, g 7	 •	 MXSOM = 36-97	 @	 INSOM • 1.0	 •	 CL0
SWING wi0l, Irc 	 •	 S►ANM_ = 20,10	 •	 CROOT • I0.4	 •	 CT I`P	 =

- -`TC^W —
+o,v^3	 .i_TCTM .^^ D,IO7	

,,	
XO14AC

.. r . ^ ..
3.o 	 I'-• CBAKW =x•933	 r

A	 RO[_	 • ,0.i a. 002•	 SEXT	 0,	 •	 XEXT	 •	 U,	 •	 IFLEX = O
6E n	 T ,

^lwb^	 26.D vF^

NOW •	 Z ro	 •	 XLN	 =	 9, , 1	 +	 XLe	 • al. 5? „^ ` XCG	 r ! 3. 0	 ^`

$HOR . 	. 42.25	 •	 XONOR	 Alt" _	 • 4,o	 •	 SON	 . ?2.5
YHO	 •	 0,0	 •	 1T	 =	 0.0	 •	 __	 _,

LFLQM N
'	 NNALF s	 2 ,0	 •	 MXArLF =	 40.0 •	 INALF r	 2,0	 •

MN1jC0—P G. 3 i'IAXXZD	 0.0	 0.3

IXCq	 • 0	 •	 SHK	 p.	 •
ALTV	 • 30 0 ^o, +

_ILaACTOR,	 .
PTOTL •	 1 •	 •	 FTOTO =	 1.	 PC"	 r	 1.,	 •

tDUTPUT
IOATA • 1	 >^TABL • 1	 •'

"I PLOT^i 1	 '^iCD •	 +
LDISp • 1'	 ^; 2• 2	 1	 1 x 1	 •
DOW •l	 1. 2'+1	 +

t} ^^^A^S^S„GM,^ A I^23 's	 any ^.^5?^L CTflk ^ti10^f^a,='! rHk1̂ ^=^	 _..

* _fc)	
T-1 9 a =0
J	 5	 Ric,	 Uo2	 .	 vi4	 024 ,ozsw^^2.. Z	 ILFFCam -vr2

1 6. ? ^^ CQD.YA4.^ t %.^li^i1(J^L.^. 	 vl^ TA	 9-	 _y._	 ^-

4	

12

p^
1
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l
TABLE ^L

INPUT FOR MODEL A- Z(F i4 6a-0)

TITLE UP TO * 86 CHARAC*1RS LONG +- MODEL A-,?
SARRAYS
WSHM

I C DO	 • i
CDO	 • 0.015	 , OOC^	 t,	 5^	 -0.042 C	 c^

CLOO	 • 5,x o,'^
0001	 85,	 p, L	 ^— ------ _ - --

—7fftis	 3,
ITRIM • 0
[ENO
tNtMGYN
ALSO • 1; 5	 •
MNA_RW • 4. 0	 •	 MXARM = 4. U	 i _ _1,N^R}^	 I ---_	 ..-

—" iHTR	 r 0, 25	 •	 MXTRW = 0. Z5	 • INTRW •	 I 0
uKNOW It Z4, 23	 •	 MXSOW = Z4. Z3	 • INSOW a	 I,Q	 • C LD	 s

SWI" • IOF.I^o	 •	 SPANW	 20,$0 • CROOT •	 !.'3z	 _ CTIP_
TC W	 o,017z•	 TCTM" x o,o^Sg i. XOMCC	 •	 7, `l,`5i CoARM = 5,a-
ROC_	 • n.o;v.	 Z•	 SEXT	 0.	 • XEXT	 •	 v, IFLEX = u	 r ,
6E Nn r

--- 
	 _

•DMAX • Z. (o	 Y'-	 XLN	 = 10. Cos	 i XLB	 w	 2 1	 1,	 ,ai XCG	 r l _ . '.^:

SS^1Q

SHOR. • 42,7-5 • XONOR 2 , 4- • Aim	 • 4-o • SOH	 • 2z,  5 f
YHOR a 0,	 o 17	 0.	 •

.MI.



TABLE IE
S1^TPUT FOR MODEL A-3 (FiL5.

_..._. _. _ Q	 _	 — — — — --- —	 —

TITLE UP TO'Bi - CHARACTERS LONG--MODEL A-3 -
rA1lR'AYS
NSNN

0, 6	 ,	 0, 9	 I . Z 1.5 2.0
IcDo	 • =

Coo	 w 0.019	 0_D 2 2 	 0, 050, 0.042 , 0.040
- _	 ._	 ..._	 . _ .__...HMO-•---^ 

5. ^ D,
-

CL Oq	 • 5. * 0.
CDO!!	 w 5.9 0. --
c	 5. X o,

--

ITRIM w 0
• LEND

i► NIMGIN
ALEW • 1	 •
UNARM w 4.0	 MXARM =
1ITR	 MXTR'N

4 . 0 !.._t.NA11 ►^
INTRM

w	 I. o	 J
•	 1. p

_ :__ ___ ^.
•	 D,5	 •i	 = 0,5 • •

MNSRN • 14.03	 f	 MXSOM = 14. J3 •	 INSOW n 	 I . o	 • CLO	 =	 v.:^	 f
WOO# 0 16?.IGI •	 SPANK = 20. qo •	 CROOT P	 w. `13	 • _ CTIP	 =	 3 4^ i ! ..^__ ......_.

_ tC IW o,o2a	 ,—TCTM _ o..a4i4 •'	 X004 C • 14, 157 9 - COARW =	 5.3 11
ROC 	w jo	 0,002 9'	 SEXT 0. •	 XEXT •	 o,	 • IfLEX	 O	 t
LENn

•ptKAX • 2.6	 •	 XLN	 = 11.7 •	 XLB w 1 ''^{^N • XCG	 • i^	 1 . '/	 f
iENq

SHOR	 • 4Z,25	 r	 XONGII = 2S,4 •	 ARH-- 4. 0	 • SOH	 22,5 	 f
VHOR	 0	 0,	 •	 IT	 = 0. •

$FLQMIN
MMALF w	 2,0	 •	 NXALF = 4o. Q' INALP • ^,
14NXC07 	 0.3 	 9	 NXXCD = 0,9 1NxCD 0.3	 •_
19Cq	 •	 0	 •	 SIMK	 = 0 •
ALTV	 • 30 000 •

•^ACtOR,
FTOT L •	 1.	 .	 PTOTO = _1_ !	 PC" __ 1 __	 •- -^-

f_.oPUT

-IDAT A w I	 X TAeL • 1	 •

LDISP w 1	 , 7	 ol	 I	 1	 • 1 • ,1 ,
DDISP

---^li..,2EF. .0 D.Q_	 0 -'') `^	 r 1 L	 ^ T % .. L? 3 5^.0 L 8 ;._	 - - ....	 - —	 -
SFFOk

14



rl

fl

TABLE
INPUT FOR MODEL A -4 (Fig,8a-0)

i

T(TL' E UP 
Tb. 

Si CHARACTERS LONG f-- MODEL A-4
tARRAYS
N't mm....SRN_,._ 8	 a-ro--^; 

1.5 12,0
ICDO
CDO	 • 01015	 ' o.ort .^	 .5.,,. 	 0.042 ,^.

CL,oq	 • 5,	 o.
CDON

trRIN • o
tEINp
^MIMGIM

MNARM • 5.6	 MXARM	 I NAR	 •	 1 0
--MR	 w: C 25	 MXTRN =	 5	 INTRN •	 1.0•	 •	 •	 0

""Sow • 1-9,1	 •	 NXSON = ) 9. $	 •	 INSOM •	 I . o	 • CLO 0. '^	 1
SWING •IO g ,Iw	 •	 SPANM = 2_3.20	 •	 CROOT s	 7,44	 vLTIP = I,^,o	 L_._

[KW "•C % ' ^ n z+i: _ TCTW'	 = .6,077	 • `	 XOMA'C' •	 14 i^^ • ._.. [BARN = S Z
. ' 8.. r

ROL_	 • D,	 ooz •	 SEXT	 '0,	 •	 XEXT	 n _0,	 •' IFLEX = U

8614AX	 •	 XLN-	 11.3`	 v	 XL6	
*2^

^	 r, 1. ^^r^	 ^	 ! • XCG .. '
	iE^ID

SNDR	 • 4Z 25	 •	 XONOR	 234-	 •	 ARH	 • 4, 0 	 • SON • ^^, `''	 )
YHOR •	 IT	 =	 •
SEND
tFLnWIN
NNALF n Z. 0	 • NXALF - 4o • 0	 INA1,'F • 2 -	 •
MHSGO : 0. 3 •^`NkXCD'" = p._^^• INXCO -^ 0 ,3•
IXCR • O	 9 SHK	 _ 0,	 •	 1
ALT V • 3o opo •

&FACTOR
FTOTL a 2.	 • PTOTO = 1.	 • PC"	 • 1

tOVTPUT
IDAT'A A 1 :^ — kTABL : 1 •'	 I

---PT
T
. 1 , ^iCO • 1 •	

_.__ __

, LDISP • 1 ^^. • 1 •1 • 1 • 1 ^	 .
DDLS P • 1 , 2 •	 • 1 +

a,

_?t>LL 0 r• .013,  o t	 `^ 0_3 ^e	 2 g -- ---	 -- ----_ . _ 0 3	 .._	 _ _	 ._..
^Nnk J

cG

f

{
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ii
TABLE

I,

INPUT FOR MODEL A-5 (Flg, -

I

TITLE UP T0 * 6i *CHARACTERS LONG q-- MOP6L A-5
rARRA1IS
NSMN	 •	 5 	 _..	 _._..__......... _ _	 ......	 ____-	 -....'— —ToN_.__• 0,6

. 	 ^	 0,9	 ,	 1,2	 ,	 f,5	 ,	 2,0
1 C DO	 • i
CDO	 • o,oIG ', 10.0iS	 , _0.050 ,	 040	 0,03,5 _...._...	 .

CL' 01)	 • 5,* 0.
Coo. 	. 51*o.

1 T_R.t M • p
LENS -----------

410 . I; 5
MNARM • 3,0	 M A!!_W= , 3. 0	 .1 	 1NAR y •	 I. O	 __._ _.

TR	 • 0.2	 XTRM =	 0.25	 INTRM •	 I.0
NNsow • 3/, o 	 MXSOW = 3 f .0	 1NSOM •	 1 ,0	 CLO 0.0
SWlNG • )01 1(o	 9	 SPANM = 18,0	 0	 CROOT	 °l 6	 CTtP	 = Z .4	 t_-	 _

._,TGhH 
_._.^ , 

of	 -"i _ TCT^1' _^ .a39S .'	 xoM	 .3AC •'	 ,/G	
q...

CSARM = G	
..^- --

z	 r
ROC.„	 • 0, ^o.coz9	 SEXT	 •' 0,	 XEXT	 ._	 0-	 r	 IFLIX U
^ENn ^	

_..	 ra y•-__..	 _..—^
,_

^wdS z6.^	 0^9,
•OMAX •	 2.6 XLN	 - 9. (c3	 t'	 XL6	 w 21, 51'' 040	 XCG	 r 13.1

MR.	 • 42.25 •	 XOHOR R	 z 3,4	 ARH	 • 4- .,0	 SOH	 • z2.5
YHOR	 •	 0,	 IT	 =	 U .two-

^FLQMIN
' MNALF •	 z.o	 MXALF _ 40, 0	 INALF •	 2_c^	

•

MNXCO-A o.3' i ^iXXCV
_

 _ 79 --•'iN'XC0	 o .3
lkCO	 •	 U	 SNK __	 = 0,	 r
ALT y 	 • 3C oopl

&FACTOR'
PTOY L •	 1.	 r-	 PTOTO = 1 • 	 •	 PC"	 •	 1

XOyyPUT	 .
IDATA	 1 y	 ;TABL • 1	 •'-

LDISP • 1	 ,	 1	 .	 1	 .	 1

kl DD15P • l	 ,	 1	 1	 •

^7ALL-IfE.—CmC)to,.or2 . 025 q.0251,ozz -----
S*IOR ^ 0.

•

16



TABLE .
INPUT LQ srRuTTLE F IC (5. -u

TITS UP TO' S6 tHARACTlRS LONG ^--SHUTTLE OR1517ER

WRAPS
f4_._LMN^8 

0,6
ICDD	 n 	 1
COO	 90.0G4;0.aB(0?(cam, 0.1 1'00,0,143M,O,I' 1. 0.0 ,73 1 6, 4C^	 ^ .., _.	 _...	 ....

CLOG	 n -0.1	 , -0, 1 	-c^,^,-^. ^4,- 0.0^^, —^.o^,,	 J,`.)
COON	 n 7. X- 0. ,
SOB'• 010(0	 0,06 , 0,;9? , 0,/)4

__
- O,0.02	 j	 0,0

iTRIM • O
LENS
LWIN^IM

_

ALSLJ	 2

—	 —ilk T ItM
i.
1 NOW•	 - U, ZTRH p,2

MNSDW n 35.L	 •	 MXSOM = 35,Z •	 INSOM •	 I- • CLO s	 0• '	 f
SWING n 6̀7.1(o	 r	 SPANM = 14 . 05 ,	 CR OOT	 • 10, 3'''j ^	 .. , CT IP = 2.0W^,e, _... _ ,_.,

I	 TCbM ^ + 0, 11	 •	 TCT41 _ _= 0 , 1 1 ,.. XOMAC n .I. q • CAARW = 7,Z	 r
I	 ROC.	 n o.	 •	 SEXT	 w 37, % •	 XIXT	 n 	 ;,,. • IFLEX _	 I	 R

LENn

(	 ODMAX	 0	 •	 XLN	 = 0. •	 XL•	 • 0, ^ XCG r 12,5Y	 t

SMOR . 	r	 O. r)	 •	 XONOR = 19.0 •	 ARM	 •	 0. • SON • CU.
YHOR	 r U .	 •	 IT	 =	 c;c •

LFLQNIN
MNALF• L,O	 r	 NXALlF = 40.0 _• INALO •	 2.0 •
MNSCC_`r 0	 ;IXXtd_ = 1. ^^ i	 f NXCD	 S
1XCq	•	 O	 SHK	 =	 p . •
ALT V 	 n 50 X00 •

RFACTOR

MTDTL n 1^	 FTOTO = Z •	 PC"	 • _ 1 - -- • _	 __

k01lTPUT
IDATA • 1	 ;TABL n 1

LD ISP _ • l	 1	 1	 0 i	 .	 1. 1 •

DOWSP • 1	 I	 1 •	 •

fix.	 ;....
Rrc-t

Bo	
x^i c	 3a.9. M i

V 17
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MODEL_ F4 F5 L Al A2 A3 A4 A5 SHUTTLE

REFERENCE 1 2, 4 5 6,	 7

INPUT TABLE I II III IV V VI VII VIII IX

DATA FIGURE 2(a-e) 3(a-g)- 4(a-i) 5(a-o) 6(a-o) 7(a-o) 8(a-o) 9(a-o) 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 Oc -	 RANGE 0°	 to	 32° 0°	 to	 220 00	to 200 00	 to 60 0 00 to 330

MACH NUMBERS 0.9,`	 1.2 0.6,	 0.9,

1.1,	 1.2

0.5,	 0.8,

1.2,	 1.8

r- 0.6, 0.9, 1.2, 1.5, 2.0 —a 0.6,	 0.9,	 1.23,

1.6,	 2.0,	 4,.0,

8.0

(b) TEST CASE SUMMARY.

FIGURE 1. CONTINUED.



sow



40

XCD

- ' 0.9

	

1.2	
3 ^^ 4	 —^. 0.35

k	
1.0_

F

E	 .8
I
n, C L

^	

.6	

J	 \

	.4 	 EXPERIMENT

ESTIMATE
FLOW ZONES INDICATED

2	 3
2

k

E
ri
4

f`

	0	 4	 8	 12	 16	 20	 24	 28	 32	 36

OC

(a) CL VERSUS a; M	 0.9.

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



1.4 ^—

t
.8

CL
NN	 .6

.4

.2

0

a
(b) C L VERSUS OC; M = 1.2.

FIGURE 2.- CONTINUED.
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1.0

XCD
0.9

3 ./	 — —_.. —	 0.35
1.2

1.0'

8

CL

W	 6

4
EXPERIMENT
ESTIMATE
FLOW ZONES INDICATED

	

•2	 2

	0	 .1	 2	 .3	 .4	 .5	 .6	 .7	 .8	 9

CD

(c) CL VERSUS CD; M	 0.9.

FIGURE 2.- CONTINUED.



I

EXPERIMENT

ESTIMATE

.2	 FLOW ZONES INDICATED



1.4

1.2

/3 4

1.0

c

.8

CL

N /

EXPERIMENT'

— — ESTIMATE —	 --
`	 4
E

FLOW ,ZONES
-

INDICATED

f 3
.2

2

7
M = 0.9 / M =	 1.2

F4

0 -.1 -.2	 -.3	 -.4 -.5 0	 -.1 -.2	 -.3	 -.4

--	 -- -	 Cm Cm

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

FIGURE 2.- CONCLUDED.



EXPERIMENT
ESTIMATE

	

.2	 FLOW ZONES INDICATED

M = 0.6	 M = 0.9	 .- ---

vi
F5

	

0	 4_	 8	 12	 16	 0	 4	 8	 12	 16	 20	 24

a	 a
(a) CL VERSUS ix; M = 0.6, 0.9.

FIGURE 3. AERODYNAMICS FOR THE F5, J = 1,

'	 I
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/

i5
6

EXPERIMENT
/	 ---- ESTIMATE
/	 FLOW ZONES INDICATED

M = 1.2	 F5

-.2	 -.4	 -.6



1

	

1.0	
/TAILS

OFF 3

C L .6

W

	

.4	
3

2

EXPERIMENT

	

. 2 	 - ESTIMATE
FLOW ZONES INDICATED



f-

.4

E

3	 EXPERIMENT
2	

ESTIMATE
2	 FLOW ?ONES INDICATED

L

0	 4	 _8	 12	 16	 20	 24

J



I



a

(d) C E VERSUS a; M	 1.8.

FIGURE 4. CONTINUED.



.4
3

_2	 EXPERIMENT

ESTIMATE

2	 FLOW ZONE INDICATED

L

0	 .l	 .2	 .3	 .4	 .5	
.6	

7

CD

(e) C L VERSUS C D ; M = 0.5.

FIGURE 4.- CONTINUED,
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f

2	 EXPERIMENT

ESTIMATE
FLOW ZONES INDICATED

L

	

1	 l	 I	 !
0	 .1	 2	 .3	 .4	 .5	 .6

CD

(9) CL VERSUS CD; M = 1.2.

.7

FIGURE 4, CONTINUED.





-.2 -.4

_2 	
3	 EXPERIMENT

- ESTIMATE
FLOW ZONES
INDICATED

L

i

3



-/I---

1.

1.

1.

1

F
, N

	

	 JU

E

5 T

^

i
110	 0

5

31 OF

{

EXPERIMENT	 TAIL	 ESTIMATE

A	 b,ON
}---^-	 OFFF	

F
El O	 -

FLOW ZONE 3

Al

}	 io	 15	 ZO	 LJ	 3G	 o	 45	 50	 JS	 60

a_

(a) C L VERSUS CC; M = 0.6, J = 1

FIGURE 5.- AERODYNAMICS FOR MODEL Al ARW	 4, TRW	 0,



i.

I

1.

1

1.

1^

1

w - U
/ILA _	 +I

I

J I	 cl	 2	 J

EXPERIMENT	 IL	 ESTIMATE

i	

FLOW ZONE	
S'

k	 I	 ^

Al
4	

.2	 .4	 .6	 .8	 1,6	 1.2	 1.4
CD

(b) CE VERSUS CD; M	 0.6, J	 1.

FIGURE 5.- CONTINUED.
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5

4

3

0	 08	 ^	 o

9 °	 I
i

EXPERIM'ENT	 TAIL 	 ESTIMATEI

O L^ ON
D O	 OFF	 -

0	 0_

Al

u,	
-. l
	 -. 2	 -. 3	 -_ 4 ---55	 --RR	 --77	 --RR	 -_ 9

1.

1.

1.

1.

1.

1.

^	 JU



R

3 -^ .9

4 6

o

^

3

J=5

EXPERIMENT	 TAIL	 ESTIMATE

O	 ON
O O	 OFF	 — —

FLOW ZONE INDICATED	 —

v/
'

' I

40	 45



XCP

:.9

.6

y

O rT^ _6

_

Ile

o

_

—

-;

EXPERIMENT	 TAIL	 ESTIMATE

ON
O O	 OFF	 --

FLOW ZONE INDICATED	 i
^-- --

I L I ...L-11', ....
0	 . 1	 .2	 .3	

..a	
.5	 .5	 .7	 .8	 .9	 1.0	 1. 1

	
1.2	 1.3	 1.4

CD

	

(e) CL VERSUS CD; M = 0.9, J	 1.

FIGURE 5.- CONTINUED.



g_

j
EXPERIMENT	 TAIL	 ESTIMYATE

q O	 OFF
FLOW ZONE INDICATED

i

n'

-
u

A 1

G	 -. i	 -.2	 -.3	 -.4	 -.5	 -.6	 -.7 	 8	 -.9

Gm

(f') CL VERSUS Cm; M = 0.9, J	 1.

FIGURE 5.- CONTINUED.



- 1 r	 1	 2	 3	 4	 5	 6	 7	 8	 9 10 11 12 13 14 15 16 17 18 19 20 21
a

(9) CL VERSUS a M	 1.2, J _ 1.

T.

! , f

i

I	 _

^. + I	 ! EXPERIMENT	 .TAIL	 ESTIMATE

O	 OFF 
C I	 i FLOW ZONE 3 AND 4

Al

xcn

-9

.6

FIGURE 'S.- CONTINUED.



xCD

.93 4O

0

i.

EXPERIMENT	 TAIL	 ESTIMATE
O	 OFF

Al

0	 .65	 10	 .15	 .20	 .25	 .30	 .35

CD

(h) CL VERSUS CD; M = 1.2, J = 1.

FIGURE 5.- CONTINUED.

.40	 .45



0	 .02	 -.04	 -.06	 .08	 -.10	 .12	 -.14	 -.16	 -.18	 -.20	 -.22
cm

(i) CL 'VERSUS Cm; M = 1.2 J = 1.

^A

O

of

Of EXPERIMENT	 TAIL	 ESTIMATE

O	 OFF	 -
FLOW ZONE 3 & 4

Al

FIGURE 5.- CONTINUED.



-r	 .

''

1

I

- I

EXPERIMENT	 TAIL	 ESTIMATE

ON1	 ; f!
- O 0	 OFF	 --

FLOW ZONE 6

i

Al

l	 5	 10	 i5	 20	 25	 30	 35	 40	 45
	

50	 55
a

(J) C L VERSUS OC; M	 1.5, i = 5. a

FIGURE 5.— CONTINUED,



^

Y

^ o

i

EXPERIMENT	 TAIL	 ESTIMATE

0	 ON
O 0	 OFF	 —

FLOW ZONE 6

LE
Al

3	 . 1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0 1. 1	 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Co

(k) CL VERSUS C D ; M = 1.5, J	 5.

FIGURE 5.- CONTINUED.
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O
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I EXPERIMENT	 TAIL	 ESTIMATE
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O 0	 OFF	 -

FLOW ZONE 6
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1	 ^I

II
1

^^_

I

pl

EXPERIMENT	 TAIL	 ESTIMATE
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' A l
i
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I
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i

k Al



0	 . l	 2	 ,3	 .4	 .5	 .6	 7	 .8	 .9	 1.0	 1. 1	 1.2	 1.3
CD

	

(n) CL VERSUS CD; M	 2.0, J	 5.

FIGURE 5.- CONTINUED.

1.4	 1.5	 1.6 1.7

io

17 1 EXPERIME"NT	 TAIL	 ESTIMATE
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O O	 OFF — — —

FLOW ZONE 6

_ Al



1.6 .TrT

a
o

p oi ! )10001 ^-

EXPERIMENT	 TAIL	 ESTIMATE

ON
O O	 OFF

FLOW ZONE 6
-Q-} —

_

r

..0
Al

0	 -, 1	 -.2	 -.3	 -. 4	 -.5	 -.6	 -.7
	

-.8	 -.9	 -1.0 -1.1

Cm

(o) C L VERSUS Cm; M = 2.0, J	 5.

FIGURE 5.- CONCLUDED.
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1.5

1.4-

1.3-

1.2

1.1

1,0

f

.sJ
In

,E

.5

4

.3

.2

.1

0

I

o

a^ o
3 ^

{

EXPERIMENT	 TAIL	 ESTIMATE

a	 ON
0 0 	OFF	 -

FLOW ZONE 3

1

—
A2

0	 5	 10	 15	 20	 25	 30	 35	 40	 45	 50	 55	 60

a

(a) C L VERSUS 9; M	 0.6, J	 1.

FIGURE 6.- AERODYNAMICS FOR MODEL A2; ARW = 4, TRIG = 0.25.
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i

I

3 ^ I
O^_

^I

f EXPERIMENT	 TAIL	 ESTIMATE

0 L"	 ON
D O	 OFF	 - —

-

0

A2 

1.0	 1.2	 1.4
G CD

(b) CL VERSUS CD; M = 0.6, J 	 1.

1.6	 1.8	 2.0

FIGURE 6.- CONTINUED.



1.5

1-4-

1.J

I.2

f

-	 --

t

'
EXPERIMENT	 TAIL	 ESTIMATE

0 L	
ON

O O	 OFF	 —

i
t

A2

0	 -. 1	 -.2	 -.3	 -.4	 -.5	 -.6	 -. 7	 -,. $
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