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NATIONAL ADVISORY COMMITTEE FOR AERONKUQ%CS

RESEARCH MEMORANDUM

for the
Alir Materiel Command, U.S. Air Force
TESTS OF A FULL-SCALE MODEL OF THE REPUBLIC
XF-91 ATRPLANE IN THE AMES 40— BY 80-FQOOT WIND TUNNEL.-
FORCE AND MOMENT DATA

By Lymn W. Hunton and Joseph K. Dew

SUMMARY

Wind—-tunnel tests of a full-scale model of the Republic XF-9O1
airplane having swept-back wings and a vee tail were conducted to -
determine both the stability and control characteristics of the model .- -
longitudinally, laterally, and directionally. Configurations of the
model were investigated involving such variables as external fuel
tanks, a landing gear, trailing-edge flaps, leading—edge slats, and
a range of wing incidences and tail incidences.

INTRODUCTION

The Republic XF-91 airplane is a jet— and rocket-—powered inter-
ceptor fighter having a swept-back and inversely tapered wing and a vee
tail. In view of the problems of stability and control likely to be
encountered with such a unique design, the U.S. Air Force requested
thet an investigation be made of a full—scale model in the Ames LO— by
80—~foot wind tunnel. The first part of the investigation, reported in
reference 1, consisted of tests of the wing alone and of the wing—
fuselage combination. For the second part of the full-scale investiga—
tion, consisting of the determination of the general stability and
control characteristics of the complete model together with pressure
measurements over the wing fuel tanks and vee tail, the model was
modified slightly to make the configuration comparable to the current
design of the airplane. This modification was comprised of (1) a
change from a discontinuous to a continuous leading-edge slat, (2) a
replacement of the split flaps with plain trailing-edge flaps, (3) the
addition of a ventral fin, and (4) the reorientation of the rocket motors
in the tail. Presented in this repgrt are the results of only the
stability and control tests. Thef§§§9%§s of the pressure-distribution

measurements are to follow in a (A"§@%report.
“, "r/f’ S




© CONFITENTTAL NACA RM No. SASCO:

SYMBOLS

The results of the tests are presented as standard NACA coeffi—

cients of forces and moments. All force data are referred to the
wind axes and all moment data are referred to the stability axes
originating at a center—-of—gravity position located on the wing chord
plane and at 0.18 mean aerodynamic -chord. The positive directions

of the stability axes, of angular displacements of the airplane and
control surfaces, and of forces and moments are shown in figure 1.
The coefficients and symbols are defined as follows:

o}

1ift coefficient '\l.l-élil>
q
/
drag coefficient Q£%§§>
q

de force\
as

gside—force coefficient <%i

pitching-moment coefficient <élt0hlng mament)
qst

yawing-moment coefficient (yaving moment)

gSh

rolling-moment coefficient (folllnggmoment\\
a

hinge-moment coefficient (hlnggqﬁoment>

rate of change of pitching-moment coefficient with
incidence of the tall, per degree

wing span measured perpendicular to plane of symmetry, feet

local wing chord, feet

Jfb/zcad;\

wing mean aerodynamic chord —j%ﬁﬁ?-_— , feet
JF cdy
o}
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NACA RM No. SA9COL CONFIDENTTIAL

w

1g

incidence of the wing to the fuselage reference axis,

degrees

incidence of the tail to the fuselage reference axis,

degrees

first moment of control—surfaoe area aft of hinge line

about hinge line (MéR = MéL =

22.11 £t9)

38, = =
5.06 ££%; Mpp = Moo

free—stream dynamic pressure, pounds per square foot

wing area, square feet

lateral coordinate, perpendicular to plane of symmetry, feet

angle of attack of fuselage reference axls, degrees

angle of attack of wing chord plane, degrees

angle of gideslip, degrees

angular deflection measured perpendicular to hinge line,

degrees

Subscripts

aileron

single elerudder surface, or both elerudder surfaces

used for pure elevator action

both elerudder surfaces used for pure rudder action

plain trailing-edge flaps
left

right
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I ‘ CONFIDENTIAL NACA RM No. SASCOL
MODEL AND EQUIPMENT

The full-scale model of the XF-9l airplane used in these tests
wes basicglly the same model used in the tests reported in reference
1 with the exception of the following modifications: (1) the lower
two rockets, formerly grouped side by side just below the jet exhsust
pipe, were rearranged with their axes in a vertical plane, (2) s
ventral fin was installed, (3) a vee tail was installed, (4) the former
split trailinge-edge flaps were replaced by plain trailing-edge flaps,
and (5) the full-span drooped-slat installation was modified to
eliminate the former midspan discontinuity reported in reference 1.
Detailed pertinent dimensions of the complete model are presented in
table I, and in figure 2 is shown a three-view drawing of the model,

The wing had a sweepback of 37.5° of the one~querter chbrd line
and was inversely tapered., The incidence of the wing with respect
to the fuselage axis was adjustsble from 0° to 6°. A detailed
description of the wing layout cen be found in reference 1; a table
of section ordinates 1s given in flgure 3.

The wings were equipped with two auxiliary—1ift devices: partial-
span, trailing-edge, plain flaps and full-span, leading-edge, drooped
slats. The plain flaps were constant-percent chord and could be
deflected to.30°, 40°, or 50°, The drooped slats had a constant-
percent chord and were extendéd forward and rotated downwardly as
shown by the detailed sketch of the slat configuration given in
figure 4, Because of this constant extension along the span, in
conjunction with the cohstent-percent chord of the surface, the slat
trailing edge at the inboard part of the wing was ahead of the leading
edge of the fixed part of the wing; to evaluate this effect, a temporary
modification of the slat trailing edge was made to obtain a constant
overlep. (See fig. k4.)

The ailerong on the model had a constant-percent chord and were
internally balanced and sealed as shown in .figure 4, The balance area,
including one-half of the seal mrea and allowing for cutouts, was
equal to 30 percent of the aileron area aft of the hinge line.

The vee-tail surfaces on the model had 38o of dihedral, were
untapered, and had 400 of sweepback in the plan view. The incidence
of the vee tail was adjustable to fixed settings of —2.2°, 0°, or 1.8° .
in a vertical plane through the axis of symmetry. The section ordinates
are presented in table IT. The elerudders vere internally sealed and
balanced, and had a chord aft of the hinge line of 30 percent of the
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NACA RM No, SA9COh CONFTIDENTIAL s

tail surface chord. (The balance area including one-half of the
seal area was about 29 percent of the elerudder area aft of the
hinge line). A trim tab was located on the right elerudder. A
cross section of the tab is shown in figure 4 and detail dimensions
i are given in table T,

The right aileron and both elerudders were each equipped with
an electric actuator, a selsyn-type indicator, and an electrical
resistance~type strain gage for remote control, indication of deflec—
tion angle, and indication of hinge mament, respectively.

Additional equipment on the model included two Jettisonable
external fuel tanks and a tricycle landing gear. The external tanks
were mounted on fairing struts bensath the wing and at an incidence
of ~U° to the wing as shown in figure 2, The landing gear, with dual
main~gear wheels in tandem, retracted outwardly into the tip of +the
Wing. ;

Shown in figures 5(a) through 5(c) are photographs of the
ingtallation of the model in the tunnel test section. The conven-—
tional three-—-gtrut support system was used, but the direction of the
supports were reversed in the.air stream in order %o gain additional
E angle-~of-attack and angle~of-sideslip ranges.

. TESTS
All the tests were performed at an average dynamic pressure of
approximately 40 pounds per square foot, which for sea—level condi-
tions corresponds to a velocity of about 125 miles per hour and a
Reynolds number of 11.5 X lO6 baged on the wing mean aerodynamic
chord of 10,59 feet, :

! Stability tests, for the various configurations of the model,
| were conducted (1) through an angle-—of-attack range from —2 +to the
! wing stalling angle at constant angles of sideslip and (2) through
an angle~of-sideslip rangs from 4° to -12° at constant angles of
attack.

Control studies of the alleron and elerudder, for various

; configurations of the model, included (1) tests through an angle—

; of-attack range with fixed angles of control-surface deflection and
(2) tests through a range of control-surface deflections at constant
angles of both attack and sideslip. Only the right aileron was
tegted.

CONFIDENTIAL




6 ‘ CONFIDENTIAL NACA RM No. SA9COL

CORRECTIONS

All the test data have been corrected for jet—boundary effects
and inclination of the air stream, The wall corrections added to the
angle of attack, drag coefficients, and pitching-moment coefficients
were as follows:

Lo = 0,706 Cy,

Ay

B

0.016 Cp

(The correction to the pitching-moment coefficient is based on aﬁ”
assumed value of dCp/diy = -0.03. Since the actual tail-incidence

data subsequently obtained and shown herein indicate a lower value,
the longitudinal-stability results thus presented are slightly in
error equivalent to a forward shift of the neutral point of 0.9
percent mean aerodynamic chord.)

No tares of the support struts were applied to the data reported
herein. With the exception of the drag tare, the tares are known to
be relatively small. In reference 1, the drag tare was reported to
be of the order of 0.,0030 at zero lift. However, for the present
tests as a result of the presence of large bundles of tubing taped
around the support-strut tips, the drag—coefficient tare increased
to approximately 0.0120 at zero lift for all the test configurations
except those involving the wing tanks. Since the tanks shrouded the
struts a significant reduction in the drag tare would be anticipated,
although the order of magnitude of the reduction is not known owing
to the questionable extent of interference effects betwesen the tank
and the support-strut fairing.

RESULTS AND DISCUSSION

An outline of the model configurations tested, the results
presented, and the figures in which the results may be found is
given in table III. Throughout the results presented herein, unless
noted otherwise, the following notation: gear, drooped slats, or
flaps will denote the complete landing gear fully extended; the
full-span, leading-edge drooped slats deflected as shown in figure
L; and the trailing-edge plain flaps deflected 40° s respectively.

CONFIDENTIAL
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Stability Characteristics

The results of the investigation of the general stability
characteristics of the various model configurations involving
combinations of the tanks, gear, drooped slats, and flaps are
presented in figures 6 to 26, Since the original design of the
airplane called for a veriable incidence of the wing (6 for take-
off, landing, and high-altitude cruise; 0° for climb and high-
speed at low altitude), data were obtalned throughout this investi—
gation, at either or both 0° and 6° incidence of the wing, depending
on the configuration under test. In figures 17 and 18 is shown
the effect of the partially extended right landing gear on the air-—
plane (simulating a malfunctioning gear). A sketch is included in
the figures detailing the gear position relative to the wing. In
figure 21 are presented the results of tests of the drooped-slat
modification (fig.4) consisting of an extenmsion of the slat trailing.
edge. As ig evident in the data, the addition of the extension strip
did not alter the efficiency of the drooped slat as an auxiliary-lift
device,

With the addition of the complete gear to the model there
occurred an unstable break in the pitching-moment curve at a lift
coefficient of about 0,7. In figure 10, only slight indications of
thig break appear in the data; whereas in figure 12, which shows
data obtained with the drooped slat deflected, the abrupt change in
stability is clearly evident. ‘Because of this stability change, a
few additional tests were initiated in an attempt to isolate the
particular part of the gear responsible for the trouble. The results
of these additional tests are presented in figures 27 to 31. By
systematically removing various parts of the gear it was found that
the btreak in stability was atiributeble mainly to the large main-—
gear doors, as may be seen in figure 27. Tests of the main-gear
doors alone, shown in figures 29 and 30, indicated an unstable ghift
in the neutral point of approximately 4 percent at a 1lift coeffi-
cient of about 0.75, either with tail on or tail off. Thus, the
likelihood of a change in downwash at the tail due to the doors may
be excluded from the problem. Instead, therefore, the problem would
appear to be associated with a shift in location of the aerodynamic
center of the wing caused by a redistribution in wing loading. Owing
to the angular position of the gear doors (giving a drooped—tip
effoct), it is believed that separation occurred at the leading edge
of the door when the wing was at an attitude of about 6° (CL = 0.75)
which would then spoil the flow over the relatively large tip of the
wing. Such a flow condition, although not extensive enough to be

evident in the over-all lift— and drag-force results, could nevertheless

CONFIDENTTAL



8 ! CONFIDENTTAL NACA RM No. SASCO4

shift the center of pressure inboard, resulting in a desta—
bilizing pitching moment,

The tail—off stability of the model, both in the clean condition
and with gear, drooped slats, and flaps, is indicated by the data
presented In figures 32 to 35, The basic model for these tail-off
tests differs from that reported in reference 1 by the addition of a
ventral fin and the relocation of the rocket motors as described
previously in this report.

Control Characteristics

The effectiveness of the right aileron for several different
configurations of the model is indicated in the results presented in
Tigures 36 to 53. Included in the investigation were tests to deter—
mine the effect of a partially extended gear on the aileron effec—
tiveness and hinge-moment characteristics. These results are shown
in figures 42 to 4k,

The characteristics of the vee tail are given in figures 54 to
72. For the majority of this investigation, tests were conducted on
only the right elerudder. Through such a test procedure both the
longitudinal—~ and directional—control characteristics ave obtained
simultaneously. PFurthermore, the data in this form ars believed to
be of greater value for purposes of a detailed analysis of the vee—
tail control problem than would be the case if the results were in
the form of a composite of two differentially deflected surfaces.
However, since the results of such a test procedure would be open
to question as regards the effects of interaction, a few additional
tests were conducted on the effectiveness of the complete tail (both
right and left elerudder surfaces) operated for pure elevator action
(fig. 71) and for pure rudder action (fig. 72). By a comparison of
these results with those of the single elerudder surface, it was
found that the effects of interaction were virtually nonexistent.

The effectiveness of either a variable wing incidence or a
variable tail incidence as a longitudinal~control device is shown
in figures 73 to 75 and 76 to 77, respectively, for several configura—
tions of the airplane,

Ames Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif,
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REFERENCE

1, Hunton, Lynn W. and Dew, Joseph K.,: An Investigation of the
Wing and the Wing-Fuselage Combination of a Full-Scale Model
of the Republic XP-91 Airplane in the Ames 40— by 80-Foot
Wind Tunnel, NACA ?%E?No. SA8F09, 1948,
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: TABLE I

MODEL DIMENSIONS

Wing
Area, 8q Ft (BrUe). v v v v v v 4 o s e o o 0 b s e e e s 320
5 SPANZ, Tt o v o 4 o o o o o o o o o o o s o s o s o e o o s 31.33
Sweep of 0.25-chord line deg., « « « « ¢ o o o o o o o « o . 37.5
Mo A, Coy Tt 0 0 v 4 e o o o o o o s s s o o s a o s o« o 1059
\ Aspect ratio . . ¢ 4 . v v e s e e e e s st e e n e s 3.07
‘ Taperrati%(inverse)................... 1.63
Root chord™ £t . . . . « ¢ & ¢ «o & e s s s e e s e e s 7.92
Tip chord, £t v v v o o o o o v v o v o o o« o s o o o« o o 12,88
5 Dihedral, AE.: o + o o o « o ¢ o o o s o s s o ¢ ¢ o o o o 0
Twigt, ABE. v ¢ o ¢ « o ¢ o o 2 s o o s o s s 2 s s o s o 0

Drooped Slat (retracted — — one side)

2

Span, ftl L ] - . » . Ed L] L] » * . . L] L] . L . * * . » R4 * » Ll 12l60
Chord, percent wing chord . . + + o v & ¢« ¢ 5 ¢ » o o & o » 15,3

Aileron (one surface)

Avea, aft of hinge line, s £t . . ¢ v v « v o ¢ o « o o » 19,14
2 Span, ft - - . . . » L L2 [ ] * * L] * . L] L] L] L] * . ? L2 ® L) . L 6 a 13
= Chord, aft of hinge line at inboard edge, ft. ., v o « o & & 2,86
Chord, aft of hinge line at outboard edge, ft . . . . . . . 3.39
Area of structural balance plus one half seal area, sq ft . 5.7
% mflection I’ange, d-eg o & 5 e & o * e @ 8 % e+ e ® » o W e e 118
Plain flap (one surface)
& ChOI‘d., peI‘Gen‘b Wing " e e 2 ¢ & ® o & s © & e © & * e s 8 27
Span, percent WiNg . . o . ¢ 4 0 0 b s e e s 0 e s e e L1

Deflection, deg . . ,30, 40, and 50

.

2p11 spans are measured perpendicular to the plane of symmetry unless
otherwise noted. ‘

a 3A11 chords are measured parallel to the plane of symmetry.
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% TABLE I.— CONCLUDED

MODEL DIMENSIONS

Fupennage (total)

Avea, sq ft
Ex
True » L] - L] * . 1 2 - . . . ° L] * - * * ° L L] . L] L[4 L4 - L) 80000
Horizontal projection .+ + « o o o o o o o o o o o « o » 63,0k
é Vertical pI‘OJGGtiOl’l . e ® & ® ©o % e 9 e & o @ ® o & e 2“"9 -25
Span’ ft ° . . L] L - L L] - L] . » L L] & . * L L L L] L] . 16030
Sweep, (plan view) deg e e s e e e s e e e s e e e e e Lo
?% Mo Ao C ft . » . ) - . . . . . . . . » L] . L] * . * . . . 3-93
Taper ratio s e s e s s e s e s e e e e s e s e e e e e 1
Dihedral, 468 « « o o o » o e e b e e e e e e e e e 38
M. A. C, distance above fuselage reference line, ft . . . 1.33

%

M. A, C. distance measured perpendicular to plane

of Symmetry, £ v v v v v 4 o e 0 s 0 e e s e e s e 4,07
Digtance from 0.25 M. A, C. of wing to 0.25 M. A, C,

OF 811, £t o v v o v o o o o o o e e s e e e ... 1671

Elerudder (one surface— — measured in plane of surface)

Ares, aft of hinge Yline, sq £t . . . « « « « .+ . . . o » 10,23
 Span, perpendicular to fuselage reference line, It e s e e 8.67
Chord, aft of hinge 1ine, £ . ¢ ¢ « ¢ v « o o o o o = s & 1,18
Deflection 1ange, 482 .+ « o« « o« o o o « o o « o o v + » =35 %025
p Area of structural balance plus one-half seal area,sq ft . 2.99
Inboard edge location from fuselage reference line, ft . . 1.00

Elerudder trim tab (right surface— — measured in plane of surface)

Area, S Tt v v v v v b e b e e e e e e e e e e e e e . 131
Span, perpendicular to fuselage reference line, ft v e s 2.64
Chord, aft of hinge 1ine, £t « v « o o« + « o o o o o v o o 0.49
Deflection range, d6g€ .+ ¢ « o o s ¢ o o ¢ o o o o 0 ¢ o o +20
Inboard edge location from fuselage reference line, ft . . 1.00
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N TABLE IT

VEE TAIL ORDIMATES

VEE TAIL {
3 STATION | ORDINATE
PERCENT PERCENT
CHORD CHORD
B 0.5 0.788
A5 .96h
1.25 1.240
% 2.5 1.740
5.0 2,421
7.5 2.915
10. 3.307
20. 4,330
25, - 4,635
30. L 841
35. 4,961
Lo, 5,000
L5, 4,960
- 50. 4,839
0 55. 4,635
60. i, 3k
65. 3.979
@ T0. 3.536
75. 3.078
80, . 2,583
85, 2,007
4 - 90, 1.369
95. 605
96, .558
98. .280
& 100. 0
L.E. radius: 0.625
percent chord
@ T.E, angle: 16,11°
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TABLE III

INDEX TO THE BASIC DATA FIGURES

Wing ! [
General Configuration Incidence Data Presented Variable Fig.
' (deg) No.
Stability
Clean 0 Cp @ Cp Cy Cpy Cy vs Cy, B 6
6 do g | 6
0 CyCi1CnCrLCpvs B a i T
6 do o T
Tanks 0 Cp o Cpy Cy Cn C1 vs CL, B 8
0 CYCT; CnCLCmVSﬁ a g
|
Tanks + gear 0 |Cp @ Gy Cy Cp Cy s Cf, B 10
0 '0y Cy Cp Cp, Cpy v B a 11
t
: .
Tanks + gear + drooped slats 0 Cp @ Cp Cy Cp Cp V8 Cf, B 12
6 ' do B 12
0 |Cy Cq Cp Cp, Cy vs B @ | 13
6 do o 13
Gear + drooped slats 6 Cp « Cp ve Oy, B g 14
Gear + drooped slats + flaps 6 Cp @ Cpy Cy Cp Cy Vs Cp, B | 15
6 Cy C1 Cn CL, Cp vs B a i 16
Partial gear + drooped slats + flaps 6 Cp o Cp Gy Cpy Cy vs Cp, 8 % 17
6 Cy C1 Cn CL, Cm ve B a i 18

:
:
:
E



TVIINFITANOD

TABLE IIY,— CONTINUED

Wing s
General Configuration Incidence Data Presented Variable g;g.
(deg) ' ’
Stability
Drooped slats + flaps 0 CpaCyCy Cp Cy vs Cy B 19
x 6 do B 19
g 0 CY C'L Cn‘ CL Cm vs ﬂ o 20
i 6 do a 20
! 6 Cp @ Cp vs Cp, glat modi~ 21
? fication
} Drooped slats 0 CpaCy Cy Cp Cy vs Cp, 8 22
: 0 Cy Cy C Cp, Cpy vs B a 23
Clean 0 Cp @ Cpy Vs O, 5p 2k
Flaps 0 Cp @ Cp Cy Cp Cy va Cp B 25
0 CY cz Cn CL Cm vs B o 26
Stability (Gear btreakdown)
Trooped slats + flaps 6 Cp @ Cp vs Cp, gear 27
parts
Prooped slats + flaps + gear — main 6 Cy Cy Cp Cp, Cpy Vs B a 28
gear doors
DProaped slats + f£lapa 6 Cp @ Cp Vs Cp, main gear 29
doors
Drooped slats. + flaps — tail do do 30
Drooped slats + flaps — tail + gear do oleo strut; 31

doore:.

:
g
:



i
% General Configuration
i

| Stability (Tail off)

00

TYLINATT N

TABLE III.~ CONTINUED

Clean

{
i
|
' Cear + drooped slats + flaps

| Control (Aileron)

Clean

Gear + drooped slats + flaps

Partial gear + drooped slats + flaps

Drooped slats + flaps

|
|
|

Wing |
Incidence Data Presented
(deg) i
| o S B
|
0 | Cp & Cy Cy Cp Cq vs Cp,
i
6 ;CDa‘CmCY CnCz vs CL
6 ! Gy €y Cp Cp, Cp Vs B
|
0 Loy Cp O Cp, Vs Cp
0 ! C,CpnCyCy vs D
nvm >l “hy a
0 ; do
6 oy Cp Cy Oy VS O,
6 | On Cn C3 Cn, V8 B
6 l do
6 @ Oy Cq Oy Cp_ vs Cp,
| |
6 : Cn Cm CZ Cha vs 6&
- 6 ‘ do ,
% ‘
6 ICLCanC'L Cha vs CL
i
6 i Cp Cp Cq cha ve B,
6 ! do

Variable

32
33

34
35

36
37
8
39
Lo
L1
k2
43
by
45
46
b7

:
8
=
:



TABLE III.- CONTINUED

Wing | s
General Comfiguration Incidence Tata Presented Variable | 218
(deg)  fo.
Control (Aileron) i
i
Drooped slats 0 a Cy Cp Cy Cha vs Cq, B4 ; 48
0 Cy Cy €3 Cp, V8 Oy a ko
0 do a,B .50 }
Fl 0 « G, C,Cy Cy vsC & 51|
. aps m “n “1 “hy L a ' > o
% 0 Cp Cp Cy Cp, V8 By o N %
“g'* do a,B l 53 ; fg
= Control (Elerudder) , .=
: e =
g | |
gl Clean 0 o Cz CY Cm Cn Che vs CL 68 : 5)4 ! E
0 Cn Cm Chg CL CY C1 Vs B a 5N
0 do a,B . 56 |
o Cp Cy Cp Cy Cy V8 B B 5T !
0 i aCpCpCy vs Cp BiabsOe 58
e : !
0 Cn Cm Che va 86 Btab f 59 %
‘ i ;
; !
Tanks 0 a Cy Cy Cp Cp Cp, Vs Cy, B i 60 %
Cp Cm Ch, CL Cy C1 Vs B | 6L |
Cn Cm Chg Cy C1 vs Be a,B ) 62 !
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TABLE ITI.~ CONTINUED

I
I

Wing : .
General Configuration Incidence Data Presented Variable Fig.
(deg) To.
Control (Elsrudder)
Tanks + gear + drooped slats 6 a Cy Cy Cp Cp Che ve Cp, 8 63
6 Cn Cm Che CL CY 01 Vs 66 & 6)4-
6 "do o, B 65
6 Cn Cm Che CY Cl s B 83’“’ 66
Gear + drooped slats + flaps 6 o Cq Cy Cp Cp Cp_ vs O R 67
e
6 Cn Cm Cn, C1 Cy Cy Vs B o 68
6 do a,B 69
6 Cn Cm Che CY C'L vs 6 Se,oc 70
Control (Pure elevator action)
Tank 0 Cn Cm Che CL, Cy C1 vs g a TL
Control (Pure rudder action)
Tank 0 Cp Cq Cn, Op, Oy G V8 By o,B 72
Control (Wing incidence)
Clean — Cp @ Cm Che vs CL iy T3
Tanks + gear + drooped slats — do 1y 4
—_ do i, ™

Gear + drooped slats + flaps

-
g
5
B
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TABLE IITI.—~ CONCLUDED

Wing .
General Configuration Incidence Data Presented Variable Fig.
(deg) No.

: i |

Control (Tail incidence) i ;
Clean 0 Cp a Cp che vs Cy, ig 76
Gear + drooped slats + flaps 6 ' do ig 7

-
gv
:
E
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FIGURE LEGENDS

Figure 1.- Sign convention for the standard NACA coefficients. All
forces, moments, angles, and control-surface deflections are shown
as positive.

Figure 2.—- Three-view drawing of the Republic XF-91 full-scale model.
i Figure 3.— Details of the Republic XF-91 inverse~taper wing.
Figure 4,— Drooped slat, aileron, and elerudder cross sections.

]

: Figure 5.— Views of the test installation of the full-scale model of

| Republic XF-91 in the Ames 40— by 80-foot wind tunnel. (a) Three—
quarter front view of the clean model,

Figure 5.- Continued, (b) Front view of the model with tanks at a
negative angle of sideslip.

Figure 5.—~ Concluded, (¢) Three—quarter rear view of model with the
gear, flaps, and drooped slats extended,

Figure 6.- Asrodynemic characteristics in pitch of the model at

various angles of sideslip. Plain wing. (a) iy, 0° Cp, a,
Cm ve Cp.

Figure 6.-Continued. {b) iy, 0°; Cy, Cn, Cy vs Cr,.
Pigure 6.~ Continued. (¢) iw, 6°; Cp, a, Cpm vs CL.
Figure 6.— Concluded. (d) iy, 6%; Cy, Cp, Cy vs Cp.

Figure T.— Aerodynamic characteristics in sideslip of the model at
various angles of attack, Plain wing, (a) iys 095 Cy, Cys Cp vs B.

Figure 7.— Continued. (b) iy, 0°; Cy, Cm vs B.
Figure T7.— Continued. (c) iw, 6°; Cy, C3, Cn vs B.
Figure 7.— Concluded. (&) iy, 6°; Cy, Cy vs B.

Figure 8.— Aerodynamic characteristics in pitch of the model at various
angles of sideslip. External tanks; iy, 0°. (a) Cp, @, Cm vs CL.

Figure 8,~ Concluded., (b) Cy, Cp, Cy vs Cg.

Figure 9.— Aerodynamic characteristics in sideslip of the model at various
angles of attack. External tanks; iy, 0°. (a) Cy, Cy, Cm vs B.

Figure 9.~ Concluded. (b) Cr, Cm ve B.
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Figure 10.— Aerodynamic characteristics in pitch of the model at
various angles of sideslip. External tanks; gear; i, 0°,
(a) Cp, o, Cm ve CL. '

Figure 10.— Concluded. (b) Cy, Cp, C, vs Cr,.

Figure 11.— Aerodynamic characteristics in sideslip of the model at
various angles of attack. External tanks; gear; iy, 0°.
(a) Cy, C;, Cp vs B.

Figure 1l.~ Concluded. (b) Cy, Cp vs B.

Figure 12.— Aerodynamic characteristics in pitch of the model at
various angles of sideslip. External tanks; gear; drooped slats,
(a) iy, 0% Cp, a, Cp vs Cp.

Figure 12.— Contimued. (b) 3w, 0°; Oy, Cpn, C1 vs CL.
Figure 12,— Contimued. . (¢) 1,, 6% Cp, a, Cp vs Cp.
Figure 12.— Concluded. (d) iy, 6°; Oy, Cn, Cy vs Cp.

Figure 13.~ Aerodynamic characterisitcs in sideslip of the model at
various angles of attack., ZExternal tanks; gsar; drooped slats.
(a) 1y, 0% Cy, Cy, Cy vs B.

Figure 13.— Continued. (b) i, 0%: Cp, Cp vs B.
Figure 13.- Conmtinued. (c) iy, 6°; Oy, Cy, Cp vs B.
o]

Figure 13.- Concluded. (d) iy, 6 ; Cp, Cp vs B.

Figure 14 .- Effect of plain flap angle on the aerodynamic character-
istics of the model in pitch. Gear; drooped slats; lw, °,

Figure 15.— Aerodynamic characteristics in pitch of the model at
various angles of sideslip. Gear; drooped slats; plain flaps.
4o%; iy, 6°. (a) Cp, @, Cm vs CL.

Figure 15.~ Concluded. (b) Cy, Cp, Cy vs Cyp,.

Figure 16 .~ Aerodynamic characteristics in sideslip of the model at

VaflO%S angles of attack. Gear; drooped slats; plain flaps, 40°%;
iys 6. (&) Cy, Cy, Cy vs B.
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Figure 16.— Concluded. (b) Cy, Cp vs B.

Figure 17.— Aerodynamic characteristics in pitch of the model at
various angles of sideslip. R(i)ght gear partially extended;
drooped slats; plain flaps, 40°; i, 6°. (a) Cp, a, Cy vs Cy.

Figure 17.— Concluded. (b) Cy, Cp, Cq vs Cy.

Figure 18,~ Aerodynamic characteristics in sideslip of the model at
various angles of attack. Right gear partially extended; drooped

slats; plain flaps, 40%; i,, 6°. (a) Cy, Cy, Cp vs B.
Figure 18.— Concluded. (b) Cy, Cp vs 8.

Figure 19.—~ Aerodynamic charactei'istics in pitch of the modei at
-various angles of sideslip. Drooped slats; plain flaps, 4o°,
(a) i, 0% Cps @, Cp vs Cp.

Figure 19.— Continued. (b) iy, 0%; Cy, Cp,Cy vs Cp.
Figure 19.— Continued. (c) iy, 6% Cp, @, Cy vs Cp.
Figure 19.— Concluded. (d) iy, 6°; Cy, Cp, Cy vs Cp.

Figure 20.— Aerodynsmic characteristics in sideslip of the model
at various angles of attack. Drooped slats; plain flaps, 40°.
(a) iy, 0°; Cy, C1, Cn vs B. -

Figure 20.— Continued, (b) i, 0% Crs Cp Vs B.

Figure 20.~ Continued. (c) i, 6°; Cys Cy5 Cp vs B.

Figure 20.— Concluded. (d) i, 6°; C1,, Cp Vs 8.

Figure 21,-~ Effect of the drooped slat modification on the aero—
dynamic characteristics of model in pitch. Plain flaps, 40°;
iy, 6°.

Figure 22,~ Aerodynamic characteristics in pitch of the model at
various engles of sideslip. Drooped slats; i, 0°. (a) Cp,
a, Cy vs Cq,.

Figure 22,~ Concluded. (b) Cy, Cp, Cy vs Cy.

Figure 23.~ Aerodynamic characteristics in sideslip of the model

at various angles of attack. Drooped slats; iy, 0°. (a) Cy,
CRJ Cn vs B, :
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Figure 23.~ Concluded. (b) Cp, Gy vs B.

Figure 24,— Effect of plain flap angle on the aerodynamic character—
istics of the model in pitch. i,, 0°.

Figure 25.— Aerodynamic characteristics in pitch of the model at
various angles of sideslip. Plain flaps, 40%; i, 0°.
(a) Cp, @ , Cp vs Cp.

Figure 25.~ Concluded. (b) Cy, Cp, C1 vs Cp.

Figure 26.~ Aerodynamic characteristics in sideslip of the model at
various angles of attack. Plain flaps, 40°; i, 0°. (a) Cy, Cy,
Cn vs B.

Figure 26.~ Concluded. (b) Cr, Cy vs B,

Figure 27.*-Effe¢t of different parts of the gear on the aerodynamic
- characteristics of the model in pitch. Drooped slats; plain flaps,
h‘oo; jw) 600

Figure 28.— Effect of the gear with main gear doors removed on the
aerodynamic characteristics of the model in sideslip. Drooped
slats; plain flaps, 40°; iy, 6°. (a) Cy, Ci, Cn vs B.

Figure 28,~ Concluded. (b) Cp, Cp vs B.

Figure 29,— Effect of the main gear doors on the aerodynamic character-—
istics of the model in pitch. Drooped slats; plain flaps, 40°;
; 0
i,, 6°.

Figure 30,- Effect of the main gear doors on the aerodynamic character-
istice of the model in pitch with tail removed, Drooped slats;
plain flaps; L0O%; i, 6°.

Figurs 31.— Effect of the main gear oleo-strut doors on the asrodynamic
characteristics of the model in pitch with the tail removed. Gear;
drooped slats; plain flaps, 40°; iy, 6°.

Figure 32.- Aerodynamic characteristics in pitch of the model with
tail removed at various angles of sideslip. Plain wing; iy, 0°.
(a) Cp, a, Cp vs CL. ‘

Figure 32.— Concluded. (b) Cy, Cp, C1 vs Cyp.
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Figure 33.— Aerodynamic characteristics in sideslip of the model with
tail removed at various angles of attack. Plain wing; iy, 0°.
(a) Cy, Cy, Cpy vs B.

Figure 33.— Concluded. (b) Cy, Cp vs B.

Figuré 34 .~ Aerodynamic characteristics in pitch of the model with
tail removed at various angles of sideslip. Gear; drooped slats;
plain flaps, 40°; 1y, 6°. (a) Cp, a, Cm vs CL.

Figure 3k4.- Concluded. (b) Cy, Cn, Cj vs Cr,.

Figure 35.~ Aerodynamic charactéfiaﬁics in sideslip of the model with
tail removed at various angles of attack. Gear; drooped slats;
plain flaps, 40%; iy, 6°. (a) Cy, Cy, Cy vs B.

Figure 35.— Concluded. (b) Cp, Cp vs B.

Pigure 36.— Effect of fixed deflections of the right aileron on the
aerodynamic characteristics of the model in pitech, Plain wing;

iw, 0°. (a) &, Cp, Cp vs Cr.

Figure 36.— Concluded. (b) C1, Cy, vs Cf,.

Figure 37.— Variation with right aileron deflection of the aerodynamic
characteristics of the model at several angles of attack. Plain
wing; iy, 0°. (a) Cn, Cns ve Bg.

Figure 37.- Concluded., (b) Ci, Cp, vs 3a.

Figure 38.- Variation with right aileron deflection of the aerodynamic
characteristics of the model in sideslip at several angles of attack.
Plain wing; iw, 0°. (a) Cpn, Cp vs Ba.

Figure 38.- Concluded. (b) Cy, Cpy vs Ba.

Figure 39.— Effect of fixed deflections of the'rlght aileron on the
aerodynamic character:stlcs ofothe model in pitch. Gear; dxrooped
slats; plain flaps, 40%; iy, 6°. (a) «, Cy, Cn vs CL.

Figure 39.- Concluded. (b) Cy, Cp, vs CL.

Figure 40.— Variation with right aileron deflection of the asrodynamic

characteristics of the model’ at several angles of attack. Gear;
drooped slate; plain flaps, 40°; iy, 6°. (a) Cns Cm vs Ba.
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Figure 40.— Concluded. (b) Cy, Cp, Vs Ba.

Figure 41.— Variation with right aileron deflection of the aerodynamic
characteristics of the model in 51deslip at several angles of attack.
Gear; drooped slats; plain flaps, 40°; iy, 6°. (&) Cn, Cm vs B8a.

Figure 41,~ Concluded. (b) C1, C, vs B .

Figure 42.— Effect of fixed deflections of the right aileron on the
aerodynamic characteristics of the model in pitch. Right gear
partially extended; drooped slgts; plain flaps, 40°; iy, 6°.

(a) o, Cp» Cpn vs Cr.

Figure 42,— Concluded. (b) C,, Oy V8 Cq,.
Figure 43, Variation with right aileron deflection of the aerodynamic
characteristics of the model at several angles of attack. Right

gear partially extended; drooPed slats; plain flaps, 40%: iy, 6°.
(a) Cn, Cm vs Bg.

Figure 43.~ Concluded. (b) Cy, Cn, Vs Ba.

Figure 44, Variation with right aileron deflection of the aerodynamic
characteristics of the model in sideslip at several angles of attack
nght gear partially extended; drooped slats; plain flaps, 10%; HERTT
6 . (a) Cn, Cp ve Bg .

Figure 44 .- Concluded. (b) Cy, Cp, Vs Ba.

Figure 45,~ Effect of fixed deflections of the right aileron on the
aerodynamic characteristics of the model in pitch, Drooped slats;
plain flaps, 40°; iy, 6°. (a) a, Cm, Cn vs CrL.

Figure 45.~ Concluded. (b) C-, Cy, Vs Cr.

Figure 46,~ Variation with right aileron deflection of the aerodynamic
characteristics of the model at several angles of attack. Drooped
slats; plain flaps, 40°; iy, 6°. (a) Cp, Cm vs 5.

Figure 46.- Concluded. (b) Cy, Cn, VS Bg.

Figure 47.— Variation with right aileron deflection of the aerodynamic
characteristics of the model in sideslip at several angles of attack.
Drooped slats; plain flaps, 40°; iy, 6°. (a) Cn, Cm vs Ba.

Figure 47.- Concluded. (b) Cp, Chy Vs Ba.
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Figure 48.~ Effect of fixed deflections of the right aileron on the
aerodynamic characteristics of the model in pitch, Drooped slats;
iw, Oo. (a) o, Cm, Cp vs CL.

Figure 48.— Concluded. (b) C3, Cy vs Cp,.

a

Figure 49.— Variation with right aileron deflection of the aerodynamic
characteristics of the model at several angles of attack. Drooped
slats; iy, 0°. (a) Cn, Cpm vs 8.

Figure 49.- Concluded. (b) Cy, Cp, vs Ba.

Figure 50.~ Variation with right aileron deflection of the aerodynamic
characteristics of the model in sideslip at several angles of attack.
Drooped slats; i,, 0°. (a) Cp, Cp vs B,.

Figure 50.— Concluded. (D) Cys Chy VS Ba.

Figure 51.— Effect of fixed defle¢tions of the right aileron on the
aerodynamic characteristics of the modsl in pitch. Plain flaps,
40°; iy, 0°, (a) o, Cm, Cn ve Cr.

Figure 51.— Concluded. (b) Cy, Cha vs Cp,.

Figure 52,— Variation with right aileron deflection of the aerodynamic
characteristics of the model at several angles of attack. Plain
flaps, 409; iy, 0°. (a) Cp, Cpm vs Bg.

Figure 52.— Concluded. (b) C,, cha vs By,

Figure 53,~ Variation with rightraileron deflection of the aerodynamic
characteristice of the model in sideslip at several angles of attack.
Plain flaps, 40°, i,, 0°. (a) C,, Cp vs B,.

Figure 53.- Concluded. (b) Cg, Cn, vs Ba.

Figure Sk.— Effect of fixed deflections of the elerudder on the aero-
dynamic characteristics of the model in pitch. Plain wing; iy, 0°.
(a) @, Cy, Cy vs Cr,.

Figure 5. Concluded. (b) Cp, Cy, Cth vs Cy,.

Figure 55.— Variation with elerudder deflection of the aerodynamic

characteristics of the model at several angles of attack, Plain
wing; iy, 0°. '
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Figure 56.~ Variation with elerudder deflection of the aerodynemic
characteristics of the model in sideslip at several angles of
attack., Plain wing; i, 0O°.

Figure 57.— Effect of fixed deflections of the elerudder on the
on the aserodynamic characteristics of the model in sideslip.
Plain wing; iy, 0°. (a) ag, 0.19; Cp, Cp, che vs B.

: R

Figure 57.— Continued. (b) oy, 0.1°%; Cy, Cy, Cn ve B.

Figure 57.— Continued. (c) oy, 12.6°; Cps Cpos CheR vs B,
Figure 57.— Concluded. (d) o, 12.6%; Cy, C, vs B.

Figure 58.— Effect of fixed elerudder trim tab deflection on the
aerodynamic characterisitcs of the model in pitch at several
elerudder angles. Plain wing; i,, 0°. (a) & 8% a, Cp,
Ch vs CL .

e
R

Figure 58.— Continued. (D) Begs 0°; a, Cm, Cn, CheR vs C,.

eR) Cn)

i

Figure 58.— Concluded. (c) Bog» ~16°; a, Cm, Cn, Cn, Vs CL.
R

Figure 59,- Variation with elerudder deflection of the aerodynamic
characteristics of the model for several trim tab angles. Plain
wing; iw, O°. ‘

Figure 60,— Effect of fixed deflections of the elerudder on the
aerodynamic characteristics of the model in pitch. ZExternal
tanks; iy, 0°, (a) «, C1, Cy vs CfL.

Figure 60.-~ Concluded. (b) Cp, Cp, Che vs Cyp,.

Figure 61.— Variation with elerudder deflection of the aerodynamic
characteristics of the model at several angles of attack. External
tanks; iy, 0°.

Figure 62.— Variation with elerudder deflection of the aerodynamic
characteristics of the model in sideslip at several angles of
attack., External tanks; i,, O°,
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Figure 63.— Effect of fixed deflections of the elerudder on the
aerodynamic characteristics of the model in pitch. External
tanks; gear; drooped slats; iy, 6°. (a) a, C1, Cy vs Cr.

Figure 63,— Concluded. (b) Cp, Cp, Chg VS Cy,-
. R

Figure 64.~ Variation with elerudder deflection of the aerodynamic
characteristics of the model at several angles of attack. External
tanks; drooped slats; gdear; iy, 6°.

Pigure 65,— Variation with elerudder deflection of the aerodynamic
characteristics of the model in sideslip at several angles of
attack, Gear; external tanks; drooped slats; iy, 6°.

Figure 66,— Effect of fixed deflections of the elerudder on the aero—

dynamic characteristics of the model in sideslip. External tanks;
gear; drooped slats; 1y, 6°. (a) aw, 0% Cp, Cps Cp, VS B-

Figure 66.~ Continued. (b) oy, 0°; Cy, C3 vs B.

Figure 66.- Continusd. (c) o, 18.8%; Cp, Cy, Cy, VS B.

Figure 66.~ Concluded. (a) ay, 18.8°%; Cy, Cy vs B.

Figure 67.~ Effect of fixed deflections of the elerudder on the aero-
dynamic characteristics of the model in pitch. Gear; drooped slats;
plain flaps, 40°; iy, 6°, (a) «, C;, Cy vs CL.

Figure 67.~ Concluded. (b) Cp, Cp, Chogy ¥° O

Figure 68.— Variation with elerudder defiection of the aerodynamic
characteristics of the model at several angles of attack, Gear;
@rooped slats; plain flaps, 40°; i,, 6°. -

Figure 69.~ Variation with elerudder deflection of the aerodynamic
characteristics of the model in sideslip at several angles of
attack. Gear; drooped slats, plain flaps, %0°; i, 6°.

Figure 70.— Effect of fixed deflections of the elerudder on the aero—

dynamic characteristics of the model in sideslip. Gear; dgrooped
slats; plain flaps, 40%; i, 6°. (a) Qs 0.3%5 Cp, Cp, Oy vs B
©
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Figure 70.~ Continued. (b) a«y, 0.3%; Cy, C; vs B.

Figure T0.— Continued. (c) o, 18.8%; Cp, Cp, Oy, ve B.
Figure 70.— Concluded. (d) ow, 18.8° cCy, C; vs B.

Figure Tl.~ Effectiveness of the complete elerudder system operated
for pure slevator action with the model at several angles of attack.
External tanks; i,, 0°; B, 0°.

Figure 72.—-Effectiveneés of the complete elerudder system operated
for pure rudder action with the model at several angles of attack.
External tanks; iy, 0°.

Figure 72.— Concluded. (b) B, -8°.

Figure 73.— Effect of fixed angles of wing incidence on the aerodynamic
characteristics of the model in pitch., Plain wing; 8y, 0°.
(a) Cp, a, vs CT,.

Figure 73.— Concluded. (b) Cp, Cp  vs Cp.
R

Figure Th.,— Effect of fixed angles of wing incidence on the aerodynamic
characterist%cs of the model in pitch. External tanks; gear; drooped
slats; &, 0. (a) Cp, a, vs Cy,.

Figure Th.— Concluded. (b) Cp, Cp Vs Cp,.
R

Figure 75.— Bffect of fixed angles of wing incidence on the aerodynamic
characteristics of the model in pitch. Gear; drooped slats; plain
flaps, ho%; 3g, 0°. (a) Cp, a, vs Cy,.

Figure 75.— Concluded. (b) Cp, Chep VS CL.
Figure T76.- Effect of fixed angles of tail incidence on the asrodynamic
characteristics of the model in pitch. Plain wings; i,, 0°, 8., 0°.

(a) Cp, o, vs Cy,.

Figure 76.- Concluded. (b) Cp, CheR vs C,.

FPigure T7.— Effect of fixed angles of tail incidence on the aerodynamic
characteristics of the model in pitch. Gear; drooped slats; plain
flaps, 4%0°%; iy, 6°; &e, 0°. (a) Cp, a vs CL.

Figure 77.~ Concluded. (b) Cyp, CheR vs Cy,.
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(a) Three-quarter front view of the clean model.

Figure 5.— Views of the test installation of the full-scale model of Republic XF-9l in the Ames 40— by S0~
foot wind tunnel. CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY, MOFFETT FIELD, CALIF.
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negative angle of sideslip.

Figure 5.~ Continued.

CONFIDENTIAL
NATIONAL ADVISORY COMMITIEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY, MOFFETT FIELD, CALIF.




model with the gear, flaps, and drooped slats extended.

(c) Three—quarter rear view of

: i ER] T 1
CONFIDENTIAL
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY, MOFFETT FIELD, CALIF.

Figure 5.— Concluded. °
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