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AERODYNAMIC CHARACTERISTICS OF A
SIX-JET V/STOL CONFIGURATION WITH FOUR SWING-OUT LIFT JETS
IN THE TRANSITION SPEED RANGE*

By Arthur W. Carter
Langley Research Center

SUMMARY

A wind-tunnel investigation has been made of the longitudinal aerodynamic charac-
teristics and jet-interference effects of a model of a jet V/STOL variable-sweep fighter
airplane that employs four direct-lift engines which swing out from the fuselage and two
lift-cruise engines located in the rear part of the fuselage. Data were obtained with two
wing areas for various forward speeds and power conditions in the transition speed
range. The data are presented without analysis or discussion.

INTRODUCTION

The National Aeronautics and Space Administration and the aircraft industry have
conducted research on aircraft which have the capability for vertical or short take-off
and landing (V/STOL). These aircraft combine the utility of the helicopter with the
higher speed and longer range capability of conventional airplanes. Jet V/STOL con-
figurations have the capability of performing high-subsonic and supersonic cruise mis-
sions. Results of the investigations of the aerodynamic characteristics of several typ-
ical jet VTOL and V/STOL aircraft in the transition speed range have been presented in
references 1 to 6.

The present investigation was undertaken to provide data on the longitudinal aero-
dynamic characteristics of a model of a jet V/STOL variable-sweep fighter airplane
which employs two lift-cruise engines located in the rear part of the fuselage and four
direct-lift engines which swing out from the fuselage ahead of the wing. The aerodynamic
characteristics and jet-interference effects were investigated for various power coriﬁl—
tions at airspeeds simulating transition flight. The power-on tests were performed 1n
the 17-foot (5.18-meter) test section of the Langley 300-MPH 7- by 10-foot tunnel. The

data from the investigation are presented without analysis.
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SYMBOLS

E L

The iongitudinal aerodynamic data (lift, drag, and pitching-moment coefficients) in

this paper are referred to the stability-axis system. All of the data are referred to a &
moment center located on the fuselage reference line at the 15-percent point of the mean
aerodynamic chord of the reference wing as shown in figure 1. The forces and moments
were nondimensionalized by using the geometry of the reference wing.
The physical quantities in this paper are given both in the U.S, Customary Units and
in the International System of Units (SI). Factors relating these two systems of units are
presented in reference 7.
A.j total area of operating jet exit nozzles, square feet (square meters)
c reference wing mean aerodynamic chord, feet (meters)
c wing chord, feet (meters)
Cp drag coefficient, D/ a.S
Cy, lift coefficient, L/q S
Cry pitching-moment coefficient, M/q_S¢
Cr thrust coefficient, T/qS
D drag, pounds force (newtons)
De effective diameter of thrust nozzles (diameter of circle having same area as
sum of operating nozzles), feet (meters)
it tail incidence, degrees
L measured lift, pounds force Anewtons)
M pitching moment, foot-pounds (meter-newtons) .
a. free-stream dynamic pressure, pounds force/foot2 (newtons/meter2)
& & of



S wing reference area (area of theoretical wing exclnoing wing stup:)% fge&zq e
(meters?2) L. s e oo 303 b e

T thrust, pounds force (newtons)

Vj velocity at jet exhaust, feet/second (meters/second)

Vo free-stream velocity, feet/second (meters/second)

a angle of attack of wing, degrees

6]- deflection of jet exhaust with respect to fuselage reference plane, degrees

5LE,IB deflection of wing inboard leading-edge slat (positive when leading edge is

deflected down), degrees

5LE,OB deflection of wing outboard leading-edge slat (positive when leading edge is
deflected down), degrees

SLE,ST deflection of leading-edge Krueger flap on wing stub (positive when leading
edge is deflected down), degrees

SR ST deflection of trailing-edge flap on wing stub (positive when trailing edge is
b
deflected down), degrees

ST W deflection of full-span trailing-edge wing flap (positive when trailing edge is
deflected down), degrees

GTE,W,P deflection of partial-span trailing-edge wing flap (positive when trailing edge
is deflected down), degrees (see fig. 1)

pj mass density of jet exhaust, slugs per cubic foot (kilograms per cubic
meter)
p mass density of free-stream air, slugs per cubic foot (kilograms per

cubic meter)
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The model used in this investigation was a 1/10-scale model of a jet V/STOL
variable-sweep fighter airplane powered by two lift-cruise and four direct-lift engines.
Geometric characteristics of the configuration are shown in figure 1. The fixed stub
part of the wing has a leading-edge sweep of 652 and the movable part in the fully
extended position has a leading-edge sweep of 259, The movable part of the wing has a
10-percent chord extension at the leading edge over the outboard 23 percent of the span.
Details of the wing high-lift devices are shown in figure 2. The fixed stub part of the
wing has a constant-chord split trailing-edge flap and a leading-edge Krueger flap. The
movable wing section has a 30-percent-chord single-slotted trailing-edge Fowler flap
and a 17.5-percent-chord leading-edge slat.

The two lift-cruise engines, which make up the main propulsion system for normal
flight, are mounted horizontally in the rear part of the fuselage with individual side and
top inlets and with individual exhaust nozzles. The exhaust nozzles of these engines are
capable of being rotated about the Y-axis to any position from horizontal to vertical. The
four direct-lift engines are mounted forward of the wing, in pairs, on arms which swing
out from the fuselage. The engines and arms are stowed completely within the fuselage
for normal forward flight. The direct-lift engines may be rotated about the Y-axis to
any desired deflection. This engine arrangement eliminates the need for a separate
reaction-control system for hovering and low speeds inasmuch as adequate control can
be provided by differential deflection of the direct-lift engines for yaw control and by
selective throttling of all three pairs of engines for pitch and roll control.

In the transition speed range of the investigation, the airplane would operate with
the wing fully extended; therefore, the model was constructed with the wing fixed in
this position as shown in figure 1. The model was mounted on a sting-supported six-
component strain-gage balance for direct measurement of the forces and moments on
the model. The balance was located on the model referer ~e line with the moment center
of the balance located at the 20-percent mean-aerodynamic-chord station of the wing.
The pitching-moment data have been transferred horizontally .0 a moment center located
at the 15-percent mean-aerodynamic-chord station of the wing. An electronic clinome-
ter was located in the fuselage for use in determining the geometric angle of attack of
the wing during the investigation.

The principal model configurations investigated are identified in the following table:

Configuration | oppop | OLE,IB | OTE,W | OTE,wW | OLE,sT | OTE,SsT
A 300 300 — 40" “etracted 400
B Retracted | Retracted - Retr «~tracted | Retracted
c 320 320 500 — - satracted 40°

&7



Photographs of the sting-supported model in the 17-foot tefst séciubn bf the Langle Yo o
300-MPH 7- by 10-foot tunnel are shown as figure 3. The pho%@gréphé shaw cgmg )
tion A with the engines deflected to 90C for vertical take-off and landing and deflected
to 45° for short take-off and landing. A description of the tunnel is given in reference 8.

gux@a-b o a

o

A modified wing of smaller area was also investigated. The plan view and details
of the high-lift devices for the modified wing are shown in figure 4. Double-slotted
trailing-edge flaps on the movable wing section replaced the single-slotted trailing-edge
Fowler flap of the original wing. Otherwise, the high-lift systems of the two wings are
similar. Photographs of the model with the modified wing are shown as figure 5. This
model is shown with the direct-lift engines stowed in the fuselage to simulate the con~
figuration for cruise speeds and with the direct-lift engines deflected at 900 for vertical
take-off and landing.

THRUST SIMULATION

The thrust for the model was provided by six ejector-type jet-engine simulators.
A description of the ejectors and their use for jet-engine simulation in wind-tunnel
models is presented in reference 9. The pair of lift-cruise engines has an effective
diameter of 3.82 inches (9.7028 centimeters). One set of inlets for these engines are
located on top of the rear part of the fuselage. The other set of inlets are located on the
sides of the fuselage and were simulated on the model but were blocked for the investiga~
tion inasmuch as these inlets are in the region of the direct-lift-engine exhaust and are
normally closed during take-off and transition flight, The four direct-lift engines have
an effective diameter of 4.00 inches (10.16 centimeters). These engines are positioned
outside the model during operation and are equipped with simple individual bellmouth
inlets. The six engines have an effective diameter of 5.53 inches (14.05 centimeters).

The six ejectors were powered by cold, dry compressed air which was brought
onboard the model with thin~-wall metal tubing bent to follow the sting support and to form
a limber spring across the strain-gage balance so that the balance sensitivity was not
changed. A sheet-metal fairing was used to shield these air lines from the airstream as
shown in figures 3 and 5.

The three pairs of ejectors were calibrated statically and the thrust was deter-
mined as the resultant force of the normal and axial forces on the strain-gage balance.
Turning vanes were used in the ducts ahead of the nozzles of the lift-cruise engines to
deflect the jet exhaust. The deflection of the jet exhaust relative to the horizontal plane
of the model fuselage was determined from the normal and axial forces on the balance.
The variation of the jet-exhaust deflection with thrust for the lift-cruise engines is
shown in figure 6. As shown in this figure, the deflection of the jet exhaust for the 0°

SN 5



and 459 m)zzles Wa,s appnommately the same as the deflection of the exhaust nozzles;

e Whemeas tileb},e&t xham‘»t irém the 25° nozzles was deflected to only about 20° and the

~ exhaust from the 900 nozzles was deflected approximately 93°. Turning vanes were not
incorporated in the two pairs of direct-lift engines inasmuch as each pair of engines was
rotated on the extended arm supports. The jet exhaust, therefore, was deflected at vir-
tually the same angle as the rotated engines.

During the wind-tunnel investigation, the thrust from each of the three pairs of
ejectors was determined from the difference between the total-pressure and static-
pressure measurements in each of the jet exits in a manner similar to that used in ref-
erence 9. Thrust coefficients and effective velocity ratios were determined from the
total thrust measurements by use of the following equations:

Cp= q—T-S- (1)

%o
TJ2A, (@
2A;/8
CT = ]/ 9 (3)
poovoo
p v.2

TEST CONDITIONS

The power-off data presented in figures 7 to 17 for the basic wing and for
various components of the wing high-lift system were obtained in the 7- by 10-foot
(2.13- by 3.05-meter) test section of the tunnel at a free-stream dynamic pressure
of 28.75 pounds force/foot2 (1377 newtons/meter2), The Reynolds number for these
power-off tests based on this free-stream dynamic pressure and the wing mean aero-
dynamic chord was 0.9 X 106, Similar power-off data for the modified wing were
obtained in the 17-foot test section of the tunnel at a free-stream dynamic pressure of
11 pounds force/foot? (527 newtons/meter2), and the Reynolds number based on this
free-stream dynamic pressure and the mean aerodynamic chord of the modified wing
was 0.55 x 106, A1l power-on test data were obtained in the 17-foot test section of the
tunnel, and the Reynolds number based on the free-stream dynamic pressure and the
mean aerodynamic chord of the particular wing under investigation ranged up to
0.55 x 108,

6 —
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The longitudinal aerodynamic characteristics of the m@dél Wer«ﬁ obi:ame;d thrcughf
a range of angles of attack from approximately -5° to 26° at four thrust coefficients

o R #@

which ranged from 0 to 8. Data were obtained through a range of effective velocity ratios
at an angle of attack of 120, The free-stream dynamic pressure and the engine thrust
were varied in order to simulate effective velocity ratios from 0 to approximately 0.22
with the engines deflected at 45° and 90° and up to approximately 0.33 with the engines
deflected 0° and 250,

No corrections have been made to the data for model blockage or jet boundary
effects inasmuch as these corrections are not considered to be significant.

PRESENTATION OF RESULTS

In order to hasten the availability of these data on this six-jet V/STOL configura-
tion with four swing-out lift-jets, the longitudinal aerodynamic characteristics of the
model are being presented without analysis or discussion. The data, as presented, will
be useful in predicting the interference effects of direct-lift engines which are located
forward of the leading edge of the wing and for comparing the longitudinal aerodynamic
characteristics with those of other jet V/STOL configurations. Ratios of lift and drag to
thrust and of pitching moment to the product of the thrust and the effective diameter of
the operating jets are presented at an angle of attack of 12° for several wing configura-
tions and several jet deflections through a range of effective velocity ratios. The lift,
drag, and pitching-moment coefficients in the stability-axis system are presented through
a range of angles of attack, However, in each case, the thrust data are also presented
where applicable. Tail-on data are presented for all configurations and tail-off data are
presented for several of the configurations.

Results of the investigation are presented in the following figures:

Figure
Engines removed from model:
Fuselage alone . . . & v v v i i i it e e e e e e e e e e e e e e e e 7
Fuselagewith stub wing . . . . . ¢ . ¢ i 0 i v i i i i e e e e et o e o oo e 8
Fuselage with complete wing; high-lift devices retracted ... ... .. ... 9
Various components of high-lift devicesonwing . . ... ... ... ..... 10 to 17
Engines installed on model:
Configuration A with direct-lift engines and lift-cruise engines
deflected 90°:
Powel' off . « « 5 55 %5 & 5 2 sn0 b ko @« 85 5§ 85 5+ 58 b asm nsm 6o 00 18
POWEL ON 4 v 0 « o5 « 86 58 § 60 o8 w8 6« 068 5§65 85 % 66 ¢ u & s 19 to 22
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‘éoﬁ'{gﬁra’ciﬂc‘;ﬁ A'with direct-lift engines deflected 90° and

lift~cruise engines off:

Power off . . v v v v vt e e e e e e e s s s e e e e s s s e e e e e e

POWET Ol . v & ¢« o ¢ o ¢ a o a « o o o o 2 o s s a a o s » a8 o 2 s 8 s o s
Configuration B with direct-lift engines and lift-cruise engines

deflected 90°:

Power off . & v ¢ v o ¢ttt ot e e e s s s e e e e e s e s s e e e e e

POWET O . v ¢ o v o o o o 4 o o o o s s a s o s o s 2 o s s s o 6 o s o s a0
Confi ruration A with direct-lift engines and lift-cruise engines

defle ted 45°:

Power I . @ o v i i e e e e e h e e e e e e st e et e et e e e e

POWEE O v v v o o 4 ¢ s o o 2 o o s o o s s a o 2 s s o o 2 2 s 0 o s o o s
Configuration A with direct-lift engines and lift-cruise engines

deflected 0°0:

Power Off . o v ¢ v i v e ot e e e e e e e et e e e e e s e e s e e s

POWET ON . ¢ v ¢ ¢ 4 o o o 4 o s o o o s o 2 o o s s o o s o o s s s s o s 2 s

Engines removed from model with modified wing:
Fuselage withstubwing . . . . . ¢ ¢ ¢ v 0 v v o v i v v o o v o v v v o 0 o 0 s
Fuselage with complete wing; high-lift devices retracted . ... ... .. ..
Various components of high-lift devicesonwing . . . .. ... ... ... ..
Engines installed on model with modified wing:

Configuration C with direct-lift engines and lift-cruise engines

deflected 900:

Poweroff ........ B M e mwmE o pm kN WM s ome B @ W

POWETr ONl & v v ¢ v s v o s o 6 e e o o s o o a s o o s e o s o s s s v 0 s o
Configuration C with direct-lift engines and lift-cruise engines

deflected 25°:

Power off . . . o v o v s i e s e b e e e a s e s e s e s e s e s e e e s s

POWEY ONl . 4 4 4 4 o o o o o o s o o o s o 2 s 8 o 6 068 668 0800009000

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., July 10, 1970.

Figure
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Aspect ratio 6024
Span 61.2 (15545)
Ares 4318 £12 (4012 meter?)
Root chord 15.05(3823)
Tip chord 5.27 {1339) &
Medn oéradynamic chord & 1095(27813) .
Sweep of leading edge 25°
Dihedral -3°
Taper ratio 035
Horizontal tail [exposed)
Span 290 (7366)
Area 104112 (0966 meter?)

L_———— - 356 ~- —

{9047

— - -39.2
§ thrust (9957

G thrust

Figure 1.- Three-view drawing and geometric characteristics of model.
Dimensions are given in inches and parenthetically in centimeters
unless otherwise noted.
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Theoretical ‘tip section
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Figure 2.- Details of wing high-lift devices.
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L-66-4928

(a) View showing direct-1ift engines at 90° for VTOL.

I-66-4927

(b) View showing direct-1lift engines at 45° for STOL.

Figure 3.- Photographs of configuration A in the 17-foot (5.18-meter)
test section of the Langley 300-MPH 7- by 10-foot tunnel. (Photo-
graphs show the model near the floor of the tunnel; however, all
test data were obtained with the model at the center line of the
tunnel.)
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L-66-5096

(a) View showing direct-1ift engines in stowed position for cruise.
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L-66-5095

(b) View showing direct-1lift engines in position for vertical take-off.
Figure 5.- Photographs of the model with the modified wing in the 17-foot
(5.18-meter) test section of the Langley 300-MPH 7- by 10-foot tunnel.
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(c) View showing direct-1lift engines and lift-cruise engines in
position for vertical take-off.
Figure 5.~ Concluded.
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Figure 6.~ Variation of Jet-exhaust deflection with thrust for lift-eruise engines.
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& 4 o q 8 12 16 20 24 o 4 r
2,deg Co

(a) Variation of Cp with o and Cp with Cp,

Figure T7.- Longitudinal aerodynamic characteristics of model fuselage alone
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o 4 & 12 16 20
a,deg

(b) Variation of Cp with o.

Figure T.- Continued.

17



2 » W
v o . oy R
# 4 Y

i
i

8 -t o 4 8 2 16 20 24 28 32
a

(¢) Variation of Cp with Cr,.

Figure 7.~ Concluded.



28 o 4 8 12 16
a,deg Cp

'-8 4 o 4 &8 2 16 20 24

(a) Variation of Cjp with o and Cp with OCf.

Figure 8.- Longitudinal aerodynamic characteristics of model fuselage
with stub wing. Cgp = O.
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o 4 &g 2 /6 20 24 28 32
a,deg

(b) Variation of Cm with «.

Figure 8.- Continued.



7] 8 12 16 20 24 28 32
Cr

(c) Variation of Cp with Cp.

Figure 8.- Concluded.
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8 -4 o 4 8 12 16 20 24 28 o0 4 8 12 16 20
a,deg CD

(a) Variation of Cp, with o and Cp with Of,.

Pigure 9.~ Longitudinal aerodynamic characteristics of model fuselage with
complete wing. High-1ift devices retracted; configuration B; Cp = O.
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o 4 & 2 16 20
a,deg

(b) Variation of Cp with q.

Figure 9.~ Continued.
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(c) Variation of Cp with Cg,.

Figure 9.~ Concluded.
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-8 -4 o 4 & 2 6 20 29 28 o 8 2 16 20
a,deg Cp

(a) Variation of Cp with o and Cp with Cp.

Figure 10.- Longitudinal aerodynamiec characteristics of model. 31E.0B = 0°;
2

= 0. — N0. = NQ. _ » -
Sim,18 = 0% Og,y = 0% B gp = 0% Byg gp = 40% Cp = 0.
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1] 4 8 2 16 20
a,deg

(b) Variation of Cp with «.

Figure 10.- Continued.
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(¢) Variation of C with Cr,.

Figure 10.- Concluded.
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4 (7} 4 8 12 16 20 29 28 9] 1.2 16 20
a,deg Cp

(a) Variation of Cp with o and Cp with Cy,-

Figure 11.- Longitudinal aerodynamic characteristics of model. BLE OB = OO;
H

- 0. — Q. - NO. — O, —
81k, 18 = 0% Opg,w = 32% &g gr = 0% Opg gp = 40°; Cp = 0.
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o 4 8 12 6 20
e, deg

(b) Variation of Cp with o.

Figure 1l.- Continued.
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(¢) Variation of Cp with Cf,.

Figure 11.- Concluded.
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o 4 8 2 16 20 24 28 0 4 12 16
a,deg Cp

(a) Variation of C;, with o and Cp with Cp.

. . . . - - —- O.
Figure 12.- Longitudinal aerodynamic characteristics of model. SLE,OB = 0%

— Oy -
81,18 = 50°; Oyg,y = 32°; ®rg,sr = 0% Orm,gr = 0% Cp = 0.
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-8 -4 o 4 g 2 6 20 24 28 2
, deg

(b) Variation of Cp with a.

Figure 12.- Continued.
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(c¢) Variation of Cp with Cr,.

Figure 12.- Concluded.
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4 0 4 8 2 16 20 24 28 o : : 12 16 20
a,deg Cp

(a) Variation of C; with o and Cp with Cr.
L D L

. * . 3 . . e O.
Figure 13.- Longitudinal aerodynamic characteristics of model. BLE,OB = 350°;

b, 18 = 30% Orm,y = 52° Brg,sr = 0° Omm,sr = ¥0% Cp = O.
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(b) Variation of Cp with a.

Figure 1%.- Continued.
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(c) Variation of Gy with Cf.

Figure 13.- Concluded.
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12 6 20 24 28 0
a,deg Cp

(a) Variation of C with o and Cp with Cr.

Figure 14 - ILongitudinal aerodynamic characteristics of model. SLE OB = 3009 3
2
aLE,IB = 309; 5117ij = 520; BLE,ST = 450, STE,ST = 400, Cp = O.
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(b) Variation of Cp with a.

Figure 14.- Continued.
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& -4 o 4 8 12 6 20 24 28

(c) Variation of Cp with Cp.

Figure 14.- Conecluded.
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(a) Variation of Cj with o and Cp with Cg.

Figure 15.- Longitudinal aerodynamic characteristics of model.
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(b) Variation of Cp with a.

Figure 15.- Continued.
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(¢) Variation of Cp with Cp.

Figure 15.- Concluded.
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(a) Variation of Cp with o and Cp with Cp

Figure 16.- Longitudinal aercdynamic characteristics of model. SLE,OB = 30°;

51g,IB = 30°; Orm,W = 0% Brm,gr = 45°; Org,sr = 40°%; Cp = 0.
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(b) Variation of Cp with «.

Figure 16.- Continued.
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(¢) Variation of Cp with Cp,.

Figure 16.- Concluded.
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(a) Variation of Cj, with o and Cp with Cp.

. . . o . Y (o]
Figure 17.- Longitudinal aerodynamics characteristics of model. SLE,OB = 30";

81k, 1B = 30°% Org,w,p = 32° Orm,sr = 45°; Opm,sp = #0°% Cp = 0.
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(b) Variation of Cp with a.

Figure 17 - Continued.
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(¢) Variation of Cp with Cf.

Figure 17.- Concluded.
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(a) Variation of C; with o and Cp with Cr.
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Figure 18.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines and lift-cruise engines deflected 90°. Cp = 0.
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(v) Variation of Cp with o.

Figure 18.- Continued.




(c) Variation of Cp with Cr.

Figure 18.- Concluded.
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(a) Variation of C; with o and Cp with Cr.
L D L

Figure 19.~ Longitudinal serodynamic characteristics of configuration A with
direct-lift engines and lift-cruise engines deflected 90°. Cp =~ 1.45,
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(b) Variation of Cp with a.

Figure 19.- Continued.
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(c) Variation of Cp with Cp,.

Figure 19.-~ Continued.
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(d) Variation of Cp with a.

Figure 19.- Concluded.
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(v) Variation of Cp with a.

Figure 20.- Continued.
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(¢) Variation of Cp with Cp,.

Figure 20.- Continued.
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(a) Variation of Cp with a.

Figure 20 - Concluded.
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(a) Variation of Cy with o« and Cp with Cr,.

Cp = 8.

Figure 21.-~ Longitudinal aerodynamic characteristics of configuration A with direct-1ift engines
and lift-cruise engines deflected 90°.
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(b) Variation of Cp with a.

Figure 21.- Continued.
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(c) Variation of Cp with Cy,.

Figure 21.~ Continued.
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(a) Variation of Cp with a.

Figure 21.- Concluded.
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(a) Variation of L/T with effective velocity ratio.
Figure 22.- Longitudinal serodynamic characteristics of con-

figuration A with direct-1ift engines and lift-cruise
engines deflected 90° o = 12°.
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(b) Variation of D/T and M/TD. with effective velocity ratio.

Figure 22.- Concluded.
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(a) Variation of Cp with a and Cp with C.

Figure 235 - Longitudinal aerodynamic characteristics of configurstion A with
direct-1ift engines deflected 90C and lift-cruise engines off Cp = 0.
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(v) Variation of Cp with

Figure 23.- Continued.
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(c) Variation of Cp with Cy.

Figure 25.~ Concluded.
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(a) Variation of Cp with o and Cp with Cy.

Figure 24.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines deflected 90° and lift-cruise engines off. Cp =~ 1.2.
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(b) Variation of Cp with a.

Figure 24.- Continued.




() Variation of Cp with Cp,.

Figure 24.- Continued.
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(d) Variation of Cp with «.

Figure 24.- Concluded.

32

3



- 17} 4 8 /2 16 20 24 0 12 16 20
a,deg Cp

(a) Variation of Cp with o and Cp with Cp.

Figure 25.- Longitudinal aerodynamic characteristics of configuration A with
direct-1lift engines deflected 90° and lift-cruise engines off Cp=25
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(b) Variation of Cp with o.

Figure 25.- Continued.

I I
‘ﬁﬁ;i‘ii

24 28 32



(¢) Variation of C, with Cp.

Figure 25.~ Continued.
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(d) Variation of Cp with a.

Figure 25.-~ Concluded.

24

28

32



‘29~ &y - 170 sourBue °8TNIO-1JIT PUB 006 P9309TIp
SOUTBUS 9ITT-208ITP UYITA ¥V UOTHBINSTJUOD JO SOTASTISGOBIBYD OTWEUAPOIIB TBUTPNATIUOT -*gg oInSTd

Ty gyt O pue » wyamw Tp  Jo worgeTaEA (®B)

a9 bop‘o
9¢ 23 8e |44 oc 9/ 2/ g o & 14 oc 9/ 2/ 8 4 0 14 & o9

96

ool

(i



78

0 4 8 12 16 20 24 28
a,deg

(b) Variation of Cp with a.

Figure 26.- Continued.
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(c) Variation of Cp with Cf.

Figure 26.- Continued.
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(d) Variation of Cp with o.

Figure 26.- Concluded.
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(a) Variation of L/T with effective velocity ratio.

Figure 27.- Longitudinal aerodynamic characteristics of con-
figuration A with direct-lift engines deflected 90° and
lift-cruise engines off. a = 12°.



.!ﬁiiﬂ'il‘liﬁiiﬁllﬂliﬂlil!lilllﬂlllllll
s"lﬁi‘lﬁ‘!‘ﬂ‘i!ﬁ!ﬂﬂlﬂ li!l'ii!llllll
A 'ﬁg%! il

i 'iilhizlﬂi’ﬁl*‘hﬂ!ﬂlﬂ
.i&!:dli*" e
il i ‘siii T Iil
; A ﬁﬁ‘ﬂﬂ "E‘lﬁ‘illﬁ“!ﬂilﬂﬁﬂll
i
I!hlllI!il!ﬂ!il!!i’lll‘ﬂFEllEiiﬂlI!!!!Hs!!Hi!l‘ﬁ&iliﬂiiﬂilhlilll!lll‘!lliIl!
“;u.mm liihi!!‘ﬁil!!lli i !!ii!iiiﬂ!llﬂ!!iﬁiﬂ i
AT )
i i!ilﬂsiiiﬁ’lﬁ!ilii!E!hiiL!!l!illilli!lIllilliﬁliﬁlﬂﬁ Iy
S !iiihhiﬁi!Eillllliil!llIi!lﬁlii!dllil'ililllllll!lllllllll
R ﬁﬂhﬂi!Ii!llililiﬂi!!I!illlﬂlilﬂiiﬂxmlf!!!‘il IR0
..EE'EEE#%E!E!!!E =H*Eﬁli*l!;il!lli‘ﬁ!hii B O
s A R R
Bt iﬂhﬁﬂﬂliﬁfléi Hllihiﬁlli e
Bt w!l!ﬁf:h:i!!!iﬂl!iﬂixn ixE!!il!!!l!HIIllllli!i!iIlllillllll!mlll!llllllllllllllllllllllllll
iiE%E% l? H i §§§!§ L!E R
R E ! A RN
i Ei‘ﬂ!ii!!i!lliiﬂl'lliiii’E!‘!IliIi!ilsil!ﬂllil!ill!!llliilllllli llillllllllliilillillIIIIIIIIIlllllllllllllliilllIIIIIIKIHIIllIIIIIIIllIIlIIII
R g‘iﬂi!lﬂ!l!‘ﬂlliiﬂi R R A
] lli!!!‘t‘!‘ﬂl‘iﬁllﬁ‘iﬁiﬁ!i'lilﬁll Gt Illl[lﬁ!llli!.llllllillllll!lllllll il!lllllllllIIIIIII!III!II!III!!IIIIII!IIIIIIIIIIIII
Iiﬂillﬂﬂﬂl!litﬂ!!!lillllﬂlll! R AR R Iﬂllllﬂlllﬂllllllllllllll
Al llllll!liﬂllll!lllﬂllllIﬂlllliﬂllillIlIIIIIIIII|IIIIﬂliIllllillliIIIIIllIlIIIIIIIIIIIIIlI!IIﬂlII]III lIII
] iﬂéﬁ!!‘l!!!IIIII!!il!llIlllilﬁlllliﬂllilllﬂﬂll iUt lllll|||lﬂ|lllII|||I||IIIIIllIiIIIl!I“IIIlﬂIII IIIIIIII{IH{IIIII mmml
i i'ﬁlIIlIlllﬂlﬁ!!lH!!l!!!il!lﬂll!ilﬂil!llll‘!!'!lllllll!l!llllilIllll HU IlIlIIIIIIIﬁ
A R hllllllllllllllll‘llll Imllllilllllllllﬂlﬂllllllll I
ilﬂl‘!Ii!illlllll!llIﬂ!llllllIlllllllllll!lillllllIilHIlIIlI!IIIIIIIIIIII AR IIIII!III!IIIIIIIII llll‘
i |!ﬁilgll]IIllII[I|IIII|HIlIIIII!Il’llllﬂllllll A l“llllﬂlll{ﬁﬂmw IIIHH“NHIII%"
28 fi i!iﬁiillllllllllll!lIll!lmllillllllll l!!ll!lll!!ll!llﬂ!lllllml!IllllllIl!lllllllllll!llllllll AR AT AR kR LR R
’ iﬂ'ii:iillihisﬁilEHII!I!!IIIIl!llllllll“!lllll|I!ll!llllllllﬂlillll[lliI"" I Ili i l
Eiilﬁ!lii B s At IIIIIlIIIIIlllllﬂlllllllllllllllllﬂlllllllﬂlllllllll!llllllllﬂil lllllll i
i

;. ..
L

PO i e L R
- !%EHEIHE‘I%I%HHiifi%%%%liE%EHii%EIil%%%i%i:lh'ﬂ%ﬂ!ﬂﬁ!ﬂﬁiI{'”f%%%ﬂﬂﬂﬁ!ﬂi%E%Hﬂii%EH““"'Hl‘ﬁ'ﬂi‘uﬂ%i’dﬁhmiﬂnmmnnumﬂmi"l?nlluu i
i %Hﬂliiiﬂ L

| I

!IIE!I!!IIIlllIIlIlIIIlIlIII!HlIIIIIIIlllllllllllIIIIIlIIIIIIIIlIIIIIIllllllll PRI i
ST IIIIlIIIIIiIII!IIIIII IlllﬂllﬂlllllillllllIIIIIIIIIIIIIIIHIIIIIIIII
LA I m MIIIIH};IHIIHIIII||IIII ﬂ!l il lllllll‘llllll AR

1} I

|
it
g.uim:wim""ﬂss-nJuuumummmmmmnnimnmmnn|||mmum|m i mmmumw !HI'IE |
S i rrlilnl i
i mu||um||mumummnmumumum||mmuumnmunmnmmmmmmmnnummnmmnnnmm||| T
g e T ml T
L mmmnmmumnmumm!mmmunmunuunmmmn|mxmmnmnnmmmmnnm il
S A A
i‘!!ll!lz!!!ﬂillH!Eillmﬂillllﬂ!!ll!l!!!llﬂllllmllIllllﬂllIIIIIIllllIlIIIIIIIIIlIlIIiIIllIIIIlIllIIllllIllllllIIIIII[IIlﬂllllllllllllllllIIIIHIRIIIIIIIIIIHIII I
L ————
At

‘0 04 08 42 46 20 24 28 32 36 40
2

e

fp Voo
i ij

(v) Variation of D/T and M/TDe with effective velocity ratio.

Figure 27.~ Concluded
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(a) Variation of Cy with o and Cp with OCj

Figure 28.- Longitudinal aerodynamic characteristics of configuration B with
direct-lift engines and lift-cruise engines deflected 90°. Cp = O.
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(b) Variation of Cp with a.

Figure 28.- Continued.
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(c) Variation of Cp with Cy

Figure 28.- Concluded.
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a, deg C 0D

(a) Variation of Cr, with « and Cp with Cr,.

Figure 29 - Longitudinal aerodynamic characteristics of configuration B with
direct-1ift engines and lift-cruise engines deflected 90°. Cp =~ 1.45.

86 SRR



0 4 & 12 16 20 24 28
a,deg

(b) Variation of Cp with «.

Figure 29.- Continued.
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(c) Variation of Cp with Cp,.

Figure 29.- Continued.
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(d) Variation of Cp with «.

Figure 29.- Concluded.
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(a) Variation of Cp with a and Cp with Cyp.
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Figure 30.- Longitudinal aerodynamic characteristics of conflguratlon B with

direct-1ift engines and lift-cruise engines de

90

flected 90°
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(b) Variation of Cp with «.

Figure 30.- Continued.
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(c) Variation of Cp with Cy,.

Figure 30.- Continued.




a,deg
(a) Variation of Cp with a.

Figure 30.- Concluded.
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(b) Variation of C, with a.

Figure 31.- Continued.
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(¢) Variation of Cp with Cp,.

Figure 31.- Continued.
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(d) Vvariation of Cp with a.

Figure 31.- Concluded.
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(a) Variation of L/T with effective velocity ratio.

Figure 32.- Longitudinal aerodynamic characteristics of con-
figuration B with direct-1ift engines and lift-cruise
engines deflected 90°. q = 129,
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(b) Variation of D/T and M/TDe with effective velocity ratio

Figure 32.- Concluded.
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(a) Variation of € with « and Cp with Cp.

Figure 35.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines and lift-cruise engines deflected 45°. Cp = 0.
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(v) Variation of Cp with «.

Figure 3%3.- Continued.
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(c¢) Variation of €, with Cp,.

Figure 33.- Concluded,
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(a) Variation of Cp, with o and Cp with Cr,.

Figure 34.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines and lift-cruise engines deflected 45°, Cp =1 L5
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(b) Variation of Cp with a.

Figure 34 - Continued.

32



»

(c) Variation of Cp with Cy

Figure 34.- Continued.
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(4) Variation of Cp with a.

Figure 34.- Concluded.
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(a) Variation of Cp with o« eand Cp with Cr.
L D L

Figure 35.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines and lift-cruise engines deflected 450°. Cp =~ 3.3.
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(¢) Variation of Cp with C,-

Figure 35.- Continued.
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(4) Variation of Cp with a.

Figure 35.~ Concluded.
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(b) Variation of Cp with a.

Figure 36.- Continued.
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(¢) Variation of Cp with Cp.

Figure 36.- Continued.
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Figure 3%6.- Concluded.
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(a) Variation of L/T with effective velocity ratio.
Figure 37.~ Longitudinal aerodynamic characteristics of

configuration A with direct-1ift engines and 1lift-
cruise engines deflected 45°., o = 12°,
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(b) Variation of D/T and M/TD. with effective velocity ratio.

Figure 37.- Concluded.
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(a) Variation of Cp with « and Cp with Cp.

Figure 38.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines and lift-cruise engines deflected 0°, Cp = O.
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(v) Variation of Cp with aq.

Figure 38.- Continued.
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(c) Variation of Cp with Cr,.

Figure 38.- Concluded.
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(a) Variation of Cp with o and Cp with Cp,.

Figure 39.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines and lift-cruise engines deflected <. Cp = 0.65.
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(b) Variation of Cp with a.

Figure 39.- Continued.
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(c) Variation of Cp with Cf,.

Figure 39.- Continued.
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(4) Variation of Cp with «.

Figure 39.-~ Concluded.
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(a) Variation of Cy with o and Cp with Cr.

Figure 40.- Longitudinal aerodynamic characteristies of configuration A with
direct-1ift engines and lift-cruise engines deflected 0°. CT =~ 1.45.
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(b) Variation of Cp with a.

Figure 40.- Continued.
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(a) Variation of Cp with a.

Figure 40.- Concluded.
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(a) Variation of Cy, with o and Cp with Cr.

Figure 41.- Longitudinal aerodynamic characteristics of configuration A with
direct-1ift engines and lift-cruise engines deflected 0°. Cp =~ 3.3.
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(d) Variation of Cp with a.
Figure 41.- Concluded.
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Figure 42.- Longitudinal aerodynamic characteristics of
configuration A with direct-lift engines and 1lift-
eruise engines deflected 0°. g = 12°.
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Figure 43.- Concluded.
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(b) Variation of Cp with a.

Figure 44.- Continued.
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(c) Variation of Cp with Cp,.

Figure 44.- Concluded.
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(b) Veriation of Cp with a.

Figure 45.- Continued.

141



i
il 'ﬂ‘ﬂﬂﬂ!lﬁﬂlﬁﬂli il
R

:ldeﬁximﬁd!Ii!l!llllilll!!ll Il
!IH%!EH:Hl!!lIliilhlﬂ!!iilﬂ!iiillg

il il
giiﬁi&ﬂiﬁﬂlhi'!xi“!sh!! !nlhi H

i
S L i
A

(¢) Variation of Cp with Cp,.

Figure U45.- Concluded.
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Figure 46.- Concluded.
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Figure 47.- Continued.
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(a) Variation of Cy with o and Cp with Cr.

Figure 48.- Longitudinal aerodynamic characteristics of model with modified wing.
o1g, 08 = 32° Oum,1B = 32° Om,w = 50% Om,sr = 0° Orm,gr = 0% Cp = 0.
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Figure 48.- Concluded.
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a,deg Cp

(a) Variation of Cp with « and Cp with Cp.

Figure U49.- Longitudinal aerodynamic characteristies of model with modified wing.
81,08 = 32°; B®LE,1B = 32°; Orm,w = 50°; Orm,sT = 45°; Omg,sT = 40°; Cp = O.
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(b) Variation of Cp with a.

Figure 49.- Continued.
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Figure 49.-~ Concluded.
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(a) Variation of C; with o and CD with Cg.

Figure 50.- Longgtudinal aerodygamic characteristics of model with modified wing.
81E,0B = 36.5% 8m,1B = 32° OrE,w = 50°; Om,sv = 0% OrE,sT = 40% Cp = 0.

155



156

-E ! - iedde SaiadtRill
i Ei!ﬁilli'!.i!ii!‘!‘h!! |
ﬁ’ﬁbliis‘lﬂil!iﬁiﬁ!lfﬁ!l!i‘iﬂ

p
ﬂl‘ﬂ!’ﬁﬁ.’ﬂ l!Hl!’iUIif!ﬂi!llll {!ﬂﬂﬁi AT
i!'zlﬁ TR
il I!MiIiiiiﬁ!il'ﬂF!i!!!llﬂillﬁnllﬁlﬁlilI!ixlillﬂl!!ﬂllll]
ki i..;i.ii!e!l L

ﬁisiz:lzlimzmiﬂml
i g:;nm;smmmunu

i il!guhlgl!ﬂ!l H
Hi!ﬁmilii!Iliisl!l’lllﬂlllllllﬂll
AR
s !i'ii

l
il ‘!iIIHll
i!i!ﬂ!!ﬁﬂl I

i i

i ilihi T
R R R
L

gmﬁg R

0 4 8 12 /6 20 24 28 32
a,deg

(v) Variation of Cp with a.

Figure 50.- Continued.




8 4 0 4 8 12 16 20 24 28 32
4]

(¢) Variation of Cp with Cp,.

Figure 50.- Concluded.
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(a) Variation of Cy, with o and Cp with Cj.
L D L

Figure 51.- Longitudinal aerodynamic characteristics of configuration C with
direct-1lift engines and lift-cruise engines deflected 90°. Cp = 0.
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(b) Variation of Cp with «.

Figure 51.- Continued.
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(c) Variation of Cp with Cp.

Figure 51.~ Concluded.
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(a) Variation of Cp, with « and Cp with Cf.

Figure 52.- Longitudinal aerodynamic characteristics of configuration C with
direct-1ift engines and lift-cruise engines deflected 90°. Cp = 1.45,
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(b) Variation of Cp with a.

Figure 52.~- Continued.
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(¢) Variation of Cp with Cp,.

Figure 52.- Continued.
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(d) Variation of Cp with a.

Figure 52.- Concluded.
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a,deg

(b) Variation of Cp with a.

Figure 53.- Continued.
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(e¢) Variation of @ with Cy,-

Figure 53.- Continued.
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(d) Variation of Cp with a.

Figure 53.~ Concluded.

4

28

32



LI &
& # W
3 Ed
5]
o
Q
=
+
w
&
Q bs
¥ &
=]
o
©Q
" &
o]
,_.‘
i
o 2
3]
0]
5
% L)
s 3
. =
(\j .
S
=i
Q =]
o =} o ¢
<
-g g D
&
g &
o
o] 0 g
8 oo
° %
w
5 34
o @
o) ¥ J
: 5 @
R 'lliﬂ!!ﬂ!':lilllliﬂ! AT E o0
lﬁ!!Hii!!ﬂ!’iﬂl!!i!IﬂﬁI!Hi-ﬂiiﬁﬂli!!zﬂﬁi -8 g
ik “ﬂ{ilq& lies 1D W
] 8 J
S O
o]
N S0
8] O 0
g o35
§ 98§
P § o
B 5
5 BE
5 84
= S
[ORLe]
=T °8
~ 4
> g
3 ]
N 'g
P
o
1]
=]
0
%]
1
=+
[TaN
:
o)
o
o

169




20

18

/6

i

It
!ﬁ!iiﬁii

it
!l i il
IL!!E!! ‘I“!Hhiilii!!!i‘lil‘!ll
b .di!iﬁl!ﬂﬁ L

ﬁ! I
R S R R
*"”""ilii&ﬂ!!ﬂﬂﬁi‘l!iﬁlﬁ:iHﬁ!%ﬁlii“ﬁ'ﬁllﬂllll[ il !!'!li!l!ﬁ!lﬂﬂ! AR
R SR A lﬂ!l:lﬁ!lﬁi!ullﬂl!ll
i ihi!ii“il‘i"ﬁ:ﬁ‘ﬁ,l!{‘!xf!ﬂ!E!‘ﬁ‘iﬂ‘h!!lﬂlﬂhidﬁﬂﬂlﬁﬂi!ﬂi Bﬁiﬁii!!“lﬂ!!llllﬂﬂﬂllﬂllﬂ

iﬁlﬁ sL E%ilﬁi ‘iﬁlldﬂil‘lllﬁilﬁi{iﬂ’ Ilili! R

i
L

P
o

i
ﬁ"i ) i;& g!l e ﬂHJHilllli!ﬁﬁllﬁll 1
R R L
il =i§; g% ﬁE%%Eil!gmg%ﬂﬁIiﬂillﬁiﬂlgig%lillﬂﬂllmlﬁﬁnﬂlﬂl mﬂﬂ!ﬂ%ﬂ%ﬂl“{“mﬂ

git i

il iaﬂﬁﬁiﬁ"ﬂ%li%ﬁi“!ﬁll l'l!iilﬁﬂ !!! llﬁ lﬁﬂ llﬂi'l%
R l Hﬂ Hllﬁill!!lllllﬂl
k!!’ﬁ!lﬂll!iifkf R R "ﬁllllllllﬁﬁllﬂll ﬂlﬂﬂili!!lllllllﬂl!ﬂll.ﬂ!ﬂllﬂ!
B R it
! Fl“ﬁiﬁ s '!iliﬁ"!’i“ﬂl!m““lﬂlﬁl!!!!lﬂﬂ
T ilill!ﬁil!ﬁﬂliﬂIlil!Ei!!ﬂlﬁilﬂlﬂllﬂlﬂﬁ ﬂlﬁﬂﬂmlillill!Im!"lillllllﬂll
iﬁi&diﬁiﬂﬁé&i DR A
eI, I'.!xnii;Eﬁ!lmiiﬁixﬂﬁlﬂimgihiﬂlllﬂl“!illlﬁi!llllll‘ll!iililillllillllﬂil
AT Rl
AR Il!!!l!l!!!lll!Iiilil!lllﬂllliﬁgmg

)
! iﬁ:a!ﬂli’ﬂﬂlithﬂlﬁi P
b mnnmnnumummuummmz
A
.mmsmma:mmuimmunmm III!I!!‘ii:li i
’!:55 i .,i;z;wyggt;ipﬁzumwmn
il il
i hiﬁ'nnmmn e
E!illiilm!lii!ﬁ:lhull'lﬂllﬂliiﬂi R
: R
P e
i i
A e )
[ u'mm!mm III!illillfﬂl'lﬂ!!IllII!!i’!!!ﬂllHlIIm!lI I
i N
ﬁﬂii-ﬂ!'ﬁ!‘i!lﬁﬂi’mhl'iiiihlim!iliiliﬁlﬁﬁ!ixi,ﬂ!!hlh! i
R
L
R
i T
L
T
e

(v) Variation of Cp with a.

Figure 54.- Continued.
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(c) Variation of Cp with Cr,.

Figure 54.- Continued.
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‘e -4 o 4 8 2 16 20 24 28
a,deg

(d) Variation of Cp with a.

Figure 54.- Concluded.
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(a) Variation of L/T with effective velocity ratio.
Figure 55.- Longitudinal aerodynamic characteristics of

configuration C with direct-lift engines and 1lifte
cruise engines deflected 90°, ¢ = 129,
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(b) Variation of D/T and M/TDe
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with effective velocity ratio.

Figure 55.- Concluded.
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a,deg Cp
(a) Variation of Cp with o and Cp with Cp.

Figure 56.- Longitudinal aerodynamic characteristics of configuration C with
direct-1ift engines and lift-cruise engines deflected 25°. Cp = O.
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-8 4 o 4 & /2 /6 20 24 28 32
a,deg

(b) Variation of Cp with «.

Figure 56.- Continued.
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(¢) Variation of Cp with OCf,.

Figure 56.- Concluded.
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-8 4 0 4 ] 12 16 20 24 7] 12 16
a,deg Cp

(a) Variation of Cp with o and Cp with Cy.

Figure 57.- Longitudinal aerodynamic characteristics of configuration C with
direct-1lift engines and lift-cruise engines deflected 25°. Cp ~ 0.65
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(v) Variation of Cp with «.

Figure 57.~ Continued.
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(c) Variation of Cp with Cp.

Figure 5T7.- Continued.
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(d) Variation of Cp with a.

Figure 57.~ Concluded.
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-8 -4 o 4 8 72 16 20 24 .8 -4 o ‘ 8 e

a,deg Cp

(a) Variation of Cj, with o« and Cp with Cp.

Figure 58.- Longitudinal aerodynamic characteristics of configuration C with
direct-1ift engines and lift-cruise engines deflected 250, Cp = 1.45
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a,deg

(b) Variation of Cp with a.

Figure 58.- Continued.
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(¢) Variation of Cp with Cp,.

Figure 58.- Continued.
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(d) Variation of Cp with «.
T

Figure 58.- Concluded.
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a,deg Co
(a) Variation of Cj, with o and Cp with Cr.

Figure 59.- Longitudinal aerodynamic characteristics of configuration C with
direct-1ift engines and lift-cruise engines deflected 25%°, Cp = 3.3.
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(b) Varistion of G with a.

Figure 59.- Continued.
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(c) Variation of Cp with Of,.

Figure 59.- Continued.
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(d) Variation of Cp with a.

Figure 59.- Concluded.
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(a) Variation of L/T with effective velocity ratio.
Figure 60.- Longitudinal aerodynamic characteristics of

configuration C with direct-1lift engines and lift-
cruise engines deflected 25°. o = 12°.
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(b) Variation of D/T and M/TD, with effective velocity ratio.

Figure 60.- Concluded.
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