@ https://ntrs.nasa.gov/search.jsp?R=19760020082 2020-03-22T13:58:41+00:00Z

NASA TECHNICAL NASA TM X- 73,139
MEMORANDUM

8

g

(NASA-THK=X-73139) BIND TUNNEL INVESTIGATION N76~-27170

OF A LARGE-SCALE MODEL CFP A LIFT/CRUISE FAN
V/STOL AIRCRRFT (NARSA) 169 p HC $5.50
CsScL 0132 Unclas
G3/02 44545

WIND TUNNEL INVESTIGATION OF A LARGE-SCALE

MODEL OF A LIFT/CRUISE FAN V/STOL AIRCRAFT

Bruno J. Gambucci, Kiyoshi Aoyagi, and L. Stewart Rolls

Ames Research Center
Moffett Field, Calif. 94035"

May 1976 "t RECEIVEp

. INPUT BRangy ™ ;




. Report No. 2. Government Accession No, 3. Recipient's Catatog No.
NASA TM X-73,139

4. Title and Subtitie 6. Repart Date

WIND TUNNEL INVESTIGATION OF A LARGE~-SCALE MODEL

6. Performing Organization Code
OF A LIFT/CRUISE FAN V/STGL ALRCRAFT

7. Autharis) 8. Performing Organization Report No.
Bruno J. Gambucci, Kiyoshi Aoyagi, and A-6619
L. Stewart Rolls 10. Work Unit No.

9. Pertorming Organization Name and Address 505-10-35

Ames Research Center

11, Contract or Grant No.
Moffett Field, Calif. 94035

13. Type of Report ond Period Covered

12. Spomsoring Agency Name and Address Technical Memorandum
National Aeronautics and Space Adminstration T4, Sponsoring gty Code
Washington, D. C. 20546 )

16. Supplementary Notes

16. Abstract

An investigation was conducted in the Ames 40- by 80-Foot Wind Tunnel
to determine the aerodynamic characteristics of a large-scale model of a
life/eruise fan V/STOL aircraft. The model was equipped with three fans,
one mounted in the forward section of the fuselage in a lift mode, and two
mounted on top of the wing adjacent to t':w fi~e” ge in a lift/cruise mode.

The ‘data that were obtained include longitudinal and lateral-directional
characteristics of the model, with the horizontal tail on and off, for both.
the powered-1ift and cruise configurations. Powered-lift data were obtained
at several wind tunnel velocities and at several 1lift/cruise fan thrust
vector angles by varying the position of the hooded deflectors from 0°
(the cruise condition) to 90°.

17, Key Words (Suggmsted by Author{el} 18, Distribution Statement
Lift cruise fan
limi
V/STOL Unlimited

Powered lift STAR Category - 02

19, Security Qamif. (of this report) 20, Security Classif. {of thix page) 21, No. of Pages 22, Price*
Unclassified Unclassified 108 £5.25

*For sale by tha National Technical Information Service, Springfiald. Virginia 22161



WIND TUNNEL INVESTIGATION OF A LARGE-SCALE MODEL OF A LIFT/CRUISE
FAN V/STOL AIRCRAFT
Bruno J. Gambuccl, Kiyoshi Aoyagi, and L. Stewart Rolls

Ames Research Center, NASA
Moffett Field, Calif. 94035

SUMMARY

An jnvestigation was conducted in the Ames 40- by 80-Foot Wind Tunnel to
determine the aerodynamic characteristics of a large-scale model of a 1lift/
cruise fan V/STOL aircraft. The model was equipped with three fans, one
mounted in the forward section of the fuselage in a lift mode, and two mounted
on top of the wing adjacent to the fuselage in a lift/cruise mode.

The data that were obtained include longidudinal and lateral-directional
characteristics of the model, with the horizontal tail on and off, for toth
the powered-lift and cruise configurations. Powered-lift data were obtained
at several wind tunnel velocities and at several 1ift/cruise fan thrust vector
angles by varying the position of the hooded deflectors from 0° (the cruise
condition) to 90°.

INTRODUCTION

The NASA/Navy Lift/Cruise Fan Technology Aircraft Program 1s a cooperative
effort between NASA and the Navy; its purpose is to establish a firm technology
base for the design of lift/cruise fan V/STOL multimission aircraft for both
military and civilian applications. The program's ultimate objective is the
design, fabrication, and flight test of an aircraft that uses a lift/cruise
fan propulsion system. The operational suitability of the aircraft in multi-
mission V/STOL roles will then be investigated. This objective will be pre-
ceded by design studies (refs. 1 and 2), wind tunnel tests of small- and
larpe~scale models, and systems evaluation tests and simulation to develop
the base for the Technology Aireraft design. This report contains the results
of a large-scale wind tunnel test of a lift/cruise fan model typical of a con~
figuration being investipated for the Technology Aircraft. The tests wers
conducted in the Ames Research Center 40- by 80-Foot Wind Tunnel.

The large-scale lift-cruise fan V/STOL model used in this test was pow-
ered by three lift fans each of which was driven by a gas generator, Data
were obtained for two modes of operation, powered 1lift and cruise. For the
cruise-mode operation, only the two generators over the wing-mounted 1lift/
cruise fans were powered; the forward fan was covered. Static tests planned
for the hover mode will be the subject of a separate report.



The longitudinal force and moment characteristics of the model, as well
as its lateral-directional characteristics, are presented for both modes of
operation. Results for powered lift were obtained at a constant fan speed
over a range of wind tunnel velocities; the cruise configuration was run at
three lift/cruise fan exit velocities and at constant wind tunnel speed.

The test data are not analyzed here; their analyses will be the subject
of future reports,

NOTATION
b wing span, m (ft)
CD drag coefficient ahout the wind axis, é%
C ram drag coefficient about the body axis, v
D 295
ram
CR rolling moment coefficient about the stability axis, E%g
CI 1lift coefficient about the wind axis, éé
. - m
C pitching moment coefficient about/the stability axis at 0.25c, ;EE
Cn yawing moment coefficient about the stability axis, E%E
Cy side force coefficient about the stability axis, j%
c wing chord parallel to the plane of symmetry, m (ft)
- 2 b/
c mean aerodynamic chord,-g , dy, m (ft)
D drag, N (1b)
FA static axial force, N (1b)
F gross thrust with § = 0°, N (1b)
g cn
FN static normal force, N (1b)
g accele-ation of gravity, 9.8L m/sec? (32.2 ft/sec?)
it horizontal tail incidence angle, deg
}L total 1lift on the model, N (1lh)

rolling moment, N-m (ft-1b;
m pitching moment, N~m (ft-1b)

n yawing moment, N-m {ft-1b)



standard absolute pressure, 101352.9 (14.7 psi) N/m®
freestream static pressure, N/m? (1b/ft?)

freestream dynamic pressure, N/m? (1b/ft?)

corrected fan rotational speed

wing area, m® (£t2)

freestream velocity, m/sec (ft/sec)

fan exit velocity, m/sec (ﬁt/sec)

side force, N (1b)

angle of attack, deg

angle of sideslip, deg

1ift fan exit louver deflection angle, deg

relative static pressure, ;ﬁ

aileron deflection, deg

lift/cruise fan exhaust duct angle, deg
trailing-edge flap deflection, deg

front fan exhaust static turning angle, tan ! FE’ deg

rudder deflection, deg
' V2 + ¥

percent of wing semispan or static turning efficiency, - F

ratio of ambient temperature to standard temperatur= (519° Rankine)

1lift/cruise fan exhaust static turning angle, deg

Subscripts

ail

J

v

aileron

fan exit

rudder

static conditions

uncorrected data



MODEL DESCRIPTION

Photographs of the model mounted in the Ames 40~ by 80-Foot Wind Tunnel
are shown in figure 1. Model geometric details and pertinent dimensioms are
presented in figure 2. The model was equipped with adjustable flaps, ailerons,
horizontal stabilizer, and rudder. The horizontal tail is removable. The
ailerons and horizontal tail were remotely controlled.

Wing

The wing aspect ratio was 4.5, taper ratlo 0.30, and sweep along the
quarter chord line 25°. An NACA 4416 airfoil section was the basic wing
section at the exposed root. This became a modified supercritical airfeil
with wing station (0.442 n) and tip having a thickness-to-chord vatio of 0.1l4
and 0.08, respectively, The wing incidence was 3.23° at the exposed root and
-2,77° at the theoretical tip; this resulted in a wing twist of 6°. Wing air-
foil ordinates are presented in table 1.

Empennage

The horizontal tail was an NACA 64A0 series airfoil section with a
thickness-to~chord ratio at the root of 0.10 and of 0.08 at the tip. The
all-movable horizontal tail could be remotely actuated and had an incidence
range of %20°,

The vertical tail had an NACA 65A010 airfoil section and was equipped
with a movable rudder. For the tall-off tests, only the horizontal tail was
removed.

Propulsion System

The model was equipped with three 36-in. diameter General Electric X-376
turbo-tip fans with a design pressure ratio of 1.1. As shown in fipure 2(a)},
one lift fan was mounted in the forward fuselage section with the thrust axis
tilted 15° forward with respect to the horizontal plane. Two 1lift/cruise fans
were mounted in nacelles on the upper surface of the wing adjacent to the
fuselage. ZEach of these fans was powered by a modified T58-&B gas generator.
The relationship between the fans and gas generators is shown by the schematic
in figure 3

Thrust vectoring of the forward fan was obtained by a cascade of fourteen
0.102-m (0.333 ft) chord plain louvers that were mounted at the duct exit as
shown in figure 2(b). These louvers were remotely operated and varied from
103° to complete closure (0°). Two yaw vectoring vanes were located below the
louvers and 0.235 m (0.771 f£t) sywmetrically off the model centerline. The
vanes had a chord of 0.298 m (0.978 ft) and could be deflected *20°. For the
cruise configuration (8en = 0°), the inlet and the exit of the forward lift
fan were covered for most cases with the exit louvers and yaw vanes removed.
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Thrust vectoring of the lift/cruise fans was obtained by uwing the same
hooded deflectors and cruise nozzle (0°) of reference 3. Ceometric angles
of 90°, 71°, 56°, 38°, and 23° were obtained by removing or adding circular
sections as shown in figure 2(c)}. Two yaw vectoring vanes were located at the
hooded deflector exit and could be deflected +20° as shown in the figure 2(b),
The nozzle geometric area of the hooded deflector was 0,7678 m? (1190 in?).
When the cruise nozzle was used, the nozzle geometric area was 0.6937 m?
(1075 1n?).

For the cruise configuration the nozzle with the 0° geometric angle was
used. This nozzle configuration was used without the yaw vanes.

TESTS AND PROCEDURE

Longitudinal force and moment data were obtalined at discrete lift/cruise
fan exit nozzle de lections for model angle of attack and wind tunnel speed
ranges with the horizontal tail on and off. Lateral-directicnal data were
obtained for a range of sideslip a ~les at model angles of attack of 0°, 8°,
and 16°., A summary of the principal test variables for the powered-lift
configuration is presented in the following table:

q, N/m? (psf) $7.032 to 952.817 N/m? (1.4 to 19.9 psf)
§ 90° to 23°

cn
a -4° to 32°

u

[ -12° to 4°

it -20° ro 20°

fan RPM/VO 3600 (nominal)

Similar data were obtained for the cruilse configuration. A summary of
the variables for this mode of operation is presented below:

q, N/m% (psf) 1699.749 N/m2 (35.5 psf)
[+]
0
cn
o -4° to 32°
u
B -12° to 4°
i -20° to 20°
fan RPM//8 2700 to 1600 (nominal)

When either the angle of attack or angle of sideslip was varied in the
data acquisition process, the fan RPM, wind tunnel dynamic pressure, flap
deflection, and fan exit nozzle deflection were held constant. In the cruise
configuration, data were obtained with the forward fan covered.



CORRECTIONS

Force and moment data with the 1ift fans windmilling (power off) were
corrected for wind tunnel wall constraints in the following manner:

a = o 4+ 0.410 CL
u u

= 2
CD CD“ + 0.0071 (CLu)

c,=¢C, * 0.0112 C; (only with the horizontal tail on)
u u

None of the power-on data (i.e., lift fans driven by the gas generators)
was corrected for wind tunnel wall constraints. Corrections have not been
applied for the effects of the exposed tips on the model support struts, or
for ram drag.

PRESENTATION OF DATA

Static fan performance (i.e., at wind tunnel free stream dynamic pressure
of zero q = 0 psf) for the lift/cruise and forward famns is presented in fig-
ures 4 through 6, Lift/cruise fan deflector static turning and turning effi-
clency is presented in figure 7. 1In figure 8, the variation of jet velocity
ratio with wind tunnel velocity is presented for the three fans. The varia-
tion of jet velocity ratio with the angle of attack and fan RPM for the
cruise configuration is presented in figure 9. Wind-milling characteristics
of the lift/cruise fans at various thrust vector angles and for the forward
1ift fan are presented in figure 10. Variation of ram drag coefficient with
angle of attack at several jet velocity ratilos for each fan (three fans) is
presented in figure 11. The variation of fan thrust with angle of attack
at several jet velocity ratlos is presented in figure 12.

An index to all the figures presenting the basic aerodynamic data is
given in table 2. For ease of presentation, the aerodynamic data have heen
divided into two parts: namely, powered 1lift and crulse. The longitudinal
aerodynamic rharacteristics of the model in the powered-lift mode, with the
horizontal tail on and off the model, are presented in figures 13 and 14.

The effects of rudder deflection on the model longitudiral and lateral
characteristics are presented in figure 15. The lateral-directional character-
istics of the model are presented in figure 16 and horizcntal tail sweeps in
figures 17 to 21. The effect of forward fan louver sweeps is presented in
figures 22 to 24. Other data such as the effect of forward fan RPM, sideslip
angle, and aileron effectiveness, are presented in figures 25, 26, and 27
respectively.

The effects of tall incidence on the cruise mode longitudinal charac-
teristics are presented in figure 28. Longitudinal characteristics for the
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cruise mode with the horizontal tail on and with the tail off, are presented
in figures 29 to 33. The data presented also include the effect of lift/cruise
fan speed, differential aileron, and horizontal tail incidence (figures 34-37).
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Figure 1.- Photograph of the model mounted in the Ames 40= by BU-fant wing
tunnel.
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(b)Y L/H lift/cruise fan.
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(b) R/H lift/cruise fan.

Figure 9.- Concluded.
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(a) Gcn =907, B,
Figure 10.- Wind milling characterisitecs of the model fans.
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= 56°, nominal ¢ = 952.8 N/m2(19.9 psf).
Figure 10.- Continued.
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= 38°, 8= 43°, nominal q = 952.8 N/m?(19.9 psf).
Figure 10.- Continued.
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Figure 11.- Continued.
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Figure 11.- Concluded.
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Figure 12,- Variation of ram drag with angle~of-attack with forward fan
and lift/cruise fan operation.
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(e) 6, = 23°
" Figure 12.- Continued.
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(1) Forward Fan, B
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(a) Gcn = 90°, Bv = 90°,

Figure 13.- Longitudinal characteristics of the model with three fans
operating; tail off, Gf = 15°, Gail = 10°, 6R = ¢, 8 =0°.
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Figure 13.- Continued.
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Fipure 14.- Longitudinal characteristics of the model with three fans

= ° - o
f = 15°, 6 . = 10°,

= 0°,
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(d) §., = 71°, B, = 55°.

Figure 14.- Continued.
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Figure 14.- Continued.
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(a) Longitudinal characteristics.

Figure 15.- Longitudinal and laterial characteristics of the model with
three fans operating and the rudder deflected; Sr = 23°, Scn = 38°,
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(b) Lateral characteristics.

Figure 15.- Concluded.
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(a} acn = 90°, B, = 90°, @, = 0°.

Figure 16.~ Variation of side force, yawing-moment, and rolling moment
coefficients with sideslip and with three fans operating; Gf = 15°,

§ = 10°, i, = 0°, §, = 0°.

ail t R

63



TEST YB2. AUN T6.

b4

Figure 16.- Continued.




a0

=4

o

i6

an

20

i

Figure 16.- Continued.

65



CETL oMW CZawm 1s3)

u

(d) 6 =23°, B, =43°, a
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Figure 17.- Continued.
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Figure 18.- The effect of tail incidence on longitudinal aerodynamic
charscteristics with three fans operating; 6., = 71°, Bv = 55°,
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Figure 19.- The effect of tail incidence on longitudinal aerodynamic
characteristics with three fans operating; Gcn = 56°, B, = 43°,
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{(a) o, = 0°.

Figure 21.- The effect of tall incidence on lomgitudinal aerodynamic
characteristics with three fans operating; §.n = 23°, By = 43°,
8¢ = 15°, 641 = 10°, 8 = 0°, &z = 0°.
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(b) ¢, = 8°.

Figure 21.- Continued.
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{a) Horizontal tail off.

Figure 22.- Effect of forward 1lift fan exit louver deflection angle on
the model longitudinal charactaristics with three fans operating;

Scp = 90°, 8, = 15°, 8 ., = 10°, a =0°, B = 0°, &y = 0°.
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{(b) Horizontal tail on, it = (°,

Figure 22.- Concluded.
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Figure 23.- Effect of forward 1ift fan exit louver de:iection angle on
model longitudinal characteristics with three fans operating; §
horizontal tail off, &; = 15°, 8541 = 10°, § = 0°, &g = 0°.
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Figure 24.- Effect of forward lift fan exit louver deflection on the
medel longitudinal characteristics with the cruise fans wind
milling; 6., = 0°, 8¢ = 15°, 6,41 = 10°, a = 0°, horizontal tail
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Figure 25.~ The effect of forward fan RPM on the longitudinal aerodynamic

= 0“, du = Oo,
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Figure 26.- Variation of side force, yawing-moment, and rolling-moment
coefficients with sideslip with three fans operating; Sen = 56°,

6f = 150, 6311 = 100, BV = 430, it = 00, du = 00, 6R = 00.
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(a) Longitudinal characteristics.
Figure 27.- The effect of the differential aileron deflection on the

model aerodyramic characteristics with three fans operating; 8op = 36°
By = 43°, 8¢ = 15°, ip = 0°, 8= 0°, 6y = 0%, a, = 0%,
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(b} Lateral characteristics.

figure 27.- Concluded.
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(a) Cruise fan RPM/V® = 2727.

Figure 28.- Longitudinal chavacteristics of the model in the cruise
configuration; forward fan inlet and exit covered, 8.n = 07,

- o _ o - o — ne _ 2
8 = 0°, 8,5, =0° 8 =0° 8 =0° q=1637.0 N/n?(34.19 psf).
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Cruise fan RPM/VS = 2170
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igure 28.~ Continued.
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Figure 29.- Longitudinal characteristics of the modei in the cruise
configuration with the horizontal tail off; forward fan inlet
and exit covered, ., = 0° , 8¢ = 0%, 6,43 = 0°,8=0°, 6 = 0%,
q = 1639.4 N/m?(34.24 psf).
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{(a) Longitudinal characteristics.

Figure 30.- Aerodynamic characteristics of the model in the cruise
configuration with the rudder deflected; forward fan inlet and
exit covered, &p = 23°i 8en = 0%, 8¢ = 0°, 85341 = 0°, ip = 0°,
B =0°, q = 1639.4 N/m“(34.24 psf).
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{b) Lateral characteristics.

Figure 30.- Concluded.
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(a) Longitudinal characteristics.

Figure 31.- Aerodynamic characteristics of the model with sidesliip of 8°;
fow.rd fan covered, §_, = 0°. Gf = 0%, 6311 = 0°, it = 0°, dR = 0°,
q = 1639.4 N/m?(34.24 psf).
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(b) Lateral characteristics.

Figure 31.- Concluded.
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Figure 32.- Longitudinal characte. sites of the model with the horizontal
tail off; forward fan inlet covered, §., = 0°, By = 0°, §_ = 0°,

8,07 = 0°s B =0°, 8 =0°, q = 1637.0 N/u?(34.19 psf).
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Figure 33.- Longitudinal characteristics of the model with the flaps and
ailerons deflected; forward fan inlet covered, §., = 0° By = 0°,
horizontal tail off, 8= 0°, 6, = 0°, q = 1635.6 N/m2(34.16 psf).
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(a) Fan RPM/vE = 2723,
Figure 34.- Variation of side force, yawing-moment, and rolling moment
coefficients with sideslip; forward fan inlet and exit covere%i
- A° = N° = N° = 0° I -
Gcn—O,ﬁf—O,,Sail O’it O,SR 0%, g = 1635,6 N/m
(34.17 psf).
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(b) Fan RPM/VO = 1614.

Figure 34.- Concluded.
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(a) Longitudinal characteristics.

Figure 35.- The effect of differential aileron deflection on the model
aerodynamic characteristics; forward fan inlet and exit covered,
Sat1 = =25°/25°, 8cq = 0°, 8¢ = 07, i = 0%, 6= 0°, & = 0°,
q = 1638.4 N/m*“ (34.22 psf).
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(b} Lateral characteristics.

Figure 35.- Concluded.
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(a) Longitudinal characteristics.
€

Figure 36.- The effect of differential aileron deflection on the model
aerodynamic characteristics; ferward fan inlet aad exit covered,

gcn = 0%, 8, = 0%, & =0° §=0° u, =0° q=1638.0 N/n?(34.21 psf),
= 0 -
R
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{b) Lateral characteristics.

Figure 36.- Concluded.
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(a) SR =
characteristics of the model in the cruise configuration;

fan inlet and exit covered, §

Figure 37.- The effect of tail incidence on longltudinal aerodynamic
g = 0°,
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(b) GR = 23°,

Figure 37.- Concluded.
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