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NOMENCLATURE

b wing span, m ({t)

c wing chord measured parallel to the plane of symmetry, m (ft)

ot

b/
. . : 2 -
mean aerodvnamic chord of the wing, E-/. c?dy, m (ft)
0

C drag coefficient about the wind axis, drag
D § q.S
C] lift coefficient about the wind axis, %%%;
Cl rolling-moment coefficient about the wind axis, rolllzgsgoment
Cm pitching~moment coefficient about the wind axis, pltchlggsgoment
Cn yawing-moment coefficient about the wind axis, yannﬁ ggment
Cy side~force coefficient about the wind axis, EEQ%;%§£SS
FA static (wind off) axial force, N (1b)
FN static (wind off) normal force, N (1b)
FR resultant force, FA“ + F <, N (1b)
N lift fan rotational speed, RPM
Po standard atmospheric pressure, N/m? (1b/ft2)
Ps free-stream static pressure, N/m? (1b/ft?)
q, free-stream dynamic pressure, N/m? (1b/ft?)
R lift fan radius, 0.457 m (1.50 ft)
S wing area, m’ (ft)?
T free-stream absolute temperature, K
To standard absolute temperature, 288.16 K
T static (wind off) normal force resulting from lift fan operating at
) Q L]
o, = 0°, BV = 0°, N (1b)

v fan exit isentropic velocity, m/sec (ft/sec)
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\Y free-stream air velocity, m/sec (ft/sec)
o angle of attack, deg

B angle of sideslip, deg

BV lift fan exit louver geometric deflection angle; 0° in the direction to
produce maximum thrust in the lift direction with o« = 0°, 0, = 0°
4
, s
§ static pressure ratio, 7
o
6cn lift/cruise fan thrust deflector geometric angle; 90° in the direction

to produce maximum thrust in the lift direction

6f trailing-edge flap deflection measured normal to the hinge line, deg

F
6j static turning angle, tan~! ?E , deg
A
€ average downwash angle, deg
n static turning effectiveness
0 absolute temperature ratio,-%L
o
3 . o
u fan~-tip speed ratio, ok
o, lift fan exit lower cascade rotation geometric angle; 0° in the direction
to produce maximum thrust in the lift direction
T ratio of ideal thrust with forward speed to static ideal thrust assuming
isentropic expansion to ambient pressure
w fan rotational speed, rad/s
Subscript
u uncorrected
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LOW=5SPEED WIND=-TUNNEL INVESTIGATION OF A
LARGE=SCALE VTOIL LIFT-FAN TRANSPORT MODEL
Kivoshi Aovagi

Ames Research Center

SUMMARY

An investigation was conducted in the NASA-Ames 40- by 80-Foot Wind
Tunnel, to determine the acrodynamic characteristics of a large-scale, VTOL,
lift-fan, jet-transport model. The model had two lift fans at the forward
portion of the fuselage, a lift fan at each wing tip, and two lift/cruise fans
at the aft portion of the fuselage. All fans were driven by tip turbines
using T-58 ga- generators. Results were obtained for several lift-fan, exit-
vane deflections and lift/cruise fan-thrust deflections at zero sideslip.
Three-component longitudinal data are presented at several fan-tip speed
ratios. A limited amount of six-component data were obtained with asymmetric
vane settings. All of the data were obtained without a horizontal tail.
Downwash angles at a typical tail location are also presented.

INTRODUCT10ON

The low-speed aerodynamic characteristics of large scale V/STOL models
with the lift-fan and lift/cruise-fan propulsive systems is being studied at
NASA Ames Research Center. Previous large-scale studies conducted in the Ames
40- by 80-Foot Wind Tunnel have investigated the aerodynamic characteristics
and propulsion-system performance of fan-in-fuselage, fan-in-wing, and podded
fan configurations. These studies are reported in references 1-13. Studies
with 1lift/cruise fan configurations are reported in references 14-16. Refer-
ence 16 reported on a large scale STOL transport model with two lift fans
located side-by-side at the forward section of the fusel ~2 and two 1lift/
cruise fans located at the rear section of the fuselage. The thrust vectoring
control of the front lift fans on this model was different from those previ-
ously investigated. The exit louvers were canted and mounted to a rotatable
ring to provide a greater thrust vectoring capability in both the longitudinal
and lateral directions. The model for this study had two lift fans at the for-
ward portion of the fuselage, a lift fan at each wing tip, and two lift/cruise
fans at the aft portion of the fuselage. All of the fans were driven by tip
turbines using T-58 gas generators., This model was derived from the four-fan
model of reference 16 by reducing the wing span and by adding podded l1ift fans
at the wing tips. An investigation in the Ames 40- by 80-Foot Wind Tunnel was
undertaken to determine the low-speed aerodynamic characteristics and
propulsion-system performance of this model. The longitudinal characteristics
of the model are shown for several fan-tip speed ratios from 0.06 to 0.27.

The test data in this report are presented without analysis.
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METHODS

Model Description

Photographs of the model mounted in the Ames 40- by 80-Foot Wind Tunnel
are shown in figures 1(a) and (b). Geometric details and pertinent dimensions
of the model are shown in figure 2(a).

Fuselage

The fuselage used in reference 16 was modified. This modification con-
sisted of increasing the length of the fuselage nose section from 2.23 m
(7.31 ft) to 2.87 m (9.41 ft) forward of the forward lift-fan centerline and
adding an additional fuselage section 0.70 m (92.30 ft) in length between the
wing and the 1ift/cruise fans. The fuselage had circular cross sections with
a maximum diameter of 1.75 m (5.75 ft). The forward section of the fuselage
contained two 0.91-m (3.00-ft) lift fans. This required a bulbous fairing
around each fan inlet that tapered along the fuselage side to the wing leading
edge.

Wing

The wing that was used in reference 16 was modified for this investiga-
tion, and a pod housing a 1ift fan was installed on the tip. The resulting
span measured to the pod centerline was 10.24 m (33.62 ft) compared with the
original 13.65 m (44.80 ft). This modification reduced the aspect ratio from
8.14 to 5.25 and increased the taper ratio from 0.233 to 0.420. The wing had
a quarter-chord sweep of 22.6°, a dihedral of 3°, an incidence of 0°, and a
NACA 65-412 airfoil section.

A 0.22 C single-slotted trailing-edge flap extended from the fuselage to
0.63 of the wing semispan and was deflected 30° throughout the investigationm
as shown in figure 2(b). Also shown in figure 2(b) is the 0.Q7 C chord
leading~edge slat, which extended from the fuselage to the wing tip and was
deflected 20° during the entire investigation. Both of these high-lift devices
were the same ones used in reference 16.

Propulsion System

The propulsion system consisted of four 1ift fans and two lift/cruise
fans driven by six T58-8B gas generators as shown in figure 2(a). The 1lift
fans were General Electric X-376 1ift fans with a fan diameter of 0.91 m
(3.00 ft) and a design pressure ratio of 1.1. Two lift fans each were located
at the forward fuselage section and at the wing tips. Two lift/cruise fans
were located at the rear fuselage section behind the wing. Location and
arrangement of the forward lift fans were the same as reference 16. Gas gen-
erator inlets for these fans were relocated from the top of the fuselage
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location of reference 16 to each side of the fuselage behind the fans. The
arrangement and vertical location from the moment center of the lift/cruise
fans and gas generators wete also the same as reference 16. The longitudinal
location from the moment center increased an additional 0.70 m (2.30 ft)
because of the fuselage length increase. All lift fans, including the wing-
tip fans, rotated in a clockwise direction as viewed from the inlet.

Four total-pressure rakes, consisting of six probes, were equally spaced
downstream of the fan exit at each fan located on the right side of the model.
A typical installation is shown in figure 2(c¢) with the probes spaced to pro-
vide equal areas. Rake measurements were used to compute ideal velocities and
thrusts assuming an isentropic expansion to ambient pressure.

Forward-lift fang- Installation of these fans is shown in figures 2(c)
and (d). The fans were mounted with the thrust axis canted 10° with respect
to the horizontal plane. Thrust vectoring control was provided by a cascade
of 14 0.114 m (0.37 ft) chord highly cambered exit vanes, which spanned the
fan duct exit. The vane details are shown in figure 2(e). These vanes were
mounted to a manually rotatable ring in the 40° canted plane. The cascade
ring rotation angle of 0° (ov = 0°) was defined when the vane spans were par-
allel to the model plane of symmetry. Rotation of the ring in the direction
giving positive thrust vectoring was defined as positive o _. The cascade
ring-rotation angles ranged 0° to 90°., The exit vanes deflection (By) was
changed remotely and varied -16° to +16°, about the maximum direct-lift posi-
tion. The fan exit louver angle of 0° (8y = 0°) was established with one fan
operating and by trimming the side force to zero with the fan speed 3600 RPM
at o = 0°, o, = 0°, and forward speed = 0. The fan inlets were the same as
the modified inlets described in reference 16,

Wing-tip 1ift fans- A lift fan was installed in a pod located at each
wing tip. The fan inlet was bellmouth-shaped, and the pod details are shown
in figure 2(f). The fans were mounted with the thrust axis canted 10° with
respect to the horizontal plane. Thrust vectoring control was the same as
described for the forward 1ift fans using the same exit vane design as shown
in figure 2(e). The vanes were mounted to a manually rotatable ring in the
31.2°-canted plane. The definitions of o_ = 0° and B, = 0° were the same

\ v
as the forward 1ift fans.

Lift/cruise fans- The two aft fans were mounted in cruise pods as shown
in figure 2(g). The fan exhaust was deflected through ducts for thrust vec-
toring. The duct angles used during the investigation were 23°, 56°, and 90°,
with 90° in a direction to provide maximum direct 1ift. The exhaust nozzle
area was sized to accommodate both fan and tip turbine flows.

Corrections

The model meets the geometric criteria of reference 17 for small correc-
tions resulting from wind tunnel walls. The results are therefore presented
uncorrected and may be corrected as the user desires.
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Because the tail strut fairing was off throughout the investigation, drag
and moment tares resulting from the exposed tail scrut and the main strut tips
have been applied to the data.

Data obtained without the 1ift fans operating (power off) were corrected
as follows:

o =a 4+ 0,467 C
u Lu

C. = Cy + 0.0081 C; 2
Du Lu

D

Cm = Cmu

Testing and Procedure

The installed static fan thrust data were obtained at o = 0° with for~
ward speed = 0. The variations of thrust with fan speed were obtained for the
forward 1ift fans and the wing-tip fans at B, = 0° and o, = 0°. The fans
were operated in pairs and individually. When B8, was varied at a constant
o, value, thrust measurements were taken with two fans operating together at
a constant minimum fan speed of 3600 RPM. Thrust measurements for the 1ift/
cruise fans were obtained with both fans operating at 6., = 23°, 56°, and 90°
at several fan speeds. Data were also obtained with each of the lift/cruise
fans operating alone at Sep ™ 90°,

In most cases, longitudinal force and moment data were obtained at sev-
eral forward speeds and angle of attacks with all fans operating at a minimum
speed of 3600 RPM. Several o, and Bv settings were tested at Scn = 23°,
56° and 90° by using the same settings at both the forward and the wing-tip
fans. The B_ settings were varied from -16 to 16° when a = 0° and were
set to 0° when o was varied -4 to 20°, The trailing-edge flap was deflected
30°, and the horizontal tail was off throughout the investigation.

RESULTS

The relationship between velocity ratio (VOIVJ) and fan-tip speed ratio
is shown in figure 3. The fan static thrusts and the basic aerodynamic data
are presented in figures 4-19. An index to these data is given in table 1.
The variations of measured fan thrust with fan RPM at forward speed = O are *
shown in figures 4(a), (b), and (c) for the forward-lift fans, wing-tip lift
fans, and the lift/cruise fans, respectively. Figure 5 presents the ratio of
the measured static resultant fan thrust to the maximum fan vertical 1lift as
a function of fan exit louver deflection angle (8,) for the front and wing-tip
1lift fans. The variations of the fan exhaust static turning angle with the
1ift fan exit louver deflection and with the lift/cruise fan deflector are
showm in figures 6 and 7, respectively. The turning efficiency of the 1lift/
cruise fan deflector is also shown in figure 7. The lift/cruise fan thrust

4




value at 8., = 0° was obtained from reference 16. The variations of ideal
thrust with forward speed to static ideal thrust ratio with fan-tip speed
ratio are shown in figures 8(a)-(c) for the forward lift fan, wing-tip fan,
and the lift/cruise fan. These fans were located on the right side of the
model.

Figures 9-15 show the variation of the longitudinal characteristics of
the model with fan tip-speed ratio at a = 0°. The variation of the longi-
tudinal and the lateral characteristics of the model with fan-tip speed ratio
is shown in figure 16 with asymmetrical deflections of B_ between the left
and right wing-tip fans. The longitudinal characteristics of the model with
variable angle-of-attack are shown in figures 17-20. Figure 17 shows the
longitudinal characteristics of the model with the iift/cruise fans windmill-
ing and with the forward and wing-tip lift fans inoperative. Figures 18-20
show the longitudinal characteristics of the model at several fan-tip speed
ratios with all fans operating.

The variations of the averaged downwash angle with angle of attack are
shown in figures 21, 22, and 23 with 6. = 90°, 56°, and 23°, respectively.
Figure 24 shows the variation of the averaged downwash angle with B8_ at
a = 0°., The downwash angles were obtained from the measurements of the direc-
tional pressure probes that were located near the top of the vertical tail as
shown in figure 2(a).




%ﬂ, W RO e, <

1 m‘
o]

10.

11.

12,

REFERENCES

Aoyagi, Kiyoshi; Hickey, David H.; and deSavigny, Richard, A.: Aerody-
namic Characteristics of a Large-Scale Model with a High Disk-Loading
Lifting Fan Mounted in the Fuselage. NASA TN D-755, 1961.

deSavigny, Richard A.; and Hickey, David H.: Aerodynamic Characteristics
in Ground Effect of a Large-Scale Model with a High Disk-Loading Lift-
ing Fan Mounted in the Fuselage. NASA TN D-1557, 1962.

Hickey, David H.; and Hall, Leo P.: Aerodynamic Characteristics of a
Large-Scale Model with Two High Disk-~Loading Fans Mounted in the Wing.
NASA TN D-1650, 1963.

Kirk, Jerry V.; Hickey, David H.; and Hall, Leo P.: Aerodynamic Charac-
teristics of a Full-Scale Fan-in-Wing Model Including Results in Ground
Ef ‘fect with Nose-Fan Pitch Control. NASA TN D-2368, 1964.

Hall, Leo P.; Hickey, David H.; and Kirk, Jerry V.: Aerodynamic Charac-
teristics of a Large-Scale V/STOL Transport Model with Lift and Lift-
Cruise Fans. NASA TN D-4092, 1967.

Hickey, David H.; Kirk, Jerry V.; and Hall, Leo P.: Aerodynamic Charac-
teristics of a V/STOL Transport Model with Lift and Lift/Cruise Fan
Power Plants. NASA SP-116, Paper 15, 1966.

Hickey, David H.; and Cook, Woodrow L.: Aerodynamic of V/STOL Aircraft
Powered by Lift Fans. AGARD CP 22, Paper 15, 1967.

Kirk, Jerry ".; Hodder, Brent K.; and Hall, Leo P.: Large-Scale Wind
Tunnel Investigation of a V/STOL Transport Model with Wing-Mounted Lift
Fans and Fuselage-Mounted Lift-Cruise Engines for Propulsion. NASA
TN D-4233, 1967.

Hodder, Brent K.; Kirk, Jerry V.; and Hall, Leo P.: Aerodynamic Charac-
teristics of a Large-Scale Model with a Lift Fan Mounted in a 5-percent
Thick Triangular Wing, Including the Effects of BLC on the Lift-Fan
Inlet. NASA TN D-7031, 1970.

Dickinson, Stanley O.; Hall, Leo P.; and Hodder, Brent K.: Aerodynamic
Characteristics of a Large-Scale V/STOL Transport Model with Tandem
Lift Fans Mounted at Mid-Semispan of the Wing. NASA TN D-6234, 1971.

Kirk, Jerry V.; Hall, Leo P.; and Hodder, Brent K.: Aerodynamics of Lift
Fan V/STOL Aircraft. NASA TM X-62,086, 1971.

Hall, Leo P.; and Kirk, Jerry V.: Large-Scale Wind Tunnel Investigation
of a V/STOL Transport Model with Podded Lift Fans Forward and Aft of a
Low Mounted Wing., NASA TM X-62,102, 1971.




13.

14.

15.

16.

17.

e B R T - b e Taeem W

Kirk, Jerry V.; Dickinson, Stanley O.; Hall, Leo P.; and Coffman, Mary G.:
Aerodynamic Characteristics of a Large-Scale Lift Fan Transport Model
with Podded Fans Forward and Lift Cruise Fans Mounted Above the Wing.
NASA TM X-62,151, 1972,

Gambucci, Bruno J.; Aoyagi, Kiyoshi; and Rolls, Stewart L.: Wind Tunnel
Investigation of a Large-Scale Model of a Lift/cruise Fan V/STOL Air-
craft. NASA TM X-73,139, 1976.

Gambucci, Bruno J.; Aoyagi, Kiyoshi; and Rolls, Stewart L.: Wind Tunnel
Investigation of a Large-Scale Model of a Lift/cruise Fan V/STOL Air-
craft with Extended Lift/Cruise Nacelles. NASA TM X-73,164, 1976.

Atencio, Adolph Jr.; Hall, Leo P.; and Kirk, Jerry V.: Low Speed Wind
Tunnel Investigation of a Large-Scale Lift Fan STOL Transport Model.
NASA TM X-62,231, 1973.

Cook, Woodrow L.; and Hickey, David H.: Comparison of Wind-Tunnel and
Flight-Test Aerodynamic Data in the Transition Flight Speed Range for
Five V/STOL Aircraft. NASA SP-116, Paper 26, 1966.




i

W .

009t = RdY

uey ¢ay3ue uoyl
-29139p 13AnNOT
1IX9 uej Yyiia
orIe1 (,0 = "9
‘0 = 0)

IJTIT uejy OrIEIS
unwixXew o3
Isniyl uej juel
~-InsSax J13els
uey 33¥7 dr3
-8utm pue uejy
IJTT plemaoq

uoyleaqyyred
isnayl df3els
uey asSTNID/IFTT

uolleIqITED
Isnayly

Jriels ueg
3317 dr3-3ury

uotjeiqired
Isnayy
J213E3S uej
1311 piemiog

06

08°09°0%°0

91 03 91~

08°09°0%°0

0

9T 03 9T~

)y

Qv

(®)y

SOTI1STI9308ARYD UR]

sjaeway

Fap A

3ap "y

A
Bap ¢ o

89p *"g

uey
9STNID/IITT

uey 3377 dr3-Buly

ue3 313ITT-piemlog

8ap "

sand8yy

SHANOI4d A0 XIANI ~-°T 279VL

T
pat

e



oy e

[N} T A o i 7 s A o mmm a oscme—— ——

orjea paads dya
~-uey Yirm orlex
3ISNIY3 2T3IeIS
Tea2pT 01 pads
PIBMIOI Y3ITM
isnayl Tespr
JO uolleIaI2)

009¢ = WdY

uey {{ouard1y3o
gutuiny d13e3lS
pue at3ue
guyuany oraeis
ue3y ISTNII/IIT]

009¢ = K4y uey
¢ay3ue uoyl
-297393p I3ANOY

IIX9 uUej Yrm .

a18ue Butuany
JT3IEIS XNTJI3
uej 3ITT d12
-3uim pue ueg
3JTIT paemaoz

06°95°€e

06°9S°€Z

08°‘09°0%°0

08°09°0%°‘0} 91 03 91~

08°09°0%°0 | 91°9°91~

08°09°0%‘0 | 9T°0°91~

08°09°'0%°0 | 9T ©3 91~

L2°0-90°0
Lz°0-90°0
L2°0-90°0

(e
(s

(*)8

syIeway

Bap 0

A

Bap ‘o A

8ap ‘g

A

83 ¢ o 8a9p .>m

uej
3sSTNAd/I3T1

uey I3TT d13-3urM

uei 3I3yT-paeniog

8ap

2an8yz

‘panuiljuo) -1 ATEVL

»
L
s e e ee .‘.f.v't.if.x.#ax!lii%li

}

’

|

B At

B

AN



e A i o2 vol v o ¢ i

.21§?§ii!i1’i‘?’l’

suej 1TV

8utieaado
suey [Te

$,0 = M2 ueg
3317 dr3-Suim
4yitm Afuo uey
1ITT pleaxoy
uo patiea “g

8urleaado

suej T1e

.0 = ¢ ueg
3ITT piemiog
y3im Ajuo suey
3317 dr3-Surm
uo patxea Ag

urTTTUpPUTA
:Suej asINid
/33T1T  °pail
-AOD S3I3TUT uej
3JTT pieaxoy
yiamm (juo suey
3317 dr3-8uim
uo pataea Ay

wcwumuNQOﬂl

06

ov‘o

0 9T ©°31 91~

0 91 °3 91~

0%‘0 0

0 91 03 91~

0 0

81°

81°

-90°

80°

81°0-90°0

(9)3(e)zt

(D3(=)11

(@)2(®)01

(@)3(®)6

Doud

1e SOIISTI93IdeiRYyd TEBUT

pn3t3uo

SyaeWway

'

L

wm—u uCU@

8ap 9 3ap .>m

3ap 5 8ap .>m

uej
9STNIAD-3IIT]

uey 3JTT dri-8urM

uejy 13J¥[-piemiog

8ap ¢ 0

aand1yg

‘panurjuo)y - 1 JTEVL

10

S e e e R A T



.0 =19 ueyayry
dri-8urm 3397
Yitm pataea
A9 uey 3371
dri-8uia apis
3y8ry -8urle

-aado suey TV 06 0 91 03 91~ 0 0 61°0-80°0 0 (1)3(®)91

o0 = 3e SI2T7ISTIaldeIRYD [BIIIE] pue Jeurpnitluog]
'
’ %4 0 4 0 L2°0~21°0 J (V3(®)sT
4

91 91 4 €95E163141

8 8 (W23

91~ 91~ (3)3(3)91

08°09°0Y% 8- 08°09°0% 8- (P)3(d)91 -
-y
8urieaado ’

suej 1TV 08°09°‘0% 08°09°0Yy 0 (R3(e)y1
3urTTTRWPUTA
suej a9sInId
J33TT ‘p21aAaod
SI2TUT UBI-IJTT
piemiog ‘auole
Buyaieiado uej

33717 d13-8uM 9¢ 09°0% o 09°0% PasoTd | LZ°0-80°0 0 (9)3(e)eT

8ap "9 8ap ¢"o 8ap g 8ap <o 8ap Ay n
syaeway i S3p ‘o 2an813
uey uey 1 di3-8um uey 3 -pIBMIO
oS TNI5/33T1 3 33vT 41 3 33¥1-P d

*panurjuo)y -°T IATAVL

=

.

.

P

o

'

™

b

‘.



T

A ! 'y /'y A 4 9Z° T - 9= (®)oz

81"’ T - 9- (Qoz

€2 rA o T - - (®)oz

9¢ 9Z° 0z - 9- ()61

“ 9¢ 8T"” oz - - (9)61

W 96 08°09°0Y 08°09°0% Al 8T - y- (®)61

06 ov‘o 0Y‘0 81" 91 - %- (d)s81

06 o%°0 o%‘0 rA & 8T - %- (qQ)st
8urieaado

suey [TV 06 0%‘0 0 o%‘o 0 80°0 rA SRR o (e)st
3ut
~-TTTUpuUIM suey
ISTNID/IFIT
¢{paaaaod s3ayur
uey 1317 d13
-8utm pue uejg
1ITT paemio]

$330 1amog %4 06 pasoT) 06 pasoT1d -— 0z - 9- L1

joei3je jo af8ue Ia[qeraeA YjlTm SOTISTialoeaeyd Teurpniyduo]
39p .CU@ 3ap t 3ap .>m 3a9p ) 8ap .>m n
syaeway s n 8ap ¢ v aan31g
aSTRI2/13T1 uey 3317 dri-Surm uej 3131]-piemiog

‘Pepniouo) -°1 ITEVL

12

-?

S st




(a) Three~fourth front view.

Figure 1.~ Photographs of the model mounted in the Ames 40- by 80-Foot
Wind Tunnel.
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(b) Overhead view.

Figure 1l.- Concluded.
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(b) Leading~ and trailing-edge high~lift devices.

Figure 2.- Continued.
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Figure 5.- Variation of static resultant fan thrust to maximum static
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(a) Right forward fan.

ratio with fan-tip speed ratio.
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Figure 9.- The variation in longitudinal characteristics with tip-speed ratio;
wing-tip lift fans only, By = 0°, forward lift fan inlets covered,
Sen = 90°, §¢ = 30°, a, = 0°.
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Figure 11.- Concluded.

(b) CD. c- variation with u.
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ratios; all fans operating, 8, = 0°, 8cn = 90°

Figure 12.- The variation in longitudinal characteristics
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Figure 12.- Concluded.

(b) CD’ Cm variation with u.

1
| - !
] _ . . ] |
. . i L’r
1 T N t
; | A . ]
L .
1
q N 1] m 1 2 .e - . .- -

O S

‘ >
h > i L i I * . s Af - 9.} L S S -
! P ;£ ¢
+ . . 4 v T Y
. - ; ! . Loj—di g - - |
R DT SN, D s b Sl Sl - ‘o +4 R maedih .- | {4 - - i
, : . i L A " i . : ' _
! \ i i . N 1 t | !
- B - e 8 —4 f e ‘LT,» - . P -4 .w -4 —4-— ,\I»I.nl‘ﬂ - :
: . . { i 3 i
ey R EEEE BN _ _ : ! i I
HINVISN SV : 3 1] 1 . N ). A S TSN S : I 1]
VSVYN et T Sl S ‘ K T $_ S i . R B { B
J N N . N : .

ikt
°




19}

/2

10}

(a) CL variation with .
Figure 13.- The variation in longitudinal characteristics with tip speed

ratios; wing-tip lift fans operating only, Bv = 0°, Sen = 0y Gf = 30°,
a = 0°,
u
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Figure 14.- The variation in longitudinal characteristics with tip speed
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(d) CD’ Cm variation with y, Bv = -8°,

Figure 14.- Continued.
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Figure 14.- Continued.
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(b) C,,, C'l variation with u.

Figare 15.- Concluded.
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(a) CL’ CD, Cm variation with 1y,
Figure 16.- The variation in longitudinal and lateral characteristics with

tip speed ratio; all fans operating, o, ™ 0°, forward lift fan Bv = 0°,
8en = 90°, Gf = 30°, a = 0°.
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Figure 16.- Concluded.

(b) Cy, Cn’ C; wvariation with .
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Figure 23.- Variation of downwash angle with a fur constant o, value at
forward and wing-tip lift fans; Sep = 23°, B, = 0°.
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Figure 24.- Variation of downwash angle with B
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