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s	 NOTATION

a
A thrust augmentation ratio of jet augmentor, 3A/Jl

b wing span, m (ft)

BLC boundary Layer control,

G chord, m (ft)

c

t

mean aerodynamic chord, m (ft)

CN dirdrag coefficient, 	
qs

'.
ii
a

Cam
m drag

total. momentum drag coefficient, momentumqS 

CJAI isentropic augmentor jet force coefficient, isentropic force
S

Cl . isentropic BLC force
isentropic aileron BLC coefficient,.

	
-ay

<
C
J^.

total is-en.tropic thrust coefficient, C	 + C
JAS	 Sal

<
rift coefficient, 

lst
q

Cm
pitching moment

pitching-moment coefficient,:

CT undenq'ng engine total thrust coefficient, 
thous

S

.# CT^, augmentor tur'bocompressor jet pipe thrust coefficient, 
thrust

q
h distance from ground to Laing chord plane, n (ft)

a
h/c. ratio of distance from ground to mean aerodynamic. chord . at d = 0°

it horizontal tail incidence, positive with trailing edge down., deg

JA augmentor jet force at q _ 0, NIM? (psf).

JI isentropic, jet force at q = 0, N/M2 (psf)

PTAUG total pressure of primary.air measured inside wind duct, cm Hg -(in Hg).



q	 free-stream dynamic pressure, N/m2 (psf)

S	 wing area, sq m (sq ft)

T.S.	 thrust split between augmentor and underwing engines (67:33
means 67 percent of total thrust is in the wing and
33 percent 'is in the underwing•engines)

t	 airfoil thickness, m (ft)

x	 chordwise station, m (ft)

y	 airfoil ordinate, m (ft)

Z	 distance between moment center and line of action of thrust,
m (ft)

a, AL	 model angle of attack, deg

da	 aileron deflection, positive with trailing edge down, deg

Se	 elevator deflection., positive with trailing edge down, deg

8f	 augmentor flap deflection measured with respect to diffuser
mid-line, positive with trailing edge do-vini, deg
(see figure 4(a))

i
SlL	 augmentor intake door deflection, positive with leading edge

down, deg (see figure 4 (a) )

a	 deflection of augmentor turbocompressor jet pipes relative toJP
fuselage datum plane, deg
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a aileron

A augmentor

f flap

" I isentropic

JP augmentor turbocompressor jet pipes

U
`i L left

' R right

s s slat

.--a u uncorrected

' u/w underwing

. V Viper

w wing
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tt	 SUMMARY

This report presents the data of a wind tunnel investigation of the



INTRODUCTION
a

a

The-augmentor wing concept is being studied as one means of at-
taining STOL performance in turbofan powered. aircraft. Wind tunnel
tests.of a large-scale unswept augmentor wing model are reported in
reference 1 and 2. An initial investigation of a swept augmentor
wing model was reported in reference 3. The aerodynamics of the swept
model were subsequently investigated more extensively =,d these re-
sults, which -include the lateral stability and. control, characteristics,
were reported in reference 4.

This report presents the results of a wind tunnel investigation
of the longitudinal . aerodynam c characteristics of the swept augmentor
wing model in ground effect. The study was performed at ground heights
of h/c 2.01, 1.61, and 1.34. The ground effects of two different
underwing nacelle configurations were documented: (1) four JT-15D
turbofan nacelles, and (2) two J-85 turbojet engines wi.th .the exhaust
being deflected through twin conical, nozzles. The model Has also
tested without nacelles to allow comparison with the result, out of
ground effect (references 3 and 4).

y
This research program was undertaken in cooperation with the

Defense Research Hoard of Canada and DeHavilland Aircraft of Canada,
r	 Ltd.

MODEL.AND APPARATUS



a	
which were modified Viper engines. A diagram of the compressor system
is presented in figure 2(e).

The horizontal tail planform geometry is described in figure 3(a)
and Table 1T. The tail was equipped with the leading--edge slat shown
in figure 3(b). The slotted, double-hinged elevator is shown in
figure 3(c). When the tail was installed it was set at an incidence of
-8.7° and the elevator was set at zero.

Augmentor Flap

The geometry of the augmertor flap cross section.1s. shown in figure
4(a). The augmentor is ar. ejector system consisting of a trailing-edge
primary nozzle (figure 4(b)) through which the compressed air is
delivered, a (Lower) flap, a (upper) shroud, and an intake door. The
secondary air.is .entrained from the wing upper surface,.. the slot between
the intake door and shroud, and the .tertiary gap between the wing lower
surface and flap. The mixed jet is ejected downward between the flap
and the .shroud. The diffusion angle for this report and reference 4 is
4 0 50 1 ; for the investigation: of reference .3,.3t was 6 037 1 . The intake
door was set at its optimum position for •eaeh flap angle.

The ducting for the primary air and aileron BLC is shown in
figures 4 (c) and 4(d).  'Figure 4(d) shows the .variation,. of duct diameter
with wing span which was designed to maintain a duct Mach number of .36.

^
4



J-85 turbojet engines.- The starboard d-85 underwing engine is
shown in figure 7. The exhaust was split and ducted through two
conical nozzles, one on each side of the engine. The nozzles were
rotated from 0° (aligned with freestream) to 120° (,30° forward of
vertical). The geometry details of the nacelle installation are pre-

",	 seated in figures 7 (b) and 7(c).

TESTS

The test procedure consisted primari ly of varying angle of attack
at constant augmentor and underwing engine thrust coefficients. 	 The.,
angle of attack range varied from -4 0 to 8 ° at h/c = 1.34 to -6° to 18°
at h/c = 2.01.	 The _ augmentor thrust coefficient was varied from 0 to

°E 1.5.	 The operating parameters varied with underwing engine installation.
h p -.

The dynamic pressure, augmeator total pressure and und .erwing engine
thrust levels for each configuration are tabulated below:

'Zr Underwing Engines Removed

£j
w

q	 PTAUG
Nominal	 N/m2 (psf).	 cm(in) of Hg

`	 ` 1.6	 191.5 (4,0)	 61	 (24)a
1.2	 244`	 (5. 1)

.9	 335	 (7.0)

.4	 684	 (14.3)

.2	 ,{	 23.9	 (9)
0	 445	 (9.3)	 0 (0)

TJ	 '5D Lnaexwing Engines

stif Thrust /Engine
Cii .:	 PTAUG	 N(Ib)`^q

i Nominal	 N/m	 (sf)	 cm(in). of Hg	 67/33 T.S.	 40/60.T.S.
1.6	 192 (4.0)	 61	 (24)	 778 (175)	 2335 (525)
I.2	 244- (5.1)
0.9	 335 (7.0)
0.4	 684 (14.3)
0.2	 23.9 (9)

0	 445 (9.3)	 0	 0	 0

a

}

F.



`I

1-85 Undendng_ Engines

0J 7:  q	 PTAUG Thrust/Engine
-• Nominal

2
Nfnt (psf)	 cm (in) of Hg N(lb)

= sr< 5.0150 T.S.

1.2 173 (3.6)	 40.7 (16) 2225 (500)
.. .9 240 (5,0)
-' .4 493 (10.3) ^r

-'^ .2 684 (14.3)	 23.9 (9) 1335 (300)

=7 30/70 T.S.

.a'hk 1.2 139 (2.9)	 30.5	 (12) 4050 (910)
.9 191.5	 (4.0)
.4 388 (8.1)

' .2 684 (14.3)	 23.9 (9) 3115 (700)

DATA UI RUCTION

N

For a7l.force and moment data, the effects of compressor residua]
jet thrust, and the intake momentum drag of the fuselage mounted J--85,
Viper compressors, and underwing engines, have been subtracted from the
measured values. The reactive forces and moment created by the thrust
of the underwing engines have also been removed from the measured data.
The corrections made for thrust and ram drag are as follows:

CL, Q -- 0x.,p sin (a - SJP) - or sin ( 6TI + a)

CD " ^7u CAm J=85 Cbra Vlp$x
+ ^^ cos (a SJP)

:.;	 .

^.
	

+ CT cos OOH + a) - ()) n lea. .u
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The forces and moments are referred to the stability axes. The
moment center used for data computation was located longitudinally at
0.25-U and vertically 0.20L, below the wing chord datum. The data were
not corrected for wind tunnel wall effects.

Values of CJI were computed on the basis of the measured mass flow

and total pressure in the duct prior to discharge.

DATA PRESENTATION

The aerodynamic data are presented in three sections. The first
section, figures S to 1^, is the data without underwing engines. The
second section, figures 18 to 23, is the results with the JT-15D
nacelles mounted under.z:he wing. The third section, figures 24 to 39,
presents the data with the underwing J-85 engines. A summary of the
data is presented at the end of each section.

An index.to the aerodynamic data figures is presented in Table IV.
Table V presents a run-by-run index of the wind tunnel investigation.

^S

u
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' TABLE I. - WING REFERENCE DIMENSIONS

Wing area, sq m (sg ft) 	 21.36(230.0)
Aspect ratio	 8.0
Span, m (ft)	 13.08(42.895)

Taper ratio	 0.30

Sweep at ;4 chord, deg 	 27.5

Airfoil section	 RAE 104

Root chord, m (ft)	 2.515(8.25)

Tip chord, m (ft). 	 0.755(2.475)

Root thickness, percent	 12

Tip thickness, percent 	 1 c

Augmentor span. limits, Inner, m (ft) (percent).	 1.111(3.645)(12.34)
Augmentor span limits, Outer, m (ft) (percent) 	 4.375(15.01)(70.0)

Wing area spanned by one au=entor, sa m (su ft) 	 6.75(72.62)

1

3
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TABLE II.	 -	 TAIL REFERENCE DIMENSIONS

Horizontal Tail

Gross area, sq m (sq ft) 5.58 (60.0)

Aspect ratio 4.5

Span, m (ft) 5.005(36.432)

Taper ratio 0.40	 .

Sweep at ?^ chord, deg 25

Airfoil section. RAE 104 with modified l.e.

} Thickness/chord ratio, percent 10

Root chord, m (ft) 14591(5,22)

:Tip chord, m (ft)	 f 0.635 (2.082)
::-

Elevator hinge axis see figure 3(c)

Elevator . travel, deg ±30

Tailplane incidence, deg ±12

Tailplane arm, m (ft) 6.804 (22.32)

Tailplane volume coefficient 0.990 .

e
Mean aerodynamic chord, m (ft) .1.1].4 (3.654)

1

Vertical Fin

Fin arm, in (fit.) 5.361(].7..603):

Yin volume coefficient 0.07476

L

d:



TABLE 111. - COORDINATES OF R.A.E. 104 AIRFOIL (t/c max. = .10)

=! x/c y/c(100) x/e y/c(100)

0 .0 0.35 4.9300
.; 0.001 0.3441 0.35 4.9488

0.002 0.4863 0.38 4.9775
0.003 0.5953 0.4 4.9946
0.004 0..6870 0.42 5.0000
0.005 0.7676 0.44 4.9937.
0.006 0.8404 0.45 4.9862

.: 0.007 0.9072 0.46 4.9756
,. 0.0075 .0..9387 0.48 4.9454

0.008 0.9692 0.5 4.9027
0.009 1.0274 0.52 4.8468

> 0.01 1.0824 0.54 4.7769
09012 1.1842 0.55 4.7363
0.0125_ 1.2083 0.56 4.6917F.

0.014 1.2776 0.58 4.5802
-"_a 0.016 1.3642. .0.6 4.4650

0.018: 1.4452 0.62' 4.3113
0.02 1.5215 0.64 4.1370
0.025 1.6960 0.65 4.0438
0.03 1.8522 0.66 3.9473

i	 . 0.035 .1.9945 0.68 3.7452
1 0.04 2.1256 0.7 3.5331

0.05 2.3617 0.72 3.3128
. 0.06 2.5709. 0.74 3.0861

0:07 2.7592 0.75 2.9708`
0.075 2,8468 0.76 2.8545
0.08 2..9307 0.78 2.6103
.0.09 3.0881. 0.8 .2x3819
0.1 3.2336 0.82 2..1437
0.12 3.4945 0.84 1.9055
0.14 3.7222 0.85 1.7864
0.15 3..8254 0.86	 - 1.6673

:E 0.16 3.9224 0.88 1.4202
c 0.18 4.0992 0.9 1.1910

0.2 4.2556 0.92. 0.9528
Oc22 4.3936 0.925, 0.8932`
0.24 4.5149 0.94 0.7146
0.2.5: 4.5697 0.95 0.5955

:., 0.26 .4.6208 0.96 0.4764
0:28. 4..7124 0.975 0.:29.77.

'i,.., 0.3 4.7905 0.98 0.2382 _.---.
:F 0.32 4.8556 0.9875 0.1489	 a

0.34 4.9082 1.0 0

10
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Ẑ Q oFF 5o,sa ^t-$o	 .....

t
Csr° As

GT= oN

?^ o- oFF Sosso ^=i`Z^

Cyr a^1 5o:so
-Bono

2 c^ S-r4 O t=r- So -so Cam= ,4z

b V ^; GSA • $s . _^.^

_ 3^a... _ cT^ 1 !	 4-o SO -SO fix =0

G
.__,,.. A.r>

31 a^ G.'r -
^ ,^ 3^;Zn

C.

c TS.

ti

.S

33a_ C^ sa: sa ^;7v#,oi 0

TS G^^ _-Ss

34a.. 5^x. f .34	 ^-a = o°

Ord 30:1 a

Cz, V _

}	 i

;R

1p-

F.



TA18 LE ^. ^ TQI)Ex TU -DKTA V ^I rLl ,CS CoqcwhZ
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