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SUMMARY

An investigation has been made to determine the effect of propeller
location and flap deflection on the lift, drag, and pitching-moment
characteristics of a wing-propeller combination over an angle-of-attack
range from 0° to 80°. The model had four propellers, the slipstream from
which covered practically the entire span of the wing. The wing had a
30-percent-chord slotted flap and an 8.5-percent-chord slat. Data were

- obtained for
and on. For
measured and tuft studies of the flow on the wing were made. The data

= are analyzed to assess the feasibility, from consideration of stability
and control,
with the wing pivoted behind the primary wing structure to provide a
desirable structural configuration. The main object of the investigation
was to determine whether advantage might be taken of the forward shift of
the center of gravity of the airplane, as the wing is tilted from an
angle of attack of 90° to 0°, to minimize the change in trim pitching
moment throughout the transition speed range for such a configuration.
The results indicate that with proper propeller position and programming
of flap deflection, it is possible to design a configuration of this
type in which essentially no change in trim is required throughout the
transition from hovering to normal unstalled forward flight.

In recent years great interest has been shown in the design of various
types of airplanes for vertical take-off and landing by using either a flap

flap deflections of 0°, 20°, 40°, and 60° with the slat off
one propeller position the power input to the model was

of a tilting-wing vertical-take-off-and-landing airplane

INTRODUCTION

arrangement to deflect the airstream downward or a tilting wing. (See,

for example, refs. 1 to 3.) From consideration of the power required, the

best configuration appears to be an airplane in which a combination of a
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tilting wing with some flap deflection is used. With such a configuration,
the use of a wing pivot well back on the wing chord to permit the use of a
continuous wing structure across the top of the fuselage appears very
desirable from structural and weight considerations.

In order to analyze the feasibility of a configuration employing these
design features from stability and control considerations, some experi-
mental data on the serodynamic characteristics of an appropriate wing-
propeller combination were necessary. Force tests were therefore made to
determine the effect of propeller location and flap deflection on the 1lift,
drag, and pitching-moment characteristics of a wing-propeller combination
over an angle-of-attack range from 0° to 80° for flap deflections of 0°,
200, AOOJ and 60°. These data were analyzed to determine whether advantage
might be taken of the forward shift of the center of gravity of the air-
plane, as the wing tilted from an angle of attack of 90° to 0°, to minimize
the change in trim pitching moment throughout the transition-speed range
for such a configuration. The investigation covered two vertical and two
longitudinal positions of the propellers relative to the wing.

The results of these tests are expected to be of assistance in the
design or analysis of other aircraft with similarly located propellers on
a tilting wing. The data are presented with little analysis except for a
brief discussion of the application of the pitching-moment results to the
hypothetical vertical-take-off airplane described in reference 3.

SYMBOLS

All forces and moments are based on the wind-axis system.

F, Iift, ~1b

Fp drag, 1b

My pitching moment, ft-1b

Y tunnel velocity, ft/sec

a angle of attack of wing, deg

Of angle of flap deflection, deg

¢ mean aerodynamic chord, 9.68 in,

B horsepower input to model motor
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APPARATUS AND TESTS

The geometric characteristics of the model used in the investigation
are as follows:

Wing:
R O o), B W, o o e oeh e @ e ST A e 0
NS GBI Ol 0 s e v e w e e le e e e heihe | ae e el LR M
AEIEET |, 1 O O SR B A Co P e B 9
Iiplehorcd, - dn. .. . R R AR e O I L o LI
oot eherd (at center line) i SN S S Ml R, LT et i
L e S IR P SRS S U I PP A I B ¢
S S S S Al e LI PP (S
Span, in. N LT cibe i Taat m et ial e et el fe | ahidias S TSNS
Mean aerodynamic chord, in. I I PN SR e

Flap hinge line, percent chord ' . i Bl et ol i alie | on ot s RIS ol SHINCINS 70
Propellers (four with two blades each):
Diameter, in. . . MIER YA R PR ST i O R A 5 18

Solidity (each propeller) 0l g e g e ) i e X 5 gl SR S S PR

Sketches showing the details of the model are presented in figure 1.
Figure 1(a) shows the general arrangement of the model. Figure 1(b) shows
the relative position of the propellers for the three configurations
covered in the investigation. Figure 1(c) shows a typical airfoil section
illustrating the general arrangement of the full-span slotted flap and
full-span leading-edge slat.

The slat was made from 1/32-inch-thick metal sheet, had a nose sec-
tion of 0.2-inch radius, a surface curved to fit the forward 8.5 percent
of the wing surface, a root chord of 1 inch, 'and a tip chord of O. 6 inch.
The nacelle fairings completely enclosed the gear boxes and their sup-
porting brackets. Power for the two-blade propeller mounted on each gear
box was supplied through connecting shafts by a 5-horsepower electric
motor which was mounted at the midspan of the wing. The propellers were
the same as those used in the investigation reported in reference 1. The
model was made up of components available from other investigations made
at the Langley Laboratory; it was therefore necessary that the shafts
between the motor and gear boxes be externally mounted but because of
their relatively small size, their effect on the 1lift, drag, and pitching
moment at the high angles of attack of primary interest was considered to
be negligible.

The force tests were made in the Langley free-flight tunnel, which
has a l2-foot octagonal test section. Tests were made for the three pro-
peller locations shown in figure 1(b), which, for convenience, are called
the lower rear, lower forward, and upper forward positions. Horiesch
propeller position the slotted flap was set at angles of 0°, 20°, 40°,
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and 60° and an angle-of-attack range of 0° to 80° was run for each flap
setting. At each angle of attack the tunnel speed was varied so that
readings of the 1lift, drag, and pitching moment were obtained at speeds
both above and below the drag trim speed. Tests were not run for angles
of attack above 700 except at OBf = 0° Dbecause the tunnel speed was

approaching zero and the drag trim points were unobtainable. All tests
were made at a propeller speed of 3,000 rpm. The 1ift, drag, and
pitching moments were measured on an electric strain-gage balance which
was located below the wing immediately behind the model motor.

In order to provide some indication of the variation of power
required with speed, flap deflection, and slat deflection, the power
input to the model motor was measured with a polyphase wattmeter. These
power measurements were made for the configuration of the upper forward
propeller location at the speeds corresponding to zero drag for the four
flap deflections with slat on and off. At the same time that these power
tests were being made, a study of the flow patterns on the wing was made
by using rows of tufts taped on the upper surface of the wing. Sketches
were made of the type of flow over various sections of the wing throughout
the angle-of-attack range for all four flap positions.

RESULTS AND DISCUSSION

Basic Data

The 1ift, drag, and pitching-moment characteristics of the model
obtained from the force tests throughout the speed and angle-of-attack
range are presented in figures 2 to 4 as follows:

Nacelle position O, deg Slat Figure

Lower rear 0 off 2(a)
20 off 2(b)

40 off 2(e)

40 On 2(a)

60 off 2(e)

60 On 2(f)

Lower forward 0 Ooff 3(a)
0 On 3(b)

20 Off 3(c)

20 On 3(a)

o) Off 3(e)

40 On 3(f)

60 Off 3(g)

60 On 3(h)
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Nacelle position Of, deg Slat Figure

Upper forward 0 Oft 4(a)
0 On 4(b)

20 off h(e)

20 On 4(d)

40 off L(e)

40 On 4(f)

60 off hig)

60 On 4(n)

These results are presented in dimensional terms because the conventional
coefficients become inadequate when the free-stream velocity is zero. The
pitching moments in these data are referred to the quarter-chord point of
the mean aerodynamic chord.

The data obtained in the power input tests were scaled up to an
arbitrarily chosen constant 1ift of 25 pounds as follows: At each
drag trim point a factor was determined that would bring the measured
1lift up to 25 pounds. The measured power input was then scaled up by
applying the factor raised to the 5/2 power and the corresponding veloc-
ity was scaled up by using the square root of the factor. The results

of the tests were then plotted and are presented in figure 5. It may be
seen that initially the maximum power required is for V = O or hovering
condition and that the power needed for steady level flight decreases

with increasing forward speed up to speeds of approximately 40 to 50 feet
per second. The power required then increases again as the speed is
increased further. Deflecting the flap to 4O° reduces the power required
as was expected from previous data (ref. 3). The use of the slat generally
caused only a very small reduction in the power required.

The results of the tuft studies that were made at the speed required
for zero drag at each angle of attack and flap setting are presented in
figure 6. The data show that without the slat the wing experienced almost
complete stall in some conditions. With the slat on, however, no areas of
completely stalled flow were observed although in some cases very large
areas of disturbed flow remained. The tuft studies also indicate the most
consistently smooth flow area is at the wing tips and the most consistently
stalled area is between the nacelles. This characteristic is believed to
be due to the direction of rotation of the propellers since the blade
motion is downward in the region of the wing tips and upward in the region
between the nacelles (fig. 1(a)). Inasmuch as the model motor in this
configuration came above the upper surface of the wing at midspan, the flow
was turbulent rather than smooth, as would be expected from this propeller
effect.

The reason for making the tests with a slat was to determine whether
it could reduce the intensity of the stall and thereby give a reduction
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in the power required at low forward speeds. Since the data show no
appreciable reduction in power required, even though they do show that
the slat reduced the intensity of the stall, the use of the slat does
not appear very promising on the basis of the present data. It should
be realized, however, that the power-required tests were made at zero
drag and in the conditions required in descending flight at low speed,
the slat might be very desirable. A different slat position may also
give better results. These points are brought out in the data of
reference L.

Application of Data

As pointed out previously, the tests were made to provide data with
which to analyze the feasibility, from consideration of stability and
control, of designing a structurally desirable tilting-wing vertical-
take-off airplane with the wing pivot behind the primary wing structure.
Because in this configuration the airplane center of gravity would shift
forward as the wing tilted from o of 90° to OO, the main object of the
investigation was to determine whether this shift in the center of
gravity could be used to minimize the change in trim pitching moment
throughout the transition speed range. With this object in mind, the data
have been analyzed for the hypothetical vertical-take-off airplane dis-
cussed in reference 3. The assumed airplane characteristics are as follows:

Normal gross weldght; Ib . . . o « & o o o o s'e o & é 0 o o v s 60,000
S e TEE SRR I T S O A RO 41,000
Toepeller diameter, B8 o . o ¢ o o o o s s eie s e e 00 20
Engine power (four engines), Bhp . « « « ¢ o ¢« o o ¢« o o o o« 3,500
Tail-engine thrust (two engines), 1b . . . « « « « o o o o « &« 1,800
T e - T v R I DL R R U R B 1,000
St T G TR T SR P S TR T S T B S S R 95

A sketch of this airplane is reproduced in figure 7.

For this analysis, pitching moments were transferred to the center-of-
gravity positions of the complete airplane configuration, which varied with
wing incidence and were different for each of the three propeller positions
covered in the tests. Figure 8 shows the center-of -gravity positions
for each of the three propeller positions at 0° and 90° wing incidence as
determined by the following procedure. A weight breakdown for the air-
plane indicated that, of the total weight of 60,000 pounds, 27,675 pounds
was the weight of the tilting part of the airplane or wing group (wing,
nacelles, propellers, gearing, shafting, fuel, etc.), and 32, 325 pounds was
the weight of the fixed part of the airplane (fuselage, tails, landing
gear, crew, cargo, etc.). The wing was assumed to be pivoted at the
65-percent point of the root chord and the wing was placed on the fuselage
so that, when the wing was in the vertical position, the center of gravity
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of the complete airplane would fall on the thrust line as shown in fig-
ure 8. As the wing pivoted forward for normal flight, its center of
gravity moved forward and downward so that the center of gravity of the
complete airplane also moved forward and downward in an arc. The
pitching moments were computed with reference to this moving center of
gravity of the airplane and are presented in figure 9.

It can be seen that the pitching moments obtained at the two lower
propeller positions are not very different from each other at corre-
sponding angles of attack and flap deflection but changed considerably
when the propellers were moved to the upper position. In general, the
plots show that for the lower positions the pitching moments are nose
down (My negative) throughout most of the angle-of-attack range

(figs. 9(a) and 9(b)) but for the upper position (fig. 9(c)) the pitching
moments are nose up throughout most of the angle-of-attack range. The
fact that the upper propeller position does not give larger nose-down
moments than the lower position is contrary to the result that might be
expected from a first analysis of the relation between the thrust line
and the center of gravity. This effect of vertical propeller position is
probably caused by a difference in the forward shift of the thrust line
on the propeller disk with forward speed. This forward shift of the
thrust vector on the propeller disk is discussed in reference 5, which
presents data for an isolated propeller and a propeller in the presence
of a wing.

Since pitching moment that must be trimmed out by an auxiliary tail
Jjet or some other device should be as small as possible, it appears that
a propeller position somewhere between the lower position, which gives a
nose-down moment, and the upper position, which gives a nose-up moment,
would Be an optimum position at which the pitching moments throughout the
transition range would be close to zero. Another technique that could be
used to help eliminate a variation of pitching moment during the transi-
tion period would be a careful programming of the flap deflection. As an
example of the possibilities of these techniques, the data from fig-
ures 9(b) and 9(c) were interpolated to represent the results that might
be obtained from an optimumized propeller position two-thirds of the
distance from the upper to the lower propeller position and from a pro-
gram of flap angles selected to give a nearly zero pitching moment until
the forward speed had become great enough to permit the tail to be an
effective trimming device. These data are presented in figure 10. The
presence of a tail on a complete airplane configuration will modify these
results quantitatively, and the data presented here should not be inter-
preted as defining an optimum configuration.
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CONCLUDING REMARKS

The results of the present investigation of a wing-propeller combi -
nation show the existence of powerful factors for changing the variation
of pitching moment with speed. An analysis of the data for one arbitrarily
chosen case of a tilting-wing vertical-take-off-and-landing airplane indi-
cates that with proper propeller position and programming of flap deflec-
tion, it is possible to design a configuration for a vertical-take-off-and-
landing airplane in which essentially no change in trim is required
throughout the transition from hovering to normal unstalled forward flight.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 24, 1956.




NACA TN 3917 9
REFERENCES

1. Tosti, Louis P., and Davenport, Edwin E.: Hovering Flight Tests of
a Four-Engine-Transport Vertical Take-Off Airplane Model Utilizing
a Large Flap and Extensible Vanes for Redirecting the Propeller
Slipstream. NACA TN 3440, 1955.

2. Lovell, Powell M., Jr., and Parlett, Lysle P.: Hovering-Flight Tests
of a Model of a Transport Vertical-Take-Off Airplane With Tilting
Wing and Propellers. NACA TN 3630, 1956.

3. McKinney, M. O., Kuhn, R. E., and Hammack, J. B.: Problems in the
Design of Propeller-Driven Vertical Take-Off Transport Airplanes.
Aero. Eng. Rev., vol. 15, no. 4, Apr. 1956, pp. 68-75, 8k.

4. Kuhn, Richard E., and Hayes, William C., Jr.: Wind-Tunnel Investiga-
tion of Effect of Propeller Slipstreams on Aerodynamic Characteris-
tics of a Wing Equipped With a 50-Percent-Chord Sliding Flap and a
30-Percent-Chord Slotted Flap. NACA TN 3918, 1957.

5. Kuhn, Richard E., and Draper, John W.: Investigation of the Aerody- "
namic Characteristics of a Model Wing-Propeller Combination and of
the Wing and Propeller Separately at Angles of Attack Up to 90°.
NACA Rep. 1263, 1956. (Supersedes NACA TN 3304 by Draper and Kuhn.)




s Gis) /) )
P g\ 1\ : : Jige / \
ot _II / 'L__.___J /I \ s
= = J
k‘— 19 ~+~ 14.67—>t<— I4.67"1“ 9 —'1
85.52 3]
= T L \\ l/ RO ] // ERY o \\ S Z \
(e A R e

(a) Complete model shown with propellers in the lower forward position.

in inches.

Figure 1.- Model of wing-propeller combination.

All dimensions are

oT

LT6¢ NI VOVN



a8

6.98

!

25¢c PROPELLER LOCATIONS

y

Lower rear

——= =——  Lower forward

------ Upper forward

(b) Relative locations of the three propeller configurations tested. All dimensions are

in inches.

Figure l.- Continued.

LT6¢ NI VOVN

il



70

(c) Typical wing section showing flap and slat details. Flap at 60°.

chord except as shown.

Figure 1l.- Concluded.

30

All dimensions in percent

agl

LT6¢ NI VOVN



NACA TN 3917 3

8
4 nzeo
: 'DM"'&@-:&N ]
My, ft-lb &*'@r?g:&\g
0 =t
a,deg [
I scomatl
e o———
4 i 20
frreteaea . 30

SELE Ly o
———— 50

Fpsb ALY & ok
il P LA A LY 5] P

Qaj

24
20 =
0 7tﬁh c
T R
o K| A
16 SR = P g paj
F ,b ' & 2
L 12 0
7 _
e
8
4
Qs O
OO 10 20 30 40 50 60 70
V, ft/sec

(&) B¢ =0°%; slat off,

Figure 2,- Variation of 1lift, drag, and pitching_moment with airspeed.
Lower rear propeller location, pitching moment referred to 0.25G.



14 NACA TN 3917

!
: |
. "y |
0 & ‘
-t ' ol |
it & . a,deg 11
&2 0 ‘
R i
e e, 5 |
-8 _[;_“—‘ 40 \
gL iu. gy |
| TEEEE B,
i |
0 - N /A > - ‘
: C ;
o L LA S A Lo |
5/ : ag AN <>"J o i r
F,lb . ¢ A : ai
D o o X X ﬂ //
e 4
" o T
iy |
O
8 o ‘
28 4 |
- |
ja
24 1 ” ‘
&
o |
20 A
N / 9 ‘
P ’
16 '[; /L' #/‘ - o ‘
FLb A T o/
i 12 b & ) ‘
=] /C/ ‘
8 285
a4
0
(0] 10 20 30 40 50 60 70
V, ft/sec

(b) ®f = 20°; slat off.

Figure 2.- Continued.



NACA TN 3917

MY.’ ft-b O

Fp,b

24

20

FLb

V, ft/sec

(c) ®p = 40°; slat off.

Figure 2.- Continued.

=1 &;T:ﬁ;.—:o
Yo R0+ yAY
Q%A. \O-\_
|| ]
e a,deg tﬁr\o
o——— 10
O=—————— 20
A———0- 30
=WaEY — 40
0—-——— 50
[ o———~ 60 <
¢———— 70 /
/1o
g
V4
Ao
Q
s
o // /O’/ >
sies) A 4
P gol® S 4
7 1Ay
. £
§ on /BL/A OT
& !]/ fof
/ /
50 0
18] »
koo ] A rfcp
//WO'/ :
yad i i A
G
&
VAl
I
(0} 10 20 30 40 50 60 70




16

4
M"‘ '%‘M‘E'H
-2
My, ft-b O E%LG
g
-4
4
T lies S
0 /lﬁ) ks 'lD (\/ a /O
: I A %
o Lo o
Foslb I ! LA A va
o | K & o & /
= o
O
-8\__
a,deg
O 0
S
22 Om—mmmm o
_T A———- 30
= 40 []
B 50 /
28— © 60 A
¢———-- 70 F% g
~le
24 A7
o 7
20 - 5
A f i
/%
Fb 16 5
B2 »
12
¢
8
4
(©)
(0] 10 20 30 40 50 60
V, ft/sec

(a) ®f = 40°; slat on.

Figure 2.- Continued.

NACA TN 3917




17

o S

£°233988R RN

o] \
_m_____ , ,n_/m

] .,/

MK :
]

oodggdao<c

o
- ® <

My, ft-lb O

NACA TN 3917

60

50

40

/',,50/3

30
vV, ft/sec

20

Figure 2.- Continued.

10

(e) dp = 60°; slat off.

28
24
20
16
12

FL,lb




NACA TN 3917

18

D»Q\A o

: &b&ié.&ﬁ

My, ft-b o

o . T
5]
/3 _J/ )
Q o\ (O3 O
D XN ) =
X [ OP J,\/ &
< :
= = & ~
i NS QOO0 b
K <& mommm4567 sy
X b o __ _ K,
H A
4 __ ___ _ '/
N ___ | =
a % RS |
SO ]| e
2 |
C ooo<d4gAQoe
~ R
S g
< © [N
& i 2 2 Q = =
= 2
o 2

20 30 40 50

10

V,ft/sec

60°; slat on.

(£) ®y

Figure 2.- Concluded.



NACA TN 3917 ' 19

L 8\
\ awmf@_c@ﬂ_& ]
e ~& o
| My, ft-b O ;:g
\ k
\ 4
| O
\ 0 p 0 /O .’/O N i VAl fﬁ
| Foulb Jﬁ;ﬁ i L{k,N/B AL
\ d CKD /g’ 7
4 ~
‘ R, a,deg
| pileg == =8
| O mmmmmmmem 20
B et < B
A R B ST
| e UL
. QO————"_ B0
| 70—t = 70
| C e e s
g W "
fa)) N A P
6 - 5 .
B 3 o
Bl iV ik
b 2] :
8
4
0
0 10 20 30 40 50 60
V, ft/sec

(a) 8 = 0°; slat off.

Figure 3.=- Variation of 1ift, drag and pitching moment with airspeed.
Lower forward propeller location, pitching moment referred to 0.25G.



20

My, ft-Ib

Fo. b

FLb

4 N il
ZW = @E}?&i&g% %’%
ﬁﬁ -
o G
-4
4
D el
R N &
0 VM‘O fod e /Q £ %
{H&i (& |0 NA 4/A <
570( N A A
- N N
&
a,deg
S e) 0
g———— 10
O -- 20
28 H—-——— 30
h————— 40
O——————— 50
O———- 60 5
24 ¢——————- 70
O——-— 80 Al A°
7/ S I/
: G
% p
0 v 4 k
16 ~ ’:B/ o ol
X ‘H O
—1
12 <
4 8]
8
4.
0 o—d—o—%—o
0 10 20 30 40 50 60
vV, ft/sec

(b) :&p.= 0% slat' on,

Figure 3.- Continued.

NACA TN 3917



NACA TN 3917

My, ft-b O

-4

Fo»lb

28

24

20

FLb

o < |
SV f i : 7
/ Y ' A g = L\ /D L/D-
A 4 . P
P/ aq A o’
P ,B /,
il e 1 ol
| A v
o
a,deg
o} 0
o———— 10
O—————— 20
A 30 |—
N—————— 40 o
—{o————— 50 4
o——— 60 L
0 ——-— 70 15
s
//u o i
’ 7
s Vi ) /
Flarei
[0 PO of
5. ]
2}
(0] 10 20 30 40 50 60

V, ft/sec

(¢) B = 20°; slat off.

Figure 3.- Continued.




22

4
A an:g:@;:@; | %
3
-4
4
o Eid N B
bl A i g
/O' /O /’, ’A - 2
Fp,b g ’
D o 4 s &
Q A v /A ’,q L/
=4 i i i
57 Ve
% a,deg
[e) (0]
B Tamb
<> ________
.28|_“A_____ 30 9
N —-—-———— 40
0———— 50 7
o4 o———- 60 e
) ———— 70 ?
o, P
Nl 4
20 A |
a1/ %
A5 2 #
16 B o ?
FLb
12
8
4___
0
0 10 20 30 40 50 60
V, ft/sec

(d) ®f = 20°; slat on.

Figure 3.- Continued.

NACA TN 3917 }




25

NACA TN 3917

K

1

Jo!
N

0 o F‘OO
o]

o
(o}
e 3
B}
g
n o
du =
o S 2
L5
fooon988R | 4
7 1 fes) Nm_
_____ BN Q
_“__"_ 45
b gl 2} :
RN =
o0Oododdao<
) < © w%b o
B e R s
b’
FL

vV, ft/sec

b = 40°; slat off.

(e)

Figure 3.- Continued.



NACA TN 3917

o
\ﬂ‘ ©
e o
L/ 0
\ﬁ nr/
C O O
£ o 5 E
w @l gy ;
e < =S m T
ﬂ@ < ,@, o
> go ) < 2]
A%W Af,A .@: .ﬁlvmw%.wsm j/A_
7 : 3 X
A NN - R “ o
] J “_ _ L © 1Y
e Kage | =
a aj - I BN
- o_hd |} __ __ | h-1 o
By @, 0O$d44d0o0<
< ©) < < @) < (oY @ < o © o < O
! ! [\9) N (V] N
Qa ) el
& T v
>
=

2k

V, ft/sec

40°; slat on.

(£) b&r

Figure 3.- Continued.




T
Q
\wcl\ B 3
/
% ﬂL @), .
- 3 < T
/ N 3 o
L = [0
b o o ® £
7 M o e e
3 b L -
o s
@ QOD on o
d:OnIUZ_mW4 AM// & ;W; OO &)
S _ ECy « O 1
_ “ W/K oA
[ i 0
_“ Y o o 5
[ , 5
,/ tolt] F
oo ==
- o
o < < © o o
t I\
o o
1 =3
& o
=
=
7I
~
o\
A
m
1



NACA TN 3917

26

O

a,de
Og
10
20
30
40

@—Qy:%_

T
L O ——————
Ko
N e

E©

-4

My, ft-lb O

o
Dgf THES q 0
N
P,P ﬁd,
C
<O /w// W/3 N (@)
O D/ /O/ D/ i fos .
AN By X =13 O _.m
<X Q a4 K £ -
8 3 (o) =
SN : RRY © 9 S
1O AR o 2% .8
ooo C.fln LN O
Bvor |4 | ¥ o LR - S
% ] /u, w g rOO |
t1lalu| T3 -
S EY (TR Yo
“ _ & >R O
i (o3 Hial]  [ (o] O 7o)
N \ —
] ” 3
: ; 1 \..Inl o
aoc<c P /O /O /Mﬁ o P
(A P s - 5> o
< (@) < % 3 m © &Y © < O
) Qo
2 i
T LS



NACA TN 3917 2

(a) 8p = 09 slat off.

p Figure 4.- Variation of 1lift, drag, and pitching moment with alrspeed.
Upper forward propeller location, pitching moment referred to 0.25C.
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Figure 4.- Continued.
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Figure 6.- Stall diagrams.

(a) &p = 0°.

Propeller position, upper forward; drag = O.
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Figure 8.~ Assumed center of gravity positions for various nacelle arrange-

ments of hypothetical airplane.
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Figure 9.~ Variabicn of pitching moment of wing-propeller combination
with angle of attack for the hypothetical airplane shown in figure 7 -
taken for case of zero drag, zero fuselage angle of attack, and for
the relative centers of gravity of the fuselage and wing groups shown
in figure B.
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Figure 10.- Variation of pitching moment, flap deflection, and wing angle
of attack of wing-propeller combination with velocity for the hypothet-
ical airplane of figure 7 with an optimumized propeller location and
variation of flap deflection with angle of attack.
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