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EFFECTS OF DIRECTION OF PROPELLER ROTATION ON THE
LONGITUDINAL STABILITY OF THE 1/10-SCALE MODEL OF
THE NORTH AMERICAN XB-28 AIRPLANE WITH FLAPS NEUTRAL

By Noel K. Delany
SUMMARY

The effects of direction of propeller rotation on
factors affecting the longitudinal stability of the XB-28
airplane were measured on a 1/10-scale model in the 7- by
10-foot tunnel of the Ames Aeronautical Laboratory. The
main effect observed was that caused by regions of high
downwash behind the nacelles (power off as well as power
on with flaps neutral). The optimum direction of propel-
ler rotation, both propellers rotating up toward the fu-
selage, shifted this region off the horizontal tail and
thus removed its destabilizing effect. Rotating both
propellers downward toward the fuselage moved it inboard
on the tail and accentuated the effect, while rotating
both propellers right hand had an intermediate result.

Comparisons are made of the tail effects as measured
by force tests with those predicted from the point-by—
point downwash and velocity surveys in the region of the
tail. These surveys in turn are compared with the results
predicted from available theory.

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, tests were conducted on a 1/10-scale model of
the XB~28 airplane in the 7— by 10~foot tunnel 2 to de-
termine the effect of mode of propeller rotation on the
longitudinal stability character<istics. The results of
reference 1 showed the marked effect which the mode of
propeller rotation has on the longitudinal stability
characteristiecs of the XB-28. The purpose of the tests
repor ted herein was to measure the changes in downwash
and velocity distribution in the region of the horizontal
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tail surface associated with the various modes of propel-
ler rotation, thereby establishing a basis for the change
in the longitudinal stability characteristics.

MODEL AND APPARATUS

The 1/10-scale model of the North American XB-28
airplane was furnished by Worth American Aviation Inc.
Figure 1 is a three—view drawing of the model, and figure
2 shows the model as it was mounted in the tunnel.

The model dimensioné were as follows:
§- wing area (6.759 sq ft)
c mean aerodynamic éhord‘(l,OOI £t)
b wing span (7.261 )

D propeller diameter (1.388 ft)

The model configuration was maintained throughout
the tests as shown in figure 1 except that the horizontal
tail, which had a dihedral angle of 7.50, was removed for
surveys and for "tail off" force tests.

Three four-blade, 1.388~feet~diameter propellers
were furnished with the model., Two were right—hand pro-—
pellers and one left—hand. The propellers were set at a
blade angle of 40.50 at the 0.75R station througheut .the
tests. .

A calibrated 0.25~inch diameter directional pitot
tube was for the point-by-~point surveys. The tube was
mounted on a strut which enabled it to be moved vertical-
ly, longitudinally, and laterally from outside of the test
section. ' . S :

COEFFICIENTS AND SYMBOLS

The results of the tests are given in thHe form of
standard NACA coefficients of forces and moments based ‘on
model wing area, wing span, and mean aerodynamic chord.
All moments are given about the center—of-gravity loca-
tion on the fuselage reference Jline at 26 percent of the
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wind
yaw,
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aerodynamic chord. The data are referred to the
axes, Since all the tests were conducted at zero
the wind axes correspond with the body axes.

The coefficients and symbols used in this report are
ollows: :

Coefficients

D
resultant drag coefficient, -3z

Dy 98
L
Cy 1ift coefficient, —
q8
i M
C pitching—moment coefficient, -~
n . . qSc
Cmt pitching-moment coefficient due to the horizon—
My
tal tail, —~
qSe
where
D force along X axis; positive when directed backward
L force along Z axis; positive when directed upward
M Pitching moment about Y axis; positive when it tends
to raise the nose
My pitching-moment horizontal tail -on less pitching-—
moment horizontal tail off
d s o 2
q ynamic pressure, Ep?
S wing area (6.759 ft)-
c mean aerodynamic chord (1.001 ft)

The following propeller coefficients wére used:

=
i

: R T
propulsive thrust coefficient, 57555
effective thrust coefficient, ——Ffxm

. pV D

advance diameter ratio

propulsive thrust of one propeller and nacelle com—
bination '



T effective thrust, T-AD

AD incfement of drag due to increased velocity inm
slipstream of propeller

mass density of air in slugs per cubic foot
v airspeed in feet per second
D propeller diameter (1.388 ft)
n propeller rotational speed in revolutions per second

Elmbols

a angle of attack of fuselage reference line, degrees

®, uncorrected angle of attack of fuselage reference
line, degrees .

ay Tresultant aerodynamic angle of attack of the horizon—
tal tail (ay = & + i, - €)

it angle of stabilizer setting with respect to fuse-—
lage reference line, degrees (positive with
trailing edge down)

€ downwash angle measured from the longitudinal wind
axis, degrees

2 ratio of local dynamic pressure to free-stream
9o dynamic pressure
. g propeller-blade angle setting at 75 percent radius

TARE AND TUNNEL-WALL CORRECTIONS

The 1lift, drag, pitching moment, and downwash have
been corrected for tares caused by the struts. These tares
were obtained from preliminary power—off tests, not pre-—
sented in this report.

The angles of attack, drag coefficient, pitching—
moment coefficient, and downwash angles have all been cor-
rected for tunnel-wall effects. The jet~boundary correc—
tions used were computed as follows and are all additive.



§5Cy,
LC = ———— X 57,3
C
£€E% =2 mme——e" X 57.3
G- .
=
on - 8SCy,
D~ ¢

§.8CcY / 4¢C
80y =<_1C L)\ a.__l‘ﬁ> 57 .3 —
where

§ = 0.114 &, = 0.080 8 ='0.194

ac,

——1 = 0.030 (from force tests)
a3

.

q

—— = 1 (assumed)

£

S = 6.759 square feet

C = 70 square feet

DESCRIPTION OF TESTS

The purpose of these tests was to measure the changes
in downwash and velocity distribution in the region of the
horizontal tail surface associated with various directions
of propeller rotation. Two methods were used. The first
method consisted of direct measurement of the stream angles
and dynamic pressure with a calibrated pitch and yaw survey
tube. A point-by-point survey was made across the tail
span on a line corresponding approximately to the 25—per-
cent chord line of the horizontal tail surface. The loca-—
tion of the survey line was 31.91 inches aft of the center
of gravity (measured along the thrust axis) and 3.35 inches
above the center of gravity (measured perpendicular to
the thrust axis). Readings were taken starting 2% inches
from the center line of the fuselage and progressing out
in l-inch increments, The set—up and apparatus used for
these measurements are shown in figure 3.

The average downwash was also measured indirectly by



determining the angle of zero lift of the horizontal tail
surfaces. For this purpose force tests were made with
the horizontal tail surface incidence of 2.50, 1.5°, 09,
-1,5°, -3.59, -5,59, and -7.5°. Figure 2 shows the model
as mounted in the tunnel for force tests.

The tests outlined above were made power off and
with propellers operating in the following directions.

1. N (N Both propellers rotating right hand

2. (1 ~J Both propellers rotating up toward the
: fuselage

3. (N ¢ Both propellers rotating down toward
the fuselage

411 propeller operating-runs were made with a blade
angle of 40.5°, at thrust conditions simulating steady
flight at rated power (1625 hp, 1020 rpm at 25,000 ft)
throughout the speed range. The computed thrust coeffi-
cient (T,) versus ¢; curve, which was matched in the

running of the tests, is shown in figure 4. The computed

v .
T, versus 5 for the model propeller at a blade angle

of 40.5%, which was assumed, and the measured effective

thrust coefficient (T_') versus j%, are shown in fig-
' n

ure 5.

RESULTS

The results are presented in figures 6 to 14. Fig—
ures 6 and 7 show the variation of 1lift and drag coeffi-
cient against o, for the various modes of propeller
rotation, horizontal tail-off and horizontal tail-on

-

i, = 1.5°9. TFigures 8 to 11 present the following char—

acteristics for the various directions of propeller ro-
tation.

(a) Point-by—point downwash across horizontal tail
span at approximately the 25-percent chord
lige _ :

(b) Point by point q/qo across the horizontal
tail span at approximately the 2b5-—percent
chord line



(c) BEffect of stabilizer setting on the pltching—
moment coefficient : .

(a) Pitchlng-moment coefficient of the hofiéontal
tail versus angle of 1nc1dence for various
angles of attack ‘ - x

(e) Point~by~point tail effectiveness factor
7oa. -
Lo °loca1 “t) across the horizontal
\ qo . )
- tail span for an angle of incidence of the
3stablllzer of 1.50, - -

The average downwash a gles, as obtained from the
point-by—-point survey, are shown in figure 12, The aver-
age downwash from the angle of zero pitching—moment coef—
ficient of the horizontal tail is shown in figure 13.
Figure 14 shows the variation of &verage tail effective—

- ness factor for power off‘and the three directions of pro-—
. peller rotation versus angle of attack,

DISCUSSION

hxamlnatlon of the point-by—point power—off downwash
survey (fig. 8(a)) shows regions of .high downwash behind
the nacelles at angles of attack above 5°, These regions
have a marked destabilizing influence, They are probadly
caused by the "inwash" into the nacelle wake (treated
guantitatively for two-dimensional wakes in reference 2)
and the variation in 1ift over the span of the wing ocecu—
pied by the nacelles, The major portion of the effects
of propeller operation on stability can be traced to the
shifting of these regions of downwash with various modes
of propeller rotatlon.

-~

With power off the outboard 22 percent of the hori-
zontal tail is immersed in this region of high downwash.
However, the longitudinal stability power off is satis—
factory, the slope of the pltching—moment curve remaining
approximately ‘constant throughout the angle—of—attack
range tested 4

With both propellers rotatlng up toward the fuselage,
both these regions are shifted outboarad {since the tail
plane is-in the upper half of the slipstream) almost. com—
pletely off the tail. The removal of the destabilizing



effects of this ‘downwash region Jjust about cancels the
effects of the normal increase in downwash caused by the
inclination of the thrust axis., As a result there is

very little dlfference between the power cff and the power

ac ace
on ——% (-———-—i- -0, 211 power on compared to ol AP -0.253
e dacy, dacy, ey,
ot {;‘-\power'off>

b J&Qﬂ&ﬁﬂ The bppogite eff9¢t to that outlined above ocecurs

but 1y With both propellers rotating down toward the fuselage.
The regions of high downwash behind the nacelle are shift—
foete ed inward to the larger chord portions of the tail (see
quw;§\*£ig’ 11(a)), so that a larger tail area is affected. 4
Ca"’ﬂ"ﬁs’fsecm:xcl*eeu"y effect also occurs, At the higher angles and
W§~&* ~power conditions, the downwash beéhind the nacelle is high
g?ﬁ%?‘*’ enough to cause a reversal in the angle of attack of the
viegme o |\ portion of the tail in this region, giving a downward
“'KL (destabilizing) tail 1lift instead of an upward tail 1ift.
v his reverses the normal stabilizing effect of the in-—
}9MK creased velocity in the slipstream and causes it to have
a destabilizing effect. This phenomenon is illustrated
guantitatively in the plots of "tail effectiveness factor"
versus tail span. The tail-effectiveness factor is taken
as  Of Cy45a1 4/d,, the three factors of which tail 1ift

is a function., The negative peaks (indicating negative
1ift, which is destabilizing in this case) which are evi-
dent on figure 11(e) are increased negatively by the higher
velocity in slipstreams. All the effects outline above
: 4ae .
combine to decrease the average ?R?L with both propel-—

( L L ‘
lers rotating down toward the fuselage.

At vl

Both propellers rotating right hand gave stability
~intermediate between the two other modes of rotation.
The destabilizing influences predominate, however; this
.. }‘1s due in part to the reversal of the normally stabiliz—
? % ing effect of the increased velocxty over a large portlon
k@f the tall in the slipstream., A %é%% of —-0.184 results.
If considerations other than aerodynamic make it in-
advisable to use the optimum mode of propeller rotation,
both propellers rotating up toward the fuselage, two
means of minimizing the unfavorable effects of both pro—
pellers rotating right hand suggest themselves. The
first is a movement of the tail upward far enough to get
it out of the region affected by the slipstreams. However,



results of surveys (not shown in this report) indicate
that a 3—inch vertical movement on the model (30—in.
full—-secale) would be required for any appreciable im-
provement. This would put the tail well up on the ver-.
tical fin. A second solution would be a change in the
incidence of the nacelle so as to minimize the 1ntens;ﬂx
downwash behind it at high angles of attack. Model con
struction did not permit tests of such a modification. \
This change would be accompanied by two other favorable \
effeets. The inclination of the thrust axis would cause
the thrust to give a diving moment and would also decrease
the downwash in the slipstream itself (both effects would\
increase stability). —

The shift in the regions of downwash noted above is
caused by the "shearing" of the upper and lower halves of
the slipstream after it has passed over the wing (noted .
by other observers; see references 3 and 4). An attempt
to compute the amount of this shift has been made, after
the manner of reference 4. It is assumed that the verti-
cal components of the rotational velocity are completely
damped out as they pass over the wing, leaving the lateral
components only, which cause the translation of the upper
half of the slipstream in one direction and the lower
half in the other. The circular—velocity contours are
distorted into oval shapes.

Actual computation of this shift of necessity in-
volves a number of assumptions and the neglect of sec—
ondary wvariables,. The computation was made as follows:
The trapezoidal-torgque and thrust—grading curves of fig-
ure 15 were assumed. These would give veleccity contours
immediately behind the propeller (and before passing over
the wing) as shown by the dotted lines in figure 16(a)
for a T, of 0.131. Downwash contours due to the pitch
angle of the propeller axis also would be circular. Fig—
ure 16(b) shows these contours computed by the method of
reference 5, with the additional refinement of assuming a
trapezoidal distribution of downwash across the diameter
of the slipstream and taking into account the average up-—
wash in front of the wing {(which adds to the effective
pitch angle of the propeller axis)., Note that these. con-—
tours do not include the downwash component of the rota—
tional velocities in the slipstream. The solid lines of
figures 16(a) and (b) show the distorted contours in the
region of the tail, based on the assumption outlined above
that the vertical components o¢f the »otational velocity
(computed from the assumed torque g;ddlng) are completely
damped out by the wing.



10

These downwash angles (cp) due to the slipstrean
were superlmposed on the downwash angles (€w) due to the
wing (computed from reference 6). The location of the
tail in the slipstream was then computed in the manner
shown diagrammatically in figire 17, where €p was taken
as the averagée slipstream downwash. ‘

The downwash distribution across the tail span com-—
puted by the above method is shown for a range of angles
of attack and T, 1in figure 18(a) for both propellers
rotating down toward the fuselage and in figure 18(b) for
both propellers rotating up toward the fuselage. Inspec—
tion of these curves indicates that a fair approximation
of the shift of the slipstream due to the shearing effect
is obtained. The fact that the experimental results ex-
ceed the computed results, despite the extreme assumptions
made in the computations, indicates that secondary effects,
Prossibly the effect of the nacelles and fuselage and the
increase in thrust and torque on the downcoming blade of
the pitched propeller are important,

Downwash computations made in the manner outlined
above and integrated aeross the tail span were used to
determine the variation of ¢4, versus «, shown on fig-
ure 19. The difference between the computed and the ob-
served downwash is due almost entirely tc the increased
downwash near the fuselage and behind the nacelles. Bet-

de
ter agreement is obtained, however, on the slope €~,
acny @
which is one of the factors on which o will depeéend.

: . : L
Computed values of %E are approximately the same as
a o

test values.

4 comparison of the average downwash determined from
an integration of the point-by-point surveys with that
determined from the angle of zero 1lift of the tail is of
interest. Figures 12 and 13 show that the point-by-point
method measures both higher absolute values of ¢ and
higher slopes (de/da) The tail would be expected to
"weight" its average of € on the basis Of’(q/qo)loéal

and Clocal* Both of these effects, however, would work

in the opposite direction to the one observed, since high
€ occurs in the region of high q/o and large chord,

and the average ¢ determined by the tail should be
higher than that determined from the point-by-point aver—

o
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age. Apparently the "jet" effect of the slipstream and
the extreme variation in downwash combine to make the tail
minimize the imposed changes in angle. The gqualitative
conclusion may be reached that the changes in stability
which would be predicted from local flow conditions over

a tail in the slipstream will be conservative, that is,
they will exaggerate the effect. :

The tendency of the tail to minimize the effect of
local flow changes is also shown by the variations in tail—
effectiveness factor shown on figure 1ll{(e). The change in

aCp,
?E;E associated with this factor may be deduced from the
L . .
following relations,
by
= EE dCLt ;Z-;-a q/q c | (1)
Dtail Se qo . {4 bt t o 1
oL 2
d[Zat'q/qo Cl.]
e T v, 4 da (2)
acy, Sec  day - da - 40y,
ac, cht da df[average T.E.F.]
oo = —1.0 : e (3)
L o dat ;dCL da
'dcmt _ o
Table I compares the T computed by equation (3)
L
with that actually measured in the force tests.
TABLE I
Computed Force test
. - ac
properion |ame (e | aa | Ty o | g |
dc
(1) 0.214{0.066{10.65{~0.151| /" /7 -0,0179{10.25{~0.184
(2) RN -.310 J“L -.0211/10.00] -.211
(3) .189 -.133 - o -.0107|11.32| -.121
J,
Propeller offf .35h3 \L 13.50| -.315{Propeller off| -.0209/12.10| -.253
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The same trend is observable in both, but the com—
puted values predict a greater effect of power than was
actually. measured.

CONCLUSIONS

1. The greatest single effect‘df’jbﬁer on the longi-
tudinal stability of the XB-28 is due to the shift of the
intense regions of downwash behind the nacelles. This
shift is most favorable for both propellers rotating up

: : ac
toward the fuselage, giving approximately the same EEE
: v L
as power off. - With the opposite rotation the airplane
becomes slightly unstable at high angles of attack. The
customary direction of rotation, both propellers right
hand, has an intermediate effect. '

2. The theory fails in the computation of the abso—
lute value of downwash because of the neglect of the ef-
fects of the nacelle and fuselage. Fair agreement, how-

ever, is obtained for EE.

do

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
_ Moffett Field, Calif.



13
REFERENCES

Bogallo, Francis M., and Swanson, Robert S.: Power—
On Wind-Tunnel Tests of the Longitudinal Stability
and Control Characteristics of the 1/10-Scale Model
of the North American XB-28 Airplane in the 7— by
10-Foot Wind Tunnel., UAGA C.M,R., June 1941.

Silverstein, Abe, Katzoff, S., and Bullivant, W.
Kenneth: Downwash and Wake behind Plain and Flapped
Airfoils. Rep. No. 651, NACA, 1939.

Stiess, W.: Effect of Direction of Propeller Rotation
on the Longitudinal Stability of Twin—Engine Air-
planes. Jahrdb. 1938 der deutschen Luftfahriforschung,
pp. I 206-219. R. Oldenbourg (Munich),

Bryant, L. W., and McMillan, G. A.: The Longitudinal
Stabdility of a Twin-Engined Monoplane with Airscrews
Running. 3British A.R.C., Stability and Control Sub-
Committee 3603 (S. & C. 971), June 28, 1938. -

Goett, Harry J., and Pass, H. R.: Effect of Propeller
Operation on the Pitching Moments of Single—Engine
Monoplanes. NACA A.C.R., May 1941.

Silverstein, Ave, and Katzoff, S.: Design Charts for
Predicting Downwash Angles and Wake Characteristics
behind Plain and Flapped Wings. ZRep. No. 648, NACA,
1839,



NACA

rig. 1

Thrust _axis

-

Wing areas 6188

,H”angf;‘;e areas 184 -

MAC=/2.009 (leading

" Tedge 3.963 forward
of 33% /ine of wing)

CG. 26% MAC and
CO.080" below thrvd

axis _—
‘Gross weight fu/lw
Scale = 33600

———

- b -

Model dimensions

Fig 1 Three view draming of the /§ scalé trodat of the Horth
" American afpane XB-28



WACA

¥B-28 airplane.

1gan

s

t-up for 1/10 scale model of North Amer

Force test se

2&“‘

Figurs



NACA

A =
o

T

/10

girplane,

scale model of Worth American XB-28

int by point survey set up for 1

% PO

Figurs 3



HAGA = N Figs. 4,
e
d a
&
//
o b
I/
/
S— | (a7 fomer, |
Fropulsie | BES IR af 2SO00FE |
'75 th 4SF T~ /
cogPF T Py ,
. //
yod
//
08— . S —— e e e
P, R E & T .8 g 7.0 TV N -1
G
TLIFT coeff.
'F/g <, — Ca/cu/afed thrust coefficient vs C, wvsed /n test

oF fthe & Scale madef X8-28
N\
— \\<—L{fafcufazfxa}
‘6\ N
AR
- ‘7‘&;5?—31“11\ \\
| N
. NN
R NN
Thrust-coer \
T gD <J
e oY
‘ i v Suliney 3-SR b S S SR B A b S A i [ - S .

FAg T~ 5=240.5° Thrust Coef vs g5 characteristics
of’ moo’el propeller. .



Figs. 8,7

MNACA ’@"Eun 68 . Frop. off
¥y "Th ~ Both props rotating dbvwwn  fovepd ihe fysetie
g ‘8h - Both props r/gm" rafahcrn
7.2 2 9 pSs 2 d,..éie,'_ﬁz,;eza}ye
AR /
4
-z / 4
- / /
..,:6 ~ - # J.
4 /
0° 4° 8 e 0 4
. Cx_" .
Aﬂgi’e oF attack Resar

FIG. €~ Ertec? of progpelier rofatiolr on fiF7-and drag cﬁ%ﬁacter
T FEFIes T Horizonts/ 730/ surface rerrioved. KaleEd pawer=
1825 horsepower 3F 28 800 féel 8= -zmz

: ﬁ"”?rg B o Fotatmg dowm , toward o
P s proms, wrr), Lovwpard, the fuselyge
. 8h Both prap: i ”;‘y i he i
S 9 Hoth ,orar;zs rdtcrtmy up toward the fuselsge
L2} _? I
| ) [y
1.0 /’/ T’ // -
4 1y
.8
C. - t /
LiFE T
i

8%

0° 4 - 1z w04 . O 04
e sk - _Coy
TR T Apgle of atfeck’ CRESUIFEHT . drag ~ CoEFE.

VELG. 7 ~ EFFECT OF propeller rotatiorn or /iFF and drag
Characteristics. Horizerta/! 13// Surrace orr (p=LE7

RaFed powser =/625 37 25000 feet, S=40.5°

1



Fig. 8a

NACA

opN*f 20 ... 16 . w 4 8 /2 /6 2o 24
\.QMQ\Q%% |
2 ARNANESr P il u
£ 4 fa\ﬁa\ﬁd/quf N ,.k C :w,_ .
W\W,MN-‘ : Mﬂb\é\?wn/m{b\?w,/»‘\ N _ % Ju{_ul..u\m\V\ N_o <H
e i N WM/M/O M\w Q . ,O AL L
T / N \w i o AV \
- N N 1T
AWANN SN/ 4By aARED
e . e — =T LA i
[ T « 1
T Fropr i ) |  froi=
/ | ,
/// &, %\300\, /) ,\\\ ,
| [ ] sl e U INY LA
R 13- %5 3 s
mu_ b\JAo m + |

Fig-8ta)” Downwash survey at approximately 25 percent chord

line "of horrzortal taill, power GFF.



Fig. 8b

NACA

1.04

. - ‘er.. :.IM‘..AR B "
713788 L24° .

5E 3 34°
547 Z5%°

L
B ol

-.692 545° 5°
99 9647 9°

1.0d

.80

W
L.od

/z i /(

‘;(T/

y/

< 7

o Survey at approximately 25percent Chord

GvEr OFF.

of horfzontal tail; p

%,

7ihe



NACA
.32
.28

24

.20 |

/6
2
.08

o .04

Pitchi
Mg, -
Coeff

o

- 04
-.08

=i2

=/

Fig. 8 (c) Effect of srfabilizer Seifing or pifching rroment

power off

Fig. 8¢
ir
T ™0 Run6a 385°
: -1 'gB 705 °
-] C °
M Lo 6d -1.5°
: T -5H.5°
\\ S 69 -7.5°
g v 6h Horiz. 13// of F
~l ‘
. . ;
~ j
* \ = \\ N
\\{
4 | \
I3
~ \\
\na\ e
3 ~
~o-_ e —
— j . "1
i T
=T e
e ™ —
s 1 \ )
s S — S
[
~o.| T~ Y _
' I ' I ha
=2 e \\\a -
™~
e \\\
\4h 4 \
[~
v\\ o
\~°
: 3 . -4 g 7 3 .l 0
o, angle of attek



NACA Fig.ad

.28

249

| 20 , '
- ' . /
J ST 7

/2 :

T~ ~a| T~

\‘
SO NN

N SN PN D

08 F—1— : et/
| . /
, ) VA Y, S VA -
Pifi'z mon%o4 / / : ,/

caerr:s duye —
+o *5i/ : / /
, , Q

-/2 / ' /] Rurr bl

, “.2.05"-'0'

A
—2{

zﬁlfzzg/ﬁ_nimajimcrg af tﬁ,ﬁ,/ - 1

L)

o 7 - o° 2o -4 6t -8

Flg. Bld) Pitching momént af THE foriZEAEET _tail Surface
vs. angle ofincidericéof ithe stabilizer=power off.



Fig. 8e

/6

&

NACA

] STT
/MIM\, M m_owav6,+
[ | \ w +, [ GVU/ - A
. = , 0 o 4 _rl -
1 L NN SSERES
o 5 kN e
//// S Sebhbit
Tt ///o,// //Va ]
. . #I///fﬂHHHHHHUﬂHMWWMWHHH14!"
) \\\\\UHMT\\HHH\\\\\\A\\Y\k
"] s e
l Y \\W
V28
| A
il
3 _
Q o % 0 O o o B~ B~ o
'] A q_O’a ™ i\ -~ ™ »Y AU

2 & < o & 2
Ler¥F Spak, inches . Righ

8




Fig. 84

24 . 20 s ‘% s + Smkw& + s & ks 2
7 | WQMN%\%%%
z s - e
VAN A -
IEEVN N y A m
T AN AN T ]
.24 AN AL
T N TN
/10° /% //.r\a%//v\_m 4\ Survey \\ \\ i /«...e\ A
T TN ] LT
AR NN i NEN
1T T / (+\+ . T \+,\ \
q \wﬁﬂﬂ a@rse 1 Lriot. dr. e
P /

T G Tagtox) Te
L3822 . .029
525  .0%0
T727 075

.230 SO/

L1438 L3/

/°L23°.

3° 3357

5° 5.46°
7° 7.58°
9 969°

o]

+%0>

 Downwash survey at approx/mately 25 percent choprd
line of korizortal tail. Both propellers right Aand rotation.

Fig. 9 @)

Fhorseparcer at 25000 feet.

BERFOST Rated p



Q
& CefEm) e € < % Svmso
i —__.382 029 373 123° I° o]
..... B45 D0H0 539 3.35° 3 A
e 2T DTE T/7 5L546° 5° 8]
230 707 BOT7 7.58° 7° \4
138, 130 109]| 369 & | O
208 _sho—te— s ° oo t-0—0 L e T MR o
R [ A N
- \i.ﬁl?.&\i\\p\ & ) 5\.?.»\.\»\? o /PJ
. R A .
< ” A
ZEELE U\\J/ \ /l ) \\
. L]
b L INL L/ N L
e \ / 1 A
— <) /% 2 8 4 Q 4 /2 /6 />4
o - Lerft £ RIght
W Lrches

oth propellers right hand rotation,

%4 Survey at aéo,omx/mately 25 percent chord (ine of

© horizontal ta/l.
—S=d0.5°



NACA ) Fig. ¢

& 8d L5
34 a2 Be
i g}‘" -.%g'_'
+ ¢ - 73 .4-‘,‘”;, Py = —
! v A Har. +RIT oFF
32 e - =
]
*"”"‘s\g\
| [~
\.\—‘
24 S . 2
"\‘r_9
|
' .
4 1] .
|
! —
4 |
2 e
/d B s =N
v 4}*
G *NN N
f oo
Pfchlﬂf "\\_‘
Momen't T2
C‘oe‘Ffamf
.08 _— ]
/
| ° \M\\ //.,(
o4 B P! —
K 9\\1‘
>< ) \'\A
/V'“/ T N k
o =] ~
s - g3
\
_0‘% \“\ )
. 73
%\_\\\
: a1
—o-
\
;2 2° 3° 4° g | 6 | 18 | 5° 10°

°( anyk oi aftac k ‘\
-9 E) ~Effect” of Stabilier SELLing on piicking Inorment. . '

Both propellers Fight Fard Potation ;5= 405"
Rated power = 1625 ﬁorsepowzr at 25,000. Feet.




NACA ) Fig. 9d

.24

AN B
Y
N

——

.20

@
N
\\ <
\\4_ \1 g \4.~9 o

<
4
N

<
»ne
RN

™~
~ <

.16 | ‘ /

P L AN/
77 7T
m A AANTS
Cury ' / ' /L/{ ”
e B e | A NN/
hor: tail. %

L)
N
RN
T~

N
~
~

+

AL/ i

-.08 4

/
A A
/

4

« [ f @ oo -f=-A7 oc=/° £ 227
/ / 4 - -0.7 3° 3.7
/ o] | . +05 5° 4.5 ﬂ‘.ﬁ.,.-f’jﬁ w o, 2

- b/ , 0 | 47 56 IS
/ \ i+ 23 9° 67
oL E=cc - (ccy-1y)

/8 __a/ /

o LA i

4 2 0" -z -4 -6° -8
Angle of mcidence of the stab.
Frg.9d  Pitching m of the horizontal il surface vs. angle of /mcidence oF

the stabifizer. Both propellers right hand rotation. B = 40.5°.
Rated power -/625 horse power at 25,000 feel.



NACA - | Fig. 9¢

60 o Cfkox) Te  ocu o Syrmbol / ke
382 029 1° 1.23° o / \
545 050 3° 3.35° &
727 075 5° 546° o +
.930 .Jol T7° 758° ¢
50 /138  ./3) 9° 9.63° | + @\\
L
"g/qa Crocar = FF R ]//e( %
" | /7/' ‘

20

30 i ~ /
N l/ 1L AN
[ +

P~
S
LT

—
P s

s
ﬁ/%%/

§=@\
\
~

)J

-2 / d / ‘
- /

N \\cdil /]
L Y

o A

4 o < /12 /6

6 2 & , Ei
: T Lef Spar, 11ChHES Right
Fig. S(e)- Tal/ eFfecrrverness Factor Lariatior of 2%, xCocaL X &
2 7 acraoss borizorital sl spsn for /ST 1 Both propellers
I LI right hahd, (ge40.£°



Fig. 10a

NACA

Ler st lriches RIgh?

JN& 20 /6 /2 8 4+ o 4 - /2 /6 Zo
| z |
) 1 |fuselage
1 bll@/
P | ATERN )
‘ o G/OI!Q'O 1 61"
A AN
. NA /

-
S e

./B= 40.5° Rated power

%

propallers . F

wash
argle

%
i
o

k
Ni=UNEN

|
/+TO
/

10° AN by r@a«\\»u\hﬂ\\y
7 SN

e 3.4"
S

©

\!\

T

/

/2 \ /L /

) Downwash survey at approximately 25 percernt chord
1825 horsepower at 25,000 Feet.

line_of korizontal tail. Bdth

tovwagrd the fuselage

(3

Fig. 10 @

/ _ ) _ i g
+
/ //\+ Prop. drisc - \ - / Prop. disc
\ || | \ /
\ ¢, (iBlkox) Te o, a  Symbol N
™~ 582 oz9 17 123° o
—— 545 050 3° 3.35° - ~—]
738 076 B° 547° o
.949 Jo2 7° 7.59° &
_Lid0 /32 9°971° + -
|

[ N I _ ~




Fig. 10b

NACA

T T T L 1]
G o) T2 < . | g Syrrbol ]
J8Z 028 J377 1.23° 7° o i
. 545 050 539 335° 3° &
) . T738 0768 722 547 J° o
943 Jjog ,8zZz 1.59° 7° v
— . /40 /32 /1.1// 8.7/° . 9° ped
P PR R ° . ]
\.QA - . | o l/ﬁ - R o0
.80
\.\0...»/’1 A | TR,
1,00 4 Lfr,v/P ] S R.v..\.\\\.‘,fr,.rrs\i\w s
.80 u-
w\w \a\s\a Pt ] . \w\n\a\u. s . m
St | Y o .
/ J/F:.\T,n{\ R e oto o N ot :
100 ¢ 7 <G . ; R
| PN | _ 4/ g
/ ST HRE \ g
/00 s . k\q,k.lf 5 4\.‘\1&// \n\q. 4
. - ) . y. . H
N \ sandl ..\\,\? A./ w.mf
“ X | “T1T T 11T ¥ TV N
i A - . . %m i
e\\m . /e/ : | % %m 3
\& : /o/o/ \\ﬂ.o//e g \c\&.\ l.a/m
LOG . : S ’
.80 e
N
g T 20 Y/~ /- B &8 L : qM. g 8 . /2 E T .Nﬁ!.u T2
LerFt ‘Inches RiGFF



.32
.zai
.24
.20
16

.12
.08

04

Cm
Pn‘chmq
Momen t
Coeflicient

~04

=2

-=/é

) Fig.10¢
N T\\Q\
\\
&
, \\
[~
et | \'\
\\
O
\A\ ) W Sy
\
~o] \‘\
0
/
\ ° "V/
- e 5 " —]
B
‘ 7 | I~ ‘
?‘\\‘k\ .\ I~ .
P~
—
T~ e
[ e '\
. i N
» RUN Y2 3.5 7 ;
i T 15”‘* . P~
 aaau— Y N \
g 2 iy
| & Be -G8 X e
[ o9r =55 :
¢ 8g -7&
[ 94 Hor tail ofF
[ N S P
. 0 ° ° ° ° 10°
7° 2 N4 - x,anykasaﬁkcé 78 2
..meﬁ‘d'. '

Fig 10 (cj £7 ffgct af.si:szszstettzzzg:an

MM;G{ Ihe, S

/F= 70.5° Pated power = [625 horsepaner at 25, 00U 7 Fee-é



NACA ‘ Fig.10d

32 /
| /i

.28 ' | / /

/14
.20 / / /
717
/6 / / / /
AViW,
/ / 1/
/ /

” /1 /] / L

CMT . 4 /
Fitehing rmorn. / B
coery. due to 7 ;
7he har'/z o /
1B/ 0 A
/ /1)
avav
=04 +
d ) /
=08 /4 /
7 1%
/ / Rur @
-2 M 0 a=/® oymiy=-2/ E=3/°
' A 3° ~-09 . 39 P
o o 5° o4 +6 23N
o 7 1.6 544 £
/ I+ & 28 &z
=/€ - * 0 =~ (CCr"Lr)
- : : ‘ - [.7'
v Arngle of iriciderrce
/ of 1he Stab. ‘ ,
2 1l 9.1l g | # ||

-20 / : .

ﬁ'gﬁﬁiﬁ meﬁmmmtwﬁﬂﬂmﬁa& PE angeof -
how of the-stabilizer. Bcth propeflers rofal/nyg
o qm toward. the . foselage  F=H#0.5° Rated porer
= /G625 horsepower at 235,000 feet.




NACA Fig. 10e

60

/

40

J—
\
- | —+
L1 + .
+

jran s

:

\s

~20 ’ \l’
NN

L

Z[/ € (B8 o oy o Syrnbol |
-30 x .382 029 . I° 1.23° o —

545 Q50 3° 3.35° A
738 076 5° 547° o__
d  .949 f02  7° 7Z58° O
L/40 . J32 9% 8.7/° +
-40
¢
I .
/6 2 & 4 o 4 a /2 /6
Lef# Spar,inches Right-

Fig, /0 e) 7ail effectiveness Ffactor. Variation of %, $Clocat * OLa.
across frorrizontal Tritspan foriy =15 Loty propelers
rofalmg  p Toward the fuselage /F=F0.5°
Rated power= 1625 horsepower at 25 000 Feet.



F&ig. la

o= 40.5° Rated power

~

NACA

Left rches Right
QW& 20 /6 2 & 4 (2] 4+ 8 2 /6 20 24
;|
¢
. \Rmxﬂdl | Fuselage \R M\,YMVM o/M/M
W oY e AN 2o N
B G\ N O P NP\ W
RN el AN IFE AR\
77 \ = TG o V4
& // / /M/W/ »\rvﬁw / /Pé\v\, I
&° 1
Down- o+ / ﬂ 2 1/
= AT \Jm i A b
AT IS TSP
10° \\ — .,T/W/w /\W \ Srvay . Line — A/\ /\AVL\O\ — = /
\+ & ; > X
A R ! T T
\ | 5= 1 S
guh \ N :
N /
T 2&& Gt 2T P
A
/. _\.wm | \fw\_ bah@. u‘b_o .__.

Dawnwash survey. at approximat ely. 25 pércént chord

h Y
.
O
¥ o
0]
uy
<™
I
ik
IR ¢
I
NS
532
/no
R
O, ln
eaz
SR
S~ #
)
N
'



Fig 116

R oo
. QAERRox) —To .. C, _.R _ Rs_ Symbo/
382 D29 B73.123° 1° o
545 D507 539 3.35°3° = &
727 075 .7/754#6°5° o -
.930  .Jo] 912 7.58° 7* v
LI38 .31 1.094 2.70° 9 o

oo ] Twlb. S O

o0t A0 2TT T O O,

(]
]
RN
_ RS
100 || faotoore- T oo o footools | i3
Q .
.80 ,
MM<
\.Qm b..b\x\wrkoJpJW\b.‘b\b.\u\k /P/P:_pl, \\v e I PN S . g4
; A .m",_s
mnu\SY . o ot — , : " - . m/mu
Y
b
|

s,
s SurvEy a

l'oywr;—-d the Fvselme

o _ « W
2ot VA 4 / _/

.89 : . ; B N S B
24 20" 8 2. & 4 __ .86 4 & 2. _ 16 _ 20 _ 24




NACA o Fig.lic

T T
o Ruri7s 3.5%
&t 7 0
[w R S R/ .
36 o | 7a IF
a 7e -3.5°
m 7F =457
<& 7o ~-Z5°
32 . ‘v | Th Heriz.|73ik off-
& M 1] . i ] I
.28
ey -
\\ﬁ—- | T ®
—— s 4
20
o, 6k -

m = | N
Fitehin N — o 2
Momen ;

GCoeffrcied 2
M [ \-\0_‘ E M
R
.08 S — I "
: ) o
' v
o —
] - i /
o4 M- ]
. ‘ ] - ’ﬁ// ° ‘a
o
. ’/V/
%(v
=04 -
"08 ‘ ‘ \l‘ e 2 o
* o
=/2 -
[ - 2° 3* e a° g9 /0°

‘g:, angle Garack 7

FigdFie) Effect of SLabilizer FeEving on pitching morment. Bolh
propeffers  rotitmg- down  toword the . fuselqge f3x 40.5°
Rated power = 16 25 horse power at 25000 Feex.




NACA ~ Fig.iId

.3@? | /
| 7 /
.2&? 7 / z
TV
.24 /
1
; VE 1
“ i
w47
L ALELS
ity e i/ [
/7. b-& / i; / /“ )
04 - / V 7
z L/ L
ol L/ |
AvvAnn
N7 yiya g
j / / / o a’::é{lt‘,ﬁfgig‘ e=§,?___ ;
. oA JER -2° . : £LE
~08 / / / . g‘:‘_‘.. g: - _ogg:: gg: C
A T LE=eesrmy-ip) - |

=2 /

-/E

40 20 0 - '20 - 40 - 6-0 - 80
Lro .
Argle of jriciderice of fhe stakb

Frg. Htg) . Pitching moment of the horizantal €allsurface vs. angle:
of Incidence of the Stabilizer. 'Both mopserrers
rototing dovn-Lowrd the feselage F=4G05%: ?E‘zz’:xa’:pmet'
25 horseporwerat-—25 000 Ffeet:



Lert : .Span' Inches kig/‘n‘ v

Fig.ll(e) 7ar/ effiectiveness ractor. Variation of @fge xCippa) x4 RCFosSS
horizomtal tail spasr for /3=/.5% Both proprliers
rotating dowrl towaerd the Yoselage . @= 4057
Rated power = 716235 Aorsepower ar 25000 Feel.

NACA. Fig le
\
|50 i \
I :
w | \ [
| 3 [
30 [ / /;f‘\,\
il ! ki
20 J - I ' za
> lA SEEE
M aWN | XL iV
WAL T AT e
MENN \ L g
NIy
WL IBuE/4
N‘\ Al [/
0 AN VRN
N7
NI ]
T Esis



/'/)
a ;
gl =
| T —1
| = /k”/
6"0 / ﬁ?’ ‘
. i ]
= | '
E" & — —
=zl ,
"—n&m o?"f
! Tz o1
1 r_: Both praop. rigtrt rofoﬁon c
3f O Lot progs ‘reletmy o Lorpmmdt Bl POSelaPd -
d o o : ° o o °
/o 20 30 49 g 6 7 . 6 9 LO

Fig 2 _Ktfect o opeler ot

Jimszn_w:asﬁ Across Ezarzzmta/

i . BE .
&° . ,«5/\/%* * ‘
i .// 50
| 1 g€ 2039
/P/ ) _4:¢///{:" %5
oo 4‘ /‘/;'/_% /,./ L
Dosisirr- s S S N
‘wash —t
angle.

. Y
“AFGle of at1ack




NACA Figs. 14,19

2 .Prop. off ————— T T T T T T
L& Both prop rolating o, losiard the selsge: | ;
32 |- B ottt prop. right Fofaftiorn e : . o
- _.QBBT% fmpﬁ?@tafmy op tovees thg Fuselnge  § - ) -
! | Ruted PBuwer — 1685 HP @ 25000 +# e
: Lo
-
) " =
" "
/ ,/’/ ol =)
7ai! . / ® 1
%fgggﬂm | // ] 1
o7 /el o |1 IS L
yxTx%,xociﬂf;t e l/‘f/ // ///
H "] -
" .2 3 + 5 6 7 8 8 /0
(=
‘Angle of attack

Fig. /4 Efect of pra,ée//er rofatior: or average res/ effeckiensss
faclor across horrzonta/ rarn spar as obraired rfrom poimt
by point sureey. Rarted Aorss pawer at 25000 fee/ /628

B=40.5°
///
8 : —
v - //A ’/f///g
—
5 - s —
6# . ///“////’/‘/ - o
, // /W — = —F ] _—
f //,0‘" /:'/"/ r— T |
P = ’/"
g D e i
. ///‘/ — B |1
o i e
i Experimmmernta/ B Theoretical. |
1 LT & Fower -of f . - : U
| TR BUtA pReps ra%?@@awnwmﬁrw_;w Fuselage -
o L 280t prope ey op owargl the Aelge | Dttt
7° 2-’ ',_‘1a 4°  5° 6° 7° - &8° 9° wm°

(=2

sl thEretical danriwast and the
J "fﬁ?ﬁﬂfm'A P S EYS.



VOVN .

Ja
R \

o8 }— /
‘ - A TN

. .08 : / \
\L | [V ez \\
/
/

| “?‘?& r | 1 —lEEsgs R-Qx
,5   /// /‘ , \\ \ J=255% \

1)
~
N
3

x
T
-
I
M N B
\ TN
Ny

T .

_®
\\\
S

i
—

| e . | ’ Az 250 Y
08/ ; 7 \". | 02 , é// ' \\
, / // A \\\\\ i %// v \

04 ‘ / WAR S e ~
4‘& | //// -\\\x TTTE w0 &

TEEZS (BT Asswmed. /ust gradlyy corves. . PGy L5 - Bxsumed fargue orading curves’
CRarea ponwer = /5%;:@9”” ) /ey power = /éég Aor'gt,aower :
at 28, 000 rfeer ] af 5000 Feet, = 40.5°

gl -bi4



Fig. 16

NACA

== | @
| 78 2NN K] .
DI
JIOAANTE |
/18000 R ER N
VDO T L

m

)

~FBrup. diarr
a
“Tnches

- mu>o8

m»:.g T

-\
V/Mp«.-\bﬁ ]

-

m&.ﬁ —

..mvu\.a — o

oot

e |

Il.«ml.,oo i

/
-

AT
’/ e =g

~ /
7

/ A7 ¥ V1 /’\
/
/
2
Velocrity cortlowurs ar frorfz. 73/

e — e VElOCI Py CONPOURrS before H8ss.

_

Fig. /@)  Thearetical vehbcily contours /m FPropelfer wake
Just behind propeller and at forizorital tail. = =77 v

7%
&

\
2 i
&

2

/
= Prop, diarm:
. O
Jrickhes

Fig. /65 1

\ DA !

MW NN

BAYYASD ///.Wmu«".&..-

YN N R y e=220°
/ ///// X /////// men&b@.: ¥

NI\ AN £=280"H

n/ / ///1// //M °
OGRS BN

& ~ N ”I £=/40°|
~ | F={e=070 f
T—t—£=0° & °

Theoretrical downwash corrfours

Jue ta ‘the propeller, just behind propeller_ and

wt—torizonte!  tail =877

inipropeller. woke,

(4

-

Dowrwash corrfours sl Foriz. 757/
i i e DO @Sk contours Heror e papIsirig overs w



NACA Fig. 17

a=%b- ltan. (& - ¢€)

Figure 17.- Diagramatical sketch of downwash
angles for theoretical
computations.

Prop. Dis%




Fig. 18a

NACA

Lert- friches Right ‘
2g . . 20 . . .18 /4 & “+ o -+ & 2 /6 20 2f
o° b -
! ‘
¢
‘Fuselage \\I/
2° v e S Bt S .
of - PN 4 /;II..I i o -
a=9.70°, \ » T | 3 I e - N & =1.23"

N ot
ol I

/ N
o N
4 ™~ L ac=970°
AR N \r\\{ /. x=5.46"

1

4
\
\

o
et
A I

/

T
\

\
N\

\

~—— =T 7]
(
‘|
(

\ I
/£ «?® _Tg “Theoreticel curves
N\ 1.23° 089 mmmmm—m——— ]
I~ B35° 050 = .
546° 075 ~-—
7.58° ./0/ - -
T 8w LI ———————

= Solid \\.bmd._ .m»ﬁm\.\x_ﬂmﬂ*m\ m‘oém,.m.&
i I

Rated porelr

rs  rotaterg

a8.-7500 oF Theoretical donwnwash BCroSs L&l 3pan

mp

AT

rer-at 25, GoOT Feet.

Howrs  toiwerd the Toseloge

wWith observed dawmwash.. Bty prepelle
FT1625 horse fx

Fig. 18} To



Fig. 8B

. LeFt IHCk@5 Right
/6 .2 8 + 0 4 . Q
¢
Fuselage
.4

L — e

EEEEY
/ ,

\

—
e \\

ratot iy

40.5°% Rated power

propieliers

Ison o ThEcFETIcal oI ATASE RCFoss tail span

tovewey the Sfoseloge

_ohserved dowhwash, [E8iH

\ —_@?® . __Thearetical curves
| TI23° 029 ————mmrme———— |
335°  .050 —= - e - -
B547° 076 - - -
CLB9Y 02 s s e
g.lul d\nl\ e oad st T

Solid lirtes expeririiortal dowrwash

NACA

= 1625 Horse pawer at 25,000 reet.

L

v

Figg 785}





