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FULL-SCALE TUNNEL INVESTIGATION OF THE CONTROL
AND STABILITY 0P A TWIN-ENGINE MONOPLANE
WITHE PROPELLERS OPERATING

By Harold H, Sweberg
SUMMARY

Extensive force tests, covering a wide range of pro-
peller thrust coefficlernts, have veen made of a typical
twin-engine tractor moncplaie model, with the horizontal
tail surface removed and 2*toched. Measurements were made
With flaps retravted »nd deflecsed at various angles of
attack with differen% sta.ilizer a1nd elevator settings,
The tests were mnde in the “ommistes's full-scale tunnel
at tiae Langiey .eaorial Aerorautical Laboratory. The 1if%,
drag, #rd wvitching-moment cleracteristics of the model
wit 1 propellers vemoved and operating are shown, together
with velues of she sffective downwash angles at tbe tail
obtained from the pitching arment measurcments, Values
arc aleso shown of the tail-surface effoctiveness for the
various modcl and propeller conditions. AN attempt has
been made t0 correlate tho data of previous invostiga-
tions of the isolated horizontal tail-svrface chrracteris-
tics and of the a2ir flow in the region of the tail sSur-
faces with the force mcasurements for the purpose of oval-
uating the various interference and slipstream effects.

INTRODUCTION

As part of & general investigation dfrected toward
predicting the effects of propeller operation on the sta-
bility of various types of aireraf$s with various power-
rlant arrangement s, extsnsive testsS have beern ccnducted
in the NAJA raill-scale wind tunnel of a tyrical twin-
engine tractor wonoplane model, The tests included:

1. Air-flow surveys in the region of the tail plane
(reference 1)



2, Force tests gf €§e isoiated horigzontal $ail sur-~ J
face {refereunce 2)

3. TPorce tests of the model with horizontal %tail
surfaces removed

4. Force tests of ths completc model

The rcsults of the forcc tostg of the model with and with-
out the horizontal taill ars given in the proscnt paper.

In the analysis, as attenmost has becn made to corro~
lato the data of reforcnecs 1 an6 2 with the results pre-
sentcd horain for the rurvesc of evaluating the verious
interference and slipstream effects, Somo cumpaiisoas of
the cxperinmental results with the existing theory of the
phenomena involved are given,

SYUBOLS
L Lify
Cr, lift coefficient
cy section lIft coefficient

m piltching-moment coeificient

D! pronellers-removed drag

Dy resultant drag witn propellers operating
Cp drag coefficien®

¢y vyawing-moment coefficient

Cy norma2-force coefficient

Co chord-force coeffislsnt
Ch hinge~monent coefficient
T propeller fthrust

(effective thrust
To thrust coefficient (FLEectlve thru )
pPVo"D




normal farce acting 0On & propeller inelined to
the alr stream
¥p
propellsr normal-force coefficient <p QD4>
n

lift-curve slope for infinite aspect ratio

ais density

propeller rotational speed *
local. velocity

free-stream velocity

velocity-increment fsctor at propeller disk

velocity-increment factor back of the propeller
disk

1
local dynamic pressure <§PV2>
free—stroam dynamic pressure (%Pvf>

ratio of average dynamic pressure at the tail, as
found from air-flow surveys, to free-stream
dynamic pressure

number of propellers

propeller diameter

wing area

span

mean geometric chord

chord of wing directly behind the propeller axis

distance 0f quarter-chord line of horizontal tail
surface froin center of gravity of model, meas-
ured parallel to thrust axis

distancs from elevator hinge line to the center of

gravity of model, measured parallel to thrust
axis



Y lateral digtanco from center line of model

X distance from propellsr disk to wing conter of
pressure

o angle of attack

8 deflecetion of movadble tail surface

€ downwash angle relative to free-stream direction

€av average downwash angle at tail, as found from

air-flow surveys

€ effective downwash angle at tail, as found by

eff . - : : .
comparison of_pltchlng moments with and without
horizontal tail

X empirical factor used in formula for increase in
lift of wing due to slipstream velocity

Subscripts:

W wing

f flap

P propeller

T thrust

S gslipstream

i portion immersed. in slipstream

t tail

s isolated tail surface

8 stabilizer

e elevator

r rudder

TR trim



DESCRIPTION OF MODEL AND TRSTS

The MACA full-scale bunnel is described in reference
3, and the methods by 'which the data were corrected for
jet-boundary and bhlocking effeocts are disoussed -in refer-
ences Ly and 5. The complete model is described in refer-
ence land the isolated horizontal tail surface 1Is de-
scribed in reference 2, where it 1s referred to as the
minimum~balance tail, A photograph of the mpdel as mount-
ed in the wind tunnel 1S giver in figure 1. Sketches
showing the important dimensions Of the complete model
are given.in figure 2, and of the isolated horizontal tail
surface in figure 3. The center-of-gravity location wasg
arbitrarily assumed to be located along the fuselage center
line at the wing~chord point. This assumption was necessary
In order to obtain a reference point for the moment
caloulations,

The force tests included lift, drag, and nitching-
moment measurements of the model both without the hori-
zontal tail surface and with the horizontal tail surface
with various settings Of the stabilizer and elevator.
Most of the tests included the effects of nromeller op-
eration and were made with flaps retracted and flaps de-
flected 50°, Some tests were made, with oropellers re-
moved, of the elevator hinge moments and rudder effective-
ness. The effects of nacelles on the aeradynamio charac-
teristics of the model with propellers removed were also
investigated,

, The thrust coefficient is defined as

.. 6ffective thrust D' - Dp

pVoe D® pv03 D

where Df and are both measured at zero lift coeffi=-
cient. The thrust coefficient was determined as a func-
tion of V/nD for the flaps-retracted condition. Figure
Ly shows the variation of prooveller thrust cosfficient
with ¥/aD. For each angle of attack, the thrust was var=-
ied to include both high and low thrust coefficients; ac=
cordingly, the thrust coeffioient at any particular angle
of attack did not necessarily simulate a opractical flight
condition,



RESULTS AND DISCUSSION

The results of the tests have been analyzed. in two
parts. One part includes the effects of propeller opera-
tion on the forces of the wing-fuselage combination. The
other part includes the effects of propeller operation on
the forces and air flow at the tail and on the tail effec-
tiveness. The second part also includes a discussion of
the aerodynamic characteristics of the isolated horizon-
tal tail surfsece and comparisons of the isolated and at-
tached horizontal tail surface. The propeller forces
have been taken into account in the discussion,

Effect of Propeller Operation on
Wing-Fuselage Combination

The. propellers-operating lift and pitching-moment coef-
ficients for the model with the tail surfaces removed are
plotted in figure 5 for the flaps-retracted condition and
in figure 6 for tbc flaps-deflocted condition. Tho effects
of propeller operation on the forces of the wing-fuselagoe
combination as shown in these figures include the direct
effect of the propeller forces as well as the effects aris-
ing from the increased veloecity and change in direction of
tho air flow at that part of tho wing immersed in the slip-
stream.

Lift.- The increment of lift due to the components of
the propeller forces aoting in the lift direction is

OLp = T sin ap + Np cOS ap (2)

and

2 Oy, cos Op
sin ap + 28 L) (3)

©GE)

nD
The second term of the right side of equation (3) (the lift
increment due to the normal-force cemponent of a propeller
inclined in pitch) is uwsually negligible, although the

pitching moment produced by it may be important, Methods
for calculating this increment are given in reference 6.

Ip = 2% 75 o

For the increment of lift resulting from the passage



of the slipstream over a part of the wing, the semi-
empirical formula of reference 7 has been found to gilve
satisfactory results for a wing without flaps:

bs e r

icP

ACI’S = -v-'-é—-—— s {.xcz ~— O.SaOEPJ (4)
In this expression c, is the local lift coefficient,

without slipstream, of the airfoil section at the propel-
ler center line and by 1is the span of that portion of

the wing immersed In tho slipstream, which, for twin-
engine operation, IS taken here as

:

; 1 +
bs = 2D < 5
i “ 1 + s (5)

The velocity-increment factor back of the propeller disk,
s, 1is given in referonce 7 by the exprossion

s = afl l + x (8)

D® 2
/ = %
4 X

and the velocity-increment factor at the propeller disk,
a, as determined from the momentum theory, is

T
a:—'}é'l-}'/l"‘ﬁ""g‘ (7)

2

The term e 1is the propsller downwash resulting from the

inclination of the propecllor axis to the direotion of mo-
tion. If the effects of the viscous forces of the air
stream are neglected,; the propellor downwash angle is given

in referonce 7 as
€ =] a )ﬂ:m (8)
3 (l + g -

The factor A, introduced because of the change in circu-
lation over tho wing, is plotted in, figure 7 as a func-
tion of the aspect ratio of the part of tho wing immersed
in the slipstream. TFor twine-engine operation, the aspect
ratio of the part of the wing immersed In the slipstrean
is takon, according to reference 7, as the ratio of the




distance between tho outermcst tips of the propellers and
the cherd of the wing directly behind the propeller center
line. A comparison between the experimental lift coeffi-
cients and the values calculated from equations (3) and
(4) for the flaps-retracted condition is given in figure
8. The agreement shown is good.

With flaps deflected, the values of A shown in fig-
ure 7 do not hold, peossibly because of the marked effect
of the slipstream on tbe flapped-wing vortex system. I%
was noted in reference 7 that equation (4) gave good re-
sults for a model with flaps deflected if A was multi-
plied by a factor of 1.4. Calculations of the propellers-—
operating lift coefficients using a value for A from
figure 7 multiplied by 1.4 showed satisfactory agreement
with the experimental results at 1aw angles of attack but
wore t00 high at the higher angles of attack (fig. 9).

Pitching moments,- Inasmuch as tho thrust axis is
slightly above the center of gravity, the thrust causes a
small increment of diving moment (fig, 5) for the flaps-

retracted condition, At high angles of attack this in-
crement is neutralized to some cxtont by the positive mo-
ment due to the normal-force component of a propeller
ineclined in pitch, & few calculations showed that, for
the flaps-retracted tail-remgved condition, nearly all of
the change of pitehing moment could be accounted for by
the propeller forces. The effect of the slipstream on
the wing pitching-moment coefficient may therefore be con-
sidered negligible for this airplane.

Flap deflection caused a large increment of diving
moment (fig. 6) which may be considered the result of the
change in camber of the flapped portion of the wing, This
increment of diving; moment i s further inereased by pro~
peller operation., The ocffect of slipstroam on the pitch~
ing moment of the wing with flaps deflecetcd may be con-
sidered as resulting from tho change in wing lift and from
the increase in the actual pitching moments of tho flapped
wing sections about their aerodynamic eenters. The incre-
mcnt of lift due to the slipstroam is assumed to be ap-
plicd at the wing aerodynamic center, which for this model
is approximately coincident with the assumed center-of-
gravity location, The increment of pitching moment due
to the wing-1lift increment is therefore negligible, The
effect of tho slipstream on the wing pitching-moment coef-
ficient with flaps deflected nay be expressed as follows:



S C
- Cwrs 4
OOp_ = A0p, T =T (= 1) (9)

where ACmf is the propellers-removed increment of

pitching—-moment coefficient resulting from flap deflec-
tion and Sfi/Sf is the ratio of the area of the flapped

portion of the wing immersed in the slipstream to the
flapped portion of the wing. If it is assumed that the
velocity-increment factor back of the propeller disk is
equal to 2a, equation (2) becomes

Sfi 'cwi 8T e

e .Sf Ew m

(10)

Aoy = AC

A compsrison is given in figure 10 of the experimental in-
crement 00 pitching-moment coefficient due to the slip-
stream _and the values calculated from equation (10} at

oy = 0° and ap = 100 for &, = 509, The agreement is

good at ap = 0% %but sone discrepancy exists at og = 100,

Farces and Air Flow at Tail

Tail gurface characteristics, provellers removed.~ The
lift, drag, and pitching-moment coefficients of the medel
with the tail on and with the flaps retracted and deflect-
ed 50° are shown in figurs 11. The results with the hori-
zontal tail off are shown in figure 12,

For the complete model, tests were made t0 determine
the effects of flaps, nacelles, and angle of attack on the
elevator and stabilizer effectiveness. The results of the
elevator-~effectiveness tests are given in figures 13
through 16 snd the results of the stabiliger-effectiveness
tests rre given in figures 17 and 18, The elevator effecw
tiveness decreased or increased slightly with angle of at-
tack as the horizontal tail advanced into or receded from
the wake. An increase of about 7 percent of elevator ef-
fectiveness was measured when tho flaps were deflected,
which may be explained by the: fact tlhet the stronger downw
wash when the flaps are deflected carries the wake down
so that the tail enters It only at the highest angle of
attack, The stabilizer effectiveness showed no appreciable
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change as a result of varying the angle! of attack of the
madel or of deflecting the flaps, except at the stall,
The addition of nacelles t0o the mpdel resulted in little
change of either stabilizer or elevator effectiveness.

The horizontal tail surface has an appreciable ef~
fect on the vertical %tail-surface effectiveness. Ac-
cording to refemwence 8, the horizontal tail surface acts
as an end plate far the vertical tall surface and In-
creases the effective aspect ratio of the vertical tail,
The variation of yawing-moment ceefficient with rudder
deflection i s shown in figures 19 to 22 for the flaps-
retracted and the flaps-deflected conditiang and with the
harizental taill surfaoce attached to the model and removed.
The! rudder effectiveness dCp/d8y with the horizontal
tail surface removed was estimated, aecording to refer-
ence 9, to be «0,00082 and, according to reference 8, tp
be inereassd te -0,00079 when the horizontal tall surfaee
wag abttached to the medel, These values Fire in close
sgreement with the experimentsal values, Flap deflection
resulted in only a slight increase of rudder effectiveness,

The effect of deflecting eane tall surface en the ef-
feetiveness of the ether is shown irn figures 23 and 24.
The test results indieste that, for this type of empennage,
the effectiveness of the horizontal tail surface is indew
pendent e¢f the deflection af the vertical tail surface
and vice versa,

The elevator angles far trim (Cp = 0) are shown in
figure 25 for bath the flaps-retracted and the flaps-
deflected conditiens, & maximum chenge of enly about 2
elevator deflection wass necessary to trim the model at any
angle of nttack as a result of deflecting the flaps, This
small change of elevator deflection necessary to trim the
model results from the increased downwaeh st the tall
(caused by deflecting the flaps), which neutrallzed, to a
large extent, the inerement of negative pltehing moment
duwe to the flaps.

The horigzontal tail surface used on this model was
tested alene and the results of the testg have been re-
parted in reference 2, 4 summary of the wvariation of
normal-forece coefficient snd chord-force coefficient with
tail angle of attack for elevator deflections fram 0° to
3C° 1g given in figure 26, The slopes dCNt/dGS and

dGNt/dae far the isolated herizontal tail surface were
found to be C 080 snd 0.032, resysctively,
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A comparison of tho isolated tail-surface parameters
dCNt/dSe and dGNt/dSS with the corresponding values

for the tail surface when attachked to the model can be
made by means of the following equations:

aCp
Ty . %8s Sw fw (11)
dﬁs i St 1
q“O
and
ac
ch — -
"t a3 By cy
= R R (12)
dﬁe 2 St za
9
The distsnces L, =and |, =re, respectively, the distancs

froin the quarter-chord point of the horizontal tail surface
to the center of gravity of the model and the distance from
the elevator hinge line to the center of gravity of the
model. Values fior the dynamic pressure ratio q/qo have
been obtained from the surveys of reference 1 and repre-~
sent arithmetical aver-ages. Table I gives values of
aCy,/dss and daCy,/dse calculated from equations (11) and

(12) for various angles of attack and model. conditions,
together with the corresponding values of dCyz/dsg and

aC,/88, obtained from the test results. It will be no-
ticed from table | that the values for the slope cht/dSe
as calculated from the test results are in close agreement
with the value measured for the isolated tail for most
cases; the values, however, for dCNt/dSS are 4 to 20 per-
cent lower than the value measured for the isolated tail.
This discrepancy mag be partly accounted fo# by the effec-
tive reduction of stabilizer area caused by the intersec~-
tion of tha fuselage and the stabilizer. A comparison of
the experimental values of dCy,/d8g and 40y, /d8g for

op = 0° with values calculated from reference 10 is given
in figures 27 and 28,

The variation ¢f elevator hinge-moment coefficient
with elevator deflection for the isolated and attached tail
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(wq = 0°), together with the theoretical values computed

from thin- airfoil theory, is shown in figure 29. The ex-
perimental values for the isolated and attached tail are

in satisfactory agreement 'but are lower than the theoreti-
cal value,

Elevator effectiveness and dynamic pressure at tail,

patine T i 3 i i -
Icoe%?iC|entg%%fﬁ:%?gvatgpeaﬁﬁﬁéa¥é?nvgfi théﬁ%lggog¥”gt~
tack 2nd thrust coefficients are given in figures 30 to
32 for the flaps-retracted condition and In figures 33 to
26 for the flaps-deflected conditi¢n. At constant thrust
coefficient tho elevator effectiveness increases with an-
gle of attack. The reason for the increase of a0p,/d8g

with angle of attack will be obvious when it is considered
that the elevator hinge Line is near the top of the slip-
stream at low sngles of attack but progressively approaches
tho center of the slipstream as the =ngle of attack is in-
creased- (refercnece 1). The elevator effectiveness for the
flaps~retracted condition IS considerably highesr than tho
elevator effectiveness for the flaps A@eflected condition,
This result is due to the fact that the slipstream center
line is depressed farther bolow the clovator hinge line
with flaps deflected than with flaps retracted,

It has been shown that, with propellers removed, the
elovator cffectivcnoss is approximately proportional to
the =verage dynamic-pressurc ratio at the tail; that is,

d.cm - dGm> (i) (13)
ds. aé ., /
© 3s qoav

Accordingly, for these conditions, the effective dynamic
pressure approximetoly equsls the avepage dynamic pres-
sure. This proportionality no longer exists at the higher
thrust coefficients; for such conditiens, the offeoctive
dynamic pressure is less than the average found from the
surveys. This effogt IS illustrated in table II, which
gives a conparison betwecen the measured dCp/dde and the
values calculated from cquation (13). The values of
(q/qo)av weye obtained from the surveys of referenco 1.

Table II shows that tho caleculated values arc about 10
porccnt higher than the cxperinmontal values for most cases.
The diffecrcnee between the nmeasured and the calculated
4C,/ds, is probably duo to tho finite extent and nonuni-

Gew—1
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fornity of the slipstroan. Previous tests of several

typcs of airplanes {rofercncs 11) showed a similar discrope~
aacy between the mecasurcd elevator offectiveness and the
elevator effectiveness calculated from equation (13) at
high values of thrust coefficient. In figure 37 the meas-
ured dC;/dss has been plotted against the calculated.
value and a curve showirg the relationship batwaen tho two
has been obtained, This curve deviates from the theoret-
ical 45° slope by approximately 11 percent.

Downwash at_tail.- In reference 1 are given values of
the average downwash at the tail, with propellers removed
and operating, as deternined from the surveys. Fron neas-
urencnts of the pitching moments of the naodsel with stabi-
lizer set at various rngles, a comparison has been made
between the effective and the average downwash angles
The effective downwash anszles were determined by comparing
the values of angle of attack and stabilizer ineidence for
which the tail contributed zero pitching-moment coefficient,

Figures 17 and 18 giye curves showing the variation
of pitching-moment coefficient with stabilizer setting at
various angles of attack for the propellers-renoved condi-
tion. Values for e rs have been obtained from the curves

of figures 17 and 18 and are compared with the values of
€,y Obtained from tho surveys of reference 1 for beth the

flaps-retracted and the flaps-deflected conditions in fig-
ure 38, The agreement between €, ., and is good

Cav
(within 1°).

The results of the stabilizer-effectiveness tests
with propellers operating and with flaps retracted and de-
flected 50° are shown in figures 39 to 42. Table III
gives a comparison between the effective downwash angles
obtained from these figures and the average downwash an-
gles obtained from the surveys of reference 1 for the
flaps—-retracted and flaps-deflected conditions, The agree-
ment between the effective and. tlie average downwash an-
gles i s satisfactory (within 1°%) at low angles of attack;
at high angles of attack, however, the effective downwash
angles are somewhat lower than the average downwash an-
gles. The reasons for the differences between ¢,p¢ and

at the high angles of attack are not very clear, but

it is likely that the nonuniformity of the slipstream

and the pulsation of the air flow may contribute to the
lew values of ¢ ¢5.
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A theoretical solution for the resultant downwash an-
gle at the tail with propellers operating has been the
subject of extensive research, but as yet no generally
satisfactory method exists for its prediction. Several
factors may influence tho resultant angle of downwash at
the tail., chief among which are the downwash due to the wing
and the fuselage (propellers removed), the inclination of i
the thrust axis to the free-stream direction, the thrust, )
and the torque, From experimental data, an attempt has !
been made to study the order of magnitude of these various
factors.

In references 1 and 12 comparisons are made between
the averagc downwash angles at tho tail as obtained from
surveys (propellers removed) and tho theoretical wing
downwash angles computed from the charts 0of reference 13.
Ths agreement shown between the average and the theoreti-
cal downwash Angles was satisfactory, which indicates
that the presence of the fuselsge does not materially af-
fect the downwash at the tail.

When propeillers sre operating, there exists an in-
crement of downwash assog¢iated with the increment of 1ift
at the wing and an increment of downwash associated with
the verticel component 0f the propeller forces. The pas-
sago of slipstream over tho wing may be considered to re-
sult in a change of the lift distribution over the wing,
with a corresponding change of downwash. The vertical
component of the propeller forces arises from the inclina-
tion of the propeller axis to the free-stream direction.
Measurements by Stttper (reference 14) showed no appreci-
sble variatioan in downwash as the angle of inclination of
the propeller was varied with respect GO the wing.

A further increment of downwash at the tail may ex-
ist as a result of the rotation imparted to the air stream
by the propeller. For a twin-engine airplane operating
at large torque coefficients, the slipstream rotation may
have rongiderable influcnce on the downwash at the tail,
depend-ing on the direction of rotation of the propellers
(references 15 and 16). For propellers rotating in the
same ¢irection {(as for the case of this model), the down-
wash across one semispan of the horigzental tail surface

will be greater than the downwash across the other semi-
span. The effect of slipstream rotation on the downwash
distridbution at the tail of this model is illustrated in

figures 43 to 46 for the flaps-retracted and flaps-
deflected conditions. The local downwash angles were ob-
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tained from the surveys of reference 1. Since the span

of the horizontal tail surface 1S approximately equal %o
the distance between. propeller center lines, the hori-
zontal tail is mainly affected by the flow from the inner
halves of the two slipstreams. With flaps retracted, the
downwash at the tail on the side affected by the upward
strokes of the propeller blades was reduced, whereas the
downwash %t the tail on the side affected by the downward
strokes of the propeller blades was increased. This ef-
fect was reversed when tho flaps were deflected; thnt is,
tho downwash on the side of the upgoing bladses was in-
crensed, whereas the dowawash on the side of the downgning
blades wes decreascd. It appe=rs, however, that the re-
duction cf downwash cn one side of the tail due ts the
upward components of the slipstream rotation is approxi-
mately equal to the increase of downwash on the other side
due to the downward Components of the slipstream rotation.
The net effect of the slipstream rotation on the average
downwash across the complete tail span of the model is
therefore probvatly negligible,

Tail contribution, propellers operatina.- The pitching-
moment and the lift coefficients at various values of thrust
coefficient for the tail-on conditions are plotted against
angle of attack in figures 47 and 48. Figures 49 and 50
show the pitcning-moment coefficients due to the horizontal
tail surfrce, as obtained from tsail-on and tail-off pitch-
ing-moment meastrenents, vlobtted ageinst angle of attack
for various v~lves of tarvst coefficient.

As a result of the incrsased downwash at the tail due
to the t.rust, the effect of prepeller operation is to
increase the downward force on the tail. With flaps re~
tracted, thke stalling moment resulting from the increased
downwash at the tail counterncts the diving moment caused
by the Location of the thrust axis with respect to the
center of gravity of the model. With flaps deflected, the
increascd downwash at the tail due to flap deflection snd
propeller thrust increases tho downward force »n the tail.
This force results in a stalling moment, which neutral-
izes, to a large extent, the diving moment caused by de-
flecting the flaps. It must also bo pointed out that
there IS a comparatively lerge change in the forces at the
tail with angle of =attack rosulting from the fsct that the

tall advances INto the slipstream with incroasing angle
of attack.
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With flaps retracted, tho effect of propeller oper-
ation on tho slops of the curve of pitching moment against
angle of atteack (T = constant) is shown in figure 47,

At positive =ngles of attack, the slope progressively in-
creases with increase in thrust coefficient* Figure 47
also serves to show the effecte of propeller operation
on balance. Thus, with propellers removed, the model

trims at ag = 3.9° end at T, = 1.20, the angle of at-
tack for trim is increased t0 agp = 10.3°. This change

of trim angle with thrust 1s attributed mainly to the in-
creased downwash due to the thrust,

SUMMARY OF RESULTS

From tests of a twin-engine tractor monoplane model
with propellers rotating in the same direction, the fol-
lowing results nre summarized:

1. For most, conditions, the stabilizer effectiveness
of the isolated Lorizontal tsail surfece was reduced about
12 percent by attaching the tail surfnce to the model but
the elevator effectiveness was not appreciably affected.

2. With propellers removed, deflecting the flaps 50°
increased- the elevator effectiveness about 7 percent; with
propellers operating, however, d&cflecting the flaps de-
creased- the elevator effectiveness considerably,

3. The horizontal tail surface acted as an end plate
for the vortical tail surface, thus increasing its effec-
tive aspect ratio, With the horizontal tail surface re-
moved, the rudder effectiveness was about -0.00062, which
wag increased. to about -~0.00077 when the horizontal tail
surface was attached to the model.,

4, The increment of lift at a wing with flaps re-
trected, caused by the passage of a slipstream over it,
may be computed with satisfactory accuracy by the methods
of reference 6.

5, The effect of the propeller slipstream on the

wing pitching moment with flaps retracted- was negligible
for Chis model,

6. Deflecting the flaps caused a large diving moment

Getr~1
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which increased with thrust coefficient, This diving mo~
ment was neutralized to a large extent, however, by the
increased downwash st the tail due to flap deflection.

As an example, with the horizontal tail surfnce removed
and at zero angle of attack, deflecting the flaps caused
an increment of pitching-moment coefficient of -0.140,
which increased with thrust to -0.3'75 at a thrust Coeffi-
cient of 1,2. With the horizontal tail surface attached.
to the mod-el and at zero angle of attack, deflecting the
flaps caused an increment of pitching-moment coefficient
of -0.001, which increased with thrust to -0.093 at a
thrust coefficient of 1.2.

7. With propellers removed, the elevator effective~
ness was approximately proportional to the average dy-
nsmic pressure at the tail; this proportionality did not
hold for the propellers-ocperating condition.

8, The dynamic pressure at the tail generally in-
creased with angle of attack because, for this airplane,
the tail was near the top of the slipstream at low angles
of attack and advanced into it as the angle of attack in-
creased-,

2. With propellers removed, the effective downwash
angles were in good agreement with the average downwash
angles; with propellers n»perating, however, the effective
downwash angles were somewhat lewer than the average
downwash angles at the higher angles of attack.

Langley Memorial Aecronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,
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Figure 1.- Installation of stability mlodel in the NACA full-scale wind
tunnel.



L= A2y~

NACA

Fig. 2

326.9"

- & e
-I

Figure. 2- Three-view drawing of stability model. Nacelles off.
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NACA Fig. 25
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Figure 25~ Elevator angles for trim as a function of angle
of attack. Propellers removed; nacelles on.
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