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NATIONWAL ADVISCRY COMMITTEE FOR AERONAUTICS

ADVAXCE RBSTRICTED REPORT

FULL-SCALE TUNNEL IJVESTIGATION OF THE CONTROL
AND STAEBILITY OF A TWIN-ENGINE MONOPLANE
WITH PROPELLERS OPERATING

By Harolda H, Sweberg
SUMMAR

Extensive force tests, covering a wide range of pro-
peller thrust coefficients, have been made of a typical
twin-engine tractor monoplaae model with the horizontal
tail surfgce removed and sttacked. Measurements were made
with flaps retracted ~n8 deflected at varlous angles of
attack with differont stabilizer and elevator settings,
The tests were made in the Commithee'!'s full-scale tunnel
at the langley Memorial Aevonzutical Laboratory. The 1ift,
drag, and pitching-moment charscteristics of the model
with propellers removed arnd operatsing are shown, together
with values of the effective dcwnvash angles at the tail
obtained from tho vltchlng moment measurements. Values
are also shown of the tail-surface effoctiveness for tho
various model and propvllgr cenditions. An attempt has
been made to corrclate the data of provious investiga~
tions of the isolated horizontal tall-surface characteris-
tics and ofi;tke alr flow in %the region of the tall sure
faces with the force measurements foer the purpose of eval-
uating the various interference and slipstream effects,

INTRCDUCTION

As part of a general investigation directed toward
predicting the effects of propeller operation on the sta-
bility of varicus types of aireraft with variouns power=
rl.art arrangements, extensive tests have been conducted
in the NACA full-scale wind tunnel of a typical twin-
engine tractor monoplane model, The tests included:

low, surveys in the region of the tall plane
ference 1)

Tal Aive
(

i

f
e




2. Force tests of the isolated horigzontal tall sur- %
face \reference 2
3, "Porce tests of the model with horizontal tail
surfaces removed
4. Torce teste of the complete model
Tho rosults of the the model with and with~
out the horizontal the present paper.
In tho analysis, an a eocn made to corro-~
latc the data of reference th the results pre-~
sentecd horocin f£ayr the pury ating the various
interforence and slipstrea Some comparisons of
the .cxpocrimental reosults w ting theory of .the
phenomena involved are
STMBOLS
-
L Yiabuiy
Cr 1ift coefficient
cy section lift coefficient
G pitching-moment coefficient
40 roneljiasrae_remn red drac
£, Propellers—~remove rag
Dr resultant drag with rropeilers operating
Cp drag coefficient
Ga vawing-moment cocefficient
Cx normal-force coefficient
Cc chord-force coefficient
ch hinge-monecnt coefficient
i} propelley thArust
- //c - E
: oo varudvicoes filigaiont S\t




normal force acting on a propeller inclined %o
the air stregm

N
propeller normal-force coefficient (;;%52)
lift-curve slope for infinite aspect ratio
air density
propeller rotational speed
local veloecity
free-stream velocity

velocity-increment factor at propeller disk

velocity-increment factor back of the propeller
disk

local dynamic pressure <%pv2>
free-~stroam dynamic pressure (%Pvf>
LY

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

number of propellers

propeller diameter

wing area

span

mean geometric chord

chord of wing directly behind the propeller axis

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

distance from elevator hinge line to the center of

gravity of model, measurced parallel to thrust
axis



av

€Coff

A

lateral digtance from center line of model

distance from propeller disk to wing conter of
prossure

angle of attack
deflection of movable tail surface
downwash angle relative to frece~stream direction

average downwash angle at tail, as found from
air-flow surveys

effective downwash angle at tail, as found by
comparison of pitching moments with and without
horigontal tail

empirical factor used in formula for increase in
1ift of wing due to slipstream velocity

Subscripts:

(8,

wing

flap

propeller

thrust

slipstream

portion immersed in slipstream
tail

isolated tail surface
stabiliger

elevabtor

rudder

trim




DESCRIPTION OF MODEL AYD TESTS

The NACA full-scale tumnel is described in reference
5, and the methods by which the data were corrected for
Jjet-boundary and blecking effects are discussed in refer-
ences 1y and 5, The complete model is described in refer-
ence 1 and the isolated horizontal tail surface is de-
scribed in reference 2, where it is referred to as the
minimum-balance tail. A photograph of the model as mount-
ed in the wind tunnel is given in figure 1. Sketches
showing the important dimensions of the complete model
are given in fipure 2, and of the isolated horizontal 4ail
surface in figure 3, The center-of-gravity location was
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
calculations. '

The force tests included 1lift, drag, and vitching-
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 nroneller op-
eration and were made with flaps retracted and flaps de-
flected 50°. Some tests were made, with nrovellers re-
moved, of the elevator hinge momerts and rudder effective-
ness. The effects of nacelles on the aerodynamic charac-
teristics of the model with pronellers removed were also
investigated.

The thrust coefficient is defined as

- effective thrust _ D' -Dp

[¢]
PVy”

T
2
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where D' and D% are both measured at zero lift coeffi-
cient. The thrust coefficient was determined as a funce
tion of V/uD for the flaps-retracted condition. Figure
li shows the variation of proneller thrust coefficient
with V/hD. For each angle of attack, the thrust was var-
ied to include both high and low thrust coefficients; ac~
cordingzly, the thrust coefficient at any particular angle

of attack did not necessarily simulate a oractical fliéht
condition.

(1)



RESULTS AND DISCUSSION

The results of the tests have been anaglyzed 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 tall and on the tall effec-
tiveness., The second part also includes a discussion of
the aserodynamic characteristies of the isolated horizon-
tal tall surface and comparisons of the isoclated 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 1lift 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 the flaps-defloctod condition, The effects
of propeller operation on the forcos of the wing-fuselage
combination as shown in these figurcs include the direct
effect of the propeller forces as well as the effoects arls-
ing from the increased velocity and change in direction of
the air flow at that part of the wing immersed in the slip-
streamn.

Lift.- The increcment of 1lift duc to the components of
the propoller forces, acting in the liftrddwrectlien is
ALp = T sin ap + Np cos anp (2)

and
2 _ p= CNP cos Qp

?;- ( v \3
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The sccond term of the right side of equation (3) (the 1ift
increment due to the normal-force cemponent of a propeller
inclined in pitch) is usually negligible, although the
pitching moment produced by it may be important. Methods
for calculating this increment are given in reference 6.

For the increment of 1ift resulting from.the passage




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

AC
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7\07/ - O.6aoﬁp:l (4)

In this expression ¢, is the lecal 11ft coefficlent,
witheut slipstream, of the airfoil section at the propel-
ler ccafer line and by 1s the span of that portion of
the winz immersed in the glipstream, which, for twin-
engine operation, is taken here as

’ Y8 -
by = .30 e !
1 : J/; + 8 (5

The veloclty-increment factor back of the propeller disk,
s, 1s given in reference 7 by the expression

/
s = a( AR ? ()

\ o %f-+ x®

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

T el 8T,
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The term ep 1is the propeller downwash resulting from the

inclination of the propeller axis to the direction of mo-
tion., If the effects of the viscous forces of the air
stream are neglected, the propeller downwash angle is given
in roference 7 as

€p = <1_i.__ g (8)

The factor A, introduced because of the change in eircu-
lation over the wing, is plotted in figurec 7 as a funcw
tion of the aspect ratio of the part of the wing immersed
in the slipstrcam. TFor twin-engine operation, the aspect
ratio of the part of the wing immerscd in the slipstream
38 teken, amccording to reference 7{ as the ratio of the




distancc botween tho outermost tips of the prepellers and
the chord of the wing directly behind the propeller center
line. A comparison between the experimental 1ift coeffi-
cients and the values caleulated from squations (3) and
(4) for the flaps-retracted condition is given in figure
8. The agreement shown is good.

¥ith flaps deflected, the values of A shown in fige
ure 7 do not hold, possibly because of the marked effect
of the slipstream on the flapped-wing vortex system, It
was noted in reference 7 that equation (4) zave good re-
cults for a model with flaps deflected if A was multi-
plied byla faptor | ofgladr Calculations of the propellers-
operating 1lift coefficients using a value for A from
figure 7 multiplied by 1.4 showed satlisfactory agreement
with the experimental results-at low angles of attack but
were too high at the higher angles of attack (fig, 9).

Pitching moments.- Inasmuch as the thrust axis 1is
slizhtly above the center of gravity, the thrust causes a
small increment of diving mement (fig. 5) for the flaps-
retracted condition. At high angles of attack this in-
crement is neutralized to some extent by the positive mo-
ment due to the normal-force component of a propeller .
inclinoed in pitch., A few calculations showed Yzt Ve o R ol
the flaps-retracted tail-remcved condition, nearly all of
the change of pitching moment could be accounted for by
the propcller forces, The effeect of the slipstrcam on
the wing pitching-moment coefficient may therefore bs con-
sidered negligidle 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 is further increased by pro-

peller operation. The cffect of slipstrcam on the pitch-

ing momcnt of the wing with flaps deflcctcd may be con-

sidored as resulting from the change in wing 1if?t and from

the increasc in the actual pitching moments of the flapped

wing sections about their aerodynamic centers. The incre~

mont of 1ift due to the slipstroam is assumcd to bc ap=

plicd at the wing aoroedynamic center, which for this model

is approximately coincident with tho assumed center-of-

gravity location. The inerement of pitching moment due
to the wing-lift incrcment is therefore negligivle. The

affect of tho slipstroam on tho wing pitching-moment coef- -
ficient with flaps deflected may be expressed as follows:

R T T SRR TG R ) 0
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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
veloclty-lncrement factor back of the propeller disk is
equal to 2a; equation (9) becomes

8§55 ea: B0
5 7 W c -
Mg .= MOy, 2 -1 — (10)
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A comparison is given in figure 10 of the experimental in-
crement. of pitching-moment coefficient due to the slip-
stream and the values calculated from equation (10) at

Qp = OOA and ap = 100 for 6p = 500, The agreement is

good at amp = 09 ©vbut some discrepancy exists at Wp = 109,

Forces and Air Flow at Tail

Tail surface characteristics, propellers removed.~ The
lift, drag, and pitching-moment coefficients of the model
with the tail on and with the flaps retracted and deflecte
ed 50° are shown in figure 11. The results with the horie
zontal taill off ‘are shown' in ©igure 12

For the complete model, tests were made to determine
the effeets 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
throvgh 16 snd the results of the stabiligzer-effectiveness
tests are given in figures 17 and 18, The elevator effece
tiveness decreased or increased slightly with angle of ate
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 the flaps were deflected,
which may be explained by the fact thet the stronger downe
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 appreciabdble
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echange as a result of verylng the angle of attack of the
madel or of deflecting the flaps, except at the stall,
The addition of nacelles to the mpdel resulted in little
change of either stabilizer or elevator effectiveness.

The horizontal tail surface has an appreciable ef-
foct- on the vertical tail-surface effectiveness. Ac-
cerding to refemwence 8, the horizontal tail surface acts
as an end plate for the vertical ta2il surface and in-
creasses the effective aspect ratlo of the vertical taill.
The variation of yawing-moment coefficient with rudder
deflection is shown in figures 19 to 22 for the flaps-
retracted and the flaps-deflected conditimng and with the
harizental tail surface attached to the model and removed.
The rudder effectiveness daCp/déy with the horizontal
tail surface removed was estimated, according to refer~
ence 9, to be -0.00062 and, accnrding to reference 8, to
be increased to -0,00079 when the horizontal tall surface
was atbached to.the model, These values are in close
agreement with the gexperimental values. Flap deflection
resulted in only a slight increase of rudder effectiveness.

The effect of deflecting one tepil surface on the ef-
fectiveness of the other is shown in figures 23 and 24.
The test results indicste that, for this type of empennage,
the effectiveness of the horizontal tail surface is inde-
pendent of the deflection of the vertical tail surface
and vice versa,

"The elevator angles for trim (Op £ 0) are shown in
figure 25 for both the flaps—-retracted and the flaps-

- deflected conditions. A maximum chenge of enly adbout 2

elevator deflection wss 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 downwash at the taill
(caused by deflecting the flaps), whickh neutralized, to a
large extent, the increment of negative pitching momen t
due to the flaps.

~ The horizontal taill surface used on this model was
tested alone and the results of the tests have been re-
portdd in reference 2, 4 summary of the vrriation of
nornal-~force coefficient »nnd chord-force coefficient with
tail angle of attack for elevator deflections from 0° to
30° ig given in figure 26, The slopes dGNt/dss and

dGNt/dse for the isolated -horizontal tall surface were

found to be 0,060 and 0.032, respeectively.
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A comparison of the isclated tall-surface parameters
aCy, /a8 and d0y./d6s: with the corresponding values
N'b’ e Nt' S . 4

for the tail surface when attached to the nodel can be
nade by means of thée following equations: :

aCy,
a6, —-n - :
T e B08 . Pw %y " o amd
a8 g Re 5 n Sapokani £ g
. Q.
and
ac.. ol - : :
ol b g e B Wy, . " flnd
dse _ _0._ St l’z & i
a
g

The distances !'; =and 1,.. are, respectively, the distance
from the ‘quarter-chord “point -of the horizontal tail surface
to thie center . of gravity of the model and the distance from
the elévator:hinge line to the center of gravity of the
model, Values Tor the dynamic pressure ratio q/qo have
been obtained from the surveys of reference 1 and repre-
sent aritlimetical averages. Table I gives values of

aly, /a8 * and aly, /dse - calculated from equations (11) and
(12) for verious angles of attack and model .conditions,
together with the corresponding valués-of .4C,/dsg and
dC,/d8y obtained from the test results. It will be no-
ticed from table I that the values for the slope dCy,/d8,
as calculated from the test results are in close agreement

with the value measured for the isolated tail for most
cases; the values, hoWever.»fon_ cht/dSS are 4 to 20 per-
cent lower than the value measured for the icolated tail.
This discrepancy may be bartly accounted for by the effec-
tive ‘reduction of stabilizer area caused by the intersec-
tion of .the fuselagée and the stabilizer. A comparison of .
the experimental values of "~ dCy, /dss. and @0y /dbg for
Qrr =0° with values calculated from referencé 10 is given
in figures 27 and 28, '

The variation of elevator hinge-moment coefficient:

with elevator deflection for the isolated and attached tail
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(“T = OO), together with the theoretical values computed

from thin-airfoil theory, is shown in figure 29. The ex-
perimental values for the isolated and attached taill are
in satisfactory agreement but are lower than the thecreti-
cal value,

Elevator effectiveness and dynamic pressure at tail,
propellers operating.-~ The variation of pitching-moment
coefficient with elevator angle for various angles of at-
tack and thrust coefficients are given in figures 30 to
32 for the flaps-retracted condition and in figures 33 to
36 for the flaps-deflected conditicn, At constant thrust
coefficlient the elevator effectiveness increases with an-
ele of attack. The reason for the increase of dCp/dde
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
the center of the slipstream as the angle of attack 1s in-
creased (refercnce 1). The elevator effectiveness for the
flaps~-retracted condition is considerably higher than tho
elevator offectiveness for the flaps deflected condition,
This result is duc to the fact that the slipstream center
line is depressed farther below the slevator hingc line
with flaps deflectecd than with flaps retracted.

It has boen shown that, with propellers removed, the
elevator coffcoctivencss is spproximately preportional to
the average dynamic-pressure ratio at the tail; that 1is,

4ty _ d..°..m> <.<1_> (13)
a8 LI
© ° (<] qo av

»
2
e D

Accordingly, for those conditions, the effective dynamic
pressure approximrtoly equals the averagc dynamlc pres-
surc, This proportionality no longer exists at the highor
thrust cocfficicnts; for such conditiens, the offecctive
dynanmic pressure is lecss than the average found from the
surveys, This cffeet is 1llustrated in tadble II, which
gives a comparison bectween the measured dCp/d8e and tho
valucs calculated from cquation (13), The values of
(q/qo)qv werc obtained from the surveys of reference 1.

Table II shows that the calculated values arc about 10

percent higher than the oxpcrimental values for mnst cases,

The diffcrence between the neasured and the calculated
dCp/d8, is probdably duc to the finite extent and nonuni-

Geh~1
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formity of the slipstroam. Previous tests of several

types of airplancs (rcfaronce 11) showed a similaf discrop-
ancy bectween the moasurcd elevator offoctivenoss and the
elevator effe ctlvene ss calculated from equation (13) at
high values of thrust coefficient. In figure 37 the meas-
ured dC;,/ds, has been plottcd against the calculated
value and 2 curve showing the relationship between the two
has been obtained. This curve deviates frow the theoret-
ical 45° slope by approximately 1l percent.

Downwasgh at tail.- In re ?erence 1l are given values of
the average downwash at the tail, with propellers removed
and operating, as determined from the surveys. UFron neas-
urenents of the piteching moments of the nodel with stabi-
liger sct at various sngles, a comparison has been made
between the effective and the average downwash angles.

The effective downwash anzles were determined by comparing
the. values of angle of attack and stabilizer incidence for
which the tail contributed zero pitching-moment coefficient.

Figures 17 and 18 give curves showing the variation
of pitching-moment coefficient with stabiligzer setting at
various  angles of attack for the propellers-removed condi-
Tlon, Values fTox! €cff have Dbeen obtained from the curves

of figures 17 and 18 and are: compared with tha values of

€,v,” O0btalned from the surveye of reference, .l for Dboth the
flaps~retracted and the flaps- deflected conditionsg in fig-
ure 38, - The agreement betwecen €off. and €4y ‘ls-good

(within 19).

The résults ' of the stabilizer~cffectiveness tests’
with Drope¢lurs operating. snd 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 thecse figures snd the average downwash an-
gles obtained from the surveys. of reference 1 Ior the
flaps—retracted and 1ap=—aeilected condltlons. The agree~
ment Detween the effective and. the average downwash an-
gles is satisfactory (within 1l e at low angles of attack;

at high angles of attack, however, the effective downwash
«ngles are somewhat 'lower than the ‘averags aownwash ‘an-
gles. The reasons for the differences between € ff and

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

it 'is likely that -the nonun;formlty of the slipstrean
and the pulsation of the air flow may contribute to the
low values of €offe o :
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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 the resultant angle of downwash at

the tail, chief among which are the downwash due %0 the wing

and the fugelage (»nrepellers removed), the inclination of
the thrust axis to the free-stream direction, the thrust,
and the torque, From experimental data, an nttempt has
been made to study the order of magnitude of these various
factors,

In references 1 and 12 comparisons are made betwecn
the averazc downwash angles at thc tail as obtained from
survoys (propellers removed) and the theorctieal wing
downwash angles computed from the charts of refercnce Lo,
The agrcement shown between the average and the theoreti-
cal downwash angles was satisefactory, which indicates
that the prescnce of the fuseclage does not materially af-
fect the downwash at the tail,

When propellers are operating, thero exists an in-
crement of downwash associated with thc increment of 11£%
at the wing and an increment of downwash associated with
the verticsl component of the propeller forces, The pas-
sage of slipstream over the wing may be considered to re-
sult in a change of the lift distribution over the wing,
with a corresponding change of downwash. The vertieal
componcat of the propcller forces arises from the inclina-
tion of thc propeller axis to the free-stroam dircction,
Measuremonts by Stper (referonce 14) showed no appreci-
sblc variation in downwash as tho angle of inclination of
the propeller was varied with respect to the wing,

A further increment of downwash at the tall may eX-
ist as a rosult of the rotation imparted to the alr strecam
by the propeller, For a twin-engine airplane operating
st large torquo cocefficients, the slipstream rotation may
have ronsiderable influcnece on the downwash at the tail,
depending on the direction of rotation of the propellers
(references 15 and 16), TFor propellers rotating in the
same Cirection (as for the case of this model), the down-
wash across one semispan of the horizental tail surface
will be greater than the downwash across the other semi~
span., The effect of slipstream rotation on the downwash
distribution at the tail of this model 1is illustrated in
figures 43 to 46 for the flaps-retracted and flaps-
deflected conditions. The local downwash angles were ob-

el
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tained from the surveys of reference 1. Since the span

of the horizontal tall surface is approximately equal to
the distance between propeller center lines, the hori-
zontal tall i1s 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 nt the tail on the side affected by the downward-
strokes of the propeller blades was increased. This ef-
fect was reversed when the flaps were deflected; that is,
thoe downwash on the side of the upgoing blades was in-
crersed, whereas the downwash on the side of the downgoing
blades was decreased. It appecars, however, that the re-
duction of downwash on one side of the tail due to the
upward components of the slipstrean 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 probably negligible,

Tail contribution, propellers operating.- The pitching-
moment and the 1lift coefficients at various values of thrust
coefficient for the tail-on conditions are plotted against
angle of attack in figures 47 and 48. TFigures 49 and 50
show the pitching-moment coefficients due to the horizontal
tail surface, as obtained from tail-on and tail-off pitch-
ing-moment measurements, plotted against angle of attack
for varilous values of thrust coefficient.

As a result of the increased downwash at the tail due
to the torust, the effect of propeller operation is %o
increase the downward force on the tail. With flaps re-
tracted, the stalling moment resulting from the increased
downwash at the tail counterncts the diving moment caused
by the location of the thrust axis with resvect to the
center of gravity of the model. With flaps deflected, the
increased downwash at the tail due to flap deflection and
propeller thrust increases the downward force on the tail.
This force results in a stalling moment, which neutral-
izes, to a large extent, the diving momont caused by de-
flecting the flaps. It must also bo pointed oub that
there is a comparatively large change in the forces at the
tail with angle of attack rosulting from the fact that the
tail advances into the slipstream with increasing angle
of attaclk,
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With flaps retracted, the effect of propeller oper-
ation on the slope of the curve of pitching moment against
angle of attack (Tc = constant) is shown in figure 47,

At positive =ngles of attack, the slope progressively in-
creases with increase in thrust coefficient., TFigure 47
also serves " to show the effects of propeller operation
on banlance. Thus, with propellers removed, the model

trims at ag = 259° "ald Bt T, = 1.20, the angle of at-

tack for trim is increased to oap = 10.3°., This change

of trim angle with thrust is 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 are summarized:

1. TFor most conditions, the stabilizer effectiveness
0of the isolsted horigontal tail surface was reduced aboutb
12 percent by attaching the tail surface 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, dcflecting the flaps de-
creased the elevator effectiveness considerabdly.

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

4, The increment of lift at a wing with flaps re-
tracted, 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 this model,

6., Deflecting the flaps caused a large diving moment

Getr1
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which increased with thrust coefficient. This diving mo-
ment was neutralized to a large extent, however, by the
incrcascd downwash at the tail duc to flap deflection.

As an example, with thoe horizontal tail surface roemoved
and at gzero angle of attack, deflecting the flaps caused
an increment of pitching-moment coefficient of -0.140,
which increased with thrust to -0,375 at a thrust coeffi-
cient of 1,2. With the horizontal tail surface attached
to the model and at gzero 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. coefflcient of Ai2s

7. With propellers removed, the elevator effective~
ness was approximately proportional to the average dy-
namic pressure at the tail; this proportionality did not
hold. for the propellers-operating 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 inteo it as the angle of attack in-
cresased.,

- With propellers removed, the effective downwash
angles were in good agreement with the .average .downwash
angles; with propellers operating, however, the effective
downwash angles were somewhat lower than the average

"downwash angles at the higher angles of attack.

Langley lemorial Aesronautical Laboratory,
National ‘Advisory Committee for Aeronautics,
Lanrr]_eJ Fiolds,™ Vai
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Fig. 1

Figure 1.- Installation of stability model in the NACA full-scale wind
tunnel.
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Figure. 2.- Three-view drawing of .stability model. Nacelles off.
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