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NATTOMAL ADVISORY COMMITTEE FOR AERONAUTICS
MEMORANDUM REPORT
for the
Air Tecﬁnihal Service Commend, U S. Army Air Forces
AFRODYNAMIC CHARACTERISTICS OF A 1/8—SCALE POWERED
MODEL OF A HIGH-SPEED BOMBER WITH A DUAL PUSHER
PROPELLER AFT OF THE IEMPENNAGE

By James A. Weiberg and Alfred W. Schnurbusch

SUMMARY

Wind—tunnel tests were made to determine the asrodynamic !
characteristics of a 1/8-scale model of a high-speed bomber with
a dual pusher propeller aft of the empennage In this report the
results of these tests are discussed with respect to the longitu—
dinal, lateral, and directional stability and control, the
empennage design, and ground effects on the aerodynamic characteristics.

The test results indicated that, because of the location of
the propeller, the configuration of this airplane has several
advantages with regard to stability and control over the conventional-
type single—engine airplane configuration. The effect of power is
to increase both the longitudinal and directional stability. Power
has negligible effect on the dihedral characteristics. The effective—
ness of the empennage and the control surfaces agreed well with
computed values, and the ground—plane results indicated an increase
in longitudinal stability and lift—curve slope that compared favorably
with computed values.

INTRODUCTION

At the request of the Air Technical Service Command, U.S. Army
Air Forces, tests were made on a l/B—scale powered model of a high—
speed bomber having a dual pusher propeller aft of the empennage.
These tests were made in the Ames 7— by 10—foot wind tunnel to
determine the aerodynamic characteristics of the model.
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This report discusses the longitudinal, lateral, and directional

stability and control of tle model I‘clud are model character—
istics with a braking vropeller and ground effects in the simulated
take—off and landing attitudes, This dl“bUSolOﬂ is based on the

results of tests made during the period from December 27, 1943 to
Janvary 31, 194k and March 22, 194k to April 8, 194k, An analysis of
the flying qualities of the airplane is presented in reference l.

COEFFICIENTS AND SYMBOLS

211 data are presented as standard NACA coefficients corrected
for support tares, tunnel-wall interference, and atream inclination.
Rolling-moment coefficients are given about the gtability axes; all
other coefficients are referrszd to the wind axes, Moments are
presented ahout a center—or-gravity position located at 25 percent
of the M.A.C. and €,8 percent of the M.A.C. above the fuselage
reference line, The trunnion and center—of—gravity locations wit
reﬁpect to the model geometry are showa in figure 7. The anéleu ot
attack and yaw are referred to the fuselage reference line and the
plane of symmetry, respectively. Wind—tunnel-wall corrections and
configuration symbols used on the figures are given in a pendixes A
and B, respectively. Coefficients and symbols used throughout the
report are defined as follows:

n

-

C; 1lift coefficient (L/qSy)
(D/asy)

Cy side—force coefficient (Y/aSy)

Cp drag coefficien

ct

C,' rolling-moment coefficient referred to stability axis (L/aSyb)
C, Dltching—moment coefficient (M/qSyC)

yawing-moment coefficient (N/qSyb)

Cp_ ~elevator hinge—moment coefficient (HMe/chte)

C,.  rudder hinge-moment coefficient (HM,/qSpt.)

H elevator hinge moment, pound-feet

M. rudder hings-moment, pound-—feet

4

control forcs, pounds
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arca (for hinge-moment coefficients, area aft of hinge line),
square feet

span, feet

mean aerodynamic chord, feet

M.A.C. of control-surface area aft of* hinge line, feet
aspect ratio

tail length fromAO.25Ew to O.25EH, feet

tail length from 0.25¢y to 0.25%y, feet

tail length from 0.25Cy to aerodynamic center of incremental
1lift due to elevator deflection

tail length from 0.25cy to aerodynamic center of incremental
1ift due to rudder deflection, feet

horizontal-taill area affected by elevators, square feet
vertical~tail area affected by rudders, square feet
dynamic pressure (%QVZ), pounds per square foot
Reynolds number (oV1/u)

velocity, feet per second

air density, slugs per cubic foot

coefTicient of viscosity

effective thrust>
pVeD2

thrust coefficient <

advance diameter ratio

propeller rotational speed, revolutions per second

propeller diameter, feet

pressure coefficient (pressure below the elevator nose seal minus
the pressure above or the pressure to the left of the rudder

seal minus the pressure to the right divided by free-—stream
dynemic pressure)
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oy geomotric angle of attaclk of Tuselage reference line
(uncorrected), degrees

©4 angle of attack of fuselage reference line (corrected for
wind—tunnel-wall interference and stream inclination),
degrecs

(ors g angle of attack of horizontal tail (measurecd from zero tail
1ift line), degrees

a 1ift curve slope (dCr/da)

ig horizontal~teil incidence (measured from fuselage reference
line to horizontal—tail roference plane), degreces

v angle of yaw of fuselage plane of symmetry, degrees

o) control—surface deflection, degrees

Subscripts

W wing

H horizontal tail

v vertical tail

e elevator

1 rudder

DESCRIPTION OF THE AIRPIANE AND MODEL

The airplene is a threce—place light bomber. Major airplane
dimensions ere listed in Appendix C and tables T and II. A three—
view drawing of the airplane and line drawings of the wing and
empennage are given in figures 1, 2, and 3, respectively. The
airplanc is of uncoaventionel dosign in that the dual pusher propeller
is aft of the empennage. Each set of three propeller blades is gear-—
driven by one of two ongincs submerged in the fuselage. The airplane
has sealed internally balanced control surfaces (sce figs. 2 and 3
for cross—sectional views), a tricycle landing gear rectractable into
the fusclagc, and double—slotted partial-span flaps. The smell split
flap on the wing adjacont to the fusclege (fig. 2) operates in
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conjunction with the landing gear in that it is retracted when the
gear is up and doflects to L0° aiter the gear is cxtended. This
linkage is necessary in crder to provide a flap between the double--
“slotted flaps and the fuselage and still allow the double--slotted
flap to be opcrated for any position of the gear. The vertical
tail cxtends both above and bolow the fusolage with the lower half
algo acting ss a propeller guard.

The modcl is shown mountod in the tunmel in figure 4. The
model is l/8~scalo and is scaled from the airplane with the following
exceptions:

1. There arc no ailerons or elevator trim tabs on the model.

e flap brackets on the model wing which do not

2., There are
ototyne.

exist on the pr

7

L

A
U

3. The wing gua turrots on the model ere not an exact simula—

tion of those on the airplane.

4. The model has no wing leading—edge ducts, flush—type
fuselage carburetor scoop, engine exhaust or propeller—bearing oll-—
cooler. SCOop.

5. There are no main wheel-well doors on the model. The doors
on the airplane were concidered tc be closed when the main gear
was extended.

6. The inboard end of the model lower rudder is 1.094 inches
full scale ferther outboard than on the airplene. This represents
a decrease in lower rudder area of (.198 square foot full scale

2.2 percent).

7. The control-surface balance and balance—plate spans on-the
model differed from those on the prototype airplane as shown by the
following table:
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a { b Balance-plate
Control surface Geometric| ~Effective span full scale
balance balance (£)
(I'c)
Airnlane ofd
Elevasors €0.45¢csto %0, 40cs to 18.00
o 500@ . L‘-5CO
Upper rudder it 4, 306c.. 5,08
Lower rudder A4Te., d.396cr 3. b2
Model
Flevators (original9
balancs) .365¢ .358¢ 17615
A e S
(revised
balance) e, Jh3e, 17.65
Upper rudder
original :
balance) B o <8000 L. L7
(revised
balance) UTe,, 46505 4, ob
Lower rudder
(original
balance F 30 . 3h6e 3.12
(revised
balance) R A58c. 2,12

“The geometric balance is the ratio of ob/cf whers p is the
distance from the hinge line to the center line of the seal and cf
1 the chord of the control surface aft of the hinge line. The balance
plate chord cp and control surface chord cf are, for each control
surface, a constent percent of the tctal surface chord. The estimated
control—surface effective balance on the airplane is less than the
geometric balance because of the effects of cut—outs for hinges,
cut—offs for cover—plate ribs, and lealiage through drainage holes.
The model effective balance is less than the geometric because of the
short balance-plate spans. '

b = : . 1 :
The effective balance is an equivalent geometric balance of constant
percent elevator chord with no seal leaks and with & balance—-plate
span scaled from the airplane.
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®Ad justeble.
dEstimated.

“Balance on original empennage used during series of tests from
December 27, 1943 to Jenuary 31, 1944k, This empennage is rofcrrod
to as HV in the report. (See configuration key.

i‘Corr:,»spo~r1dsx to empcnnage with balance 1ncroaSod go that the geometric
balance was the same on both the modcl and the airplans,

Used on the sories of tests from Merch 22, 1944, to April 8, 194k.
This empennage is referred tc as H;Vy in the report. (See configura—
tion key.)

The model control surfaces were oquipped with resistance—type
electrical strain geges for measuring hinge moments. Pressurc tubes
were installed on the original empennage HV. in the balance cells
of the rudders and elovators for obtaining the increment of pressure
coefficient AP/q across the nose scals at about the 4O-percent
spanwise stations of the balanco—plate spans. Elevator and rudder
deflections were set by means of templates with an estimated .
acecuracy of +0.259, Ihc horizontal stabilizer settings were set by
fixed bhrackets.

Power for the dual propeller was supplied by two 25-horsepower
water—cooled induction motors mounted in the fuselage. BEach motor
drove a set of threec propcller blades through its own separate gear
gystem. The model propeller was scaled from the propeller on the
airplane and was sot at a blade engle (at 0.75R) of 207 when
operating at positive thrust and —25° for negative thrust. Power
conditions were set using the computed variation of Te with Cg,
Tfor the airplane given in figure 5.

The necessary leads [for operating the motors and strain gages
were brought into the model thiough the support struts. (See fig. 6.)

RESULTS AND DISCUSSION

The results presented herein inclvde elevator and rudder hinge—
moment coefficients for both the original HV and a vevised H;V,
model control-surface balance. In gcnoral the tests for the

estimation of the flight characteristics were made with the coutrol-
surface balances revised to ccnform with those on the airplane.
Other tests werc made with the original balances. The pcrcent
effective balance for which the hinge-moment coefficients are
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given in each figure. Where the hinge-moment coeffi-
sentod for the original balance, the prcssure coeffi-—
is 8130 glven S0 thet +hc cooff‘cionts m”y be

Latoral— and Directional-Stability and -~Control Characteristics

Latorael stability.— The variation of rolling moment with angle
of “yaw | Cpty gshown in figures 8 to 12 is, for the angle--of--attack
range ﬁcstedv wnaffected by changes in the thrust coefficient T¢
or by the addition of the horizontal and vertical tall surfaces.

The laterul-stability derivative C3'y is not dependent on T¢
because the slipstream does not pass Cver any lifting surface and
because the propeller forces have negligible moment cyms for provid—

ing rolling mcment. The teil surfaces 2lso have negligiblc moment
arms for developing rolling mement. At high positive or negative
engles ofattack the effect of the propeller and the tail surfaces
on Cl'W may become large.

It may also be noted from figures 8 to 12 that the variation
Cz W with £lap deflection is very small for the argle—ox-attack
range tes,ea (ay = 2° for flaps up and ?lupb i = =19 fop
flaps 50 . S letter characteristic may te atty 1bLtPa to the
plan-form geometry of the wing (83-percent line streight) as

indicated by the resulis of reference 2.

Di ;qu;_* al stability.— The effect on directlonal stability
of varying the thrast coefficient Te is shown by the curves of
Cn plotted againet ¢ in figures 8 to 12, To provide a more exact

otte
compoarison, these results hove been summerized in figure 13 in the
form o“ cu:ve~ ﬁf Cpq (3Cn/O¥) plotied ageinst Te average from
average from —6° to 10° angle of yaw.

From figure 13 it may be secen that the addition of the
propeller, operating at zero thrust, tc the tail-removed configura—
tioh produces a stebilizing increase ‘n an. Operation of the
propeller increases this incremcnt at positive values of. Tc and

decreases it at negative values. The variation with T of the yaw—

ing moment due to the propeller, with the empeunage removed, 1s
dependent on the variation with T of the angle of flow into the
propeller as reguloted by the fusslage sidowash angle, the dynamic
pressure over the oft end of the fuselage and the side force
resulting from the yawed propeller.

Addition of the vertical tail to thc model produces the normal
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stabilizing increase in CnW’ Inspcction of figuro 13 indicates,
however, that the increcase resulting from the addition of the tail
is less when the propeller is operating at zero T; than it is
wlien the propeller is removed. .This reduction may be accounted

for by the reduced angle of flow into the propeller due to the
sidowash of the vertical tail (correspending to downwash on a
lifting surface). Thus, location of the tail just forward of the
propeller resvlte in mutual interference that reduces the effective—
ness of the combination in producing dircctional stability.

Positive values of Tg have no effect on the increment in
Cny due to the addition of the vertical tail but negative T¢
reduces this increment. The variation with T of the yawing
moment, due to the propeller with the empennage on, is governed by
the variation with Tg;  of the angle of flow into the tail as
regulated by the fuselagc sidewash engle, the angle of flow into
the propeller zs regulated by the teil sidewash angle, the dynamic
pressure over the tail, and the gide force resulting from the yawed
propeller. (This analysis assumes that the addition of the tail
does not affect the variation with T¢ of the angle of flow into
the propeller as regulated by the fuselage sidewash angle and ths
dynamic pressure over the aft end of the fuselage.) Because of the
number of variables involved, it is not possible to determine from
the existing data the m:gnLtuue of cach of the wvariables.

It may be noted from figure 13 that the tail yawing—moment
derivative (tail on Cp, minus tail off Cp,) 1is reduced as the
flape are deflected. This reduction cxistsngltn both propeller on
and propcller off. The reduction is due to either a decrease in
velocity over the tail or an increase in rate of change of fuselage—
wing sidewash angle resulting from flap deflection.

Figures 8 to 12 show a break occurring in the propeller—removed
tail-on curve of Cp plotted against ¢ at an angle of yaw of
approximately 15°. With the application of power, particularly
positive thrust, this break is rcmoved. It is believed that this
straightening of the curve 1s the result of the sudden increase of
the angle of flow into the propeller when the vertical tail stalls.

Vertical—surface effectivencss.— In order to obtain an indica—
tion of the effectiveness of the vertical surface with propeller
removed, comparison is made of the flaps—retracted experimental
and computed values of the tail yawing—moment derivetive {0
From figurcs S and 9 for propelier removed and flaps retractéd,
(Cnﬂ) through zero § is —0.0020. Calculation gives for the
tail yawing moment
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Sy d \
C — —— gy (g 7 - 29
(Cnyly = = Sy ™ (/0 w( -5y )
wnere
ey = QdlA o 0,059 (reforence 3)

A+ 3

Thus the tail yawing mcment is

36 .08)(20.23) (a a=o) I\ . /1 _ dg
(C ) =__((OJC}< (0.0/9) ___\ 1l - ==
v (554 .6) (70.5) S URASNT

Fope X
- TR S

’ %
(avda) | L ~2&
Vv W \ av

mhis - value ig reasomable when compared with the results of refercnce L.
Rudder effectiveness .— e results of tests for the determina—

tion of rudder effectiveness in figurcs 1k and 15.

These figares shov the efrect of power and flap defle

yowing mement due to rudder deflection at zoro gidoslip. Im, order

to bottor show the variation of rudder effectiveness with thrus

coofficiént T, valuss of Cnp, (9Cn/08y) averaged through 0°

to —10°, & from Tigures 14 and 15 for flaps 0%, 30°, and 50°

are presented 23 a functiun of T in figure 16. From this figure

it may be secen that Cnp is reduccd when the propeller, operating

at zoro thrust, is added to the propoller-removod configuration.

With increcse in pogitive thrust Cngr increascs. Negative thrus

o

reduces Cng,. This variation of rudder cffectivencss Cny., Wwith
£ L

Te and the reduction in Cnp,. resuliing from the addition of the
propeller (Tg = 0) ave secn to be essentially independent of flap
deflection or model sttitude for the angle range tested -(ay = 20°
for flaps up and 30°, oy = — 10 for fleps 50°). When the rudder is
deflocted the tail sidewash angle and comsequently the flow into the
propeller and the resultant propeller side force are changed. The
subscquent. . variation of Cn with T¢ is dependent upon several
othe ¢ ag wes pointed out in the discussion of an, under
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directional stability, but because of the number of variables
involved it is not possible to determine from the existing data
the magnitude of each of the variables.

In order to show the variation of directional-control character—
istics with angle of yaw, typical curves showing the variation with
angle of yaw of Cpn, Chy, and AP/q with the rudder deflection
varied ere prescnted for flaps deflected 50° in figure 17 for
propeller removed and in figures 18 and 19 for propeller operating
at thrust coefficients of O and 0.75, respectively. The rudder
effectivensss i3 essentially constant with angle of yaw within the
gideslip-angle range to which the airplane can be balanced by the
rudder. Thus the ebility of the rudder to balance the airplane
in steady sideslips for any flap position or power condition can
be determined from the directional—stability curves of figures 8 to
12 and the rudder—effectiveness curves of figures 14 and 15. The
pregsure coefficient AP/q and rudder-hinge-moment coefficient
Ch,. Wwere both cssentlally independent of flap deflection. Thus
these coefficients may be determined for various power conditions

cfrom figures 17 to 19.

With flaps 300 and propeller rcmoved (f;g 17) the relationship
between directional stability, rvdder effectiveness and rudder
hinge moments is such that if the propeller—removed configuration
were a condition of flight, there would exist on the airplane 2
reversal of ruddecr position and rudder—pedal force for balance as
the angle of sideslip was increased. The effect of power, however,
is to remove this rudder—angle and pedal—force reversal as shown
by the curves of Cp, Ch,, and AP/q for propeller operating

at zero thrust in figurs 33.

In order to determine the contribution of each rudder to the
yewing mecment produced by rudder deflection, tests were made with
only the lower rudder dCIlCCqu The results are presented in
Plogures 20 and 21 for flaps O © and 50 respectively. The variation
of yawing moment with lower rudder de*lection at zero sideslip is
shown in figure 22 for comparison with the data for both rudders
deflected. The lowor rudder has an arca of 42 percent of the total
rudder arca and produces 37 pcrcent of the total rudder yawing
moment. The moment arms of the two rudders producing a yawing
momont are essentially the same. Tests indicated that the lower—
rudder hinge moments and balcnce—ccll pressures were independent of
upper rudder deflectiom.

In order to compare the cffeoctivencss of the rudders as dotermined
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experimentally with the computed effectiveness, computations are
made of the yawing moment due to rudder deflecticon Cng,.. From
figure 22, Cng,p. for flaps retracted and propeller off is —0.0007
for the upper "'Ud@e_f‘ and —0.0004 for the lower rudder. Computation
gives for the yewing moment resulting from rudder deflecticn

o0 _ SN We duy gy
q

Oy Sy Dy abp .V Wy
where
o
-\«ﬁi = 071 (veferemce 5)
00y
ay = O'l:“f‘ 0.059 (veference 3)
A+ 3
Thus, for the upper rudder the yewing moment due to rudder deflection is
\
o 7 \
Cn . 3.35.02L:3) (.o 71)(0.050) { L.} ng |
38y, - 55k.6m(T0.5) VI B o)
./ qv'\-\ “
= ~0.0007 i == ) 7y.
L S o Vr
or
f,/’q.\l,.\\
\O/) T}Vr—l.O -

For-the 'l:)wu" rudder, the yawing moment due to rudder deflection 1s

B
2n _ 22.95 (21.34) (.0.71)(0.059) [ Y 4
3 ] / i3 % G \ V-
954  554.6 (06:%5] ¢ L
Ve
% (. qv
= —0.0003 | —q"_\, W
N / =
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o ¢

72 e\
9y =
\ q) T]Vr = 08

Thus the upper rudder appears to be more effective in producing a
yawing moment. The reduced effeoctiveness of the lower rudder may
be attributed to disturbed flow over the lower vertical surface
due to flow separation off the lower surface of the aft part of
the fuselage . ' :

 Longitudinal-Stability and —Control Characteristics

_ Longitudinal stabil Ei.— As the power loading of conventional
single~engine tractor airvlenes is Increasged, the problem of maintain—
ing longitudinal stﬂbﬁlity et low specds with fleps down and tie
engine delivering considerable power and still havin edequate
maneuversbility at high speeds becomées acute. The major destebilizing
effect of power at low specds on comnventional airplanes arises from
the large change in dowmwash over the tail wien power isg applied.

When the propeller is placed aft of tho empennage as on this
airplanc, unfavorable slipstream offects on the tail can be avoided.
Location of the propeller aft of the center of gravity als results
in the normel force on the pitchod propeller producing o stabilizing
moment when opcrating at positive thrust.

An indication of the effect of power on longitudinal stability
for tho model ccn be chteined frorm the pitching moment resulting
from eperating the prcpelleyr with elevator undeflected shown in
figures 23 to 25 for flops 0°, 30%, ard 50°. Addition of the
propellei, operating at zero thrust, to the px rcpeller—removed
configuration with flaps retractod (fig. 23) results primarily in
a changc in clevator cngle required for balance °m0ﬂnt1ng to approxi-—
mately 0.50 of down-olovetor with little change “n dCp/dC . With
flaps dpflﬁctoﬁ, n6divion of the propeller opcrthnﬁ at zero thrust
rogults In cn increase in ubw/d i, of approximately 0.0l cnd O. 03
for flaps 30° (fig. “h) and 50° (fig. 25), respsctively,as well as a
change in elevator required for bclancs of sprroximately 2.5Y down

i
s

elevator at a2 Cp = 1.0 cr both Tlap deflections. £An increase in
power for both flops up and flope down results in a stabilizing
increase in ubﬁ/”uL WWuh clevators noutrel.

The variation of longitudinal stebility with power 1is governed
by scveral factors (similar to thoso discussed under dir ectioncl
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3tability). These include the flow into the tail as affected b
h downwash from the wing—fuselage coubination, the angle of T
into the propeller as affected by the tail dowmwash angle, the

¥y
AL

noment produced by the thrust force, the normel force resulting

from the pitched propeller, and the dynamic pressure at the tail.
i i : 2 i

Because of the number of. variables involved it is not possible o

determine from the existing data the contribution of each of the

variables to longitudinal stability.

The longitudinal characteristics with elevator deflected are
presented in Tigures 26 to 34 for flaps 0°, 30°, and 50° with the
propeller remcved and. operating at zero thrust and military powver.
From these Tigures, ths ceuter—ol—gravity positions for neutral
stability for flaps up and deflected 50° are presented in figure 35
for elevator free and fixsd. From this figure, it is seen that

- increasing power results in a rearward or favorable shift in

nevtrel—point locetirn. The location of the neutral points is

such that both stick fixed and stici—free longitudinal stability
with propeller overating exists for center—oi-gravity locations
back to 35 percent M.A.C. (the most aft design center of gravity of
the airplane).

Tt will be noted that, for flaps deflected 50° with propeller
removed (fig. 32), a break in the pitching-moment curve occurs at a
C1, = 1.2. This break is treceesble tc a stall of the horizontal tail.
As the 1ift coefficient decreases, the negative tail algle of attack
increases. Tail stall occurs at Cr1, = 1.2 (ah = -11%). When power
is applied (figs. 33 and 34), the acutenése of this break is reduced

especially at the higher u p—elevatC“ dailaotiops. This effect of
power on the break in the power—off pitching-moment curve may be
attributed to a change in propeller normal force resulting from a
change in flow intc the propeller when the tall stalls. Vith flaps
retracted, the tail angle of attack does not reach the point where
it stalls sc that the above-mentionod type of break does not cccur
with flaps retracted.

chechte istics as affected by Beynolds number
are presented for flaps C° 'and 5C° in figuree 36 and 37 for tail off
and tail on, respectiwv y At a 1ift coeffizient of approximately
0.6 for flaps 0% end l 3 for filaps 503, a changs in lift—curve slope
occurs. Figures 36 ¢ nd 27 show that increasing Reynolds number
incrcases the lift—c urve sLCp abcve where this change in slope
occurs and increases Crlp,. but Las only & negligible effect on
elevator hinge moments. Increassd Reynolds number has little
effect on pitching moment with flaps vetracted but results in a lanrge

ouv

The longitudinal
ap
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ghift in tadl-of’
such that the tail pitching moment is increased.
is practically no change in stability.
model,

in front of the
Reynolds number,

15

Cp with flaps 50° and a slifht shift in tail—on Cp
However, there
By the use of a rope mesh
the stream turbulence, and hence the effective

was incressed. Although the data (figs. 38 and 39)

are qualitative only, they do indicate the same effect on 1ift curve

and Cr,.. ‘as increasing gq.
increased effective Reynolds number

dChe/dCL, in a

Horizontal—surface effe" ivenes

effectiveness of
tudinal characte
e,
shows the variatio
attack aoy. The
ay corresponding
(fig. 41) give a

]

ristics
and o

With flaps retracted (fig. 38), the
resulted in an increase in
posgitive direction.

-~ A determination of the
ontal tali was mede by orSaining the longi-—

fLaps retracted, for three tail setltings
| Tle results are plctted in figure 40 which
on of Cp and Chg with uncorrected angle of
data in this figure cross-plotited at the valuc of
to zero tail angle of attack with 3.0° incidence
alue of OCp/dig = -0.033. A computed value

the hori

V&

can be determinsd from

(Ln) . _1ESH (),
1w/, T Br ow 2
wherc
e = 9;;~; = 0.066 (reference 3)
H ¥ 3

/3Cn
\\17‘1 /@

/93
Ll

This value
horizontal tail.

is a rea

(19.86)(139.3) (4 /ag\
~ GG (%0 7)) m
s
kg <%‘/ R:
B = 33 . 0.96

H T -0.0385

sonable interference factor for the
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Elovotor effectivensss.— In order to got an indication of the -
clative efficicncy of the elevaetor, comparison is made of the
nromllm—removod experimental pitching momont resulting from
olevator deflection OCy/08; with that computed. The date of
figure 26, for flaps retracted and propeller removed. cross—
plotted for of = 00 in figure 42 give a value of Cp/3dg = —0.0222.
The elecvator effectiveness may be computed from the following:

(/9_(:11* \ M SHe (’BGH\V/CJH'\ :
%08 /os W Sy b AT

where

ag = Q114 - 0.066 (reforcnce 3)
A+ 3

N
d .
SH - -0.66 (reference 5)
o()c

Thus, the elevator effectiveness ise

Computations by the method of reference 6 indicate that g/ /g = 1.0.
Therefore the clevator efficiency factor will be

This value is in the direction that might be expected bscause of
the low ratio of Sﬁ*a,’SH . | Bor-thig airplene S;I@/OH = (O T
low in comparison with valuss for other alrplancs.
Negative thrust.— It is intended to usc the pr ropeller on the
airplane as o broke in retarding the ground roll after contact has
beon made with the ground. However, for the purposec of indicating =
the offcct on stebility if the propeller werc 1o be used as a brake
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in dives or maneuvers, tests were made on the l/8—scale model with—
cut a ground planc with the propeller operating at negative thrust.

The results showing the longitudinal charactevistics with the
propeller opercting at negative thrust with militery power at se=a
level arc shown in figure 43 for flaps retracted. The large change
in stability below Cp = 0.3 is attributed to the large ch/dCL
variation at low lif+t coefficiente (fig. 5).

Tests of the Modsl in the Presence of a Ground Plane

Tegte on the model included & determination of the aerodynamic
characteristics of the mcdel mounted in the presence of a ground
plane to ascertain landing and tale—cff characteristics of the
airplane. ‘A side viow of the model mounted in the 7— by lO-foot
tunnel showing tho location of the model in relation to the ground
plane is shown in figure 44. Photogrephs of the installation in
the tunnol are showm in figure U45.

Exporimentel and computed ground effects.— The effect of a
ground planc on the lift—curve qlup“ nd the pitching—momont
characteristics of the model is shown in figures 16 and 47 for
flaps 00 and 30°. Included in these figures are computed ground
effects on lift—curve slope and pitching moment as detormined by

he mothods of rveference 7. The effect of the grouad is to
increase the stsbility and slope of the 1lift curve.

The methods for computing ground effects on wing and tail
angle of atteck (reference 7) do not include the change in wing
pitching moment. Reference to figures 46 and 47 shows that the
ground effect on wing pitching moment is of appreciable valus.

If thie experimentally determined change in wing pitching moment
is applied to the computed tail on pitching moment in the presence
of a ground plane, the computed and experimental results can be
compared. .

Figure 46 shows that, for flaps -retracted, the slopes of the
computed and experimental pitching-moment curves agree up to
CL, = 0.6; however, the computed curve is shifted such that the
up—elevator deflections required for balance near the ground are
greater than tnose determined from the ground plane results. The

te for flaps 30° (fig. 47) are presented for gear retracted
because of the limited angle-—of-attack range obtainable with the
gear down in the presence of the ground plane. The effect of the




18 MR No. A5J12

gear is to c¢ause a shift in pitching moment without a change in
stability and is essentially the same with tail on and off. The
computed and experimerntal pitching-moment curves (flaps 30°) show
reasonable agresment up to Cy, = 1.3. Above Cr = 1.3 the curves
iverge such that the computed up—elevator deflections reguired

for balance near the ground are less than experimental elevator
eflections.

o

o

The computed and experimental ground effect on lift—curve slope

for flaps retracted {fig. L6) show cxcellent agreement throughout

the angle—of—attack vange. With fleps 30° at the higher 1lift coeffi-
cients near the stall, the computed and experimental 1ift curves are

not in agreement because of a reduction in the lift~curve slope near

the stall obtained from the ground plane tests.

Ground effects on maximum 1ift.— Tests of the model with the
flaps deflected to tie landing position (50°) in the presence of a
ground plane geve abnormal 1ift charscieristics (fig. 48) in that
CLmax with flaps &t 4O° wag greater than Clpay with flaps 509,
Further tests at increased Reynolds number cbtained through increased
stream turbulence by use of a turbulence scrcen in front of the
model indicated that the airplane 1ift will be greater with flaps
doflacted 50° than with flaps 40°. (See fig. 43.) From the tail—
off 1ift curves presented in figures 46 and 47 for flaps 0° and 30°,
it can be seen that maximum 1ift is unaffected by the presence of

he ground with flaps retracted but is reduced by approximately
ACT, = 0.15 with flaps deflected 30°.

Longitudinal control.— The adequacy of the elevator control is
usually determined by its ability to hold the airplane at the landing
attitude near the ground. As was shown in the discussion above, the
ground—planc tests of the model with the flaps deflected to the
landing position (50%) showed abnormal 1ift characteristics. In
order to get an indication of the sufficiency of the elevator
control in landing, teste were made with the flaps deflected 30°
and 40°. (See figs. 49 and 50, respectively.) The data prescmied
in reference 1 on the estimated flying qualities of the airplane
showed that by extrapclation of the data of figures 49 and 50 thero
would be sufficient elevator controcl to land the airplane with flaps
full down 50° with full forward center of gravity (0.20 M.A.C.).

The aerodynamic characteristics of the model in the take—off
configuration (flaps 30°) with the propeller operating at take—off
power in the prescence of a ground planc are shown in figure 51.
Comparison of this figure with figurc 49 shows the offect of power
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on the longitudinal characteristics of the model in the take—off
configuration.

Horizontal--surface effectiveness.— The horizontal—tail effective—
ness in the presence of a ground plene was determined for flaps &,
30°, and 40°. The results, presented in figure. 52, show the veria—
tions of Cp and Chy with angle of attack for tail setiings of O°
3.0°, and 5.8°. A cross plot of this figure at the value of oy
corregsponding to aof = 09 for ig & 3° in figure 53 gives a value
of (8cm/aiH)OL = —=0.034 for flaps retracted, which is slightly higher
than the value of —0.023 cbtained with no ground. Deflection of the
flaps results in a small reduction of (dCp/diy), and also a
variation of (3Cp/dim), with angle of attack. This change
may be due to the wing wake passing cloger to the tail as the flaps
are deflected.

Elevator effectiveness.-- The aserodynemic characteristics in
the presence of a ground plane for fleps retracted with the elevator
deflected and propeller removed are presented in figure U
comparison with the elevator effectivensess with no ground, the pitch—
ing moment resulting from elevater deflection (fig. 54) cross—
plotted for zero tail angle of attack is given in figure 58, 0P
to —15° elevator deflection OCp/0%s  is unaffected by the presence
of the ground.

Directional and lateral stability.— The directional and °
lateral characteristice of the model in the presence of a ground
plane are shown in figures 56 and 57 for flaps 30° and 50°,
respectively. Comparison of these figures with the data of figures 11
and 12 for no ground plane indicates that the tail yawing moment
and the yawing moment due to the propeller are unaffected by the
ground. The directional stability of the complete model, however,
is somewhat reduced due to the effect of the ground on the wing and
fuselage. is increment change in stability (Aan/dﬂb is 0.0001
and 0.0002 for flaps deflected 30° and 50°, respectively. The
dihedral effect as shown by the variation of rolling moment with
angle of yaw is increased in the presence of the ground. The change
in A4C3'/ay is 0.0002 for oither flap deflectiom.

CONCLUSTONS

The rosults of the model tests discussed in this report
indicate the following:
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1. With the propeller located aft of the emponnage there is a
mutual interforence between the tall and the propeller. The inter—

ference is such that the effectiveness of the tail surfaces in produc—

ing stability end control is less with propeller on than with
propeller off.

2. With increase in power, the effect of the propeller forces
ig such as to increase both the longitudinal and directional
stability. Power has negligible effect on dihedral cheracteristics.

2. For both power on and off, longitudinal stability with
elevator fixed and free exists for center-of-gravity positions
back to 35 percent M.A.C. (the most aft design center—of—gravity
location).

4. The offoctiveness of the empennage and the control surfaccs
with propeller removed shows reasonable agreement with computed
results.

Fia The ground-planz results indicate an increase in longitu—
dinal stability and lift-curve slcpe that compare favorably with
computed values.

Ames Aeronautical Laboratory,
Neticnel Advisory Committec for
Moffett Field, Calif.
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APPENDIX A
Wind-Tunnel-Wall Corrections
Tunnel--wall corrections were applied to the drag, pitching
moment, and angle of etteck. The corrections are additive and

were computed by the methods of reference 8 as follows:

Tor the model mounted in the center of the tunnel

B - oy () ory (57.3)

LCDp = By <?%i> C1,42

dmp == teg.g, (B O (57:3) (GB)
where

oW =@ R

Bag g = 0,067

Sw = wing area = 8.6T4k square feet

C = cross—sectional area of test section

= T0 square feet

(5031/5:'.}{)&

For the model mounted in the presence of a ground plane

-0.033

]

oy oy (F) cm (57.3)
£0pp = '%L>
ACmp =0
where
oW = 0.026
Sy = 8.674 square feet
G = 65 square feet
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APPENDIX B

Configuration Key
wing, including flaps
design partial-span flap with venc fixed to flap
split flap over lending gear
fuselage with bomber nose (includes dummy tail-cone Tor
tall--off confizuration)
horizontel tail with 0,.365ce zeometric balance elevators
horizontal teil with 0.45cy geoometric balance elevetors
and odjusteble stabilizer
verticel tail with 0.355%¢cy geometiric balance rudders
vertical tail with 0.47c, gecmetric balance rudders
,
wing—fuselage £illet . ’
pilot enclosure ’ ]

propeller spinner
wing guns

atteck nose
bomber nose

front propellor operating with right-hend rotation
rear propcller operating with left-—hand rotation
main gear

nose gear

= «

standard configuration

uration W,G,BX,EZ. HV

stendard configuration with tail having control surface
balancoscorresponding to airplane WoGsBXoEZeH; V4 3

ground plong
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\PPENDIX C

Specifications of the Airplane

Engines (oporated side by side for driving

dual propsller)

Gear ratio
Engine ratinge (each)

War emergency power
Take—off power .
Military power .

Maximum rated power

Propeller

Blades (three each)
Dismeter (ft)

Loading conditions
Desgign Sl
Attack N e
Bomber
Landing

. e v THo Al ison
V-1710-93 (E 11)

0.361
. . . bhp/rpm/alt

. 1500/3000/SL

. 1325/3000/SL
1325/3000/SL to
1200/3000/22,500
1050/2600/SL to
20,000

Hamilton Standard
pusher

Front Rear
(right hand) (left hand)

2C15R1-24 2C15B2-24
o 13.0
Gross wing

weight loading c.g. position¥*
(1v) (ib/sg¢ ft) (percent M.A.C.)
25,000 45 25
25,000 45 25 to 35
34,580 62.2 25.3
21,500 38.8 26

*Vertical location of center of gravity for design condition is
6.8 percent M A.C. above fuselage reference line or 13.3 percent
M.A.C. below thrust line (samc vertical location used for other

conditions).

TP R
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Tail lengths

ettt i S o R R R R e
7 VR B R B R DR I TR LSRR B L
o R S ST S R R B R o 21.47

i R N S I P R 9o

l—n’

Over—all dimenszions

Tomplh, T8 Uo o Gl wdaiy o el e ot te a0 e e N R
HBBE, B, . o s h s bodbe & e e o e e e e e
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- TABLE, I.— GENERAL, GREOMETRTC DIMENSIONS OF THE ATRPLANE
: Dimencion Wi iHorizontal | Vertical ;
s TE e tail
{Arec. (sq £1t) 554 .6 139.28 86.98
Span (ft) TO. 5 25.0 | 17.4
A B, (T5) 8.56 5.78 5.29
Aspect ratio 8.96 4. 49 3.48
Taper ratio .383 i ———
Geometric twist i 2,07°| == == B Ty | W
(washout) — — — — ————
|
Dihedral from reference !
g nlane } 4.0 0 R -
!Incidenca from refersnce ;
plane 0] G —_——— -
; Incidence from oL, - ——— 1.88° | —==-—
Section profile (constant) Douglas Douglas Douglas
G-17 4 Fa B
i
{Meximum percent thickness 17.08 33.45 15.55
Rcot chord (ft) ; 11.838 T7.17 6.33
i
Tip chord (ft) 3.94 | L,08 aL.25
Percent—chord line straight 85 65 60 :
€Dimension given is for upper vertical. Lower vertical has
irregularly shaped bumper on tip.
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TABLE II.— MOVABLE SURFACE GEOMETRIC DIMENSIOIS
OF THE AIRPLANE

A < " i Rudders | a’Double e e
imersior \ilerons | Elevators | ot olit
Dimersion Allerons |Elevator Topert e L TotrEd Ela Split 1%&3
Area (sq Tt) e B e 7.98 11.66
Ares aft hinge| .. - = 'bf q F
line (sq ft) el g2t 1254 S iy
8 . - Do, 08
Span (£'t) 23,62 20,3k 6.25 k.72 29,832 e s
J - =
a 0 kS, il
Percent balence] 0.h43cy to 0, 4Tcy e et
O.5Ocs
€Percent chord | 22 35 Lo 8 3k, T
! by,08
Percent span 83.5 81.5 63 hoo3 ). 85
i
&
o Yaft I al
an B 31.3k T1.6 26.08|16.57 -—- e~
(£7) e
. 10° dovmn : .
Control travel | #.¢&° 'Ego 22‘ +90° 50° down 10° dovm
X i 3
ir /mi 52 e | T 6o 1.008 N RY R
Arca affTectad E f
by movable : z e
girages PRSI | T 52.70 45, 90 & v LR
?Jq L G
Ares aft hinge
1ine affected | ., - 2l bk . Q), &
B iaience 23,78 24, 42 10.73i 0, C -
sq Tt) ! i
1-111*.":.m +tab E e e 3:.38 | — ~ s St oo e e _'_
area {sq ft)
10° |
Tadb travel s ;80 ggvn —————— —_—— |- -

%Does not include vane,

PMeasured along hinge line.

CMeasured along trailing edge.

dCorresponds to geometric balance on airplane.

€Ratio of chord aft of hinge line to total surface chord.

fMhese values are for cockmit control motions which allow for cable stretch
Qth~l moment /hinge moment,

Rudder and ailseron are trimmed with & apring.

iControl system mechanical advantage
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(a) ‘l'hree-quarter front vi
with propeller on, (&

. i-13-44
S s
(b) Three-quarter rear view. Standard configuration :
with propeller on. (S+PiPz2)
Figure b4,— Views of the model mounted in the Ames 7— by 10-foot wind 5

tunnel.
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(c) 'H“-POD—»EU%I‘TZ?ﬁ front view., Landing configuration

o+ I'g f6 L‘[;\T Flpz)“

(a) Thr'ee-usuar ter rear view. Landing configuration
J (S [0} 40 ¢ =
+ f5 iy LLy P, P2 e

‘ Figure l;.- Concluded.
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Figure 6.- Detail of support strut used for the
model.
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(a) Standard configuration with

MR No.

tail removed (S, - H,V, +GP).
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(b) Landing configuration with tail removed.

(S, - BV, £.59¢.%OLLy PP, GP).

Figure b5.— Views of the model in

the presence of a ground plane,
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(c) Take-off configuration (S, + f£.°~ fg LLy P,P, + GP).
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