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RESEARCH MEMORANDUM

DOWNWASH AND DYNAMIC PRESSURE AT THE HORIZONTAL
TATI: OF A SIX-ENGINE PUSHER-FROPELLED ATRPLANE

By G. Chester Furlong
SUMMARY

Alr-stream surveys heve been made in the vertical plene of the elevator
hinge line of a.powered model of a high-wing, siz-engine, heavy, pusher-
propelled bomber. The values of downwesh and dynemic-pressure retlo
obtained from the alr-stream surveys are presented in the form of contour
charts.

Average values of downwash and dynamic-pressure ratic obtalned from
alr-stream-survey date are compared wlith effectlve velues obtained from
force and moment deta. The comparison was made to investigate means of
employing air-stream surveys to estimate the contribution of the tall to
the stebility of the elrplens.

The results of the tests indicated that the average valuss of down-
wash obtained from alr-stream surveys were approximately 1° to 2° greater
then the effective velues obtained from force and moment deta. A concept
that the part of the tail intercepted by the fuselage contrlbuted little,
if any, to the evalustion of the effective values of downwash angle from
force and moment date was used to.obtain an empirical formula by which
average values of downwash angie obtalned from alr-stream surveys could
be made to agree satisfactorlily with effectlve values. The average values
of dynamic-pressure ratio obtelned by thes use of the empiricel method did
not agree satlisfactorily with the effectlive values of dynamic-pressure
ratio obtained from force and moment date. The disagreement was attrib-
uted to the accuracy with which effective values of dynamic-pressure ratio
could be obtalned from force and moment data.

For all flap conditions (retracted and deflected) the tail passed
into the center of the wake at moderate to high angles of attack. The
nacelle-wing Juncture, the fuselage-wing Juncture, and the nacelle had a
pronounced effect on the flow at the tail. There was no severe dlastor-
tlon of the slipstream. When the flaps were deflected, the effects of
the upgoing and downgoling blades were not reversed es previously reported
for a tractor alrplane.
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INTRODUCTION

Alr-stream surveys made In the reglon of a horizontal tall are use-
ful, at present, to study the effects of slipstream and fuselage ilnter-
ference. In order to complete the usefulness of alr-stream surveys, it
should be poesible to obtain average values of downwash and dynamic pres-
sure for use in the estimation of the contribution of the tall to the
longlitudinal stabllity of an airplane. The average values obtalned from
alr-stream surveys for most normal tall locatloms, however, do not agree
with effective values determined from force and moment data. These dis~
crepancies probably arise from the inexactness of the method used to
compute the 1ift of a tall that is operating in the fleld of fuselage
interference and veryling dynamic pressure.

Some insight into the discrepancies between average and effsctlive
values end the general interference problem was obtalned during the wind-
tumnel investigation in the Langley 19-foot pressure tumnel of a

f‘rscale powered model of a high-wing, six-engine, heavy, pusher-propelled

bomber. Air-stream surveys, cobtained to study the air flow behind a pusher-
propelled alrplane, were made in the vertical plane of the elevator hinge
line; and these data in conjunction with force and moment data of the
complete model provide a comparison of average values of downwash and
dynamic-pressure ratio obtalned from alr-stream surveys with effective
values obtained from tail-on and tail-off force and moment date.

The present paper contains the sair-stream surveys presented as
contour charts of dynmamic-pressure ratio and downwaesh obtaeined in the
vertical plane of the elevator hinge line of the pusher-propelled air-
plene. Average and offective values of downwash and dynamic-pressure
ratloc are compared. An empiricel equation 18 presented which brings
average values of downwash 1lnto agreement with effective values.

SYMBOLS

Cy, 1ift coefficient (L/qS)
Cn pitching-moment coefficient (M/qST)

4

-

ey, gcmit}o
C-La slope of tail 1lift curve _] = -
G
e It = 1.00
g

pitching-moment coefficient contributed by tail
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effectiveness of stabilizer (d%/dit>
aspect ratio ('ba/s)

two-dimensional 1lift-curve slope (d.cl/da.o)

ratio of dynamic pressure at tall to free-stream dynamic pressure

angle of downwash, degrees
1ift, pounds
pitching moment, pound-feet

dynamic pressure, pounds per square foot (%pve)

surface area, square feet
mean aerodynamic chord (M.A.C.), feet

local chord, feet
surface span, feet
spanwise station, feet

tall length, dlstance from 0.25 M.A.C. of wing to 0.25 M.A.C.

of tail
angle of attack, degrees

stabilizer incidence with respect to wing root chord, degrees

.fla.p deflection, degrees

section angle of attack 1n two-dimensional flow, degrees

gsection 1lift coefficlent
Reynolds number (pVe/u)
mags density of alr, slugs per cublc foot
coefficlent of viscosity of air, slugs per foot-~second
velocity of air, feet per secomnd
T - AD

thrust disk-loading coefficient <—2_q_]—)§_

torgue disk-loading coefficlent (Q,/.Eq_D3)

change in airplane drag due to slipstream and inflow effects of

propellsr, pounds
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diameter of propeller, feet
propeller thrust, pounds

propeller torque, pound-feet

w & 1Y

propeller blade angle measured at 0.75 radius, degreses

2y/b epenwise distance

Subacripts:
o free-stream
w wing
t tall

iso isolated taill
av average weighted values obtained from air-stream surveys
eff effective valuss obtained from force and moment data

Primes indicate average values obtained from air-stream surveys using an
effective span.

MODEL, APPARATUS, AND TESTS

Model

The design characterlsticas, pertlinent to the present teats, of the
%‘E-sca.le powered model of a high-wing, six-engine, heavy, pusher-propellied

bomber are given in table I. A three-view drawing of the model 1is pre-
sented as filgure 1. The model set up for the alr-stream surveys in the
Langley 19-foot pressure tunnel is shown as figure 2.

The circular fuselage was equipped with protubseraences such as
navigator's dome, mast antennas, sighting-station "blisters,"” and radar
fairings. The tail radar falring was constructed as an integral part of the
tall assembly. A drawlng of the horilzontal tall is presented as filgure 3.

The wing contained midchord slots in the wing outer panels ahead of
the allerons. Six partly submerged nacelles extended from the tralling
edge. The single slotted flaps- -extended from the fuselage to the out-
board nacelles and were interrupted by both inboerd and both center nacelles.

R



1)

NACA RM No. 18F21 5

When the flaps were deflected, the landing gear was extended and the mid-
chord slots were open. The wells for the mein wheels were exposed when
the landing gear was extended and were covered with fairings when the gear
was retracted. No fillets were used at the fuselage-wing or the nacelle-
wing Junctures. .

The model was equipped wlth six, three-blade, left-hand, pusher
propellers that were gecmetrically similar to the Cwurtiss No. 1129-IC6-2L
propeller. Each propeller was driven by a water-cooled, alternating-
current Induction motor housed 1n the wing. The powsr delivered to -the
motors was determined from a calibration involving motor torque, current,
and rotational speed.

The surface of the model was maintained in e smooth condition.

Survey Apparatus

The air-stream survey reke for the Langley 19-foot pressure tunnel
(fig. 4) was used to obtain dynamic pressures and downwash. The rake
consists of six piltot-static tubes with pitch and yaw orifices (two each)
drilled in the hemispherical tips at 45° to the longltudinal tube axes
and at 90° to each other. The tubes are alined in a vertical plane and
are spaced 3 incheg. The pitch (downwash), yaw (sidewash), and dynamic-
pressure orifices had been previocusly calibrated through a known pitch
and yaw range.

All pressure leads were conducted from the elr-siream survey rake
(fig. 4) through the survey strut and from there to a multiple-tube
manometer. The mancmeter readings were photographically recorded durlng
the tests.

The mechanism of the survey-sirut carriage allowed the rake to
traverse a plane perpendicular to the longitudinal tumnel axis.

Tests

The alr-stream-survey tests and the force and moment tests were made
with the density of the atmosphere 1n the tummel maintained at approxi-
mately 0.00545 slug per cubic foot and the dynamic pressure maintained at
25 pounds per sguare foot. These conditions correspond to a Reynolds
number of approximately 2,400,000 based on the M.A.C. of the wing. The
model was tested with the flaps retracted, the fleps deflected 20° (take-
off comdition), and the flaps deflected 40° (landing condition).

The power conditions for the model tests simulated the full-acale
power conditions given in table II. The model propellers were operated
to obtailn exactly the calculated values of thrust coefficlent for given
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values of-1ift coefficient (fig. 5) end to approximate the torque coef-
ficients at corresponding thrust coefficients (fig. 6) for the full-scale
airplane. A blade angle of 21° was found to approximate satlsfactorily
the desired torque. _

The air-stream survey rake was set at 12 spanwise locations for each
angle of attack (as shown in fig. 7) along a line corresponding to the
approximate location of the elevator hinge 1line. Two vertical settings
of the rake were made at each spanwise locatlon so that meessuremsents were
spaced 1.5 Inches. Because it was not practical to change the longi-
tudinal location of the survey appsratus during the testa, a location was
sslected so that the forward and rearward movement of the elevator hinge
line varied no more than 0.5 inch from the longlitudinel plane for the
angles of attack tested.

RESULTS AND DISCUSSION

Reductlon of Data

The originel alr-stream-survey data have besen cross-plotted to
obtain contour charts of dynamic-pressure ratlio and downwash in the
vertical plane of—the elevator hinge line. The tail-off 1lift cuxrves
together with the contour charts are presented in figures 8 to 15.
Table IIT summarizes the contour charts presented. The Jet-boundary
corrections applied to the date conslst of an angle cnange to the down-
wash and a downward displacement to the fleld of flow. The wing angles
of attack have been corrected for Jet-boundary effects and stream-angle
misgalinement.

Table IV conteins average welghted values of dynamlic-pressure ratlo
and downwash for all conditions tested. They were obtained by welghting
the local values measured elong the hinge line according to the following
equations: .

by
ﬁ = ..l_ —2— q_t c, db
e/ _ Sy q ©t
av b
2
and
b
)
-~ q

E3 Y

-

ry

|
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Falred values of q4/q and € were used over the part of the span
covered by the Fuselage.

The effecilve valuses of downwash and dynamic-pressure ratic have
been computed for the same model and power conditions as were the air-
stream surveys. These values are included in table IV. The computations
are based on tall-on and teail-off force and moment data. Representative
force end moment date are presented in figure 16 for & = 0° and rated
power. The data presented have been corrected for Jet-boundery effects
and model-support tares. Because isolated-tall tests showed a constant
lift-curve slope through the angle-of-stitack range of the tail on the
model, the computations were simplified to

C.
(P
2 Jere  (Cmy,
o
and
iy
wvhich mskes )

CofP = a. + it &y
The value of (cm ) was obtained from tell-on tests at Cp = 0. The

assumption that this value corresponds to —’2 = 1.00 1is usually jJustified

within 2 or 3 percent. The computed values of €ars heve heen corrected
for Jet~-boundary effectis.

Alr-Stream Surveys

Downwash.- The date presented in figure 9 (3, = 0°; propellers

removed) show that the combined effects of the nmacelle-wing juncture, the
wing-fuselage Juncture, and the nacelle have a pronounced 1lnfluence on
the downwesh thet extends over the span of the horizontal tail. The down-

" wesh is greatest in the vicinlty of the fuselage and smallest over the
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area influenced by the nacelle-wing Junctures. The flaps-deflected
cond.iE:)lons, T, = 0, algo show the same general tendencies (figs. 12
and 14%).

With power on there is an increase of downwash on the side of the
downgoing propeller blade and a decrease on the side of the upgoing blade.
The Iincrease and decrease of downwash for the pusher-propelled airplane,
as for a tractor-propelled airplane, appear to average out over the tail
span. The values of €4, presented in table IV indicate that power has

little effect on the variamtion of downwash with wing angle of attack.

Reference 1 shows that for a twin-engine, tractor-propelled airplane
the effect of flap deflection was to reverse the effects of the upgoing
and downgoing blades; that 1s, for flaps retracted the downgoing blades
gave the greater downwash, whereas for fleaps deflected the upgoing blades
gave the greater downwash. Figures 11(d) and 15(c¢) indicate that this
reversal did not occur for the pusher-propelled airplane.

Dynamic pressure.- The spanwise variation of qt /g_ for the fleps-
retracted propellers-removed condition is greatly influenced by the inter-
ference effects of the nacelle-wing Juncture, the wing-fuselage Juncture,
and the nacelle (fig. 9). As the angle of attack is increased, the tail
travels from the upper to the lower edge of the waks.

The values of dy, /q in the fleld Influenced by the nacelle-wing

Junéture and the nacelle are greatly increased with power on, as shown
by a comparison of figures 9 to 11. The increase of q_t/q becomes

progreaslvely greater with an increase of angle of attack because of a
corresponding increase of T, (fig. 11). The effect of the slipstream

on the wake .of the wing-fuselage Juncture appears to be negligible. For
all power conditions, there is a merked variation of g4 /q along the
span of the horizontal tail. The data do not, however, indicate a severe
distortion of the slipstream usually assoclated with & tractor-propelled
airplane (reference 1).

The usual downward shift of the wake center line occurs with the
flaps deflected, end, consequently, the tall eaters the center of the
wake at a higher angle of attack than. it does with the flaps retracted.
(Compare figs. 10 and 12.) Flap deflection causes a decided reduction
in dynamlic pressure and & widening of the wake.

Since the tall acts 1n a fleld of flow 8o predominantly influenced
by the combined interference effects of the necelle-wing Juncture, the
fuselage-wing Juncture, and the nacelle, a condition of tall buffeting
at moderate angles of attack may occur for any configuration. Tke low
velues of q-t/q associated with the interference effects indicate a

geparation of flow over the wing. These values agree with the resultis
presented in figure 8. The 1lift curve presented in figure 8 for the
flaps-retracted propellers-removed condition exhibits a break which can
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be attributed to an interference burble elther at the nacelle-wlng or the
fuselage-wing Junctures or at both. Power tends to reduce the bresk.

Average and Effective Values of Downwash and
Dynamic Pressure

Downwash.- The results Bresented in table IV show that the values
of e,, &are approximately 1° to 2° greater than the values of egpp- In

order to determine the reasons for the differeonces between effective and
average values of €, a study of the assumptlons made In both methods of
calculatlons must be made.

When computations of €,pp &re made from force and moment datae, the

basic assumption 1s that the difference between tall-on and tail-off
pltching moments 1s a measure of the tall 1ift attributable to the
complete tail area (fig. 17(a)). Theorstically, however, the loading is
more closely represented by figure 17(b).

Although pressure-distribution tests were not obtelned for the pres-
ent model, the data of reference 2 for a canard-type alrplane (negligible
effects of q4fq) have indicated the loading of the fuselage induced by
the tail to be considerably less than the theoretical loading (fig. 17(b)) .
In the present case it 1s therefore not unlikely to suppose that, because
of the extremely thick fuselage boundary layer over the rear of the fuse-
lage, the loading shown in figure 17(c) would be a closer approximation
to the actual loading than that shown in figure 17(b). The effect of a
change 1n stabllizer setting would be felt outboard of the fuselage
(fig. 17(d)). On the basis of the assumed loeding (figs. 17(c) and 17(d)),
the effective downwash angles computed from force and moment data would
consegquently be approximetely the effective downwash angle €gpp acting
over the span of the tail outboesrd of the fuselage.

There are two baslc assumptions made when air-stream-survey values

of 4y, are obtained by equation (1). First, the downwash measured on

each side of the fuselage 1s assumed to extend across the fuselage; and,
gecond, the distribution of 1lift on the tail 1s assumed to be proportional
to the local chords of the taell. When welghted sccording to the tail
chord over the area intercepted by the fuselage, the rather large values
of € 1in the vicinity of the fuselags therefore have a predominant
Influence on the value of ¢€gy. A comparlson between values of ¢4y

obtained when weighted according to the chord distribution and when
woighted according to en isoclated-tail carryw-over 1lift distributlon
showed negligible differences. The assumed loading for the 1ift of the
ta1ll outboard of the fuselage plus the 1ift of the fuselage induced by
the tail (fig. 17(c)) indicates that, although the chord distribution
satisfactorlly represents the 1ift distribution outboard of the fuse-
lage, 1t does not represent the 1ift distrlibution over the fuselage. As
a result, the air-stream-survey data were integrated only over the tail
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span outboard of the fuselage (fig. 17(b)). Approximately one-half of

the original discrepancy (table IV) between €av and eqgpp romained

and Indicated that the loading over the center part of the tall was even
less than that shown in figure 17(c).

An empirical formuls is introduced by which an effective span Ffor
integrating air-stream-survey date can be obtained. This formula has
been based on the assumptlon that a change in Cn&t between isolated.-

tall tests and complete-model tests may be assumed to be an effective
change in aspect ratlo. Thus

(2)

(bt)eff = by <bLﬁt)iso ) L N
( Iut) (57.3a0 ¥ At) 5738,

The alr-stream-survey data of the present paper were integrated over each
Pt = (Pt)ore by,
- gemispan from > to = and the resulting values of €,.'
are presented In table IV. Very close agreement wae obtained between

€gy 8nd  Egpp-
The reliability of using equation (2) has not been established by—

sufficlent test appilication. Tnesmuch as a knowledge of the values
of 1 and T 1s requlred, the method for determining
eff iso

values of €4y' from alr-streem-survey data 1s limited to tests for

which complete model and isolated tall date are glec avallable. TUse
of egquation (2) has indicated, however, that force and moment date
neglect the rather large effects attributed to the fuselage when
velues of € pp &are computed. The effect of the fuselage should

therefore be accounted for when alr-stream surveys are used to
obtaln egy.

Alr-gtream~-survey date and force and moment date were obtained in
the ILangley 19-foot pressure tunnel for a four-engine, photoreconnals-
gsance, tractor-propelled airplans which had the horizontal tail located
above the fuselage on the verticael tail. The values of ¢g, were within

experimental accuracy of values of egpp- The computed value of (bt) -
L)

was approximately equal to by and, hence, showed that equation (2} was
satiafactory for an extreme condition.

a

X

"
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Dynemic pressure.- A discusslon similar to that presented herein on
downwash can be used to show that force and moment data elso determine an
effective dynamlc-pressure retio (qt/q) off OVeTr the tail span effec-

tively outboard of the fuselage.

The discrepancies between (qt/q_)a_vr and (qt/q)eff were only
slightly reduced, however, when values of (qt/q) . - Wwere obtained

(table IV). It is quite possible that the remaining disagreement is due,
in a large pert, to the accuracy with which (qt /q)eff can be obtainsd

from force and moment data. Since rather small values of Al; are used
to obtaln Cmi , the balance system must provide very accurate measure-
t

ments of Cp. For the present tests, the low dynamic pressure and the
sensltivity of the balance system combline to glve an estimsted accuracy
of (q_.b/q_) off ©Of approximately 6 percent. The main result indiceted by

these data 1s that force snd moment date do not provide a means far
accurately determining (gt/q)err 1f the. forces end moments are
obtalned at low speeds and are measured by a typical tunnel balance
system. .

CORCLUDING REMARES

The results of air-stream surveys and comparison of averags and
effective values of downwesh and dynamic pressure at the tall of a high-
wing, six-engine, powered, pusher-propelled model indicated:

1. The average values of downwash obtained from air-stream surveys
were approximately 1° to 2° greater than the effective values obtained
from force end moment data. A concept that the pert of the tail 1inter-
cepted by the fuselage contributed little, if any, to the evaluation of
the effective values of downwash angle from force and moment datae was used
to obtain an empiricel formuls by which average values of downwash angle
obtained from air-stream surveys could be made to agree satisfactorily
with effective values.

2. The average values of dynamic-pressure ratio obtained by the use
of the empirical method dld not agree satlsfactorily with the effective
values of dynamic-pressure ratic obtained from force and moment date.. Thils
dlsagreement was attributed to the accuracy with which effective values
of dynamic-pressure reatio could be obtained from force and moment data.

3. For all flap conditlions (retracted and deflected) the tail
pagssed into the center of the wake at moderate to high angles of attack.

k. The nacelle-wing juncture (no fillet), ths fuselage-wing Juncture
(no fillet), and thes nacelle had a pronounced effect on the flow at the
tall. .
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5. The severe distortion of the slipstream usually associated with
a tractor-propelled airplane did not occur.

6. When the flaps were deflected, the effects of the upgoing and
downgoing blades were not reversed as previously reported for a tractor
airplane’.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE I

DESIGN CHARACTERISTICS OF A SIX-ENGINE,

PUSHER~-PROPELLED, POWERED MODEL

Wing
Root chord
SeChlon ¢« + sk f v 4 4 4 e 8 e e et e e e e .
Chord, In.. « o o = ¢ ¢+ 4 ¢ = o o o o s o o o s
Angle of lncldence, deg . . - . + - . ¢ . . . .
Tip chord (theoretica.l)
Section .« ¢ « ¢« ¢ ¢ ¢ ¢ 4 4 s e &

Chord, in.e « « « « « .« . . e o e e
Angle of incidence, deg . « « +» « ¢ o ¢ o+ & . .
Area-, Sq_ ft « 8 & & 3 * & e e @ . L EPU I .
Sm’ in.' L . L] L] L) L] L L] . L] L] L] - e L] Ll - L]
Agpect ratio . « . . .. . . .. .

Mean aerodynamic chord. (M.A.C )s in.
Spanwise location of M.A.C., in. .
Sweepback

Ieading edge, deg - « « « « + &+ . o 4 . .

Tra.ilinged.ge,deg...........
Teper ratio . . . . .« e e .
Dihedral (from wing “root-chord plans), deg .
Washout (aerodynemic), deg . + + « « « « «

» 8 e 8 =
a » 8 a2 o

- Flaps
Chord, In. « ¢« « « + ¢« & ¢ ¢ & o o o o s o s o« s »
Deflections, dog « + « « « « &« « & &+ o« 4 ¢ & o o .
Area, sq in.
Between outboard and center nacelles . . . . .
Between center and inboard nacelles . . . . . .
Between inboard nacelle and fuselage . . . . .
Span, in.
Between outboard and center nacelles . ¢ « o« o
Between center and inboard nacelles . « « . . .
Between inboard nacelle and fuselage . . . . .

Fuselage
Lengthft............-.
Maximm diameter, in.. . « « « . « . .
Maximum frontal area, sq_ in. . . .. .

13

NACA 63(420)-k22

28.52
. 3

RACA 63(14-20) =517

.
= & » 2
s a2 e @
a ® a 4 e
L) - . . .

. Tk
1

24.35

. 197.1%

11.09
20.05
39.07

15.101

NN EFw

11.64
10.71
90.14
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TABLE I - Concluded

NACA RM No.

DESIGN CHARACTERISTICS OF A SIX-ENGINE,

PUSHER -PROPELLED, POWERED MODEL - Concluded

Horizontal tail

Root chaord
Sectlion « + ¢« ¢« ¢ v 4 4 e e o s e e =
Chord, in. . . e e e e s e e e

Tip chord. (theoretical)
Section « « « « ¢ + ¢ ¢ o 0 0 0w .o
Chord, in. . . . C s e s e e e s
Total area (proJected) Q £t . . . . .
Span, In. .« ¢ v 0 v 0 e b 0w e e e
Aspect ratio . . ¢ ¢ ¢ e o v o 0 . .
Mean asrodynamic chord, in. .
Taper ratio . . .
Ta1l length (& chord of wing M.A.C.
tail M.A.C.), 1n. « « « .« .« . . .
Dihedrel, deg . . . . . e
Sweepback (elevator hinge line) deg .
Elevator area (total), sq ft+— . . . . .
Verticel distance of elevator hinge line
plane, in. . . . . . + . & « s e s

Vertical tail

Root chord
Sectlon « ¢« ¢ o ¢ e ¢ & 6 6 v s e . .
Chord, In. . . « « « o« ¢ v & & « o .

Tip chord
SeCtion « + ¢« ¢ e 0 e s e = s s e e

Chord, in. . . « e s s
Total ares (including dorsal), gq £t . .

Span, in. .+« + & o e 0 e 0w v e e s e

Agpectratlo . « + ¢ « « ¢ 4 v 4 e . .
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TABLE

II

SIMULATED FULL-SCALE POWER CONDITIONS

Brake Airplane Engine Propelier
Power horgepower |gross weight| Altitude .. .9 Gear speed.
(per engine)|  (1b) () |(zam) | ™40 | (zpm)
100-percent
rated power 2500 265,000 Sea level 2550 | 0.29 725
T5-percent
rated power 1875 265,000 10,000 2100 { .29 609
50-percent ,
rated power 1250 265,000 Sea level | 2100 .29 609
Zero thrust,
Ty = 0. Low 175,000 to |Sea level to] Low |.29 and Low
350,000 paximm .50
altitude
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TABLE III
CORTOUR CHARTS OF DOWMWASE ARD

DYEAMIC ~PRESSURE BATIOE

3
£ Landing
Flagrs (deg) Power Blots goar (::E)
9 o] Propellers romoved Closed ofre 0.2, 3.k, 7.1,
11.8, 16.0
10 0 Tg = O --do-- off 0.2, 3.4, 7.7,
1.9, 16.1
ll 0 htel W ""'d-o-- Off 0-2, 3-“’, 7-8’
12.0, 16.2
12 20 To = O Open on 0.5, M7, 9.0,
13.2°
13 20 0.75 mted power ~-f0-~ On 0.5, h.Bﬂ 9.1,
13.
1“ m Ta =0 "'-dn" On 0-7’ 5-0, 9-2,
13.5
15 40 0.50 rated power -=lg=n On 0.7, 5. é9.3,
13.

9T
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TABLE IV
VALUES OF DYNAMIC-PRESSURE RATIO AND DOWNWASH ARGLE
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Figure 1,- Three-view drawing of the I—]‘“gl--sc:za,le model; left-hand propeller rotation, {All

dimensions are in inches.)
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Figure 2.- The
gl 14

1

(a) Front view,

-scale powered model mounted in Langley 18-foot pressure tunnel.
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(b} Rear view.

Figure 2.~ Concluded.
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¢ elevator hinge
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0 /2345
i
Secate finl

A

A 8 R

: aw; 2531|2877

&84 _5 11191/ /54
Hag /5%37 L

%;3 8261 65/

Figure 3,- Details of horizontal tail. (All dimensions are in inches.)
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(&) Close up of rake head.

3/8" D
Pitch orifice Static orifice
500 X ,Z
- —

I —
o

6" - —I

Yaw orifio

Impact orifice

(b) Sketch of tube head.

Figure 4.- Air-stream survey rake for Langley 19-foot pressure tunnel.






NACA RM No. 1I8F21 27

30

28

Rated power—|

.26

29 A
/
22 4
/ I
20 - A0.75 Tated power
/1T \/

g8

\\L
\
\

7_6./6 _ J/
A4 / / A

N.EO rated power

R4 | 7
10 L/

, . A
A 1/
.08 4 _

N

06

NN
AN

04
Vi

\\\ \\

.02

AN
AN

O 2 4 .6 B8 0 12 14 6 I8 20 22
G

Figure 5.- Variation of thrust disk-loading coefficient with wing lift
coefficient for several power conditions. Single-propeller operation.
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Figure 8.~ Variation of thrust disk-loading coefficient with torgue
disk-loading coefficient for the full-scale constant-speed propeller

and the -L-sca.le-model constant-pitch propeller. Single-propeller
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operation.
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22 : . a 1

bp = 40%; T, = O-—-\ /Y/a, = 20%; 0.75 rated power
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/‘//Er N—+ 8, = 0°; propellers removed
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Figure 8.- Tail-off lift curves for various flap deflections and
power conditions,
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