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RESEARCH MEMORANDUM
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Alr Materiel Gammand, Army Air Foroes

ATR-STREAM SURVEYS IN THE VICINITY OF THE TAIL OF A l/8_.33-SCAIE
PCWERED MODEL OF THE REPUBLIC XF-12 AIRPLANE
By Gerald V. Foster

SUMMARY

The XF-12 airplane was designed by Republic Aviatlion Corporation
to provide the Army Air Forces with a high performaence, photo recon—
nelgsence airecraft. A seriea of alr-strsam surveys were made in the
viciniby of the empensAige of a 1/8 33-scale powered model of the
XF~12 airplanc irn the Langley l9—-Ffoot pressure tumnsl, Surveys of
the vortlcal~tall rezion were made through a range of yaw angles of
*20° at: 2 high end low engle of attack., The horizontal-—tail surveys
wverc made over & falrly wide rangs of angles of atback at zero degrses
yavw. Sevoral power and flap conditions were investigated. The results
are preseniod in the form of dynamic pressure ratics, sldewash angles,
and downwash angles plobtted againat vertical distance from the fuselage
center line,

The resulbts of tho investigatlon indlcete that a vertical tail
located irn = conventicnal position would be in a field of flow where
+ho dynamic pressure ratios sre equal to or close, to unity except in
the vicinity of the fuseclage, and that the variation of sidewash angle
with angle of yaw was stablillizing. W1ith flaps retracted, power caused
the dynemic pressure ratios at the horizontal tall to be increased;
for soual 1ift coefficierts, the effect of power or flep deflection on
the direction of £flow abt any particuler point in the region of the
horizontal tall l1s small,

INTRODUCTION

A high performance, photo reconnaissance airplane designated the
XF-12 was designed and constructed for the Army Air Forces by Republic
Aviation Corporation, At the request of the Air Materiel Ccmmand,
Army Alr Forcessen investigation has been conducted in the IRestcionTclassification
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Langley 19-foot pressure tumnel to determine geme of the aserodynamic
characteristics of a 1/8.33-scale powered model of the XF-12 airplane,

The results of the investigations to determine the static lateral
end lorgitudinel stability charvachberistice are presented in refer—
ences L end £, respectively; the stalling characteristics are included
In reference 2. ’

In ordexr to obtain Information relative to the design of the
vertical and horlzortal tail surfaces, dynamic pressure, sidevash,
and dowownsh surveys were made 1a the vicinlhy of the empennage. The
vorticel~tail surveys were made tlirough a renge of yaw angles of z0°
et a high and & low angle of atback, and data pertinent to the
horizontal~tall design were cobtaired over a fairly wide rangs of
angles of attack for the unyawed condition. Several power and flap
conditions wers Inveatlgated.

. . COEFFICIENTS AND SYMBOLS

The coefficients and symbols used are defined as follows:

Cy, 1ift coefficient (L/gS)

To - effectivs thrust coefficlent (T/2qD2)
Qc torque coefficient (Q/éQD3)

L 1ift (-2)

q frec~gtream dynamic pressure (%pve)

o] me.88 density of air

i coefficient of viscosity of air

v freo—strean velocity.

T effective thrﬁst of one propellef N
D propeller diameter

Q torque of ome propeller

@ angle of attack of wing root chord line
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¥ engle of yaw

B flap deflection

s wing aves

ay local dyﬁamic——pressure at tail

ay/a dynamic-pressure ratio at tail

€ . local dowawash angle at tail, positive when velocity
) " comporent normal to directlon of free--stream
volocity 1s downward

o ~ local sidewash angle at 'béil, rositive when horizontal
’ veloclty component is to left, viewed from rear
of alrplane _
8¢ ‘area of horizomtal teil of model (projected)
by span of horizontal tail of model (projected)
ey .. ],océ.l. chord of horizontal tail

. MODEL AND APPARATUS

The 1/8,33-scale powered model of the XF—12 airplane is shown |
mounted on ths eingle support in the lLangley 19-foct pressure tunnel
in figure L. A three—view drawing of the model is presenbted in
figure 2, and a complebe description of ths model and its camponents .
eve glven in refersences 1 and 2. Thé horizontel and vertical tail. .
and after portion of the fuselage were replaced by a fuselege tail. .
cone during this part of the investigation, - )

The Langley l9-Ffnot pressure tunnsl air-gtream rake was X
employed to measure dynemic pressured, downwash angles, end sidewash
angles.” The rake, which had been.previocusly calibrated through a
known piltch and yaw range, consigts of six pitot-static tubes with
Piteh and. yuw orifices {two each) drilled’in the hemisphsrical tips
at b5° to the longitudira)l tube axes and 90° to each other. The
tubes, which are alined in vertical plane and sre spaced 3, inches
apart (£ig. 3), were comnected to a multiple tube mahameter., The .
mencmetar readings were recorded during the tests by means &f & camera.
The mechehiem of the survey-strut carriasge allowed only plenes ©o be
traversed that wero perpendicular to the longitudinal axis of the
tunnel.
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TEST CONDITIONS AND METHODS

The air-stream survey tests were conducted at a value of dynamic
pressure of 26.7 pounds per square foot with the density of the air
in the tunnsl maintailned at approximately 0.00525 slug per cubic
foob. These conditions correspond to & Reynolds number and Mach
nurber of ebout 2,260,000 and 0.09, respectively.

The methods of duplicating power for the vertical and horizomtal
tall surveys were the same as reported in references 1 and 2, respectively.
The variation of T, with O for the power conditions simulated for
gsea level operation are presented in figure 4, A comparison of the
variation of Qg with Tg ie given in figure 5 for the full-scale
variable-pitch propeller and the model adjusteble fixed-pitch propeller.
The full-scale power conditions simulated are listed in table I. i

Air-gtresm surveys abt the vertical taill.— The nature of the flow
in the vicinity of the vertical tail was investigated through a range
of yaw angles of 120° et angles of attack of approximately 2° end 11°
for several model and power conditions.

The survey rake was located in the vicinity of a line corresponding
to the rudder hinge line, Inasmich as the distance between a plane
of survey and e reference polnt corresponding to the midpoint of the =~
rudder span along the rudder hinge line changed as the angle of attack
and angle of yaw were changed, three longitudinal positions of the
gurvey apparatus were selocted so that the plane of survey was within
+1.0 inch of the reference point (fig. 6). Two vertical settings of
the survey rake wore made 18 inches apart, in order to c¢over the apan
of the tail. '

Alr-streem gurveys at the horizontal teil.-— Air-gtream survey
meesurements were made through a range of angles of attack (V¥ = 0°)
for several power and flap conditions.

The flow was investigated at 11 spanwise locations in a plane
porpendicular to the plans of symmetry of the model and passing through
& point near the l/l—chord point of the mean serodynamic chord (M.A.C.)
of the horizontal tail. 4s it was not practical to change the longi~
tudinal position of the survey apparatus during tests in order to main-
tain the sews relative position with respect to the model, a position
was selected such that the maximum movement of the 1/h~chord point of
the mean aerodynamic chord was 0.4 inch or lespa from the plane of survey.
Two vertical settings of the rake weres made at esach spanwise location
80 that measurements were spaced 1.5 inches (fig, T).
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RESULTS AND DISCUSSION

Jet-boundary corrections were applied to the survey data obtained
at the horizontal tall., These corrections conslst of an angle change
to the dovnwash engles and a downward displacement of the field of
flow. No corrsctions have been applied to the vertical-tall survey
date.. The wing angles of attack have been corrected for Jet-boundary
effects and elir-stream misalinement, and the 11ft coefilcients have
been corrected for model support-strut interference.

Alr—strciin surveys at the vertical tail.- The tail-off 1ift
characteristics are presented in figure & and the results of the
surveys are presented as l1ndicated in the following table:

) 5 | Landing a
Figure 3 (deg) 1 Power geaxr (deg)
ota) ¥ O f Propeller removed off 2.1
9{b) - ) 10.9
I 9(e) To = O 1 2.1
1 9(d) N 10.9
1 9e) : (M.P.)5 2.1
o) 1 L . P 1.1
10(a) | 55 Propellers removed]| On 2.0
10{Db) . J : 11.3

i 10(c) T, = 0 2.0
10(a) 114

| 10(e) 0.50(R.P.) 2,2
0(2) | v 4 + 11.8

The results of the surveys indicate that & vertical tall located
in a conventional position would be in a fisld of flow where the
dynamic pressure ratios arc equal to or close to unity except in the
vicinity of the fuselage. Although average weighted values of dynamic
pressure ratlios and slidewash angles have nobt been calculated, the data
indicate that a stabilizing variation of sidewash angle with angle of
yaw was. obtained for the conditions tested. '

Alr—gtream gurveys at the horizontal teil.— The tall-off 1ift
characteristics are presented in figure 11, and the results of the
gurveys are presented as indicafed in the following tzble:
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6 A
o) Landing'. &d
‘Fig%?o Type (ge ; Power aoar (aeg) |
12(a) | ax/a | © Propeilers | o | 3.%,6.5,9.6,12.9
. N &3 e Ny Ja T i L]

(o)} | _rﬁmfved 0.2,3.4,6.5,9.7,12.9

A 12(0) . - 0075(R-P-)' 0-2:3-..5)6-6:9'8113-1

Propellers :
13(a) 0 | removed ot | 0.2,3.4,6.5,9.6,12.9
'13(p) | € To = O 0.2,3.4,6.5,9.7,12.9
l3§c) 0. 75(R P.) . 0.2,3.5,6.6,9.8,13.1
| , . Propellers .

h(a) | apfa | 4O ramuved on 0.9,4.0,7.3,10.4,13.3
()] =0 0.8,4,0,7.2,10.5,13.6
(o) 0. %o(R P.) 0.9,4:2,7.5,10.9,1k.1
' " Prcpellers . _
15(a) ko reuwoved On 0.9.4.0,7,3,30.4,13.3
15(b) | € | Te =0 0.8,4.0,7,2,10.5,13.6
15(c) 0.50(R.F.) 0.9,4.2,7.5,30,9,3k.2

The dynamic pressure ratios near the tell appear to be reduced
with propelLe 6 oporeting at I, =
be expected with flagns retracted, applicaticn of power incveased the
dyrewic presowre ratldés in the vicinity of the horizontel tail
This is due in part to the increased velocity
in the slipstreem 1tself, and in pert to the tendency of the propeller

(£ign. 12(b) and 12(c)).

cperation to c¢lean up the fliow cver the wing.

0 (figs. 12(a) and 1z(b)).

. &8s would

The gfiect of flap

daTlection was to shift the wake centesr downward.

"The resulite of the downwash surveys indicate thet for a given .
1185 gcefiivipnt the effect of nower and flap deflection on the
direction of fiew at any particuvlar point in the reglon of the tqil
plane 19 sm&ll.

Averdge 'welghted values of dynamic pressure ratios and downwash
angles have been computed for all conditlons tested and are presented

in table II.

The average welghted values were calculated for -the

verticdliloéabion of the horizontal tail shown in figure 7 by means
of the followlng squations: '

(qt/Q)average

1

-y

by

2
by (ag/a) opdby
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bt

and 1 f ® (ag/a)oyeany
9¢/4
€average - Silay/ Uaverage +f -2% w75

For the given tail location the rate of change of downwash angle
with angle of attack varied frem 0.38 to 0.4l except for the csse of
flaps deflected with 0.50(R.P.) where the value was 0.52 {table IT).

CONCLUDING REMAFXS .

: Alr-giream surveys have been made in the vicinity of the empennage
of a 1/8.33~scale pcwered model of the Republic XF—12 airplans. The
rosults indicate that the vertical tail located in a conventional
positlion would be in a field of flow where the dynamic pressurs ratios
are equal to or close to unlty except Iin tke vicinity of the fuselage,
ant that the variation of sidewash angle with angle of yaw was stabili-
zing, With flapeg retracted, power caused the dynamic pressure rakios
at the horizonmtal tall to be increased. TFor equal 1i1ft coefficients,
the effect of power or flap deflection on the direction of flow at any
particular point in the reglion of the tail plane is smalil.

Langley Memorial Aeronautical Iaboratory
Natioral Advisory Camilttee for Asrongutics

lLangley ¥leld, Va. M .

Gerald V. Foster
Aeronautical Enginesr

A & %ZZ AL artorr
Pprovet - 2/ -

Clinton H, Dearborm
Chief of Full-Scalas Research Division

IBC
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TABLE X

FOLL~SCALE POWER CONDITIONS

[smulated in tests of the 1/8.33-ccale model of the XF-12 airplane]

Power Symbol Breke Cooling—fan| Alrplane [Altitude Engine |Gear |Propeller
condition horsepower | Korsepover |gross velght| (ft) #peed | ratlol mpeed
wor engine)| (per fan) (1b) (rpm) (rpm)
_ ¥ } i -
Military (M.P.)2 3000 54 103,000 0 2700 {0.h425 1148
power (soa level)
T5-percent |0.75(R.P.)| 1875 20 103,000 0 1500 |0.h25| 638
rated (sea level)
pover
50-percent [0.50(R.P.) 1250 14 103,000 0 1500 |0.h425 638
rated ‘(sea level)
pover
Thrust
coefficien To =0 Low Low A11 All Low [0.425 Low
squal weights ]
rero

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS

60alI *oN W VOVN
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TABLE II
WEIGETED AVERAGE VALUES OF q4/q AND €

B¢ Pawer @ av/ € :
(deg) | condition | (deg) t/ Saverage aw(rz:g%e a¢/8a t
_ . 1
0 Propellers 0.2 0.98 1.6
removed g.h 2-g _
9:2 l, %12 0.038
J/ 12'9 '90 6.3
Ta =0 0.2 1.02 1.5
¢ g.u .92 a.g
5 e 3.
9.7 .9h 5.5 0.038
\/ 12'9 .88 6.1"
0.75{(R.P.) | 0.2 0.97 1,6
A b
. . 3 '2
9.8 1.10 6.0 |00k
v . 13.1 1.16 6.7
40 {Propellers { 0.9 1.00 5.0
renoved k.0 6.7
7.3 7.7 0.0b1
RP 10.4 8.7
To = 0 2.9 1.01 2.2
2 1,01 -
7.5 .99 8.1 0.0ll-l
Y 10.9 .93 3.5
0.50(R.P.) 0.8 <99 5.6
h‘.o g.g
7'2 .
10.5 . 10.6 |0-052
v N 13‘6 1106 12|5

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.~

1

= gcale model of the XF=18 airplane mounted in the test section of
the Langley 19-foot pressure tunnel.
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(a)} Closeup of rake head.

FPrch erfice

g_ﬂp-_}_ {57‘0}‘/0 orvfice
33

-6‘?__'_‘1—"‘

lrpact orfice

Yow orifice

— (b) Sketch of tube head.

Figlj.rg 3.- Langley 19-foot pressure tunnel air stream survey rake.

A
k NATIONAL AOV.SCRY COMMITTEE FOR AERONAUTKCS T
LANGLEY MEMORIAL AERCNAUTICAL CLABORATORY — LANGLEY FIELD. VA
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