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STUMMARY

Tests were made in the Langley full-scale tunnel of
the Grumman XF6F-l airplane in order %o investigate the
factors that affect the directional stability and trim
characteristics of a typical fighter-type airplane. Eight
representative flight conditions were investigated in detail.
The separate contriby tlona of the wing-fuselage combination,
the vertical tail, and the propeller to the directional
stabllity of the airplane in each condition were determined.
Extensive air-flow surveys of sidewash eangle and dynemic-
pressure ratio along a line coincident with the rudder
hinge line were made for each condition investigated to
ald in evaluating the slipstream effects. The data obtained
from the air-flow surveys were also used to investigate
methods for calculating the contribution of the vertical
tail to the airplane directional stability.

The results of the teots showed that, for the condi-
ticns investigated, the directional stability of the air-
plane was sndl‘est for t%@ "lLdlnw condition with flaps
retracted and was greatest I r the wave-off condition with
flaps deflected Svo. The variation of sidewash angle at
i Al

the vertical tail with angle of yaw was desta! bilizing for
all conditions 1nvest13atrq. Prope 1¢~r ow@rqtlop increased
the magnitude of the dssthlll zing sidewash but, at smwall
angles of yaw, also increased the dynamic pressure at the
vertlﬂal tail sufficiently to make Tuv combined effect
stabilizing. The lateral displacement of the slio—

stream with respect to the vertical tail at angles of yaw
larger than aporoximately #10° caused a reduction in the
contribution of the vertical tail to the airplane direc-
tional stability at positive angles of yaw-and an increas
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2 NACA ARR No. L5HO9 1
at negative angles of yaw. Flap deflection tended to .

increase the directional stability of the airplane
regardless of the condition of propeller operation.

The rudder deflection required for directional trim
was greatest for the wave-off condition with the flaps
deflected 506. The large chenges in the directlonal trim
of the airplane resulting from propeller operation are
primarily due to the sffects of the slipstream on the
wing-fuselage combination and on the vertical tail and
are only secondarily due to the direct effects of the
propeller forces.

INTRODUCTION

The importance of the effects of propeller operation
on the directionsl stability and trim characteristics of
an airplane is well known. Past experience has shown
that the directinonsl trim is usually critical for a take-
of f or low-speed climb condition in which high propeller-
thrust and torque coefficients produce large increments
of yawing-moment coefficient. For such conditions, a v
pilot may often find that, because of the large trim
changes involved, he has insufficient rudder control and

is uneble to meintain the desired heading. The directional
stability is usually lowest for a condition of high angle
of attack and low power, during which the contribution

of the vertical taill to directional stability 1s lowest
becsuse of the low slipstream velocity and the relatively
large loss in dynamic pressure due to the fuselage and
canopy wakes.

‘Analyses have been made in the past of wind-tunnel
data on directional stability and control (references 1
and 2) but these analyses were based mainly on the
results of scattered tests of a large number of airplanes
and airplane models and did not include eny systematic
test results showing the effects of propeller operation
on the directional stability and control characteristics
of a single design. In particular, only meager data were
available to show the effects of propeller operation on
the air flow in the region of the vertical tail. 1In
order to obtain some systematic wind-tunnel-test data
relative to these effects, an investigation was conducted
in the Langley full-scale tunnel on the Grumman XF6F-1)
airplane. The investigation included measurements of the

——
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Girectional St831¢ltj end control charscteristics of the
alrplane for a wilde range of flight conditions. For each
flight condition inves t1@a+ed tests were made of the
complete airplane, of the allplune without propeller, of
the airplane without vertical tail, and of the airplane
without both propeller and vertical tail. The separate
contributions of the hrooel;er, the vertical tail, and
the w'rg fuselage combination to the airplane ﬂlTQCtLﬁnal
stability and trim could thus be evalusted. In sddition
to these force tests, measurements were made of the
dynamic pressure cnu the angularity of the air flow at
the vertical tail. articular attention was given to
these air-flow 858,’@LgQuS 1nasmuch as the avallsble
data on this subject are very limited.

Cr, 1ift coefficient (L/q,S)

Cy lateral-force coefficient (Y/g,S)

+7) yawing-moment coefficient (N/q,Sb)

i thrust coefficient (Te/2qora>

Q torque coefficilent (Q/2qOD5>

L force along Z-axis: positive when acting upward

Ne force along VY-axlis; positive when acting to the
right

n moment about 7Z-axis; positive when it tends to
turn nose to right

Te effective propeller thrust (Xh - X'>

Xp resultant force along X-axis with propeller

" operating
Xt force. along X » propeller removed
Q propeller torque

D propeller diameter (13%3.08 ft)
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wing area (33l sq ft)

vertical-tail grea (19.0 sq ft as defined in text)

distance from airplane center of gravity to
quarter-chord point of mean vertical-tail
chord, measured parallel to fuselage refer-
ence line (19.5 ft)

wing span (h2.E3 ft)

rtical tail surface (L.25 ft as defined
)

section chord of vertical tail

ve with left win

fder
P

e of yaw, degrees; posit

3

(9ja}

angle of attack of fuselage reference line relativ
to free-stream direction, degrees

(@)

angle of flap deflection, degrees
angle of rudder deflection, degrees; positive when
trailing edge of rudder is mov ed to left

nropeller blade angle at 0.75 radius or angle of
prorx g 7 &
sideslip,degrees

e when flow is
9

sidewash angle, degrees; posit
air ne is viewed

from right to left when
from rear

5%
rple

average sidewash angle along rudder hinge line
weighted for chord and dynamic pressure, degrees
// ’,)'Dt \\
io‘“v = L Cf .Cl. od?t ﬁ‘t‘ |
= 0 Q > g '/
\ (q/k:;@)av *~t‘-o 0] /

rate of change of average sidewash angle with
engle of yaw

local dynamic pressure

oy -~ L & .
free-stream dynamlc pressure
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q/q,

( q/qo) St

L5HO09 5
ratio of local dynamic pressure to free-stream
dynemic pressure

average dynamic-pressure ratio along rudder
hinge line weighted for chord

O \
( & _1_/ 4
.q/q ] o Gl
%, O>av 5¢Y0 tqo t

indicated airspeed

rate of change of Uy with respect to V¥, per
degree

rate of chénge aof CY with respect to Vv, per
degree

raete of change of vertical-~tail normal=-force
coefficlient with angle of attack, per degree

rate of change of C with respect to © per

degree

n £48

rudder deflection at zero yawing-moment coef-
ficient, degrees

lateral-force c

-

at zero yawing-

Subscripts:

i

t

D

S

av

roefficient
moment coefficient
vertical tail

propeller

slinstream

jAv)

versage
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AIRPLANE AND APPARATUS

Tests were made of the Grumman XF6F-l., which is a low
midwing single-place fighter airplane weighihg about
11,400 pounds and equipped with a Pratt & "hitney R-2800-27
engine rated at 1600 horsepower at 2/;00 rpm at an altitude
of 5700 feet. The rear portion of the fuselage 1s wedge
shaped, and the gap between the rudder and fin is sealed.
The maximum rudder travel is £33°, A4 three-view drawing
showing the principal dimensions and areas of the airplane
is given in figure 1 and photogrephs of the airplene
mounted in the Langley full-scale tunnel are given in
figure 2.

For some of the tests, the vertical tail was removed
and the gap left by its removal was faired to the contour
of the fuselage by a sheet of aluminum. A sketch showing
the tail fairing superimposed on the vertical tail surface
is given in figure 3, which shows also the principal
dimensions of the vertical tail surface.

The air-flow measurements were obtained by means of
the combined yaw, pitch, and pitot-static tube shown in
detail in figure L. Photographs of this instrument
mounted in position for the air-flow measurements are
given in figure 5.

METHODS AND TESTS

A1l the tests were made with the airplane landing
gear retracted and the cowling flaps closed at a tunnel
airspeed of spproximately 60 wiles per hour, which corre-
sponds to a Reynolds number of approximately 1,380,000
based on a mean wing chord of 7.80 feet. The ailerons
and elevators were locked at O deflzction for all the
tests and the landing flaps werc locked at 50° when
deflected. ©No attempt was made to duplicate the "blow-
up" characteristics of the landing flaps. The directional
stability end trim characteristics of the airplane were
obtained for the eight representative flight conditions
outlined in table I.

NDirectional-stabilitv measurements.- The directional
stability characteristics of the airplane, for gach flight
condition, were investigated by messuring the forces and
moments on the airplane at approximately 50 increments
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of angle of yaw between ilSO, which was the maximum yaw-
angle range possible with the present airplane-support
setup in the Langley full-scale tunnel. For each of the
eight conditions, tests were made of the airplane with
the propeller hoth removed and operating and with the
vertical tail surface both removed and in place.

Directional-trim measurements.- The directional trim
characteristics of the airplane were determined from
rudder-effectiveness tests. Only four of the conditions
listed in table I were investigated; namely, the landing,
the wave-off, the gliding, and the low-speed climb
(Ve = 98 mph) conditions. FRudder-effectiveness tests

also were made for similar conditions with the propeller
removed.

[

Air-flow measurements.- Surveys of the velocity and
angularity of the alr flow in the region of the vertical
tail were made for all the conditions listed in table TI.
At each angle of attacl, surveys were made for propeller-
removed and propeller-operating conditions at angles of
vaw of approximately 0°, #5°, %10°, and +15°. The surveys
were made with the vertical tail surface replaced by the
tail fairing and consisted of measurements taken every
6 inches along a line coincident with the rudder hinge
line end extending from approximately li inches above the
tail fairing to approximately 12 inches above the top of
the vertical tail surface. (See fig. 3.)

Power-on tests.- For the power-on tests, it was
desired to simulate the variations shown in figure 6 of
thrust and torque coefficient with 1lift coefficient for
constant-power operation at sea level. It was found that
these relationships could very nearly be produced with
a constant propeller-blade-angle setting of 2l;.8° measured
at the 0.75 radius; hence this blade-angle setting was
used for all ths tests with the propeller operating. A
comparison of the variation of thrust coefficient with
torque coefficient for constant-power operation and for
the nropeller with a blade-angle setting of 2l;.8° measured
at the 0.75 radius is shown in figure 7. For the idling-
power conditions, the engine was run at the lowest speed
considered possible (700 rpm) without fouling the engine
spark plugs. The thrust and torque coefficients thus
obtained for the idling-power conditions were 0.01 and
0.005, respectively.
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] Accuracy of test results.- The accuracy of the results
of the force tests is shown by the scatter of the test
points. The accuracy of the combined yaw, pitch, and
pitot-static tube is estimated to be about i”O.256 for the
yaw- and pitch-angle measurements and about 10.0lg, for

the dynamic-pressure measurements. Deviations of the

test results from zero for apparently symmetrical condi-
tions are probably due to differences in the airplane on
the two sides of the plane of symmetry and to asymmetries
in the tunnel flow.

RESULT2S8S-AND DISCHESSION

The data are given in standard nondimensional-

coefficient form with respect to the stability axes and

the center-of-gravity location shown in figure 1. The

stability axés are a system of axes having their origin

at the center of gravity and in which the Z-axis 1s in

the plate of symmetry and perpendicular to the relative

wind, the X-axis is in the pleane of symmetry and perpen-

dicular to the Z-axis, and the Y-axis is perpendicular

to the plane of symmstry. o

The presentation of the test results and the analysis
of the data have been grouped into two meln sections. The
first section gives results showing the directional
stability characteristics of the complete airplane for
the various flight conditions investigated and an analysis
of the effects of the wing-fuselage combination, the
vertical tail, and the propeller on the airplane direc-
tional stability. The results of the alr-flow measure-
ments in the region of the vertical tail also are included
in this section. The second section presents rudder-
effectiveness data from which the directional trim char-
acteristics of the airplane have been determined.

DIRECTIONAL STABILITY

The results of the force tests made to determine the
directional stability characteristics of the alrplane for
each of the eight test conditions listed in teble I are
given in figure 8. Each part of figure © shows curves

of €, and Cy against ¥ for one specific flight
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attitude for the complete airplane, for the airplane with
the propeller removed, for the airplane with the vertical
tail removed, and for the airplane with both the propeller
and the vertical tail removed. No test points are shown
in figure 8 for the propeller-removed data, inasmuch as
these data were obtained from faired curves. Values

(chigiae; gnd " G for the complete airplane in each
n Wl{ V‘,‘/

flight attitude investigated are given in table T.

Before a detailed discussion-is presented of the
various factors.that affect the directional stability
characteristics of the. airplane, a few of the outstanding
trends indicated by the test results-of figure 8 are
listed as follows:

(1) The. directional-stability-pareameter C at
small angles of yaw (between #5°) is smallest for the
gliding condition with flaps retrected.. For this con-

(2) The directional-stability parameter, at small
angles of “yaw, is largest for the high-power condition
with flaps deflected (wave-off condition). For this
condition, an = -0.00147.

(3) For the conditions with high thrust coefficients,
the direettonal stability decreases at engles of yaw
greater- than apvroximately 10° and_increases. at megative
angles of yaw grester thanr approximately -10".

(l.) Flep -deflection tends to inerease the airplane
directional stability.

Effects of-Mng-fuselage Combination and Vertical

Tail with Propeller. Removed

Wing=-fuselage combination.- Values of an and CYW

. for the.wing-fuselasge combination are shown plotted in
figure 9 as a function of angle of attack for flaps
retracted and flaps-deflected 50°. These values of G

and CY&' were obtained from the results shown in fig-

ure 8 for thke airplane. with the propeller and the-+¥ertical
teil removed. The variation of vawing-moment coefficient

¥
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with angle of yaw of the wing-fuselage combination with
flaps retracted is unstable for the angle-of-attack range
investigated. Incressing the angle of attack, however,
decrsases the unstable yawing-moment variation of the
wing=-fuselage combination. A further decrease 1in the
unstable yawing-moment variation occurs with flap deflec-
tion and causes the wing-fuselage combination to become
stable at angles of attack greater than about 8% This
increase in stability with increasing engle of attack

and flap deflection is probably duvue partly to an increase
in directional stability of the wing alone with increasing
angle of attack (fig. 8 of reference %) and partly to an
increase in the directional stability ceused by a favorable
effect of the wing-fuselage interference (figs. i, and §

of reference l).

The variation of lateral-force coefficient with angle
of yaw for the wing-fuselage combination is positive fon
the range of angle of attack and flap deflectlon investi-
gated. Increasing the angle of attack and deflecting the
flaps decreases the rate of change of lateral-force coef~
ficient with angle of yaw.

Air-flow surveys.- The results of the air-flow
measurements for the propeller-removed conditions are
given in figure 10, which shows the variation with
height above the fuselage along the rudder hinge line
of the sidewash angle o© and the dynamic-pressure
ratio q/qO for angles of yaw of approximately o, t5o,
+10°, and *15°. veighted average values of the sidewash
angle and dynamic-pressure ratic along the rudder hinge
line are given in table II. '

The surveys (fig. 10) show thet, for this airplane,
the variation of average sidewash egngle at the vertical
tail with angle of yaw  do/dy wes, in general, positive
(destabilizing). The deta show that the direction of
flow from the fuselage wake and air beside it (region in
which sharp loss in dynamic pressure occurs) is strongly
destabilizing. Inasmuch as the vertical-tail chord is
largest near the fuselage, the effect of the flow in this
region on the contribution of the vertical tall to the
airplane directional stebility should predominate. The
flow above the fuselage wake appears, in most cases, to
be slightly destabilizing for negative angles of yaw and
to have little effect on the stability at positive angles
of yaw. Increasing the angle of attack or deflecting the
flaps tends to increase the destabilizing effect of the
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gsldewash. These results are, in general, contrary to the
results published in reference 5, which indicate that the

sidewash is usually stakllizing for low-wing airvplanes
; J (o) )

The discrepsncy may be due to the fact that, for fthe

present seriss of tests,

the horigzontal tail and cenopy
were in place and tas rear portion of the fuselags was
wedge Shaped; whersas the tests of reference 5 were made
on a smooth circular fuselage with no horizontal tail.

D

The data given in table ITI show that the dynamic-
pressure ratio at ths vertical teil has its minimum value
at small angles of yaw and increases as the angle of yaw
is increased in either direction. For any glven eangle
of yaw, the contribution of the verticel tall to the air-
plane directional stability is directly proportional to
tlie dynemic-pressure y'tlo at that angle of yaw., At smell
angles of yaw (between 15°) ths vertical tail lies directly
in the path of the f;qelage and canopy wakes and hence
q/q for these conditions reaches its minimum valus.

%he angle .of yew is increesed in either direction, the
vertlcal tail moves awey from the fuselege end canopy
wakss and Q/qo incresses. Inasmuch as the fuselage
boundary=-layer and cancpy wakes increase with:increasing
angle of attack, the loss in q/qo at the tall inereases

with increasing angle.of~attack

Vertical tail.=- Experimental increments of yawing-
moment and lateral-force coefficients due to the vertical
tail were obteined from the data of figure 8 for the
propeller-removed conditions and are shown plotted in
figures 11 and 12 for all the airplane attitudes investi-
gated. TFigures 11 end 12 show also increments of yawing-
moment end lateral-forece coefficients dus to the vertical
teil that were computed on the basis of the results of
the air-flow surveys.

The force-test data show that the contribution of
the vertical tail to the alrplane directional stability
is lower in the vaw-angle renge between -5 and 5° than
at the higher angles of yaw and, in addition, the contri-
bution of the vertical tail decreases with increasing
angle of attack and flap deflection. Numerical values
for the slopes C -and C are given in table TIT.

& I s Y\jj e

t t

The trends.shownby these results are in agreement with

the conclusions drawn from the results of the air-flow
surveys.
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An analysis has been made of the results of the air-
flow surveys and the force tests in order to investigate
methods for computing the contribution of the vertical
tail to the 2irnlene directional stability. The incre-
ments of yawing-moment and lateral-force coefficients due
to the vertical tail are given by the following expres-
sions:

B = TR dmif, (U - o) (/) £ % (1)
- b.
ACYt B -ACnt —{ (2)

The values of 0y, &and (q/qg)a" in equation (1), which

il

were determined from the air-flow surveys, are assumed
to apply to the small area below the lower limit of the
gir-flow measurements.

The results of the air-flow surveys - when used in
conjunction with the recommendations given in reference 1
with regard to the determination of the tail area, tail
span, and teil lift-curve slope - were found to give
values of Cp and Cy, that averaged about 20 percent
larger than tHe valuss dSbtained by the force tests. The
values of the vertical-tail arees and vertical-tail span

etermined by the methods cf reference 1, however, include
areas in excess of that part of the vertical tail above
the fuselage. The surveys indicated that the contribu-
tion of these areas to the eirnlane directional stability
would be small because of the large destabilizing side-
wash and low dynamic pressure in that region. Conse-
quently, for further calculations, the arca of the vertical
tail was considered equal to the actusl vertical-talil area
removed from the sirplasne during thes tests (Sy = 19 sq ft)
and the spen of the vertical tail was considered equal to
the height of the vertical tail above the top of the tail

fairing { by =425 ft)s (Ees fige 3,) ALl the terms of ‘
equation (1) except (de/da)+ are known from either
the surveys or the force tests The term (dGN/da)t

includes the end-plate effect of the horizontal tail and
fuselage on the vertical tell (references 1 and 6)
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modified by the interference effect of the vertical tail
on the fuselage. The lift-curve slope for an isolated
tail may be determined from figure %3 of reference 1 as

a function of tail aspect ratio. The analysis of the
results of the force tests and the air-flow surveys
revealed_that the geometric aspect ratio of the vertical
tail bta/st should by multiplied by 1.55 to account for

the end-plate and interference effects. Although this
value is numerically the same as that recommended in
reference 1, the agreement is coincidental in view of the
difference in definitions of tail area and tail span. The
comparison given in figures 11 and 12 of the increments

of O, and Gy due to the vertical tail, as determined

from the force tests and as calculated from egquations (1)
and (2) by use of the sir-flow-survey data snd the correc-
tion factor of 1l.55 for the geometric aspect ratio of the
vertical tail, is given to show the range of application
of the present method for the XF6F-l, airplane. Good
agreement is obtained for the complete range of angle of
_attack and yaw for all conditions investigated.

In order to calculate the contribution of the vertical
tail to the airplane directional stability, the variation
of sidewash angle and dynamic=-pressure ratio with angle
of yaw mast be known because

oo asfiom) AlEE
i, da /o ay 8 b q
and
b
Syyr = S tE (L)
1\ Wt A

Equation (3) shows that the contribution of the vertical

tail to the airplane directional stability is directly

proportional to the derivative of Qh-'hv)(q/qo) with
. O/ay

respect to the angle of yaw. The term (¥ - o, (q/qo)av,

which is designated the air-flow factor, is shown plotted
in figure 13, and average values of the slopes

d\JJ~O
{ agi&q/QO)aV between Y = =5

given in table III. This table indicates also the effect

O .end w= 50 are
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ribution of the vertical tail to the airplane 3
stab ty of the decrease in the derivative
factor with angle of attack and flap
or test conditions with fleps deflscted 50°,
ng effect of the sidewash and the locss
fficient to reduce the contribution of
il to the airnlane directional stability
cent of the value that would be obtained
q/

0’ av
were equal to 1.0. The com=-

in table III of the values of Cn and

\ i

(9
CY. obtsined from the force tests and calculated from

Wy
[¥]

-flow-survey data
the geometric tail
ient between these

equations (3) and (L) by use o
and the correction
aspect ratio shows
.].Ohvvo .

o
o
s'“j""

S en

Effects of Provellsr Opgeration

The total increments of yawing=-moment and lateral- :
force coefficients due to vropeller operation are given
in figure 1l for each of the conditions inve stigated.
These increments were obtained from the @yGLI1M*uUa] data
nlotted in figure 8 and are the differences in 1

1 e
= <
and C« for the complete sirplans with the propeller

onerating and the propeller removed.
Tor th acted (fig. llu(a)),
propeller o - at angles
of yaw from 1stability was
greatest at yaw. At angles of
yaw between -10% and % operation gave a
stable variation of ACp Y, None of the
effects of propeller operation was pro ooortional to the
nower applied or to the thrust coefficient; in fact, at
small angles of yaw (between ¥5%9), the instabllity
caused by propeller operatlion was about the same for
all conditions, regerdless of the thrust coefficient and E
angle of attack. The effect of propsller operation on
the directinonal stability of the JLrpla with flaos
deflected 50° at small angles of yow (fig. 1b(b)) was, '
in general, to increase the stability f the wave- ~off
condition, to decrease the stability for the landing
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condition slightly, and to cause no appreciable change

in the stability for the landing-approach condition. The
average increase in directional stability due to propeller
operation for the wave-off condition (rated power,

T, = 0.51), at angles of yaw between t5°, was very large

<?an = -0.00105>.
o)

/

The effects of »nropeller operation on the directional
stability cheracteristics of the airplane can be con-
veniently considered under the following groups:

(1) Direct effect of the propeller forces on
the airplane directional stability

(2) Effects of the propeller slipstream on the
contribution of the wing-fuselage combination to the
airplane directional stability

(3) Effects of the propeller slipstream on the
contribution of the vertical tail to the airplane
directional stability

Direct effezt of propeller forces.- Methods for

computing the direct ¢ffect of the propeller forces on
the varlation of lateral-force and yawing-moment coef-
ficient with angle of yaw are given in reference 7. The
dashed lines shown in figurcs 15 and 16 are increments
of C and C due to the propeller forces that were
calcufated by equation (7) of reference 7. (The pro-
veller side-forece factor was 99.2.) The calculations
show that the direct effect of the propeller forces is
to decrease the airplane directional stability for all
conditions investigated. This effect is greatest for the
low=-speed climb condition (cL = 1.39, T, = 0.51), for
which the decrease in directional stability due to the
isolated propeller is 0.C00308.

Effect of slipstream on wing-fuselage combination,-
The effects of the propeller slipstream on the lateral-
force and yawing-moment variations with angle of yaw of
the wing-fuselage combination may be indirectly obtained
from the experimental results. The increments of Cn
and Cy due to propeller operation for the airplane with

vertical tail removed, increments which were obtained
from the force tests, are shown by the solid lines in
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figures 15 and 15 for each condition investigated. These
increments include the direct effect of the propeller
forces and the effects of the passage of the slipstream
over the wing-fuselage combinestion. The difference between
the solid and the dashed lines in figures 15 and 16 are
therefore presumed to be due only to the effects of the
slipstream on the wing-fuselege combination.

The data show that for all conditions with the flaps
retracted, at angles of yaw between 5%, the slipstream
effects on the wing-fuselage combination caused destabi-
1izing variations of yawing-moment coefficient with angle
of yaw. At the low thrust coefficilents this effect was
small; at T, = 0.51, however, the slipstream caused a
destabilizing increment of an of about 0,000l,7. For

D
the flaps-deflected conditions, the directionsal stability
of the airplane was not changed appreciably by the slip-
stream effects on the wing-fuselage combination for angles
of yaw between 50 and -15° put was considerably decreased
for angles of yaw between 5~ e&nd 15°.

Effect of slipstream on air flow in region of vertical
tail.- The results of the surveys with the propeller
operating are given in figures 17(a) to 17(e) for the

laps~-retracted conditions and In figures 124£] $0 17(8)
for the conditions with flaps deflected 50°. Weighted
average values of the sidewash angles and the dynamic-
pressure ratios at the vertical tall determined from
these surveys are given in table IV.

For all conditions investigated, the variation of
the average sidewash angle at the vertical tail with
angle of yaw was generally destabilizing (positive domﬂﬁdb.
The destabilizing effect of the sidewash appeared to
increase with thrust coefficient and angle of attack and
to decrease with flap deflection. (See table IV.) The
most important factor contributing to the destabilizing
effect of the sidewash is the flow from the fuselage
boundary layer, which exists in the region in which,
for the present airplane, the vertical-teil ghiord 18
largest. The destabilizing sidewash 1n the region of
the fuselage boundary layer was smeller in magnitude for
the flaps-deflected conditions (figs. 17(f) to 17(h))
than for the flapns-retracted conditions (figs. 17(a)
to 17(s)). The data show that the alr flow at the vertical
tail in the region above the fuselage boundary layer is
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dependent on the conditions of propeller operation, As
the thrust coefficient increased from one condition to
another, the sidewash in this region became 1increesingly
negative (flow from lsft to right when airplane is viewed
from the rear), This effect may be accounted for by the
slipstream rotestion. The vertical tail was in the region
of the rotating flow from the upper half of the propeller,
which for right-hand piropeller operastion caused the air
to flow from left to right. A further effect of the pro-
peller rotation was a leteral displacement (toward the
right) of the slipstresm in the region of the vertical
tail due to the tangentisl-velocity components of the
rotating flow. The result was that,as the alrplane was
yawed nose left (negative yaw), the vertical tail tended
to move into the center of the slipstream and the side-
wash became increasingly negative; as the alrplane was
yawed nose right, however, the vertical tail tended to
move away from the center of the slipstream and the side-
wash became decreasingly negative. These tendencies
indicate that increasing the slipstream rotation tends

to increase the destabilizing effect of the sidewash.

The effect of the increased dynamic pressure at the
vertical tail due to the propeller slipstream was to
increase the contribution of the vertical tall to the
alrplane directional stability, inasmuch as the aversage
sidewash was never lerge enough to cause the contribution
of the vertical tall to be destabilizing. Surveys
(fig. 17) showed thet the disposition of the slipstream
at the vertical tail was such that the maximum dynamic
pressure occurred at the sections nesar the middle of the
tail for zero angle of yaw and at the sections about one-
third of the tail height above the top of the fusslage
for other angles of yaw. The dynamlic pressure was a
minimum at the bottom of the vertical tall as a result
of the large dynamic-pressure losses due to the fuselage
and cenopy wakes. The displacement of the slipstream
with respect to the vertical tail, 2s the angle of yaw
is changed in elther direction, can be observed from the
dynamic-pressure measurements. The results (fig. 17
and table IV) show that the dynemic pressure at the
vertical tall i1s highest for negative angles of yaw
and is lowest for positive angles of yaw. These results
indicate that the contribution of the vertical tail to
the directional stability of the airplane with the propsller
operating will be greetest at negative angles of yaw.

Effect of slipstream on vertical tail.- Experimental
increments of lateral-force and yawing-moment coefficients
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due only to the effects of the propeller slipstream on

the vertical tail surface were obtained from the data of
figure 8. The increments, which are the difference betwsen
the increments of CV and C due to the vertical taiil

with the propeller operating and vlth the propeller
removed, are shown in figure 18. 1In general, these
results substantiate the conclusions drawn from the air-
flow surveys in regard to the effects of the propeller
slipstream on the vertical-tail contribution to the air-
plane directional stability. The variation of ACnt

with angle of yaw is such as to decrease the alrplane
directional stability at high positive angles of yaw

and to increase the directional s tablllty at high negative
angles of yaw. Except at T, = O 01, at which the

effects of the slipstream are small, the directional
stability is increased for all cordltlonﬂ in the low-
yaw-angle range (between *5°) as a result of the slip-
stream. This stabilizing effect of the slipstream at small
angles of yaw increases as the thrust coefficlent increases.

The total increments of Ch and CY due to the

vertical tail are given in figures 19 and 20 for the con-
ditions with the propeller operating. These increments
were obtained from the data of figure & as the differences
betwean the propeller-opsrating results with the vertical
tail installed on the sirplane and with the vertical tail
removed. Also shown in figures 19 and 20 are increments
of Cnt and G+ that were calculated from equations(l)

and (2) by use of the air-flow-survey data with the pro-
peller opersting and the effective lift-curve slope of
the vertical tail determined from the data for the
propeller-removed conditions curves showing the varia-
tions of the air-flow 1actor with angle of yaw for the
propeller-operating conditions are given in figure 21.
The agreement between the calculated and the e: nerlmental
results shown in figures 19 and 20 is good.

a(v - Gav)(Q/qO>av
awv ’

Experimrental values of the slope

which is used in eqguations (3) and (l) for calculating
the contribution of the vertical tail to the airplane
directional stability, are given in table V. These
values show that the effect of the vertical tail in
increasing the airplane directional stability is greatest
for the condltﬂons with the highest thrust coefficients
and decreases as the thrust coefficient decreases.
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7

Numerical values of ¢ aud o obtained from the
My, Tu,

force tests and calculated from equations (3) and (L)

by use of the air-flow-survey data and the tail 1lift-

curve slope previously determined are also given in

table V. The satisfactory agreement between the results

indicates that little change in the effective slope of

the 1ift curve of the tail occurs as a result of the

propeller slipstream.

DIRECTIONAL TRIM

The results of the rudder-effectiveness tests are
given in figures 22(a) to 22(c) for the airplane with
the flaps retracted and the propeller operating to
simulate a gliding condition and two low-speed climb
conditions and in figures 22(d) and 22(e) for the air-
plane with the flaps deflected SOO and the propeller
operating to simulate a landing and a wave-off condi-

' tion. The results of the tests with the propeller
removed are given in figure 2% for the alrplane with
flaps retracted and with flaps deflected 50°. The more
important results of the rudder-effectiveness tests are
summarized in figure 2L, which shows curves of dcn/dﬁr,

(W) =or ¥4 {Cr)g =0 PIALIGS ASAIESEENET Sriseen

for each condition investigated. All the values of the
slope an/dér were measured at gzero rudder deflection

as a basis for comparison.

For the propeller-removed condi tions, an!dér

reaches its minimum value near zero angle of yaw and
increases as the angle of yaw is increased in either
direction (fig. 2l). The dynemic-pressure losses at
the vertical tail are greatest at zero yaw, and the
losses decrease as the angle of yaw is increased in
either direction. For the propeller-operating conditions,
the rudder effectiveness increases as the thrust coef-
ficient increases from one particular condition to
another because of an increase in the dynamic-pressure
¢ ratio at the vertical tail (fig. 2l4). TFor all the con-
ditions investigated with the propeller operating,
except the gliding condition with flaps retracted,
an/dér attains its maximum value at high negative

angles of yaw and its minimum value at high positive

B et S L
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angles of yaw (fig. 2l}); the dynamic pressure at the
vertical tail reaches its maximum value for high negative
angles of yaw and reaches its minimum value for high
positive angles of yaw. An analysis of the test results
showed that the values of dcn/dﬁP are very nearly
directly proportional to the dynamic-pressure ratio at
the vertical tail.

The rudder deflections and angles of sideslip required
to trim simultaneously the airplane yawing moments and
lateral forces for each condition investigated were
determined from the data of figure 2L and are given in
table VI. For the conditions with the propeller removed,
the data show that the values of 6, and 3. for Zero
vawing-moment coefficient are small. For the conditions
with the propeller opersting, the data show that the
rudder deflections required for directional trim are
grectest for the two low-speed high=-power conditions.
(See table VI.) These deflections, however, are con-
siderably lower than the maximum available rudder travel
on the Grumman XFAF-l airplane.

The data show that the amount of rudder deflection
required for directional trim in any condition is
primarily dependent on the effects of the propeller
slipstream on the vertical tail and on the wing-fuselage
combination and, to a lesser degree, on the direct effect
of the propeller forces. The increments of Cp and Cy
at zero yaw due to the effects of the slipstream on the
vertical tail, the effects of the slipstream on the wing-
fuselage combination, and the direct effect of the pro-
peller forces are given in table VIT for the wave=-of f
and low-speed climb conditions. Of the total increment
of Cp at zero yaw due to propeller operation for the
low-speed-climb condition, 77 percent was due to slipstream
effects and 23 vpercent was due to the effects of the pro-
peller forces. For the wave-off condition, 98 percent of
the total increment of C, at zero yaw due to propeller
operation was caused by slipstream effscts.

The curves in figure 2u of (6T)C =0 against W,
n

besides indicating the rudder deflections required to
trim the 2irplane yawing moments, are a measure of the
airplane directional stability. The conclusions
regarding the airplane directional stability character-
istics, which are derived from these results, are sub-
stantially the same as those derived from the curves of
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ficure 8 showing the varistions of ¢ against V¥
(&)

al Jn
O 6r =30

B UNNAMRY OF ‘AR 0 ST

Data are presented of mesasurements made in the
Langley full-scale tunnel on the Grummen XF6F-lL. airplane
to investigete the factors affecting the directional
stability and trim characteristics of a typical fighter-
type airplane. Although these data are quantitative
for this particular airplane, the trends are believed to
be generally applicable to reasonably similar airplanes.
The results are sumerized as follows:

l. For the conditions investigated, the value of

the directional-stability parameter C at angles of
D) n\l’ =

yaw between *5° was smallest for the gliding condition
with flaps retracted (c“w = -0,00015) and was largest

for the wave-off condition with flaps deflected 50°

(Cng = -0,00lh7). With the values measured in the
low-yaw-angle range used &s a reference, the airplane
directional stability for the conditions with high
thrust coefficients was decreased at large positive
angles of yaw and was increased at large negative

angles of yew.

2. For the XF6F-l. airplane, the variation of average
sidewash angle at the vertical tsil with angle of yaw

was generslly such as to decrease the contribution of

the vertical tail to the airplane directional stability.
Propeller operation increased the magnitude of the
destabilizing effect of the sidewash but, at small angles
of yaw, also increased the dynamic pressure at the tail
sufficiently to make the combined effect stabilizing.

3. The wing-fuselsge combination with flaps retracted
was directionally unstable for the angle-of-attack range
investigated. Increasing t
deflecting the flaps decres
yawing-moment coefficient wi
fuselage combination.

<
sed the unstable varistion of
ith angle of yaw of the wing-

i, For all the conditions investigated with the
flaps retracted, the contribution of the propeller
decreased the directional stability of the airplane at
small angles of yaw. With the flaps deflected 50°, at
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small angles of yew, the contribution of the propeller
increased the alrplane directional stability appreciably
for the wave-off condition, decreased the airplane
directional stability slightly for the landing condi-
tion, and caused no oppreriable change in the stability
for the landing-approach condition.

5« The propeller slipstream increased the contri-
bution of the vertical tail to the airplane directional
stability at small angles of yaw. As a result of the
lateral displacement of the slipstream with respect to
the vertical tail, the contribution of the vertical tail
to the airplane directional stability was greatest at nega-
tive angles of yaw and was smallest st positive angles of yaw.

6. The destabilizing contribution of the wing
fuselage combination to the directional stebility of the
“erlane for the conditions with the flaps retracted, at
angles of yaw between +5°, was increased by the effects
of the oropeller slipstream. The dlrectJona; stability
of the airplane for the conditions with the flaps
deflected 50° was not changed appreciably by the slip-
stream effects on the wing-fuselage combinetion at angles
of yaw betwsen 5° and -15° but was honvlderao¢y decreased
at angles of yaw between 5° and 15°

7. The amount of rudder deflection required for
directional trim is primarily dependent on the slip-
stream effects and only secondarily dependent on the
direct effect of the propeller forces. Of the total
increment of yawing-moment coefficient at zero yaw due
to propeller operation for the low-speed climb condition,
77 percent was due to slipstream effects and 23 percent
was due to the effects of the propeller forces. TFor
the wave-off condition, 98 percent of the total increment
of yawing=-moment noef&lvlent at zero yaw due to propeller

operat;ﬂn was caused by slipstream effects The wave-off
condition, at a 1lift coefficient of 1.39, reculred the
largest amount of rudder deflsction for trim (&, = -18.5°).

8. A comparison of the results of the

extensive airflow
surveys with the results of the force tes mad

aue possible the

ot (I‘

S

determination of a value for the effective-lift-curve
slope of the vertical tail; this value permltted
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calculation of the contribution of the vertical tail to
the éirectional stability of the airplane within accept-
able limits.
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TABLE I.- VALUES OF C AND C FOR COMPLETE AIRPLANE WITH PROPELLER OPERATING

Ry Yy
) c g
Condi tion Power (calgg) (dgg) Gy, (r‘ri;h) (ZBU (z\;f
Climb Rated (T, = 0.05) 0 1.0 | 0.24 | 235 | -0.00050 |0.0075
Climb Rated (T, = 0.11) 0 3.0 Q31 176 ~.000L3 .0075
Climb Rated (T, = 0.30) 0 8.9 .96 | 118 -.000L6 | .0076
Climb Rated (T, = 0.51) 0 12.3 1.39 98 -.00033% .0070
Glide Idling (T, = 0.01) 0 Fal .83 | 127 -.00015 | .o00L3
Landing anproach | 0.65 rated (T, = 0.33)| 50 5¢8 | 1.37 99 -.00066 .0099
Wave=-off Rated (T, = 0.51) 50 Le9 | 1.39 98 -.001L7 .0197
Landing Idling (T, = 0.01) 50 11.8 § 1.58 92 -.000L6 .0035 §
h -
&Values given for slopes are average values between Y = 50 and Y = -50. %
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TABLE ITI.- CONTRIBUTION OF VERTICAL TAIL TO CY AND C_ ; PROPELLER EEMOVED o

q. Yf iy
. aly - ogy)(3) | Ve )b

a ' f avi\dy /gy e plag (a) " -

(deg) Cr fdeo) chy From force Calculated From force Calculated
J\D A 'VC’ 1 L4 -~ ~

(a) ! tests from surveys tests from surveys

" oy -
1.0 | 0.23 0 0.9l | 0.0021 0.0019 -0.00086 -0.00087

%l 13 o | .91 .0019 .0C19 -.00089 - -.0008L

8.9 . B0 0 n .0012 | .0015 | -.00070 -.00069

1
o
(@]
O

N
[@9)

1
o
O
@]
o
o~

slow 7 .8% 0 7% .0012 .001L

12.% .0l 0 .58 .0010 . 0012
5

0011

3

-

528 | 1.111.50 | 18 . 0010 .0010 -.00066 -.000L5
11.8 | 1.56 | 50 .6l .0012 .001% -.000)3 -.00059

a ’ , k. ST s T = | S
8yalues given for slopes are average values between VYV = 5 snd , W= p .
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TABLE IV.- WEIGHTED AVERAGE VALUES OF SIDEWASH ANGLE AND DYNAMIC-PRESSURE

RATIO AT THE VERTICAL TAIL; PROPELLER OPERATING

FLAPS RETRACTED

Sav 3—> Cav <_q_> Oav l) Cay <q_ Oav (q—->
(deg) 30/ (deg) 3/ ey (aeg) o v (deg) 3o/ 0y (deg) Sy
Angle of
yaw, ¥
(deg) a=1.0° o =302 a = 8.9° a=9.2° a = 12.3°
Cr, = 0.2 . ¢ = 0.43 Cr, = 0.96 Cr, = 0.83 Cr, = 1.39
Rated power (T, = 0.05)| Rated power (T, = 0.11)| Rated power (T, = 0.30) Te = 0.01 Rated power (T, = 0.51)
-14.6 -2.2 1.16 -3.6 1.io -7.3 2.18 -z.é Ll -12.L 2.54
-9.9 -1.5 1.21 -3.5 1.6 -5.2 1.88 -4.0 1.10 -12.0 2.3,
-5.1 -.6 1.16 -2.6 1517, -5.7 1.85 -2.1 1.00 - .g 2.29
0 -.8 112 -1.7 1.20 -3.7 1.66 -1.1 .97 -6. 2.53
5.0 ST 1.09 -1.1 1.23 -2.6 1.76 1.0 .90 -4.3 2.3
10.0 <1 1.16 -.8 1.31 -2.1 1.71 1.0 1.01 -5.8 1561
Tl 157 1.05 .8 Tl .9 1.26 1.9 .97 -. 1.38
FLAPS DEFLECTED 50°
q
Ua v <q£_> ( dav ) (%) ca v <q_>
(deg) ) deg ) (deg) o
Angle of av av av
yaw, ¥
(deg) a=)4.9° a =5.8° Q. =11180
Cr, = 1.39 cr, = 1.37 Cgy = 1.58
Rated power (T, = 0.51) 0.65 rated power (Tg = 0.33) Te = 0.01
-1l.6 -7.9 2.7 -6.3 1.87 -4.2 1.29
-9.9 -7.0 2.%5 -6.7 1.73 -4.8 111
-5.1 .2 2.30 -6.5 1.70 =L .98
0 -5.2 2.8 -4.1 Tele -2.0 .95
5.0 -3.9 2.53 -3.9 1.79 il .90
10.0 -3.Z 1.73 -3.2 1.55 1.% 1.02
1.7 -2. 1.23 -1.5 1.19 5 1.00
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TABLE V.- CONTRIBUTION OF VERTICAL TAIL TO an AND CYW ;  PROPELLER OPERATING
t £
q\ C‘ C
2@ - o) (5) v s
a 5¢ o7 av (a) (a)
(deg) L Power .
& de dy From |Calculated| From Calculated
(deg)
force from force from
(a) tests surveys tests surveys
1.0 |0.2l;|Rated (T, = 0.05)| O 1.15 0.0025{ 0.0023 |[-0.0011,| -0.00106
gl b3 Rated (To = Q.11) Q 1.09 .0022 .0022 -.00099| =-.00101
8.9 .96|Rated (T, = 0.30)| O 1.38 .00%0 .0028 -.0012,| -.00128
el L8317, = 0.01 0 .70 .001l .001) -.00062| -.00065
1825 |1.59 |Rated (Te = 0.51)] © 1.2 .0025 .0029 -.00126 | -.00131
L.9 [1.39|Rated (T, = 0.51) | 50 1Tl .0039 .0036 -.00183| -.0016L
5.8 |1.37/0.65 rated 50 2«31 .0032 .0027 -.00105| -.00121
(Te = 0.33)

B 2958 T, = 0.01 50 51 .0012 .0010 -.00050| -.000L47
4Values given for slopes are average values between v = 5° and v = =59,
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-
6 B
z & r .
Condition Power £ a C, | (Cyh = 0; | (Ch =0
(deg) | (deg) Cy =0)| Cy =0)
(deg) (deg)
......... g 9.2 | 0.83 -0.3% 0.6
--------- 0 13.0 | 1.08 .6 e
Propeller removed
......... 50 5.6 | 1.09 <. Z.2
————m—-- 50 11.8 | 1.56 6.0 6.0
Climb |Rated (T, = 0.30) 0 8.9 .96 | -11.5 -7.6
Climb [Rated (T, = 0.51) 0 12.3 | 1.39 | =-15.0 -11.0
Glide |[T. = 0.01 0 9.2 .83 -3.0 -
have-off |Rated (T, = 0.51) 50 4.9 | 1.39 | -18.5 -L.8
Landing (T, = 0.01 50 11.8 | 1.58 -3.7 -0
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TABLE VII.- INCREMENTS OF Ch

AND ¢

5§

PROPELIER OPERATION

AT ZERO YAW DUE TO

Increment due to
effect of slip-

[ Increment due to

effect of slip-

Increment due to
direct effect of

Condition Power stream on wing- [stream on verti- propeller
fuselage cal tail forces
combination
AC, ACy AC,, ACy AC, ACy
Low=-speed climb
(8¢ = 0°;
a = 12.3°; {Rated (T = 0.51){-0.0022 | -0.06l |-0.01LL |0.016 0.0049 | ---wn---
Ci, = 1.39)
Wave-off
(6p = 50°;
a = L4.9°; [Rated (T, = 0.51)|-0.0146 |--0.028 [-0.0100 |0.018 [-0.0010 |-==c---
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— )b 59
/0’6” = = 5(3”
I

Wing area (including ailerons, flaps, and

48.5sg frofbody area) .. ... ... ... . 334sq ft
Control surface areas:
Full flap area (NACA slotted)....... 398sq ft

Total horizontal tail surface area...77.84 sq It
Fin area (incl. 1.9 sq ft of contained

rudder balonce).. . ... :......0. ... 14.4 sq ft
Rudder area aft of hinge
(incl. O.68 sq Tt of tab).. .. .« ... 9.0sq ft
Engine. . ...... Pratt and Whitney R-2800-27

BHP normal rating, 1600 at 2400 rpm at 5700 7t
Hamilton Standard Hydromatic Propeller
Blade Design 650/A-0
Propeller gear ratio, 2-/
Gross weight, 11,400 /b
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Figure [.— Three-view drawing of the XF6F-4 airplane.
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(a) Front view.

Figure 2.- Grumman XF6F-4 airplane mounted in Langley full-scale tunnel.
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Figure 3.- Skefch of empennage showing rel/ation of ftall fairing
fo vertical ftail surface. (A// dimensions are given in
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f1gure 4.~ Line drawing showing  combined pifch, yaw, and pifo?-static
fube used for the surveys.
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la) Three-quarter side view.

Figure 5.- Survey tube mounted in position for air-flow measurements.
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