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INTERFERENCE OF TAIL SURFACES AND WING AND FUSELAGE
FROM TESTS OF 17 COMBINATIONS IN THE N.A.C.A.
VARIABLE-DENSITY TUNNEL

By Albert Sherman
SUMMARY

An investigation of the interference assoclated with
tail surfaces added to wing-fuselage combinations was in-
cluded in the interference progra?bin progress in the
N.A.C.&. variable-density tunnel.““The results indicate
that, in aerodynamically clean combinations, the Iincre-
ment to the high-speed drag can be estimated from_gection
characteristics within useful limits of accuracy.,>The in-
terference appears mainly as effects on the downwash angle
and as logseg in the tail ef%%ciency and varies with the
geometry of the combination.“*An interfercnce burbdle,
which markedly increases the glide-path angle and the sta-
bility in piteh before the actual stall, may be consid-
ered a means of obtaining satisfactory stalling character-
igtics for a complete combination.

INTRODUCTION

The iavestigation that the Committee has been con-
ducting in the variable~density wind tunnel of the aero-
dynamic interfercnce between the wing and the fuselage
(references 1 to 6) has been extended to include tho in-
terference associated with the tail surfaces. Comparable
data at large scale are thus made available on the aero-
dynamic interference betwoen the componcnt parts of re-
lated complete combinstions.

Representative wing-fuselage combinations were test-
ed, to which had been added two different types of tail
surfaces: conventionally arranged tail surfaces of semi-
elliptical plan form and rectangular horizontal tail sur-
faces with elliptical end plates. The tests were restrict-
.ed to the conditions of zero elevator deflection and zero
vaw, and the effects of the interference on the drag, the
downwash angle, and the taill efficicney were mainly con-
sidered., ZXZffects of the following variables on the inter-
ference of the tall surfaces were studied: wing position,
angle of wing setting, form of tall surface, and form of
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wing-root juncture. A comparison of calculated and exper-
imental data on the downwash angle at the tail is also
included.

MODELS AND TESTS

The wing employed is the tapered wing described in
reference 1; it is a duralumin model having an area of
150 square inches, aspect ratio 8, taper ratioc 2, and the
N.A.,C.As 0018 section at the root and the N.A.C.A. 0009
section at the tip. It was combined with the fuselage in
the standard longitudinal position, d/c¢ = 0. The fuse-
lage 1s the round fuselage described in reference 1; it is
an airship form having a length of 20.156 inches and a
fineness ratio of 5.86. The tapered fillets (refercnce 1)
were carefully constructed of plaster of paris and were
given the polished lacquer finish now standard for the
wing~fuselage-interference investigation (reference 5).
Figures 1, 2, and 3 are photographs of interesting combi-
nations and show the oroportions of the tail surfaces and
their location on the fuselage axis.

The details of the tail surfaces are given in figure
4, For the elliptical tail surfaces, the vertical surface
is identical with each of the horizontal surfaces. The
tail with end plates has aporoximately the same total wet-
ted area as the elliptical horizontal and vertical tail sur-
faces, but its calculated total-lift-curve slope was pre-
dicted from the theory of reference 7 to be 84 percent as
large., Only very small fillets were used at the tail sur-
faces (see figs. 1 and 2) because filleting was believed
unnecessary for the junctures employed. The test results
do not indicate that larger fillets would be an improvement.
Table V contains the descriptions of the combinations (314
to 330) that make up this investigation. :

The combinations were tested in the variable-~density
wind tunnel (reference 8) at a test Reynolds Number of ap-—
proximately 3,100,000, corresponding to an effective

Reynolds Number for CLmat of 8,200,000. (See reference

1.) In addition, values of the maximum 1ift coefficient
were obtained at a reduced sneed corresponding to an ef-
fective Reynolds Number of 3,700,000. The testing proced-
ure and the test precision were about the same as for an
airfoil (reference 8). The three-component balance of the
variable—~density wind tunnel restricted the study of the
vertical tail surfaces to the gero~yaw condition,



RESULTS

The test results are given in tables I, II, III; Illa,
and V supplemented by figures 5 to 10. Data from previous
.reports are included for comparison. Additional derived
data on tail efficiency and downwash angle at the tail are
presented in the text of the discussion and in figure 11.
The aerodynamic characteristics are given as standard non-
dimensional coefficients based on the projected wing arca
of 150 square inches and on the mean chord of 5 inches.
The methods for analysis of the test data and for presocn-
tation of the test results are explained in reference 1.

Tadles I and II, taken from reference-1l, contain the
acrodynamic characteristics of the wing and of the fuse~
lage, respectively. Table III, continued from reference 6,
presents the sums of the fuselage characteristics ond in-
terferences (aCy, ACp , AC, /4) for the different com-

“e c
binations at various angles of attack. Table IIlla, con-
tinued from refererce 6, presents the sums of the charac-
teristics and interferences of the tall surfaces. The
characteristics of the combinations themsclves can be de-
termined by adding the corresponding items in tables I,
III, and Illa. ' ‘ ' '

- Table IV of referencé 1, which presents the data for

- disconnected combinations (combinations for which the
forces on the components are measured gseparately), is omit-
ted herein as it is in references2 to 6 because no further
tests of this nature were performed. The table numbers

are maintained as in reference 1, however, to preserve the
continulty of the published test results of the interfer-
ence investigation, :

Table V, continued from reference &, contains the
‘principal geometric and aerodynamic characteristics of the
combinations. The values d/c and k/c represent the
lengitudinal and the vertical displacecments, respectively,
of the wing quarter—chord axis measured (in mean chord
lengths) positive ahead of and above the guarter-length
point of the fuselage axis. The value i, 1is the angle of
wing setting with rospect to the fuselage axis and 1ig 1is
the setting of the tail surfaces relative to the wing.

The last nine columns of table V present the follow-
ing important aerodynamic characteristics:



opt’

lift-curve slape (in degree measure) as deter-
mined in the range of low 1ift coefficients for
an effective aspect ratio of 6.86. This value of
the aspect ratio differs from the actual value
for the models because the Llift resulits are not
otherwise corrected for tunnel-wall interference.

Oswald's airplane, or span, efficiency-factor.
(§ee reference l.) : T S - .

minimum effective Droflle drag coefflclent
(CD ~ nA? corresponding to the test Reyunolds
in

Number.

optimum 1ift coefficient, i.c.,, the 1ift coeffi-

cient corresponding to Op . For tho combina-
Cmin o '

tlons with taill surfaces, however, the llft at an

arbitrary angle of trim, i.e,, where Oy /4 =0,

g given instead.

aerodynamic~center position, indicating approxi-.
mately the location of the aerodynamic center
ahead of the wing quarter—chord axis as a frac-
tion of. the mean wing chord. Jumerically, ng .-

~ equals dCp /4/ECL at zero 1ift: For the cg@bi~
: C .

nations with tail surfaces, however, =n, 1is
given 1nstead for the aroltrary trim condition,

l.e,. = 0
’ c/4 '
pitching moment at zero 1ift.

1ift coefficient at the interference dburble, i.e.,
the value of the 1ift coefficient bheyond which

the air' flow has a tendency to~break'away as ipdi-

cated by an abnormal drag increase..

maximum 1ift coefficient glven for two different

values of the offective Reynmolds. Number. (See
reference l.) The turbulence factor employed in’
tq1s report to obtain the effective R from the
st R 1g-2.64.



Adg in reference 2, the values of the effective Reynolds
Number differ somewhat from those given in reference 1 be-
causec of a later determination of the turbulence factor
for the tunnel. The values of the effective Reynolds Num-
ber given .in reference 1 can be corrected by multiplying
by lel.

The data thus presented for the combinations with
tail surfaces are directly applicable to design purposes
only at the attitude for trim, that is, when the pitching
moment about the center of gravity is zero. At other at-
titudes, the conditiong of the %tests cannot be reproduced
in steady flight. The most important interference effects
for tail surfaces, however, should be satisfactorily indi-
cated over the range of 1ift coefficients by these rcsults.

DISCUSSION

Lift

The horizontal tail surfaces add to the lifting area
of a combination and should therefore increase the 1ift-
_curve slope and the maximum 1lift. . For the combinations
tested, the gain in lift-~curve élope amounted, within the
limits of the test accuracy, practically to the value that
would be calculated from the 1lift expected of the tail op-
erating alone as a wing, the downwash and the wake inter-
ferences being neglected. The observed increases in the
maximum 1ift (table V) naturally cannot be considered real
as they were obtained with undeflected elevators and hlgh~
ly unbalanced pitching moments. The effect on the maxi-
mum 1ift of the interference of tail surfaces with eleva-
tors deflected is:dutside the scope of this investigation,

Drag

o The experimental increments to the minimum drag coef-
ficients of the combinationg due to the semiclliptical ,

tail surfaces at 0° setting (0.00035 to 0.00055 per surface)
~agree within the test accuracy with a value estlmatod from
“section characteristics and the wetted arca (0.00045 per
surface). -This agrecement gshows that no large resultant in-
terference effect of thoe tail surfaces could have bcen
present. The horlzontal tail surfaces set £4° ghow larger
contributions to the minimum drag than those set 0°, dut
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the differences are generally too .small to be 1mportant.
(See table V. )

Over the range of low to moderate L1lift coefficients,
the variation in the drag increment also was unlmportant
for two of the tail settings investigated (0° and ~4°) and,
moreover, was often favorable (figs. 5, 6, and 7). Tor a

SPail setting of 49, however, this variation was apprecia-
bie and adverse. : : '

From the .foregoing censiderations it can be concluded
that, with regard to the high~speed or cruising drag, clean-
ly constructed tail surfaces within the normal range of taill
settings may be satisfactorily allowed for in design by
simple calculations based on section characteristics and
the wetted area, neglecting interferences. Incidentally,
the data indicate how low a drag should be expected from
cleaning un the conventional airplane degign. The value of
0.0135 (R = 3 x 108) for the effective profile~drag coef-
ficient for combinations 314 and 315 (fig. 5) at a OCp of
about 0.3 represents the drag obtainable for a small air-
plane. In view of the turbulence present in the air stream
of the variable—~density wind tunnel and the unevaluated
part of the suppert~strut interference, this value is be-
lieved to be conservative. Extrapolation of the drag wval-
unes given in this report to hizher Reynolds Numbers can be
made by the methods described in reference 9.

Pitching Moment

The horigzontal tail surfaces are employed to provide
stability .in pitch. They form what ig essentially an air-
foil operating under the influence of an interfering bvody,
the wing-fuselage combination. The most important inter~
ferences at the tail may be separated into two effects
that on the flow direction, or the downwash; and that on
the flow velocity, or the wake,

. ing, the downflow components induced Dy the_vortex pattern
in the 2ir stream reduce the effective angle of attack at
the tail by ‘an amount referred to as the "downwash angle" €.

The evaluation of € is necessary in stability éalcu~
lations. A4 method exists for the prediction of the down-
wash angle at the tail associated with any type of wing



(reference 10),. but the amount that ¢ 1is modified by the
interference in a wing-fuselage combination remains to Dbe
found, Figure 11 gives a comparison of values of the aver-
age downwash angle over the tall span as calculated by the
method of reference 10 and as derived from the experimen-
tal results for the elliptical tail surfaces on the high-
wing, the midwing, and the low-wing combinations. BExperi-
mental values of ¢ for the tail with end plates are in-
cluded for the midwing combination. The method employed
to obtain the experimental values was as follows: At each

-~ specified angle of attack, the rate of change of pitching
-moment with the angle of attack of the tall was determined

~from the pitching moments for tail settings of -4°, 0°,
and 4°. Next, the change prodtced in' the pitching moment
by adding the tail surfaces was divided by the rate just
derived to give the effective angle of attack of the tail.
The experimental value of the downwash angle €, then,
was the difference between the geometric angle of attack
of the tail and its effective angle of attack. This'pro-
cedure avoided the complications of the wake interference
and the taill efficiency.

"It can be seen frém figure 11 that, for the ellipti-
cal tail on the symmetrical midwing combination, the agree-
ment between the predicted and the experimental downwash
angles is good over the range of low to moderate 1ift coef-
ficients. Apparently, the interference of the fuselage.
and .the junctures was negligible., For the high-wing and
the low-wing combinations the agreement is poor. The dis-

- erepancy, .bHowever, is practically constant, therefore of
little imvortance in stability calculations, and is of op-
posite sign for the high-wing.and the low-~wing combina-~
tionsg. "Apparently, -at zero 1ift the tail surfaces have
already an initial effective angle of attack of approxi-
mately 0.8% for the low-wing and =0.8° fér the high-~wing’
combinations. . (See pitching-momént curves of figs. 6, 7,
ahd 8.) The geometrical asymmetry, then, produces an ini-
"tial deviation in the flow at the tail impossible to de-
‘rive from a thedry that considers only the wing. A com-
parison of figurés 7 .and 9 shows that most of this inter-
ference is chargeable to the fillets. ~“The same effect can
be produced, however, by other soturces .of asymmetry,'such
as wing setting. (0f. curves of pitching moment in fig.’
10% and als6 Cp, for combinations 314 and 322 in-tadle

Fizure 5 shows that, for zero tail setting and at low
to moderate 1ift: coefficients, the tail surfaces with end



plates produce as large a change in the pitching moment as
the elliptical tail surfaces, indicating that they should
have as high a slope of.the total-lift curve. The glope
for the end-plate tail, however, has been calculated to be
only 84 percent of that for the elliptical tail. This cal~
culation appears corroberated, moreover, by the change 'in
the pitching moment at zerq 1lift developed by the end-plate
tail, corresponding to a change from 0° to -4° in tail set-
ting, which was also about 84 percent of the change pro-
duced by the elliptical tail (fig. 5).,. The apparent incon-
sistency may be explained by the experimental, and unex-
pected, circumstance that the average downwash angle af-
fecting the end-plate tail was slightly less than that af-
fecting the elliptical tail and balanced its lower 1ift-
curve slope. (See fig, 11. Refer also to pitching-moment
curves in fig. 5.) No explanation for this difference in
downwash is offered. Further investigation of tail sur-
faces of different geometrical characteristics may provide

“a better understanding of the nature of such interference

phenomena.

Stability at the stall.- The problem'of obtaining
satisfactory stalling characteristics is again commanding

. attention in connection with the refined present-day mono-

planes,  An essential feature of a satisfactory stall is
that it give ample warning, associated preferadbly with
rapidly increasing stability in pitch. Figure 9 presents
the aerodynamic characteristics for a low-wing unfilleted
combination of moderate aspect ratio (see fig. 3) that em-
ploys a common method of achieving such a stall, an inter-
ference burble (see reference l);‘the burble occurred at a
1ift coefficient of about 1.0, which is above the climbing
range, and resulted in a loss of downwash at the tail. -
As the angle of attack was increased, the 1ift continued
to increase slowly to. the maximum but the diving moment:
and the drag rose prec1p1t0usly,'1nsur1ng a steeper glide
path, an appreciable increase -in. stability in pitch, and
thus a warning of the approaching stall. It is understood
from flight results .that some tail buffeting may occur si-
multaneously, this buffetlng igs an unmistakadble warning
that. cannot be overlooked. ' The interference burble can be
delayed to a hlgher 1ift coefficient, .if so desired, and
the cost in maximum 1ift and minimum drag can_ be reduoed
by small flllets. The use of the interference - burble 1is.
therefore not necessarily a makeshift solution in the de—
sign of alrplanes for acceptable stalling characteristics.

Tail efficiency.- The tail effieienoy, Ny, ~may be
I




defined as the ratio of experimental to calculated changes
in the pitching moment due to the horizontal tail surfaces.
- The calculated changes may be derived from the geometric
and the aerodynamic characteristics of the tail surfaces,
with due allowance for the downwash angle and the flow ve-
locity at the tail as affected by the wake. Ordinarily,
the efficiency is derived from the experimental.and the
calculated changes in the . nltchlng moment of the combina-
tion produced by different settings of the tail surfaces
for a given angle of attack of the wing. This procedure
avoids the complications:involved with the downwash angle
at the #ail. . Such a derivation results, however, in an ef-
ficlency corresponding to a varying angle of tail setting
rather than one for a varying angle of attack of the combi-
nation as a whole, The interferences associated with var-
ious tail-surface settings might possibly differ, and hence
the efficiency as ordinarily obtained would not strictly
‘apply to stability calculations for which the tail changes
angle together with the combination. As will be shown
later, however, the varlatlon in tail efficiency over a
moderate range . of angles of tail setting is generally und_
important for com01natlons such aﬂ roported hereln.

If'the tail efficiency is derived as described, it
will differ from 100 percent by an amount proportional to
the ungvaluated interfeTence. Reference 10 containsg meth-
- ods of obtaining the interference behind the wing. The in-
terferencé with a fuselage present remains to be investi-
gated.  The following table presents a comparison of tail
efflClencles for various combinations with allowance made
for the interference of the wing alone in accordance with
the methods of reference 10, '

Notice that Ny 1is praectically constant for the sym-
metrical midwing combinations over the range of angles of
attack investigated. For the high~wing and the low-wing
combinations, the efficiency shows greater amounts of un-
evaluated interference at low angles of attack than for
the midwing combination. Most of the difference is be-
lieved to result from the asymmetry introduced by the fil-
lets. (Notice in fig. 9 the reduction of slope in the
pitching—moment curve associated with the fillets.) It
appears, therefore, that a knowledge of the interference
behind a wing alone is not sufficient for calculating the
effectivenecss of tail surfaces in combinations. TUntil
further research more fully evaluates the interference at
the tail of combinations, estimates based upon test re-
sults, such as in this report, must be relied upon in sta-
bility calculations.
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COMPARISOX OF TAIL EFFICIENCY FOR DIFFERENT WING-FUSELAGE COMBINATIONS

) . Taillefficiency, Ny aCm. /4 |

Combina- | kfc | 3w |, 6 1s° (averaged for . 4 56_9123 due to $ail

tion (degs)|(deg.)l = 1,200 to #4°) ‘ L surfaces
l | a:oolu=40 Q=120 =00 | a=4° | a=12°

Elliptical tail surfaces A o
zi4 |0 | o | oy| | -0.128{-0,157 |-0.202
7 | S + 0,90 1 0,911 0,91 g1~

e s1s o Lo —af T ae | e ~.127| ~.146] -;196
327 |o22| 0. | 4 | 0.79.0.82!0.90 | -0.164|-0,198-0,221

- a ' o ' I T 79 . 82 . 090 3 !
Lowry B2 “221 0 110 q)ar gy el g Levgg } ~o162).-,179 | ~,218
336 | .22 0 -4 BT .82 ,90 . | i -s167] -.180| -.213
330 |~0.22 | O. | 4 | .0,81]0.81{0.90 ~0,168(-0,146 |- 6,191
Y B 4 J1 .81 .81t .90 - JEN
&uﬁ""? 318 ’“oglz). O O L \"]b .79 ,’)')5.79 '7({:84 } .——.160 —‘1151 _"’,158
328 ~.22| 0 -4 290 W79l ,e4 | -,159] -.153| -.151

Tail surfaces with end plates .
ot 36 |0 .| o 0 | ' -0,132-0,160 |~0,164
ot “ : - 0,92 | 0,89 | 0,89 ‘ |
317 0 0 -4 a5 | e | hod -,143| ~.150] =,157

8rom reference 6.
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- The values of ﬁt "given are obviously averages for

the two tail settings employed in each derivation. For-
any combination chosen, at a specified angle of attack),

.the downwash angle and the wake interference may be as-—

sumed unchanged for various tail settings. Under such
conditions, a variation in the change produced in the slope
of the nltchlng*moment curve by adding tail surfaces

dCy
A EE~—L4 is a direct indlcwtlon of a varlatlon in the
L .
tail efflclency. From the columns of A ————L~> in the

preceding table, it can be concluded- that the tail setting
did. not, in general, greatly affect the tall efficlency

“at the lower 1if%t coefflclents within the range investi~

gated and within the accuracy of the data.. It appears,
therefore, that an efficiency derived from a small range
of tail settings is reasonably applicable to horizontal
tail surfaces that change angle together with the combina~
tion as a whole. Check calculations with the data. using
efficiencies so derived corroborated this conclusion by

correctly predicting the curves of pitching moment produced

by the tail gurfaces.

The efficiencies of the tail with end plates in the
symmetrical midwing combination are practically the same
as those of the elliptical tail. (Cf., also values of

A <56—014> ) This agreement indicates that. the unevaluat~
L

ed interference is not intimately connected with the geom-

etry of the tail surfaces themselves.

CONCLUSIONS

The results of the present tests show that:

1. The increment to the drag in the high-speed range
caused by adding tail surfaces in the normal range of tail
settings to clean combinations can be estimated within use-
ful limits of accuracy from section characteristics and
the wetted area, the interference being neglected.

2. The interference of the fuselage in symmetrical
midwing combinations on the downwash angle behind the w1ng
ig small.
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%3« The effect of asymmetry in the combination is’to
introduce a corresponding initial deviation in the air
stream at the tail.

4. The effective'downwash angle at the taill may vary
somewhat with' the geometry of the tail. surfaces under con-
51derat10n. .

5. An interference burble for a combination o?'wing,
fuselage, ‘and tail surfaces may be congidered a satisfac-
tory meang of produclng acceptable stalling characteris-—
tics.

6., TFor combinations such as were investigated, large
fillets at the tail-gsurface junctures are unnecessary.

7. ZKnowledge of the 1nterference behind the w1ng
alone is not sufflclent for, ‘evaluating ‘the effectiveness
of tail surfaces added to»w1ng~fuselage combinations.

, 8, Tail efficiencics derived cxperimentally from

/ small ranges of tail’ settlngs, the angle of the combina-

tion being held constant can be considered to anply rea-
sonably well to tail surfaces that change angle together

with the comblnatlon as a whole.

Langley Memorial Aeronautical Laboratory, .
National Advisory Committee for Aeronautics,
Langley Field, Va., November 5, 1938.
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TABLE I - Airfoil Cherecteristics

C ~ C C C C
Cy, D m , | G D m C 2 m
Airfoil © c/4 ° o/4| * e c/4
a = 0° o = 40 o =12°
Tapered §,A.C.A. 0018-09{ 0.000 | 0.0093 | 0.000 0.305 | 0,0099 | 0.006 |0.910{ 0.0146| 0,013
TABLE II -~ Fuselage Characteristics
1 1 1 1 1
Tuse—|En~ | C C Con CL c Cp CL C Cp | C c Co CL C Cpy
lege |gine L D ¥ D k) D F D ) D F
o= OO =4 0 Q= 80 O.:120 Q:160
Round | ¥one|0.000|.0041 |.000|.001 |.004% | .016].005 {0049 |.028|.011 |.006= |.035 .0191.00851.038

1 ,
Pitching-moment coefficient about the guarter-chord point of the fuselage.

¥1
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TABLE III - Lift and Interference, Drag and Interference.
and Pitching Moment and Interference of
Fuselage in Wing-TFuselage Combinations
C%?Z‘ ACL AcDe Aomc/4 ACy, AGDG Acmc/é ACL ACDO Acmc/4
na-—- -
tion a = 0° o = 4° o =127 .
230 0.00Bl0.0024 -0.,003}0.023|0,0024| 0,003,0.,042]0,0040| 0.012
319|-.018| .0024| -.023|-.001| .0025| =.019| .030; .0040| -.009
321]-.020| .0028| =,022|~,004| .0027| -.016! ,019; .0035| -.002
306} ,008| .0029| -.001| .019{ .0033 003{ .044} .0059 .012
307{~,008| .0029 .001; .013} .0028 .005] .037| .0044 .011
308{~,017] .0025 . 009 ~.Oil .0027 ,017:~-,004} .0052 .032
) 309| .017| .0025| =~,009{ .036| .0027| -.004| .046| .0047| .006
] 187{ .009| .0031; -,008{ .026| .0036}| -,001] .029 .,0069 .010
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TABLE IIla ~ Lift and Interference, Drag and Interference,

and Pltching Moment and Interference of Tail

Surfaces in Combinations
C%?: ACL ACDe ACmc/4 ACL AGDe ACmc/4 ACL ACDe ACmc/4
t??; o-= 0° o= 4° a=12°
_510 0.005 j0,0011 O.QO9 0.030}10,0012!~0.050}0.097]0,0025}-~0.190
t 311|-.005 .OOli ~.0091 .022| .0015| ~,062| .078| .0041}| -.168
3121~.003 | ,0007 .020¢ .0271 ,0008} -,037 .085‘ .0015| ~,172
813} ,003 | .0007| -,020| .027| .0014}| -,073| .061| .0038| -,171
314 .015 | ,0011 .0031 ,033{ .0015{ ~,043| .097{ .0046; ~.1l67
315|-,035 | ,0018 107 (~-,007; .0010 .063} .046| ,0006| =,052
316| .015 | .0014 003 037! .00L7) ~.046] .091| .0031| =~,152
317|-.019 .OOlQ 088} .009} .0013 .040| .054¢ ,0010| ~.058
318 - - - - - - - - -~
3201 .003 | .0015! -,010{ .033| ,0015| =~,059{ .075{ .0033 -.151
3221 ,006 20012+ ~,016| .03l .0016; ~,087| ,074| .0041]| ~,164
323 1,037 .bOéi 091 }-.017} ,0017 L0351 .022{ .0027| -,058
24| .004 | .0014| -,008| .029| .0015| ~,060| .076| .0028| ~.161
825| .019 | .0010 .006| .039| ,0013{ -,042| .099| .0036| ~,164
326| -,056{ 0015 .125}~,032| ,0008 .0681 .0l6| .0007| -.061
327} .042} .0015} -,082| ,071| .0027} ~.142| .128| .0058| ~,283
328 =,042| ,0015 .0821=,021} ,0009 . 029 ,0201 .0019} -,069
329 ~,038] .0015 «107{-,017] .0008 .045| .038) .0021| -,065
330 .058} .0015} -,125] ,075| .0033| -,178{ .118| .0084! -,281
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TABIE V . PRINGIPAL AERODYNAMIO CHARACTERISTICS OF THE COMBINATIONS
=
. _ 5
o - 1A£% coef-
Longi- | vertsFagt e o | o Aerady. c fiotent st [Effec- | Etfes-
gom- ;‘;giMI ;:ii ¥ing g‘l,':;e liency | ©°min opt | center- oy 1nterf;§enoe !tli:e ; vo
Disgrams representing combinations Eigg. Remarke e foas ?-,I:; (por ) Baoton ) position 11“;: ® 2= Bs
. afe - | x/e (;«; degreo) | o Ao 10 10° 10°
8] =6,
Tapered N.A.C.A. 0018-09 airfoil with round fuselage
E 1.
- |Wing alone b = - 0.077 |0.90 [0.0093 { 0.00 0.020 0.000 1.4 °1.h8 1.23
- (From reference 2) A P 8.
. .000 1. 1.52 1.27
230 |{oinssor fimin) 0 o o 080 | %85 {.o117 | .00 026 5
Tapered fillets. - D A o, % .4
. Vortical and homi- 0 0 0 o086 | %85 |.ow2e] %02 -.100 .002 1.7 1.73 1.47
314 zontal tail egr
faces. 1 g = .
1y = =h% other- : . ’ .6 862 | "3
315 lwiae same as com- ) 0 0 .087 | %90 |[.0133 | “.&2 -.156 .102 .
bination 314 - :
: &
Tapered fillets, ie L) . 8.6 1.40
316 |Tail surfaces with| o 0 0 086 | °.8 | .32 %02 ~.098 .001 A6 67
end platea. 1 =0 .
1, = <4°%; other- y Iy s 8
. . 1.
a1 wilge same aa oom- [¢] [¢] [{] .087 ©.90 LOL3% - .75 -.122 .086 1.6 1.62 33
bipation 316 :
| ! . .
Yashed-out fillets b . N . _—
316 |Vertical and hori~| © o 3 086 | ".8 | .oz |%-.33 ~.129 - . O 1.4 1.42 3
zontal tail sur-,
faces, 1 = 0° \
. A s
319 |Symmetrical o 0 4 o8 | *.8 §.m17 | .02 027 1-.02 1.5 ®1.55 .25
tapered fillets )
- 1
8ame as combina- : [J &
i ® ¥ . 1.36
320 |oreicas and hora-| © ] © 4 087 | %5 | .o32 (%29 |-215  |-.033 A 1.66 3
zontal tail sup- H
faces, 1, = 0 !
- i
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Teble V (continuation) z
Angle| Lift- | 0, B
Longi~ | Verti~ 2% curve Span Aerody- | Lift coef. ¢
Oom~ tudinal fcal |wing | slope | effi-~ namio | flotens s | Effeo- | Effes- O
Diagrams representing combinations bina- Remarks posi- | posi- |get- | (per otency (*Dg OLopt center- | m 1n:o:?er::ce five |tive :'J>
tion tion tion |ting | degree) | factor min position burbls YR = « R=
d/o k/c iy a e n 8.2 3.7 %
" (deg)| A=8.88 o Ly, 10° 108
Tapered N.A.C.A. 0018-09 airfoil with round fusela.ge
: ' ‘ & e
@ 3?1 0 o " .00 | %e5 | .o120 | .02 o |02 1.5 1.56 | M.22
Vertical and hori- A [} 8
. 322 |zontal tail sur- 0 o b 087 | ‘.8 | .0133 |°.32 |{T-.116 -.039 1.6 1.67 1.35
1, = <4% other. . A o a, .
= - ination 322 :
Tail surfaces wi A ° &
- 324 e:alpiace:? fs','o n 0 [} i .086 ‘.85 .0135 {%-.28 [|T-.11b -.032 1.6 1.65 1.3
Tapered fillets. &
g S Bt °o (o fo 86 | tes | .oy | %06 |-.osr  fl.oos | M7 |n7e |fim
. .g ;
. R A o 8,
.- — (From reference 6) . e .032 -.001 1.6 1.6 1.36
\(Q}r 306 | Tapered 11100n 0 22} 0 080 | .85 | .0122 | -.02 3 . 5 3
: . . . {From reference 6) a
o b a fillets: °. 8
@ & ne H‘,’,ﬁ;‘;ﬁ“al tass % 22} o 087 | %85 [ .o129 !tk 1”133 .019 1.2 2.8 | ®1.50
surfaces., 1, = 0
" ig = =U9; otherwise ’ . - ’ A
@» 326 | sone as combimatio] O 22f 0 085 | %8s | o.ouz7 | W77 |T-.166 116 1.7 1,76 | 1,46
2
15 = 4% otherwise . i N e a
— 327 ;-im as combinatiof O 221 o o086 } “g0 | .33 |>-.60 -.125 -.077 1.8 1.8 . | M50
2
B e— — 308 | (From reference 6) ' .3 ’ A b,
J Straight-side funod. © 221 0 .078 .85 | .0ai8 | -.03 L0k .010 1.5 1.58 Lar
tures ‘g"&]
- g‘rm ;:farenee 6) A, [ 8, gg
v ~81de juncd 8 ? . .
@ 320 | burase Hovtcanter®]  © 22| o .086 | %85 | .otes | %13 |“a27 .06 | A7 1.75 | "1.46 £
tall surfaces,ly=0' & <




Table V (conclusion)

Longl- |Verti Angle Lift~
g -~ {Verti~ | o curve Span Aerody-
Gom tudinal [cal win, alo off: il La£5 coet-
6
Diagrems representing combinations :i:a— Remarks posi-  |posi- |uete { ope otency | Op o g:ﬂfi;:r- Cn f‘g“’f“ at
2 tlon  |tion |ting | dogree). | facte | mtn | OBt position ° | uriet
a/o k/c iy a P3 N i ¢
(deg.)| A=8.88 ° Ly
Tapered N.A.C.A. 0018-09 airfoil with round fuselags o T
(Fg refovence 6) i @ T casn ) e a
@ 307 | apod, tefarence -22f o | Lom | %e5 | .00 | .02 .030 .001 M5 1,57 | °1.26
— Vs N, .
' - ;‘From reraﬁnoe 6)
apered fillets, A, [ a.
313 | Hortzontel tail o ~221 0 087 | .85 | .o129 f-.15 |-.127 .019 1.7 1.72 1037
 fsurfaces. 15 = 0
B 1, = =49 otherwise
a8 * .
@ 8 ?i?‘i as conbination -.22| 0 086 | *.e5 | .33 |61 [ -125 .o17 A6 %1.66 | 1,30
@ 187 | (From regerence 1) -22] 0 0791 .85 | .04 |02 039 |-.008 B9 133 | %1
Horizontal tail
@—' 329 lourfaces. 1= 4O -.22) o0 .085 5,90 L0139 | %69 i"-.137 .095 By.0 Sz {B1,23
1, = 4% otherwise
a8 ; & 3 4 A [} 8,
@‘, 330 | jome as oombination -.22] o L0856 20 | .o137 [e.77 -.166 115 1.6 1,74 1,38
i Co1n3
(From reference 6
309 |8traight-side ) -.221 O 079 4,85 L0118 .03 L0l .. 01.0 Al.‘j °1.50 l’1.23
i Junotureg
éi!‘o;l ﬁgra{enca 6) A
raight-side Junc~ ) L] a r [} a
@ 311 | Stralght-aide un -2 o 086 | “.e5 | .omes -3 (-5 |.o16 1.6 1.66 | %140
tall surfaces.
1g = 09
Hettors refer to types of drag curves asaoclated with the interference burble as follows! 3 etters reter t;a oondition at maximum 1if% ag fnllm;sa' _s!easombly-stQady at Olqm ; ® mall logs

Cbe

Obib = G;mx

-~

%L1y

Type 4

Type B

Opg

o
Ly

L
Type C

®poor agreement in high-speed range.
‘ ‘Poor agreement over whole range.
®Poor agreement in high-1ift range.

%

k4
o

at 0,
B

= ﬂ.Ouo L

’

= 0 for combinations with tail surfaces.

a6, at c“o /o™ 0 for combinatione with tall surfaces.

o, ; ° T 1176 b 6 oL .
of 11ft bayond ; large loss of 1i: eyond and uncertaln value of Linax

(uorsnoup3)
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FIGURE LEGENDS

Figure l,- Combination 314 showing elliptical tail surfaces.,

Figure 2,- Combination 316 showing rectangular tail surfaces
with end plates. '

Figure 3.~ Combination 329 showing unfilleted juncture. .

X AT Ia
(in,) | (in.) | (in.)
(a) Elliptical tail surface. :
Fin area: 11.46 sq.in.; 0 1.403 e
0.076 of wing area. 1.0 1.381 -
I v Area horizontal surfaces 2.0 1.308 1.598
Y (including 4.08 sq.in. 3.0 1,177 1,439
LY in fuselage): 27.00 sq.in.; 4.0 .965 | 1.179
~T Mé 0.18 of wing area. ‘ 5.0 .588 .718
‘ e 5.5L | 0 0
2 W, Wy -
(in.) (in.) (in. )
(b) Tail surface with end plate.
Fin (end plates) areat 0 0 0.
17.88 sg.in.; 0.119 of .240 .728 .596
wing area. 1,240 | 1.378 1.126
Area horizontal surfaces 2.240 | 1,412 1.154
(including 3.70 sg.in. in 2.240 | 1.178 .964
fuselage): 21.02 sq.in.; 4.240 | .416 | .340
0.14 of wing area. 4,352 1 0 0

Figure 4.- Details of the tail surfaces - W,A.C.A« 0009
sections.

Figure 5.~ Characteristics of midwing combinations with
various tail surfaces. Tapered N.A.C.A. 0018-09 air-
foil and round fuselage; k/c = 03 iy = 0°.

Figure 6.~ Effects of tail setting on the characteristics
of high-wing combinations. Tapered N.A.C.A. 0018-09
airfoil and round fuselage; k/c = 0.22; iy = 0°.

Figure 7.- Effects of tail setting on the characteristics
of low-wing combinations. Tapered N.A.C.A. 0018-09

- airfoil and round fuselage; k/c = = 0.22;5 1y = 0°

~



Figure 8.~ Effects of wing vertical position. Tapered
N.A.C.A. 001809 airfoil and round fuselage; i, = 0°;
ig = 0°.

Figure 9.- Effeets of fillets on the characteristics of
low—-wing combinations. Tapered N.A.C.A. 0018-09 air-
foil and round fuselage; k/c¢ = - 0,227 i, = 0"; iy =
-4°,

Figure 10.=~ Effects of wing setting on the characteristics
of midwing combinations. Tapered N.i.C.A. 0018~09 air-
foil and round fuselage; k/c = 0; 14 = 0°.

Figure 11.,-~ Comparison of experimentai and prediéted val-
ues of the downwash angle at the tail. 4 = 6.86.
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Figure l.- Combination 314 showing elliptical tail



N.A.C.he Fig.

Pigure 2,~ Combination 316 showing rectangular tail surface with end-
. plates.
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Figure 3.~ Combination 329 showing unfilleted juncture.




o Curve of fuselage
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