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An experimental investigation has been conducted to define the
downwash field and vortex-sheet shape behind a wing-fuselage combination
incorporating a 63° swept-back wing of aspect ratio 3.5. Data for nine
vertical transverse planes located between 0.57 and 2.71 semispans behind
the 0.25 mean aerodynamic chord point are presented for three angles of
attack at a Reynolds number of 6.1 X 10%. The 1ift coefficient range was
limited to that where no separation of the air flow across the wing
existed, but reached as high as 0.52 with the aid of boundary-layer
control.

It was found that at positive angles of attack the vortex sheet
assumed a shape which was initially bowed upward but flattened out down-
stream before the rolling-up process had progressed to an appreciable
degree. A comparison with theory showed that an acceptable approximation
to the downwash distribution within the distance surveyed could be
obtained if the vortex sheet were assumed to be flat and the spanwise
vorticity distribution were assumed to be that of the wing.

INTRODUCTION

A considerable number of investigations, both theoretical and
experimental, have been undertaken to study the downwash behind wings
having straight trailing edges and several theories have been advanced
for predicting the downwash behind such wings. However, very little
information is available on the downwash behind highly swept-back wings
although some methods of calculation have been proposed. .
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One of the methods of predicting downwash angles behind swept-back
wings (reference 1) is an extension of the theory of reference 2 used in |
predicting the downwash behind high-aspect-ratio straight wings. This
theory is based on the assumptions that the trailing vortex sheet extends
from the wing trailing edge to infinity in the form of a flat sheet and
that the distribution of vorticity across the vortex sheet at any down-
stream distance remains the same as that on the wing. These same basic
assumptions are also made in the flat-sheet methods discussed in parts
of references 3 and L.

The results of reference 1 indicate that these assumptions are valid
for use in predicting the downwash angles at several chord lengths behind
wings with moderate amounts of sweepback. The characteristics of the
flow field behind the highly swept-back wing, however, have not been
sufficiently defined experimentally to determine when the assumptions
of the flat vortex sheet and undistended vorticity distribution may be

‘applied.

In reference 3 it is stated that behind certain wings of low aspect
ratio, the vortex sheet may become essentially rolled up into two trail-
ing vortices within a chord length or less of the wing trailing edge.
For this condition the downwash at the tail may be predicted by the use
of the rolled-up sheet theory. In this theory the vortex sheet is assumed
to be completely rolled up into two vortices at some distance ahead of
the point at which the downwash is to be determined. Since reference 3
presents this theory primarily for low-aspect-ratio wings with unswept
trailing edges, it is not clear when conditions permit its use for pre-
dicting the downwash near the tail location behind a wing with swept-
back trailing edges.

It is evident that important factors in the theoretical determination
of downwash are the vortex-sheet shape and location and the strength of
the tip vortices. To determine these factors and to provide information
on the general flow pattern behind a highly swept-back low-aspect-ratio
wing, detailed surveys have been made through an extensive ‘region behind
a 63° swept-back wing (of aspect ratio 3.5) with fuselage in the Ames
40- by 80-foot wind tunnel. It is the purpose of this report to msake
available these data, to point out some of the more important features,
and to determine if the downwash from the subject w1ng can be approxi-
mated by existing theories.

Presented in this report are downwash contour maps for longitudinal

‘stations located between 0.57 semispan and 2.71 semispans aft of the

0.25 mean aerodynamic chord point. Figures showing the variations of
the shape of the vortex sheet at the various .longitudinal stations are
also presented. A brief comparison of the flat sheet and rolled-up

sheet concepts of theoretically predicting downwash is also presented.
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SYMBOLS

wing span, feet

Y

section chord of wing, measured parallel to the plane of
symmetry, feet

average chord of wing, feet

b 2
/ c2dy

mean aerodynamic chord , feet
b/2

1ft
qS

wing 1ift coeffic1ent

section 1ift coefficient
free-stream dynamic pressure, pounds per square foot
wing area, square feet

distance in free-stream direction measured from the 0.25 mean
aerodynamic chord point of the wing, feet

spanwise distance from the plane of symmetry, feet

vertical distance measured from the wing chord plane extended,
feet

angle of attack of wing corrected for tunnel-wall effect -and
flow inclination, degrees

angle of attack, corrected for change in o due to the survey
apparatus, degrees

downwash angle, measured relatlve to the free-stream direction, .
degrees

maximum downwash angle for each angle of attack at given x and y
positions behind the wing, degrees

RESTRICTED



4 : ) RESTRICTED NACA RM A52J08

DESCRIPTION OF MODEL AND APPARATUS

The: geometric characteristics of the model are shown in figure 1.
The wing had 63° sweepback of the leading edge, an aspect ratio of 3.5,
and a taper ratio of 0.25. There was 0° twist, dihedral, and incidence.
The wing had a 64A006 section parallel to the plane of symmetry.

The fuselage had a fineness ratio of 11l.4 based on the actual fuse-
lage length. The cross section of the fuselage was circular except where
the blower exhaust duct projected from the lower part of the fuselage.

A photograph of the model mounted in the tunnel is shown in figure 2.

In order to obtain downwash angles of suitable magnitude without
changes in span loading due to separation on the wing, the wing leading
edge was equipped with area suction as a boundary-layer=-control device
which in this case prevented separation at 1ift coefficients slightly
above_ 0.52. '

The survey apparatus, also shown in figure 2, was suspended from
longitudinal rails fixed to the top of and extending the length of the
test section of the tunnel. Transverse rails mounted on the main carriage
permitted lateral movements across the survey area. Major changes in the
vertical displacement of the survey rake were made by rotating the rake
support nacelle about the longitudinal axis of the control cab. Minor
changes were made by rotating.the rake support boom about the longitudinal
axis of the support nacelle.

The survey rake consisted of six tubes of the combined pitch, yaw,
and dynamic-pressure type mounted on the support boom in two vertical
rows of three tubes each. The tubes were spaced 18 inches apart both
vertically and horizontally. ‘

TESTS

The survey was conducted at an airspeed of approximately 78 miles
- per hour which resulted in a Reynolds number, at standard atmospheric
conditions, of 6.1 X 10® based on the mean aerodynamic chord.

Surveys were made at three angles of attack, 4.1°, 8.2°, and 12.3°,
with downwash and dynamic-pressure data being obtained in nine vertical -
transverse planes located between 0.57 and 2.71 semispans aft of the
quarter-chord point of the mean aerodynamié chord (fig. 3). The. angles
of attack investigated did not exceed 12.3° gince at higher angles the
air flow across the wing tips became slightly unstable even though the
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wing tips did not actually stall until an angle of attack of 14.4° was
reached.

In the survey planes aft of the plane of the wing-tip trailing edge,
the survey extended spanwise from the plane of symmetry to 1.2 semispans
in order to determine the spanwise location of the center of the vortex
core as well as the location of the vortex sheet. The limits of the
vertical heights of the survey varied according to the limits of the
survey apparatus or to the heights at which the magnitude of the down-
wash angles was essentially 0°. The lateral spacing of the data points
are given in the following table:

Spanwise location, Lateral spacing
semispans (in.)
0 to 0.55 : 18.0
.55 to .78 9.0
.78 to 1.00 4.5
"1.00 to 1.20 9.0

All vertical spacings were 4.5 inches. There were approximately 400 data
points for each survey plane, with the exception of the survey planes in
the region between the wing trailing edge and fuselage. .There the data
points were omitted where there was 1nterference between the survey
apparatus and the model.

In order to correlate the downwash data with 1ift coeffipient} lift-
force data were obtained through the angle-of-attack range of the test
with the survey apparatus being located at each of the longitudinal sta-
tions surveyed (fig. 4).

_ CORRECTIONS

The measured downwash angles and angles of attack were corrected
for tunnel air-stream inclination and the air-stream inclination due
to the presence of the survey apparatus. The latter correction was
obtained from tare runs made with the model at the angle of attack for
zero 1ift with the survey apparatus at each survey position. This tare
includes the thickness effect of the wing and fuselage.

Tunnel-wall corrections applied to the downwash angles and angles
of attack were determined theoretically by the image system method for a
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swept-back wing in a rectangular tunnel. After computing the correction
coefficients for the 2.36 b/2 and 2.71 b/2 longitudinal- stations, it was
found that these coefficients differed by less than 10 percent from the
correction coefficients for a straight wing of the same span and area.
This magnitude of differences was considered to be negligible, therefore-
the correction coefficients of the straight wing were applied throughout
the survey. The angle change to the downwash varied with longitudinal
distance aft of the wing

from Ac

0.192 Cj,

to ’ Ae

0.535 Cjy,

and the angle of attack was corrected by
Ao = 0.482 ¢g,-

Corrections were not applied to the wake displacement since the effects
of the tunnel wall and the effects of the survey apparatus were small
and opposite in sign so that the resultant change in wake .displacement
was considered negligible.

RESULTS AND DISCUSSION

Downwash Data

The downwasn data obtained from the investigation are presented as
maps of contours of constant downwash angles. The maps represent each
of the vertical transverse planes surveyed at each angle of attack
(figs. 5, 6, and 7).

The vertical distances are referenced to the extended chord plane
for each angle of attack with the longitudinal distances being measured
horizontally from the quarter-chord point of the mean aerodynamic chord.

In the form presented, the data are of primary interest as a basis
for judging the accuracy of the predictions of a downwash theory or for
use in the design of an airplane having a similar configuration. How-
ever, in so using these data, consideration should be given to the dis-
tortion introduced into the downwash field by the effects of the support
struts. This influence can be seen in the vicinity of the 0.40 semispan
station.
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Shape and Location of the Vortex Sheet

Important factors in downwash theory, which are not obtainable from
downwash-angle measurements alone, are the shape and location of the vor-
tex sheet. These factors can, however, be determined from a study of the
maximum momentum loss in the wake which is very nearly coincident with
the, vortex sheet. Momentum-loss data taken during this investigation
have been analyzed for the purpose of defining the vortex-sheet shape and
location.

Figure 8 shows the result of this analysis in the form of the span-
wise variation of the vortex-sheet height with respect to the extended
chord plane at each angle of attack and survey plane. In the region
between the wing trailing edges and for a considerable distance aft of
the plane of the wing-tip trailing edges, the vortex sheet is found to be
bowed upward, being highest near the wing-fuselage intersection.! This
apparently results in part from the fact that the trailing edge of a
swept-back wing at angles of attack does not lie in a gingle horiztonal
plane. At positive angles of attack, the sweepback of the wing trailing
edges causes the trailing edge at the wing tip to lie in a lower hori-
zontal plane than the trailing edge at the plane of symmetry and this
shape is assumed to some extent by the free vortex sheet. It must be
pointed out, however, that the bowing up of the vortex sheet is not
peculiar to wings with swept-back trailing edges. This condition has
also been obgserved to exist behind certain wings with straight trailing
edges. .

Path of the Vortex Core

Another factor in controlling the pattern of the downwash field is
the development of the vortex core. In the case of the unswept wing of
higher aspect ratio, the rolling up of the vortex sheet is not suffi-

- ciently advanced, within the tail lengths of interest, to affect the
downwash appreciably; therefore a flat sheet is assumed. However, in the
case of the low-aspect-ratio wing with straight trailing edges, it has
been shown (reference 3) that the vortex sheet may roll up into tip vor-
‘tices within tail lengths of interest. 'Therefore, a fully rolled-up
sheet of two discrete vortices is assumed for this case. The downwash

1In considering these results, the shape - of the vortex sheet inboard of
the 0.20 semispan station should be 1gnored since it is influenced by
fuselage interference. -
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data presented in this report have been analyzed in an attempt to deter-
mine if either of these cases is applicable to a highly swept-back low-
aspect-ratio wing. '

Reference 3 shows that the lateral position of the center of gravity
of the vortices trailing from each half of the wing remains invariant
with increasing distance aft of the wing. In the rolling-up process the
vorticity in the sheet is continually being shifted outboard into the tip
vortex. Thus, as the tip vortex gains strength it must move inboard in
order to maintain the center-of-gravity position. Hence, the amount of
inboard displacement of the tip vortex at any downstream station indicates,
at least qualitatively, the amount of rolling up that has taken place
ahead of that station.

The location of the tip vortex at each longitudinal station is
easily discernible in the downwash contours (figs. 5, 6, and 7) as a
concentration of contour lines near the 1.00 semispan station. Here it
may be seen that there is a slight lateral displacement at the survey
plane nearest the wing-tip trailing edge but that there is little dis-
placement from that point to the aftermost survey plane. Reference 5
also shows this same type of vortex-core path behind a 35° swept-back
wing.

Figure 9 compares the tip vortex path obtained experimentally with

.that computed from the theory in reference 3. This theory considers the

origin of the coordinate system of the tip vortex to lie at the edge of
the unrolled vortex sheet and that the y axis of the coordinate system
is tangent to the flat portion of the sheet. Therefore, in order to
keep the theory compatible with the experimental results, the y and z
axes of the theory were rotated so that the y axis was tangent to the
flat portion of the experimental bowed-up sheet. The spanwise location
of the completely rolled-up vortex was computed to be 0.853 semispan,
with the path of the vortex being displaced approximately 7O percent of
this amount at the 2.71 longitudinal station. This predicted amount of
displacement indicates that a considerable amount of the rolling-up
process should have been completed ahead of the 2.71 semispan longitudinal
station. At this point, however, the experimental data show that the

'tip vortex has been displaced only 10 percent of the amount required for

complete roll up, thus indicating that very little of the rolling-up
process has been completed. Since this experimental lateral displacement
is less than the amount which was considered to be negligible in refer-
ence 2, the effect of the tip vortices on the downwash field, within the
limits of this survey, may be neglected as in reference 2.
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Comparison of Theories With Experimental Results \

Lacking a generalized downwash theory, comparison of the downwash
can be made only with theoretical values representing the limiting
-assumptions of either no roll up of the vortex sheet or complete roll up
into the tip vortices. Of the several analytical procedures possible,
the method of reference 4 was used because of its simplicity. Where the
experimental span loading is used, the downwash corresponding to a flat
vortex sheet is obtained; where uniform loading is used, the method gives
the downwash obtained when the vortex sheet is completely rolled up into
the two tip vortices. The span loading curves used in the computations
are shown in figure 10.

In order to determine which method yields the more accurate pre-
diction of the downwash angles at the various lateral positions, com-
parison is made of the distribution of e€pgx 1in the spanwise direction
at two angles of attack and two distances downstream from the wing. No
attempt has been made to compare the vertical locations of €max &iven
by the predlctlons with those found experimentally.

The experimental data of figures 5, 6, and 7 were cross-plotted to
obtain the downwash angles which would result if the corrected angles of
attack of the model were constant throughout the longitudinal positions
_surveyed. 1In figure 11, a comparlson of these results with the two
theories indicates that the flat-heet concept approximates the downwash
distribution quite closely at both longitudinal dlstances at o = 6.0°
and at the 2.71 b/2 longltudlnal point at o = 10. 5 At the 1.31 b/2
longitudinal point at o = 10. 5 » even though the magnitude of the pre-
dicted downwash angles is higher than that of the experimental downwash
angles, the general -distributions are in agreement.

From the above results, it is seen that the theory assuming the
flat vortex sheet will closely approximate the downwash distribution
when used with the experlmental span 1oad1ng provided there is no
separation of the air flow across the wing.

CONCLUSIONS

The 1nvest1gat10n of the downwash characteristics and vortex-sheet
shape behind a 63 swept-back wing-fuselage combination indicated the
following: '

1. At positive angles of attack the vortex sheet was bowed upward
in the region near the wing. This was attributed partly to the sweepback
of the wing trailing edge. '
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2. The rolling up of the vortex sheet proceeded in such a manner
that the theory assuming a flat vortex sheet gave acceptable predictions
of the downwash distributions within the limits of this survey.

Ames Aeronautical. Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.

REFERENCES

1. Furlong, G. Chester, and Bollech, Thomas V.: Downwash Sidewash,
and Wake Surveys Behind a 42° Sweptback Wing at a Reynolds Number
of 6.8 x 106 With and Without a Slmulated Ground.

NACA RM L8G22, 1948.

2. Sllversteln, Abe, Katzoff, S., and Bullivant, w Kenneth: Downwash
and Wake Behind Plaln and Flapped Alrf01ls. NACA Rep. 651, 1939.

3. OSpreiter, John R., and Sacks, Alvin H.: The Rolling Up of the
Trailing Vortex Sheet and Its Effect on the Downwash Behind Wings.
Jour. Aero. Sci., vol. 18, no. 1, Jan. 1951, pp. 21-32..

L. DeYoung, John: Theoretical Symmetric Span Loading Due to Flap
Deflection for Wings of Arbitrary Plan Form at Subsonic Speeds.
NACA TN 2278, 1951.

5. Luetgebrune, H.: Nachlauf- und Widerstandsuntersuchungen an
gepfeilten und ungepfeilten Tragflugeln. Zentrale fur
Wissenschaftliches Berichtwesen der Luftfahrtforschung, FB 1672,
Berlln, Sept. 20, 19k2.,

 RESTRICTED



NACA RM A52J08

RESTRICTED
27.000
1\ "
i 1]\ 1\
——
o
@ -
T . g 3
e -
S 3
~ ]
£
o 3
A
8 $
i © 8
<+ Q
\ A
\N|7
LV
3.680— :
|
S
~ ©
§ 3 !
S.
l 63 N\ |/ l
g \|7
i Y. l
R
N
]
|
©
J%l___
Wing : Fuselage
Sweep 63° - Fineness ratio 11.4
Aspect ratio 35 o Radius at ’ 234
Japer ratio 0.25 station d 1.840 [/—(2% =17
Tuj/sl 0°
g’gzzz o g: All dimensions in feet
Airfoil section .NACA 644006 unless otherwise noted
Area 208.3sqft

Figure |.- Geometric characteristics of the 63° swept-back wing -

fuselage combination .

RESTRICTED

11



NACA RM A52J08

RESTRICTED

12

‘Surm eyy puryeq snyevaedde Leaans eyl YJF[M Teuuny puim
3003-0g8 £q —O# sewy eyj U] Pejunom UOT}BULqWOO eFeTesnj—Julm Joeq—jdems omw eyl —*'g eandrtd

RESTRICTED



NACA RM A52J08 RESTRICTED ' 13

D/srance aft of

4 ’ sem/spansl E 1.22bpp — ]
2.7/

2.36

2.00 —

K—Sqrvey p/anas/ :

\

/.65

1.31

1.1

0.96.

0.75 -

0.57—

Figure 3 .— Location of downﬁvash su}'vey planes behind the 6‘35
swept-back wing-fuselage combination .

RESTRICTED .



14 ' RESTRICTED NACA RM A52J08

Rake distance aft
of -f— , Sémispans
Rake out of tunnel
0.57
0.96

| 4
13 & | 7
_ 7

NgbDODOO

“\\\1:&

< NACA

. 4 6 . 8 10 2 4
; Angle of oattack ,a, deg .

Figure 4.— Variation of Ilift coefficient with angle of attack
for various longitudinal positions of the survey rake . Angle
of attack corrected for tunnel/-wall effect and flow inclina-
tion . : '

Vi
RESTRICTED




15

ol = uoNDUIQUOD 3bDDJ3SNY-buim 3IDQq-JdaMS ,£9 Byl PuIYaq Ayjpuds  yo
auo/d ay; o |pwiou saupid (D297 Ul S8/buD YSODMUMOD JUDISUOD JO SINOUOH —'G 84nbl-

4409

D ‘2/9460=% (D)

002=""0 ‘2/a6/0-x (q) 061=
.,.NN\.m ‘Aypwwhs jo supd woiy doupisig ‘ . .Nmm ‘Answuwls Jo auoid wol 82uDISIg
R v £ c / O, <. 4 £ c A 0
-3 , <
hquqzVF. /./n.\I\ e m, / —/< W
. ] ) 3
S
T [or—0[ N / or : <
/- 0 — /-
& AN Q.
Ce 3 / . g
m -0, 3 AN S
T T Q _ 3
S — S P s
m GE ) 0 > —— 0
hu )
A RO | / S 3
& e . o S
o
r 8 I3
°
» S X
~——oi Z 3 z 3
®
®
§ > ®
\ .-~ ! . 3
£ p or £ 3
o
N[N o
&N &' NN

NACA ‘RM A52J08

RESTRICTED



NACA RM A52308

panuuoy —'G - a4nbid
4109 .

022=""0 ‘2/4960=% (9)

2/9 ‘fuowwAs 10 oupid woil SIUDIS)
oo 2 Auyounfs 40 aupjd woy  ounisig
’ Z g (o8 4 [ l

-
—~

)

| / Noz” \

(\.P

S~
]

Q

RESTRICTED

16

M N ~

A

papudjxe oupid pioys wolf 20UDJSID [D2148/\

c/q9 «

z

RESTRICTED




17

-RESTRICTED

NACA RM A52J08

- panuiuoy —'¢ ...&%.Q

QM;N" \kQQQ | sN\Q /=X \b\

/9

e Ayjpunufs jo oupyd woi) 83upisiq
G v

g

e

Z

VOVN

Y

[/
\

/A

L of)

Q—T————

Q
o2
o

—

—

A
L=

N

A1

\\_\‘\\‘

10/’

BpUdIXe BUDId pIOYI W0Ij BIUDISIP [DIIJIA

D

c/q ¢
Z

RESTRICTED



NACA RM A52308

RESTRICTED

18

‘panunuon) —'G  84nbl4
4402

ot 2=""0 ‘2rq/gt=x (9)
v ..NN\m ‘Auowwhs jo oupid woiy 8IUDISI]
2l /1 X 6 & Z 9 [} 4 £ / 0%...
I
\ ANEAN //. \_ e-
4 - e \ ,
0
—g \ A [ \/ 12-

/

L

o ~
pudixa ouojd pioyd wWoij SIUDJSIP [DIIJIA

S~

o
[z

™
/9 «
<4

~ RESTRICTED



19

RESTRICTED

NACA RM A52708

panuyuon—G¢ 8.inbi4

082:="p ‘2/4691=x (4)

2/9 «

Wxﬂm ‘AyowwAs jo suoid wouy ouD}sIg _
2l /1 ()} 6 & . V4 9 g 4 £ c / Qm.
G \ 4 NN | ~J : // PN
| SRS )
\ - pa C , _
/ i (&
— o & \ S
g/ - I .
e v\ el " R J )
e — | e _ (/[ O
(> (|
NS NS S p— g
§7— S R . _ g7
o \ 7/ ] ~.
NN N
i N
/, —\ < y
.

1D (D145

opudIxa auoid pioyd woil SuD}S:

'D

P4

RESTRICTED



NACA RM A52J08

RESTRICTED

PaNUHUO) —* G

4402

a4nbi4

ol€="0 ‘279002:=x (b)
.NNI\Q ‘AnswwAs jo oupod woiy ssupysig

4 e o/ 6 & Z 9 [ v £ g I om.r
// . >/ : / \.1 -
m—— v 0 . . e
AVRS e N 3
. s- =
N -~ / \ / m.\(\ /-
R >
g : o 3
_— // _ \_ | A, 2
_ /9. \ A ol 3
‘ U . S 3
ov? 52 nv\ | N /- m

. G2- I . . 3

hom-\ \ - — g on—____| .M,
All\m..\- < 2 @
ot . 2
p /u\ / - m.
/ i
/ N

b

\ /
¢

RESTRICTED



21

RESTRICTED

NACA RM A52J08

‘panuiuon —' ¢ m.\%..\..\

. 4409
Y45 o

f

g J

‘e2r99cz=x (y)
49 ‘fuowwhs jo oupid wos souDisIg

g .

¢

b

~

",

SR

w
-

o/ N

01

~

a

&
1

N = ©
Papuaxa auoid pioys wosl IUDISIP D43

M

¥

~
v

4

2’9
V4

RESTRICTED



NACA RM A52J08

RESTRICTED

22

"papnjouc) —'¢  8inbl

4409

olE =

o ‘2rqiL2=x% (1)
N .WMIQ ‘AnypwwAds jo oeupd woiy 82uDIsSI]
2l 11 ol 6 4 Z g g | £ g / Qm,.-

\
>

AR o)

\.. $

\.oJ

.

-9

N T
KNP AN N N J Wazs
“in ==V

3 Ciimpramvs . S5 )

! N
‘papuaixs oeupid pioys

A
c/9
z

RESTRICTED



23

RESTRICTED

NACA RM A52J08

- TN, .to.eg.ssou abpjasny - bum yooq - jdoms ,£9 eyt puiysq Ayjpuwnuds Jo
ouoyd ay) of |pwiou sauojd [DINIOA w1 SIbuD YSDMUMOP JuDISU0I JO Sinojuoy —'9 8.nbi

ol9= “%p ‘2ra6s0=x (9 066= P ‘2/0760=x (0)

Nmm. Uuswwils jo oubid woy douDisiq B N\ﬂm Auswwhs jo suoid wouy o0uD}SIg
9 g 4 £ e ! 0 14 £ . & I 0...
TN £ W £ W

g = 8
N\ | 1/ N2, Z-a // -9
// Q Q
oe | T 9r — \na i /-
/ = 3 5 3
) I
L——0¢ o¥
\ @ \ o] W. - - (o] m.
=4 0f— S O Y
~og ]
251/ / 3
4 (23 \ aUa £ \. [}
(¥ ® \ X
S—1 > ’ o
T \ g — 8
)/. og . 2 ” 2 k3
N \ , wp ~1—gz— 1 SN
oz [~ NIV 1°®
£ £

RESTRICTED



RESTRICTED

2k

NACA RM A52J08

2/9

A

"panuIjuo) —° 9 w\:m.\..\

" e29:="Pp ‘2/9960:=x (2)

Auyowwhs jo euoid woif 8oupisig

g g (2 v £ g . o
|| /// . \ N\ 0z
L 4 0g. >\
.\ /Mo.nm.w u\ D.o.m hw/ |
_\ | N~ mw// //ﬂ\\ o_.n\ | /
| N\ Q
P ——— S e
«\\\ /n.m_j\ | / ,
T e //
|.l//h..w \\./ N\ c
- /Q.mll\ //
. — &
//,h\{\\\ \\\Q.\//

N
'

N

¢

papusixs duoid pioys Wwoij aoupIsip D4

c/9
z

RESTRICTED



25

RESTRICTED

'NACA RM A52J08

/

—
‘{5{
s

™~

|/

I~ /9.
™~ 20

25

/7

—

Yoni

@’0 s
WAL N N

" Distance from plane of symmetry, 5 3’2

) D) N ~ Q ~ N
% ub@bs\m\ X8 duD| d p40Yyo Woiy 8sup} SIPp  |DII}48A

=64°

Figure 6.— Continued.

corr

a

=Ll br2,

(d) x

RESTRICTED



NACA RM A52J08

RESTRICTED

26

‘panuiuon — 9  a4nbi4
099:="%p ‘279/g1=x (9)

0 .Nth ‘Arjowwfs jJo -supyd woiy mu:&m.ﬁ.
21 /1 o1 6 g Z 9 G rp £ Z < I 05
T\ 1T . . ¢
o- 5y 4 ¢ L\ Q\ v sz H
AN e
/ /

1T
3 REE—

ﬂ/‘\ ofgt+————— 4
N

¥

0 \ \\ll// / &g °%
ot~ of ]
72 S INGZ
Z = ~ ~GF 3
/ﬁ [elomy = | % N g—
AT e a7
2] ,/ / \ S0 ]
| |

/ /mwl.\.ll/./ |

B SN

9

v
///

;

/

N ~ Qo ~
popusdxa auo|d pi0Yd Woij BoUDISIP DI IBA

M

A

c/q9 ¢
F4

0

RESTRICTED



27

RESTRICTED

NACA RM A52308

panunuon — g  8inbio

4409

069= o ‘2/9691=x (}4)
. 249 ‘flowwAs jo oupid wos SuUDISIO _ |
cl /1 o/ 6 \%. Zz 9 G v £ A / Qm,.u
il VIVN HW '
N ~n,. x . \ : J // // 7 \ \ . Nlm
67 1 or / 4 /«\\ \ S
ENZEN R
—E / \\&\\\W’ ”\ %\ _\.-W
QN.\) /\\ L oF / hQM.:\ : m
i nwm..l . : . \ o
_ \\\\\)J s R ﬁ ov/l\\ S
\ oo ¥ IR%3 \ . 7 .
e P : selt
// : | \\ or A A mvam.
D L.~ X
of=—"] —// - T . mev /N. m .
~ 52- e —— |
mg.w.\\ ////Qw N //\ W
L~ m..\u\ . /. / : /llm. W
=g _ ‘ : R
\4 Q.\.\ \ / . o7 / | // // “m_z
G 0 N\ / ‘ 14
N N AN —

RESTRICTED



NACA RM A52J08

RESTRICTED

28

‘panuijuon —'Q  a4nbi
082 :="Pp ‘27900z=x (b)

229 ‘fuswwhs jo supid woiy SUDISI]

IR A . . ,
i . : z 9 s ¥ £ g I 0
- 62 \/ m D/ //JWM Qm.\ O .
T
Py R VN g
o N L gl
_ % A,
\IY@ /{p me//
Lee—T | T~ ' Z
\ (23
N
N
o
[p—
. ~~
- [*3

/9 ¢
P4

opusjxs aupid pIoys Woij SoUDJSIP |DIIJI3A

D

RESTRICTED



29

RESTRICTED

NACA RM A52J308

panuuo) —'g  8inbi
o620 ‘2/99cz:x (y)
.NN\lq ‘Ayppuwnufs jo oupid "wou 82upisiq

~

A I S R AR
\// J \)(K //// AN,
N\ Zz== NNl
=\ NW = Y

/]

TN | N/ \ _
. loz- ov L o os
A Qm./om./A | QW/MW ST T or ™
PSRN St
//nmw X&. : / T~
o8- —— / - S ) N
gc- \ ..l.lll.vvl\

0—§

N
\

or| N

‘“\.\\'q

T

N _
papudixe aupjd pioys woil  dIUDISIP |DII}4BA

A

c/q9 ¢
z

RESTRICTED



NACA RM A52J08

RESTRICTED

30

papnfoucy —'g ainbl4
082:"PD ‘2/4172=% (1)

, W.Mm ‘Aupwwihs jo oupid woiy d2upisig
cl/ /1 ol 6 & Z g g 14

~

.y

|

N
1

-~
N

,\
L

Q

\\.\al///\ N

T

~

RESTRICTED

N

M

opua)xe oupld pioys woij FIuDISIp D49

T
‘P

\

e/9

z2

©

// T {§2— -
oz
s =




31

0 £'2l = o ‘uoHDUIquI0d 3bDJasny - Buim yooq - jdams £9 oy ht.\cmﬁ. AyjpwwiAds  jo
oup/d ayy o) |ow.iou SauD/d [DINIA Ul SIBUD YSDMUMOD JUDJSUOD JO S4nojuoy — 4 o4nbio

0GOI=*Pv 2/ 60-% (D)

229 ‘Auounufs Jo supd woiy soupisIg

090/= “Po ‘2/96s0-x (q)

209 ‘fuswwAs jo suoid woiy ouUDISI]

RESTRICTED

NACA RM A52J08

\ \ . . . .

. ) . ) . ) & z / 0o <
9 m_ t £ z / Qm.-m t s 7§
N - <

\&«.\u// — N\ g 91\ b ]
ot < 02 v —t o

z 06 09 /= W * e (57 /= W
os -~ . Z5€0 a2

s ?vk m m
\\\/ A ® .
—= . 03 IR °3
— S Fo v . S

lQJ & v U - forel \

. o N
&%\ / W 0% / W

S _ <

7 3 / 3
/ W St N W

I

e ) o

/ 4 Wf \ w

N \ o3

\ Qv\ ¢ ,W ‘ \ov uoo.

/ - [ _ N. g o
gt , Of NIN N

AN \v s . . V.Z

RESTRICTED



NACA RM A52J08

RESTRICTED

32

"panuIuoy — J m..Sm.Q |

801 “Pp ‘2/9960=x (9)

_h\“m Njounufs jo suoid wouy soupisig
7 9 S i £ g u 0.
%
>
H»(&. NN/ S
] sy _ St
. N ﬁome.//./ W.
= A . o R
Za 2 B N 3
g
ST T 3
| s i \/ om r 3
~+ S
~N N. d
/ ™>~—o0#1 W
< ,
AN : oo
X oe g
< 4 ‘
%\ — Y

RESTRICTED



33

RESTRICTED

NACA RM A52J08°

‘panuljuoy —/ a4nbi4
060/= “Po ‘2qr1=x (p)

% ‘Aupwwhs jo supd wouy d3udisig
— = ‘e [
/ {thm,.l(\ gt
/W 0% — or
V/ D ~— —* N
| _ 0%
A B I
— ; |
T e | | N ’
. /
S T~ &
. of / -
\l// . i -
: Gz // // V,.
~o0z._| /,// / : ,

3

c/9
V4

‘popusixa 990/d pioyd WO SIUDISID |DIIJIIN

RESTRICTED



NACA RM A52J08

RESTRICTED

3k

‘panuijuo) — 4 34nbil

0011=*Pp ‘2/9 g7=x (3)

24 ‘Arjpwwifs Jo. supid wodj Iupislq .
e f , _ :
2l 1l o1 6 g Z 9 G v e g U o
gr O8]
/// \ \ L ¥ ¥ J //o.m\ \ \ /&/
> : : ; . 05 |
. 5 \ _h /! Gg——T— | . /\ / w..w\ . 055
RN\ Z=i=a N«
[~ .u \ §€— 0F
u..mw(/ ‘ % s H/} —of / —~ AN\ e
e mn\\r// \ \I//Im.m,(\ @%\x %om,\u
\\/ Z T~ D —— P ¢b > 0
| N Ve | \ /]
ﬁomr 00z lvas ¢ 19° mm\lr\r\% A d ‘ ovL
N AQ@M e \ L~ | — . \ : N
05~ 0% ‘091
N QVH T T~ L — . . \ —Q/N\/
o — T ™.\ « 2 |oo]
—s2 \ / ~cp / /// 08
— 02~ —~ :
i _ /& IR m— /

c/9

z2

‘papusixe’ aupjid pioyd woiy dUDISIP  |DINIIN

RESTRICTED



35

RESTRICTED

NACA RM A52508

‘panunuoy —4  a4nbi4

4100

o ll= 0 ‘2/9691=x (4)
h\\m ‘Answwhs jo supd wouy doupisiq
2l 7 o1 6 g L 9 g v £ z / 0.
YN,
_:\\ RV WA, AN VIRV M
I~ AN
e NN N = N\ /] 3
\m.w- 6z \ N \ ot =~
= NN AR %
\.n.m,- / WJ\\ . s Q\\/ 0 Wf
s & . b
= L o0
owc ..o.\ \ | ) mwO ‘ i \ _\ W.,
2 S p— N — 1 « r. mw}\ B
oz gz w,% >y /,c..o 0% prere /h[\ / ot/ //m.,&/ m
\\\\b R \ \ \ . J . oz | ]
///[ ‘ SN - oy / 5 Q/.% AN 4 lm
QN — : : . S
M, %Mm.m. ] 41./3 // st oy // . “
= N
71 4 b 3
\\me\\-\ \ » // / /m.m/ / ] W
. _ b
i 5 f / Nz N — I'g
oe T~ g€ N
ol v o\ \ / ._ : T~ ¢
P -
9

P4

RESTRICTED



NACA RM A52J08

RESTRICTED

36

2l

panuyuo) — 4  a4nbi4

 WSU="®D ‘2/9002-% (6)
..N\ha ‘AypwuwAds jo oupd woij oupiSI] :
/1 ol 6 g 9 g ¥ e - Z / o
I NOVNTS ’
L / et L))

p 5] : Q.AL -
=\ NSy
A I Sl
oozl<oe o\ . X\\ B o¢ /
ov| .

_/

~

‘papuaixa oupid pioyo woij BIUDISID [DINIBA

c/q
b4

RESTRICTED



37

RESTRICTED

NACA RM A52J08

e/9

{

‘panunuoy —y ainbly
0811= “Po ‘2/99cZ=x (y)

g Z

9

‘Auowwhs. jo sup/d wody douDisig

F————r

)

g 4 £

18N

I

/

7/

o

|

/)

ARILEN
I

oz -

;

| ,
L =t |
€2 s Y= e/l
N\ syyaaunilS
= INS= N
\\ /] NS -
N

S~

Q.

"

0
c/q9 ¢

©

~
[

P4

papusixs auoid pioys woly SuDSIP DI/

'RESTRICTED



NACA RM A52J08

RESTRICTED

38

"papnjouc) — 'y ..&%.Q
b/ ,.N\o 12°2=%x (1)

9

.\tmEE\m 0 dupyd wos 8oup}sig
. . &

S

\

Q

Y/

N

\

ozl-

\ovzqlicws |
(4

—

L —

//

2 \\\\_
K

57
ol

AN

///n. .

BER

~
v

< ™ N ~
‘papuajxa oupDjd  pioyd Wiy BIUDISIP  [DINIIA

Q

©

c/9

Z

N

©

RESTRICTED



- NACA RM A52J08

z
" b2

d

RESTRICTED

057

0.75

= L 10.96

.

" Vertical distance from chord plane extende

o

D/'sfanc:e from ;o/ane af symme}‘ry, e
b2

] 6 8

(a) @ =4/° .

| .

F/bure 8.— Vortex-sheet shape and. pasifioh at various longitudinal _
distaences aft of % of the 63° swept-back wing- fuselage com-

bination .

RESTRICTED

39



Z
b2

Vertical distance from chord plane extended,

RESTRICTED NACA RM A52J08

057
075
. — 0.96
- k -
L ] = sy
] 1 1 1 913/
! S\
A
IQ/&
. ' - /65 O
~
S
.
é’
>
L : . 200 ¥
\ -
\)
§
N
4 BN
®
Q
. L 236 N
2}
s
.
00 2 4 6 8 1O
Distance from plane of symmefry,b_};g

b) a=82°
Figure 8 .— Continued.

RESTRICTED



NACA RM A52J308 RESTRICTED ; - 41

— -057
-
- - ‘ - —0.75
—_ _
A : - —096
_
- - . . — 1.1/
\‘
. L A 3 4) /' 3/
Ng :
|
RA
- '(,,&
- : —/65 8

Cfy

Vertical distance from chord plane exlended,

0 , A - —27/
Distance from plane of symmelry, b7
(c) a=123°

meéa.—cmmmw¢

RESTRICTED



NACA RM A52308

RESTRICTED

bo -

-4

‘0£'2I= U IO uoNDUIQWODI 8bDIeSN-Buim yoDq -idoms

o£9 Yl JO 4J0 SyYpd x8)40n dy peindwod pup [pjuswiiedxe 8y} JO UOSIIDAWOD —'E 8.nb14

24 « uv. 4O JJO 82uDisSIp jouipniibuo7
9 2 e oc 8’/ 9/ t &) g’ o 8’
1 N .
h&«zv

, &

£ 9oue48)8.4 4o

poyjew Aq pejndwon — T

JDJuWlI8dXT

pra— v,. 1 1T m .
~ — —
/
~

o
/1°7

AijowwAs Jo euojd woy 6ouDSIG

2/9.
V3

RESTRICTED



43

‘uonpuUIquOoS> 8bDjoSN)-buim yI0G-JdomMS ,£9 8y 40 sa/bup ysom
—UMOp |DII}9408yy 8Y) buyndwos ur pesn sbuipoo) ubds w.aoyun b_tu IDJuswWIIadYF — 0 8.nbiy

| N.MM? AyjpwwAhs jo supyd woi) eoupisig
0/ 6 g8 Z 9" . . .o - ) .
T ——F—
— )
{ | i
i _ suiyno »
m _ muo\mm:..\l/ w
3) X | "
: _ /. )
- S
- Q
2 | w.
Q
N | S
_ . wdopf) — —— _ 3
, ' X
/‘/ : /04usUWIIEdNT — g
3
S | w,

Jma 7,
———
2%

/

et B

g/

NACA RM A52J08

RESTRICTED



Ly

RESTRICTED NACA RM A52508

16 E;\-';er/'menfa/ . /
—— —— Flat sheet Theory of 1/
— — — Rolled-up sheet/ ref. 4 '/
12 _
//
/
1y /
R L //
- 4 __.——/
x — P p——
o b [ — —— — ]
\Us 0
©« 0 4 2 3 4 5 6 7 8 9. 10
| g’ Distance from plane of symmetry, EL/Z
< ,
Q x=13 bs2
S
3
Q
16 /
§ 12
S / /
8 a
S /
/
/ -
4 ~ _A%
et
0

~ b

2

3 4 5 6 7 & .9 o

Distance from plane of symmetry , Fy/_z

 x=271br2
(a) a,,=6.0° C, =026

Figure 1l.— Comparison of the experimental and theoretical downwash
distributions behind the €3 ° swept-back wing-fuseloge combina-

tion .

RESTRICTED



NACA RM A52J08

RESTRICTED
/
6 Experimental
———— Flat sheet Theory of /
/2 —_——— /‘?olled—up sheet| ref. 4 / [
/
/
_ / ’
8 )4 ) /
_ _ - 1~
4 p— T — ] -

angle , €pox, deg
S :

o / 2 .3 4 5 6 .7 g .9 L0
stance fi / f 7 2
Distan rom  plane of symmetry , b2
5 x=1.31br2
N
S /6
S : /
§ 2 /
Q) /
< / A
8 A /l
[ T //
//
P e ;
. NACA
0 - i
o / 2 3 4 5 6 7 8 .9 L0
y

NACA-Langley - 12-15-52 - 326

Disfance from plane of symmetry, VY,

X =271 b/2

‘

(b) Qoo =10.5° €, =0.46

Figure /1.— Concluded .

RESTRICTED



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47



