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TECHNICAL NOTE NO. 1703 

DÖWNWASH AND WAKE BEHIND UNTAPERED WINGS OF YARIOUS 

ASPECT RATIOS AND ANGLES OE SWEEP 

By H. Page Hoggard, Jr., and John R. Hagerman 

SUMMARY 

An investigation has "been made in the Langley 7— by 10—foot tunnel 
to determine the downwash angles and the dynamic—pressure ratios "behind 
wings of various sweep angles and aspect ratios, and the aerodynamic 
force characteristics of the wings. A "brief discussion of some of the 
effects of the more important variables is presented. 

The wake center line "behind sweptforward wings was found to "be 
located higher than the wake center line "behind sweptback wings. A 
low tail position appears to "be most stabilizing for all configurations 
investigated with the exception of the short tail length "behind the 
unswept wing at an angle of attack of l6°. At low tail positions and 
low angles of attack the rate of change of downwash angle with angle 
of attack increases as sweepback decreases. At high tail positions 
and high angles of attack the reverse tends to be true. 

INTRODUCTION 

The analysis of reference 1 has shown that the use of sweptback 
wings for high-speed aircraft can greatly extend the range of flight 
Mach number attainable before the onset of serious compressibility 
effects on the wings. The resulting realization by designers of the 
possibility of attaining supersonic speeds in flight without serious 
compressibility effects has caused great interest in the use of swept- 
back wings and a great demand for data on their aerodynamic characteristics 
throughout the speed range. In response to this demand, the National 
Advisory Committee for Aeronautics has supplied data on the stability 
and control characteristics of swept wings at low speeds in reference 2 
and another NACA paper of limited distribution. Also a collection and 
analysis of static longitudinal stability characteristics are given in 
reference 3« 

Data presented in reference 3 indicated that the addition of a 
horizontal tail behind a sweptback wing may be destabilizing for some 
values of the rate of change of downwash angle with angle of attack at 
the tail location. Because the need for data relative to downwash 
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"behind swept wings was urgent, a preliminary investigation was made. 
These preliminary results are given in reference k. 

The present paper presents the results of an extensive survey 
of downwash "behind swept wings. Data concerning downwash "behind 
sweptforward as well as sweptback wings are included. This paper 
also presents surveys of dynamic-pressure ratio "behind the sweptforward 
and sweptback wings. The wings used for this investigation vary in 
sweep from 60° to -60°.    The survey encompasses a region extending 
from the plane of symmetry to "beyond the tip in the spanwise direction 
and extending chordwise seven normal chords "behind the quarter-chord 
line of the wing. The surveys were made in a low-speed tunnel at a 
speed of approximately 80 miles per hour. 

The aerodynamic characteristics of the wings, as determined "by 
force measurements, are also presented. 

COEFFICIENTS AND SYMBOIS 

CL lift coefficient (Lift/qS) 

CD drag coefficient (Drag/qS) 

Cm pitching-moment coefficient ahout quarter chord of wing 
mean aerodynamic chord (Pitching moment/qSc") 

q0        free—stream dynamic pressure, pounds per square foot m 
q dynamic pressure in region "behind wing, pounds per square foot 

p mass density of air, slugs per cuhic foot 

V air velocity, feet per second 

S wing area, square feet 

c wing mean aerodynamic chord, feet (same as c for each 
respective model since models have constant chord) 

c chord of model, feet (chord measured parallel to air stream) 

A angle of sweep of leading edge, degrees (positive when wing 
is sweptback) 

A wing aspect ratio (^—) 

"b wing span, feet 
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h horizontal-tail position with respect to wing chord plane 
extended, positive upward, semispans 

a angle of attack of wing chord line, degrees 

e angle of downwash, positive in down direction with respect 
to relative wind, degrees 

As jet-boundary correction to downwash 

Lift and pitching-moment parameters: 

cLa        variation of lift coefficient with angle of attack (1^) 

dCm 
jjjr^-        variation of pitching-moment coefficient with lift coefficient 

MODELS AND APPARATUS 

Models 

Details of the models are shown in figure 1. Their principal 
geometric characteristics are presented in table I. The models were 
made to the HA.CA 0015 airfoil contour, perpendicular to the leading edge. 
The models were made of laminated mahogany "bonded and screwed to a 
heavy steel spar. This spar was necessary to minimize deflection under 
load. No geometric twist was present in any of the models. 

Dynamic—Pressure-Survey Apparatus 

All the downwash and dynamic-pressure data presented in this 
paper were obtained "by the use of a multiple-tube rake.  (See fig. 2.) 
The pitch heads of this rake were designed to have the pitch-measuring 
openings of each head as close together as possible, so that the 
detrimental effect of a steep pressure gradient on the correct angle 
reading would "be minimized. Details of one of the pitch heads are shown 
in figure 2(c). Because a large part of the region surveyed was in the 
tip vortex "behind the wing, it was necessary to make the rake sensitive 
to angles of air flow in the pitch direction hut insensitive to air flow 
in the yaw direction. By using the slats shown in figures 2(a) and 2(b) 
to form a nozzle with a 2:1 convergence, the rake was made insensitive 
to yaw flow at small angles of yaw. The maximum angle-of-pitch error 
caused by air flows yawed 20° is believed to be approximately 1°. Any 
detrimental effects on total-pressure, static-pressure, and angle-of- 
downwash readings resulting from the presence of the slats were taken 
care of by the calibration of the rake under known conditions of total 
pressure and dynamic pressure. 
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TESTS AMD RESULTS 

Test Conditions 

The following table summarizes the test conditions for the various 
models; dynamic pressure is constant at a value of 16.37 and the turbu- 
lence factor is constant at a value of 1.6: 

Span 
(in.) 

Sweep of 
leading edge 

(deg) 

Aspect 
ratio 

Chord 
(M.A.C.) 
(in.) 

Test Reynolds 
number 

(a) 

60 0 6.0 10.000 0.620 X 106 

60 30 5.2 11.5^7 .720 

60 -30 5.2 11.5^7 .720 

60 60 3.0 20.000 1.2^0 

60 -60 3-0 20.000 1.2^0 

30 0 3.0 10.000 .620 

52 30 4.5 11.5^7 .720 

52 -30 4.5 11.5^7 .720 

' 30 60 1.5 20.000 1.21+0 

30 -60 1.5 20.000 1.2^0 

aReynolds number "based on mean aerodynamic chord. 

The models were mounted so that the strut supported the model 
8 inches to the left of tthe model center line.  (See figs. 1 and 3.) 
This off—center mounting was used to reduce the strut interference in 
the center—line surveys, and also to allow the weight and air loads 
of the' model to be supported nearer the center of the fore-and-aft 
dimension of the model and thus reduce deflections of the strut in 
pitch. 

Test Procedure 

Force tests.— Force tests of the models were made from an angle of 

attack of 0° to stalling angle of attack. 
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Downwash surveys.— The downwash surveys were made "behind each model 
•with the rake held normal to the chord plane of the model.  (See fig. 3.) 
The survey—rake positions are shown for each model in a figure preceding 
the downwash and dynamic—pressure—ratio contour figures for that model. 
(See figs. 10, 13, 16, 19, 22, 25, 28, 31, 34, and 37.) The survey for 
each model included 25 positions of the rake except when the model or the 
structure of the tunnel interfered, as for the highly swept high-aspect— 
ratio models. The rake was located to give a survey coverage from 
12 inches above to 2 inches "below the chord plane in order to cover the 
region of expected tail locations. After the surveys were made for the 
various angles of attack of the wing, the same process was repeated with 
Wing removed and mounting strut in place so that the change in flow 
resulting from the presence of the wing Itself could "be found "by sub- 
traction. All surveys were made "by changing the angle of attack of the 
survey rake to agree with that of the model. All survey data were 
recorded "by photographing a multitude inclined manometer. 

In the presentation of the data the survey planes are shown located 
with respect to the chord plane at all angles of attack. The ahscissa of 
each contour plot is laid out with respect to the quarter-chord point of 
the wing at the spanwise station "being considered and not with respect 
to the quarter-chord point of the mean aerodynamic chord of the wing. 
For the 60° swept wings the first line of the spanwise survey stations 
fell within the model and could-not "be used. The distance from the 
quarter-Kihord point of the mean aerodynamic chord to any point given 
on the contour plots can he found "by the use of the values in tahle I. 

Corrections 

Tares.— The force—test data have not "been corrected for tares. 
The "wing—in — -wing-out" method of obtaining the contour data "by sub- 
traction should partly correct for strut interference, leaving only the 
mutual interference of wing and strut uncorrected. This mutual inter- 
ference has "been found in the past to he small. 

Jet "boundary.— The Jet—boundary corrections applied to the force- 
test data are presented in tahle II. The values of C-^ and a shown 
on the contour plots of downwash angle and dynamic—pressure ratio are 
values read from the corrected force—test data. These jet—boundary 
corrections for each swept wing were calculated "by assuming a straight 
rectangular wing with the same span and aspect ratio as the swept wing. 

Jet—boundary corrections were not applied to the downwash values 
given in the contour plots. For the information of the user of the 
downwash data, however, figure h  is presented. The curves of figure k 
were computed from reference 5, taking into account the effect of 

sweep, and give —-t,    i °    along the wing center line in the chord plane 



NACA TW No. 1703 

for each of the ten wings tested for 0° angle of attack. An analysis of 
some unpublished boundary—induced—upwash calculations indicated that the 
correction factor presented in figure k will be constant over tail spans 
up to 1 wing semispan and will vary less than 5 percent at the tip of a 
tail of span equal to 2 wing semispans. The correction factor will 
probably be within 10 percent for all the wings at all angles of attack 
and tail heights presented except the 60-inch-span, 60° swept wings at 
angles of attack greater than 17°.  (See reference 5.) The correction 
should be calculated by using the dynamic-pressure ratio from the contours 
for the desired tail location and then added to the value of e found on 
the contour plot. 

Accuracy 

It was realized that high dynamic-pressure—ratio slopes would 
influence the accuracy of the downwash data. The slopes were computed 
to find the values which would cause errors of 1/2° and of 1° (determined 
from calibration curves and geometry of the rake pitch heads). By 
comparison of the dynamic-pressure-ratio cross plots with these calcu- 
lated slopes, it was found that for the highest slopes in the wing wake 
the error was less than ±1°. In other regions the error is believed 
to be smaller. 

The dynamic—pressure—ratio contours are believed to be accurate 
within ±2 percent since the ratio is determined by division of "wing-in" 
readings by "wing-out" readings so that errors of rake indication should 
be minimized. 

Presentation of Results 

The data are presented in figures 5 to kk  in three general groups: 
force-test data, survey data, and analysis plots. Force-test data and 
survey data are indexed in table IH. 

DISCUSSION 

Force Data 

The pitching-moment data (figs. 6, 7, 8, and 9) reveal changes in 
the pitching-moment curves at a value of CL of about 0.6, especially 
for the highly swept wings of high aspect ratio, caused by a shift of 
lift load toward the root section on sweptback wings and a shift of 
lift load toward the tip section on sweptforward wings. Reference k 
indicates that this shift of lift load has a pronounced effect on the 
variation of downwash angle with angle of attack resulting in large 

changes of *L±. 
da 
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All straight and sweptback wings presented in this paper have 
pitching-moment characteristics in accordance with the chart of aspect 
ratio against sweepback found in reference 3. The possible application 
of the chart to sweptforward wings was not discussed in reference 3. A 
study of figures 7 and 9, however, reveals that the chart of reference 3 
would apply to "both sweptback and sweptforward wings without any change 
except for the sign of the angle of sweep. 

The following table shows the variation of CL  and |^a wlth 
dCm 

ua     dCL 
sweep as determined "by the force data presented in this paper. The 
slopes were measured through a small angle-of-attack range near zero 
lift. 

Sweep 
(deg) 

Span 
(in.) 

Aspect 
ratio (per deg) 

dCm. 
dCL 

-60 60 3.0 O.O3I+ -0.204 

-60 30 1.5 .028 -.105 

-30 60 5-2 .058 -O7O 

-30 52 h-5 .052 -.01+7 

0 60 6.0 .O63 .036 

0 30 3.0 .01+6 .020 

30 60 5.2 .061 .075 

30 52 *.5 • 059 .080 

60 60 3.0 .036 .030 

60 30 1.5 .032 .003 

From the table of values of T~    it appears that sweepforward 

causes a pronounced rearward shift of the aerodynamic center. Sweptback 
wings show only a slight forward shift of the aerodynamic center. 

The values of C^  as obtained from figures 6 to 9 for swept wings 
GO 

are in some cases in good agreement with the theoretical values in 
figure k  of reference 6;  however, several of the values do not agree. 
It is believed that the tares resulting from the strut mounting on the 
left wing panel, if applied, would lead to closer agreement. 
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The table of values of CT  shows that sweep, regardless of 

direction, reduces CT . Sweptforward wings are shown to have slightly 
(X 

lower values of CT  than sweptback wings. 

Surveys 

Downwash.— Figures kO  and 4l give the spanwise contours of downwash 
and wake in a vertical plane through an arbitrary tail location behind 
the swept and unswept wings. This tail was assumed to have the same 
sweep as the wing and to he located the same actual distance behind all 
of the wings. This distance was 2 semispans hehind the quarter^hord 
line of the 30—inch-span wings and 1 semispan behind the quarter-chord 
line of the 60—inch—span wings. The effect of sweep at constant lift 
on the spanwise distribution of downwash at this assumed tail location 
for wings of aspect ratio 3 niay be found in figure ^O(a) . The spanwise 
contours of downwash show the expected maximum downwash angle hehind 
the root of the sweptforward wing and hehind the tip of the sweptback 
wing. The unswept and 60° swepthack wings have large downwash angles 
behind the tip, and a somewhat higher location of the wake center line 
with respect to the chord plane than the 60° sweptforward wing. These 
large downwash angles near the tip of the unswept and sweptback wings 
are probahly a result of the high relative tip loading encountered on 
these wings. 

Figure 41(a) gives the effect of sweep on the spanwise distribution 
of downwash hehind wings of the same "basic panel unswept and swept forward 
and back 60°. The hasic panel concept gives an aspect—ratio variation of 
from 6 for the unswept to 1.5 for the same panel swept 60° either forward 
or hack. This low value of aspect ratio is believed to he the cause of 
the fact that there are high angles of downwash near the tip of the swept- 
forward wing as well as at the root where high downwash angles are 
expected. The swepthack wing gives the anticipated high downwash angles 
behind the tip, but the region of highest angles occurs nearer the tip 
than for the sweptback wing of aspect ratio 3 shown in figure k0(&). It 
appears that "both sweptforward and swepthack wings of low aspect ratio 
have more pronounced tip loading than those of higher aspect ratio. 

Wake.— The location, measured from the chord plane, of the wake 
center line in the plane of symmetry hehind sweptforward wings is found 
to be high at medium angles of attack, and this vertical location 
increases rapidly with angle of attack.  (See figs. 18(a), 24(a), 33(a), 
and 39(a).)  On the other hand, the location of the wake behind swept- 
back wings was in the chord plane or Just helow the chord plane in the 
plane of symmetry and showed only a slight upward shift in location with 
angle of attack.  (See figs. 15(a), 2l(a), 30(a), and 36(a).) 

In the wake hehind sweptforward wings values of q./q.0 are low in 
the plane of symmetry but increase rapidly toward the tip. Sweptback 
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wings, however, produce values of q/q0 which are fairly high in the 
wake at the plane of symmetry and decrease toward the tip. 

The comparison of the wake "behind unswept and 60° swept wings at 
constant lift and aspect ratio presented in figure ^O(b) shows the same 
trends as discussed previously, that is, high location of low energy wake 
"behind center of sweptforward wings, and the same behind tips of wings 
swept "back 60°. Figure 4l("b) does not present as clear a picture as 
figure 40(b); however, the trend is the same. This low-energy region 
"behind the center section of sweptforward wings and behind the tip 
section of sweptback wings is probably caused by the transverse flow 
of air inboard for the sweptforward wing and outboard for the sweptback 
wing. 

Stability.— Some available data on sweptback wings (reference k) 

indicate that radical changes .in — occur in certain regions behind 
da 

the wing. It was found from the data shown in the present paper that 
sweptforward wings as well as sweptback wings produced radical changes 

in äJ.. Figure k2  shows &-   plotted against the distance of an assumed 
da da 

horizontal-tail position from the wing chord plane extended. Two values 
of tail length were used, measured from the quarter-chord point of the 
mean aerodynamic chord, which are believed to bracket the tail positions 
of modern swept^wing airplanes for which geometric data are now available. 
Only unswept and 60° sweptforward and sweptback wings with aspect ratio 
of 3 were considered. The data, presented at two angles of attack and 
for' two spanwise stations (in plane of symmetry and 1/3 semispan from 
plane of symmetry), have been corrected for jet-boundary effects as 
presented in figure, k  and reference 5. The data indicate that the 
lowest tail position tends to give the lowest, that is, most stable, 

value of —.    A notable exception to the trend is evident for the 
da 

short tail length behind the unswept wing, particularly at the angle of 
attack of l6°. For the short tail length behind the unswept wing the 

highest tail position gave the lowest value of —. In general — 
da da 

increases as sweep decreases. Exceptions to this trend are most numerous 
for the longer tail length coupled with the high angle of attack. There 
is also a slight tendency toward violation of this trend for the higher 
tail positions. In general, the low tail position appears to be the most 
stable for both unswept and 60° swept wings. 

Pictorial Eepresentation 

Isometric representations of angles of downwash behind the 30-inch— 
span wings are given in figures ^3 and kk  for the straight rectangular 
wing and the 60° sweptback wing, respectively. Only the downwash sheets 
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"behind the right half of the wing are shown as the downwash pattern 
behind the wing is assumed to he symmetrical. Also, the data presented 
in these figures cover only ahout 0.8 of the semispan since the down- 
wash angle "becomes negative from there to "beyond the tip. The data 
presented were obtained with the wing at an angle of attack of ahout 8.1° 
as that seemed to he a compromise between presenting too simple a picture 
or too confusing a picture. Only downwash angles of 2.0°, 4.0°, and 6.0° 
are shown. The heavy dotted lines show the shape of the upper surface of 
the downwash sheets at each of the chordwise stations indicated. The 
light dotted lines show the shape of the lower surface. 

CONCLUSIONS 

The data obtained from force tests and dynamic—pressure wake surveys 
for ten models having various angles of sweep in low-speed three-dimensional 
air flow indicate the following conclusions: 

1. The wake-center—line location (measured from the chord plane) 
behind sweptforward wings was found to be high whereas behind sweptback 
wings it was found to be in the chord plane or just below the chord plane. 

2. The sweptforward and sweptback wings show their greatest wake 
energy loss at the plane of symmetry and at the tip, respectively. 

3. A low tail position appears to be most stabilizing for all wings 
investigated except for the short tail length behind the unswept wing at 
an angle of attack of l6°. The high tail position was most stabilizing for 
this condition. 

k.  At short tail lengths and low angles of attack the rate of change 
of downwash angle with angle of attack generally increases as sweep 
decreases. At long tail lengths and high angles of attack the reverse 
tends to be true. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., June 3, 1948 
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TABLE I.- GEOMETRY OF THE MODELS 

[WACA 0015 airfoil section in plane perpendicular to 
■wing leading edge for all models] 

Span 
(in.) 

Sweep 
(deg) 

Aspect 
ratio 

Chord 
(M.A.C.) 
(in.) 

Area 
(sq. in.) 

Distance 
from c/k 

of M.A.C. to 
L.E. at center line 

60 0 6.0 10.00 600.0 2.50 

60 30 5.2 11.55 692.8 11.55 

60 -30 5-2 11.55 692.8 5-77 

60 60 3.0 20.00 1200.0 20.96 

60 -60 3.0 20.00 1200.0 20.96 

30 0 3.0 10.00 300.0 2.50 

52 30 *.5 11.55 600.0 10.39 

52 -30 ^.5 11.55 600.0 k.62 

30 60 1.5 20.00 600.0 17.99 

30 -60 1.5 20.00 600.0 7-99 
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TABLE II.- JET-BOUNDARY CORRECTIONS 

[All corrections are additiveJ 

Span 
(in.) 

Sweep,A 
(deg) 

Aspect 
ratio 

Aa 
CL 

ACD 

r 2 

ACm 

CL 

60 0 6.0 0.1+20 0.0070 Negligible 

60 30 5-2 .500 .0080 

60 -30 5.2 • 500 .0080 

60 60 3.0 .900 .OI38 

60 -60 3.0 .900 .OI38 

30 0 3.0 .200 .0035 

52 30 1+.5 • 390 .OO67 

52 -30 *.5 .390 .OO67 

30 60 1.5 .1+00 .0070 

30 -60 1.5 .1+00 .0070 \i / 
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TABLE III.- INDEX OF FIGURES SHOWING FORCE TEST AND SURVEY DATA 

Sweep 
angle, A 
(deg) 

Span, "b 
(in.) 

Figure 

Force data Stations 
surveyed 

Downwash 
contours 

Dynamic- 
pressure—ratio 

contours 

0 
60 

30 
5 

10 

25 

11 

26 

12 

27 

30 

" 60 

< 

_^ 52 
6 

13 

28 

Ik 

29 

15 

30 

-30 
60 

52 
7 

16 

31 

17 

32 

18 

33 

60 
60 

-< 

30 
8 

19 

3^ 

20 

35 

21 

36 

-60 
" 60   " 

30 
9 

22 

37 

23,- 

38 

2k 

39 
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Leading edge 
Z % line 

PivotpointS       ]\4 fyfj£t 

■&-* 

-6=60"- 

A--0°,A=6 

Leading edge 

A-30°,A-5.2 

L eading  edge 

/o" Leading edge 

Pivot point 

A =60",A--3 

A = -30\A=5.Z A--60°,A~3 

r/gure].-Details of the ten untapered   wings   of varying    aspect  ratio   and 

angle of sweep used for the dbwnwash and dynamic - pressure surveys. 
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Pivot   point 
Leading edge^ 

=M»- 

hs"-* 
6=30 

Jl=0°,A°3 

c/4 //hey 

-*7. lime. 
T 
/o' 

Lead/ng edge 

A=30,A =4.5 

Leading edge 

% M.A.C. 
Pivot point 

A=60°,A-L5 

-Leading edge 

^Leading edge 

A=-30",A = 4.5 
A = S0,A=/.5 

TNACC 

Figure J. ~ Concluded. 
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, NACA 

(a)   Rake complete. 

Figure 2.-   Details of survey rake. 
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29 

'   '    ' '■   •   " •  '■     ' '•    " - ■      L-528&8 

(b)   Slat removed showing arrangement of pressure tubes. 

Figure 2.-   Continued. 
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<^-m=3m 
Top w'ew 

%    open/ngs 

/ßO.D tubing 

aide view 

(C) De fails of one pitch head of survey raAe 

showing location of the various pressure openings. 

(rf/f d/mertf/oris are /n //7c/?es!) 
/7gc/re 2. - Cone/aided. 
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k/ina/ d/rect/0/7 
60°sa/e/pföa'c/r 60" ir/xt/? moc/s/ J-/>OW/7 

Plan     view 

figure 5. '  l//ews  of Zavy/ey 7~6y JO- foot- funr?e/ fcsf f*ef/or>   s/>aw*f mef/iods oseo/ 
for  iTt//>/oorr'/r>g'   rr?oc/*/ crrraj surrsy  rats. 
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11. - Continued. 
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Figure    JZ ■ - Dynamic - pressure - ratio     contours     behind     straight 

rectangular    wing    of   60 - inch        span.    A = 6. 
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©    Survey stations 

Figure 13-Survey    stations    behind 30* 

swept back    wing of 60-inch   span.   A-5.2. 
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Figure    14-.- Downwash     contours      behind      30°    swept back      wing     of 

60-inch       span.    A = 5.2. 
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Longitudinal distance   from  W-chordpant\semispans 

ß      opanwhe      station. 
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Figure   14.- Continued. 
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Figure    14. - Concluded. 



h6 NACA TN No.  I7O3 

(a) 0L-O.OL0. 
CL =0.028. 

(b) 0L-4.1Z] 
CfO.259. 

I 
I (c) a-8.25:  £ 

CL=0.51Z    8 

1 
(d) a--12.33: 

CcO.737.    I 
•8 

1 
(e)a--J6.43° 

CL-0.935. 

0    .1     4     .6     .6    1.0   1.1    14    1.6    W    20   2Z   2.4 

Longitudinal distance from ¥4-chord'point, semispans 

(a)   Plane    of     symmetry. 

Figure    15 - Dynamic - pressure - ratio    contours     behind     30"   sweptback 

wing    of    60-Inch        span.    A= 5.2. 



NACA TN No.  1703 ^7 

(a)cL--0.01° 
q=0.02.8. 

(b)0L = 4.tt] 
CrO.259. 

I 
(c) a, - 8.23: \ 

CfD.517 % 

I 
(d) a-12.33°,^ 

Cf 0.737. % 

B 
S 

(e) a,--16.45° 
CL--Q935. 

Figure 

0    .2     4     .6     .8     1.0    12    1.4    1.6    18    2.0   22   2.4 

Longitudinal distance from V^-chord' pointjemispans 

(b)   £    span wise 

15 -Continued. 

station. 



k8 NACA TN No.  1703 

(O)OL-0.01] 

C^ 0.028. 

(b)0L-4.tto; 

CL=0.259. 

I 
.1 

(C)OL-823; ^ 
Cc0.51Z% L CL 

(dj a-12.33?% 
CCQ737%. 

.0 

(e) a-16.43: 
C^O.935. 

Figure    15. 

Longitudinal distance from W-chord point^em'ispans 

h 
3 

- Continued. 

(C) span. wise    station. 



NACA TN No.  1703 h9 

(a) a--0.01] 
CL~-0.028. 

(b)cL--4.1Z°; 

CrO.259. 

.8- 

(c)a-ö£3.  \ 
CL=0.517.   ^ 

b 

I Hi: 

'   it'  1C.OU;    $$ 
CL = 0.7JZ ^ 

(d)a-ll.33j 
r - n 73 7 

.5 

5 

fe/ OL=16.43'} 

CL=0.335. 

4     .6     .8 

id)   | 

Figure    15.- Continue d. 

1.0   12    1.4    1.6   1.8    2.0   2.2   24 

Longitudinal distance  from fa-chord point, semi'spam 

span wise    station. 



50 NACA TN No.  1703 

(a)oc--om) 
CL--0.0Z6. 

(b) 0L--4.12] 
CL-0.259. 

(cj a --8.2$ 
CL=U517. 

I 
I 

1 

fdj a= 12.33, % 
CL=0.73Z § 

I 

(e) a--16.43] 
Cc-0.955. 

4 
3 
2 

: 

Consfanf   value,    %   =1.00- 
1 * 

*o 

-.1 

4 
.3 
2 

\  ' [_ 

1 ^.uw  

-OK  

-1 

4 
J 
2 
.1 

^—UDO— 400 
■100— c. 'W~ 

—100- 

-J 

4 ^_- 
„ . 

.3 
2 
1 

^—LOO— <90 

inn 

_    —i(YuZz - ~105 

-.1 

4 

\=S5  lßO— 

—9?- .3 
2 
.1 

i.0 ^ 

\ 

-inn 
^»—_=. im 

—/ 05-  y/V)  
.1 a  :5 $■—' 

-A 

1          1 

0    2     4    .6    .8    1.0   12   14    16    18    20   22 
longitudinal distance from V^-chordpahtsemispans 

spanwise    station. 

2.4 

(e) m (e) 12 
Figure    15._ Concluded. 



NACA TN Wo.  1703 51 

0   Survey stotions 
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swept forward    wing of 60-inch   span .    A =5.2. 
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■Downwash   contours   behind 30° sweptformrd   wing 
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Figure 17.-Continued. 
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Figure 17.-Continued. 
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Figure 17-Continued. 
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Figure 18. - Continued. 
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Figure 18. - Continued. 
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CL-0.398. 

1.0    LZ    14    1.6    18    2.0   22   2.4 
Longitudinal    distance     from    l/4-chord     point,   semispans 

7b 

Figure 18- Concluded. 

(e) jg spaniA/ise stofion. 



62 NACA TN No.  1703 

Survey stations 

o Included 

*■ Omitted 

Figure 19-Survey    stations      behind 60° 

sweptb&cA   wing of 60 ~ //7c/?    span. A=3. 
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(a) 06=0° 
Cc 0,004. 

(b) OC--4M1 

CL=dl64 

(c) 06-8JÖ: 
C^O.300 

(d) ot=m.2S.c 

Cipsaz'. 

(e) 06-I6.ÖS:'is 
Cc 0.634. 

(n O6=zo.4o: 
CL= 0.764. 

Figure 
inch 

0    .Z    4    .0    ß    10   &    14   16   18   2.0  22 24 
Longitudinal     distance     from    1/4-chord    point,   semispans 

(a) P/a/ie of symmetry. 

20. -Dotif/watfi   contours dehmd 60° Jwepfbac-A    M'ng  of 60- 
span.  A = 5. 



6k NACA TN No.  1703 

(a) 06-01 
CfO.004. 

(Ö) 06-4.0$ 
Q0.1J4. 

(c) O6--8.I3; 
cL-a300. 

(d)06-12.2S;   $ 

(e) C6=16.3J° § 
CcO.604.    % 

(f) O6-Z0.40- 
CL-0754. 

0    2     4    .6    .8    ID   12   14    16   1,8   2.0   2.2  24 

Longitudinal     distance     from    1/4- chord    point,    xmispans 

(b) -ß- spanN/'se sfaf/o/7. 
figure    20.- 6onf/nue6i. 
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(a)   06 = 0°; 
CcO.004. 

(b) 06=4.03] 
CL=0J54. 

Cc) oc=8JSj 
qo.300. 

(d) 06-1Z25; 
CL=.0.5ZZ. 

(e) 06=16.35- 
CL~-0.634. 

(f) 00=20.40] 
0^0754. 

0    .2     4     .6    .8    1.0    12 , 14-    1.6   1.8    2.0   22   2.4 
Longitudinal     distance    from     1/4 -chord    point,    semispans 

fc) -j- spaw/se station, 

figure   20. - Continued. 
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(a) 06--O] 
CL0.004. 

(b)- 06=4.0% 
CcüM4. 

(c) OÖ-8.1S- 
CL=0500. 

(d) 06-12.2S- 
CL*0.6ZZ. 

(e) 06=16.35- 
CL-0.ö84. 

ff) o6.-Z0.40l 
CL-0.7S4. 

0    2     4    .6    .8    W   12    1.4    16   18   2.0   22 2.4 
'Longitudinal     distance    from    l/4-chord     point,     semispans 

(d) -g öpanNise station, 
figure 2ä~ 'Continued. 
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(a) 06-0° 
CL=o.ao4. 

3 
2 
J 

(b) 06 = 4.09? 
CL=ai54. 

I- I 

(c) 06-ÖJ5; 
CL=0.300. 

13 

I 
• 'O 

ff)   O6=Z0.40°; 
CL = 0.754. 

-.1 

4 
3 
.2 
.1 

-d 

4 
.3 

Ü   2 
.1 

,1 

4 
Cd) oc~12.£$ I   .3 

cL-o.6aa. ^  2 
.1 

-.1 

4 
(e) 06=16.35! 1   3 

CL-0.6ö4.   \   2 
^   .1 

-1 

4 
.3 
2 
.1 

-.1 

££§> 

~m 

--1.0^ 

-2.0 

?40- 
~3D- 

-=--JO.O== 

^^3,0 

-=30- 

-5.0- 

-3-10O' 

^40 

Figure   20. - Concluded. 

0    .2    4    .6    .8 
Longitudinal      distance 

(e)-f£- spa/wise station, 

10   12    1.4    1.6   18   2.0  22 24 

from    1/4-chord    point,   jemispans 
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(O)  O6--0] 
CL = 0.004. 

(b) ex.* 4M 
CL = 0.154. 

(c) 06-8.I5: 
C^ 0.300. 

(d) cx-12.2J.c 

CL=0.52,Z. 

(e) Oö=16.öX 
CL =0.684. 

(f) 06-20.40: 
Cc-0754. ' 

0    2     4-    .6     ß    W   1.2   1.4    1.6   1.8   20  22.  2.4 
Longitudinal      distance    from    1/4- chord    point,    semispans 

(a) Plane of symmetry. 

figure   21.-Dynamic-pressure-ratio contours detiind 60° sueptback   uing 
of   60-inch      span.   A =3. 
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(a)  06-0° 
0L-0.004. 

(b) 06=4.0$ 
cL=am. 

(c) oc=0.15° 
CL=0.300. 

(of) 00-12.25° 
CL-0.522. 

(e) oc =16.35° -5    '3 
CL-0.684.    ^    2 

*    .1 

(f) o6=Z0.40° 
C/--0754. 

0    2     4    .6     .8 
Longitudinal     distance 

1.0    12   1.4    1.6   1.8   20 22 24 
from     Ik- chord     point,'   sernispans 

(bl-ß- spa/w/se sfaf/bn. 
figure  2/.- Continued. 



TO NACA TW No.  1703 

(a) 06-0: 
CL=0.004. 

(b) 06=4.091 
CL=0.154. 

(c) 06--8JJ° 
CL--0.300. 

(d)oö-lZ.25: 
CL=0.522. 

(e) 06--16.36; ,S 
CL =0.684.   I 

(f) 00-20.40; 
Cc-0154. 

0    2     4 

Longitudinal 
b 

.6     .8    1.0   12   14    1.6 

distance     from    1/4- chord 

(c) -j- spanuise station. 

Figure 21-  Continued. 

1.8   20   2.2 24 

point,    semispans 
~7NAOV 
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(a) 06--0] 
CL=0.O04. 

(b) 06=4.09] 
CL=0.154. 

(c) O6--8J5; 
CcO.300. 

Cd) oc-lZ.25° £   3 
CfdSaz. 2 

(e) o6=l6.3J' 
CL=0.68l 

(f) OC--Z0.40'., 
C^O.754. 

0    2     4    .6     .3    1.0   12    1.4   1.6   id   20  22 24 
Longitudinal     distance     from    1/4-chord   ,point,   'semispans 

(d) -jr spa/wise s/a/ion. 

figure   Zl.- Continued. 
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fo) O6=0]                .3 
CcO.004.           2 

.1 

\ 

0   1 

m>~-^ 

nn — —-"■ 1 L/C/ 

-1 

4 
(b) 06=4.09°         .3 

CL--0.154.     §    2 
•s~   1 

«*"" 
^"■^1 

^ 

-I 

t    4 
(6~)o6--8.1J°   \   -3 

CL=0.5O0.           2 

r95^^ 

\ mn 

~2QS 

s=    4 
(d)o6-lZ.£S:^   .3 

C.-0.5ZZ.          2 
„    .1 
^   c~  

-1.00' 

.95- 
on \ .JU* 

-^ 
^ 
-7C) 

^jOUjftZ. /-.Hi 

-100- 
-1.00- 

^    4 
(e) 06 = 16.35.,  .j§   J 

—10^ j£>— 

..60 
r§£ f.95 ■uk 

—wo 
 [■jn'r— 

z^^r ,1.05- \jJCtz. 

.60 4 
(f) O6-Z0.40]       -3 

C, =0.75 4.          2 
1                     J 

NACA 
^7ß 180' 
_^&s£ 

'—WO 
1   ifX l.Uo 

^w- 
0    2     4    .6    .8 

Longitudinal     distance 

(e) ff- spanuise station. 

1.0   12   14    1.6   1.8   2.0   2.2 24 
from    1/4-chord    point,    sembpans 

Figure   21 r Conducted. 
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Survey sfofions 

© Included 

* Omitted 

Figure Z2,-Survey    stations    behind 60° 

swept forward wing of 60-mc/?   span.A=3. 



7^ MCA TN No.  1703 

(a) a--O.0Z0° 
cL-0.022. 

(b) a- 4M 
CL- 0.162. 

g 

.1 
j5 
% 

(c) OL-d.57:  t 
CL--0.3U.  \ 

^ 

^ 

£ 
(d) a -12.66° ^ 

CL=Q489. I 

(e) a,--16.öö° 
CL-0.660. 

(f) a-20.<9%' 
CL= 0.762. 

-/ ' '— 
.4    .6     .8    1.0    1.2    1.4    1.6    Iß    2.0   2.2   2.4 

Longitudinal distance from Vt-chord point, xmlspans 

la)  Plane    of    symmetry. ^^^^^S^' 

Figure      Z3.-  Downwash     contours      behind     60°     swept forward    wing 

of  60 - inch       span.   A = 3. 



NACA TN No.  1703 75 

(a) a,--o.ozo: 
CL-0M2. 

(b)0L--4.20° 
CrOJSZ. 

(c) a--8:57° 
Cc-0.SH 

(e) a-16.30° 
CL=Q660. 

(f) OL-M£$ 
C£-0.762. 

I 
% 

% 

-8 

CL-0.489.    % 
•5 

.0 

$ 

0     1 

Figure    23. 

.4     .6     3     1.0    12    1A    1.6    18    20    22   2.4 

Longitudinal distance from ¥4-chord point, semispans 

iö)    -ß-     spanwiöe     station. 

Continued. 
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(a)OL--O.OZO] 
CfQOZZ. 

(b)&=4.Z0° 
CL--0.16Z. 

(c)a--6.J7.° 
Cz=0.314 

(dj CL--I2.ÖÖ; 
CL-0.489. % 

(e)0L-mo: 
CfO.660. 

if) a --£0.3$; 
Cr0.76Z. 

0    I     4 .0    3    10   IZ   14    1.6   1.8    ZO   ZZ   Z4 
Longitudinal distance from '/*-chord point, jemispans 

(c)  §     spanme    station. ""^NACA^ 

Figure    Z3. ~ Continued. 
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(a) oo-O.OZO: 
CL -0.022. 

(b) GO-4.20" 

CL--0.16Z.   % 

t I 
(c) oc--3.ö7j  1 

6L--0.3U. ^ 

1 
(d) x-12.5ö°A 

CL --0.489. 1 

.§ 
(e) (L-16.Ö0:\ 

CL -0.660. 
M 

(f)  (L=iO.&$ 
CrO.762. 

figure 

'0    .2    .4    .6    .3    10   12   1.4   1.6   1.Ö   2.0   £2   d.4 

Longitudinal distance from   %-chord pänt, semspms. 

(d)-£ span me   station. 

23. - Continued. 
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(a) a,--O.O20: 
CL--0M2. 

(b)a-- - A.ZO] 
cL ■-0.162. 

S 

(Oa- --8.37° O 

CL --0.311 

I 
I 

(d)a --1Z.SÖ) £ 
CL --0.489. 

(e)a = 16.00] 
CL 

--0.660 

(fja-zo.ss: 
CfO.762. 

Constant     value±_ e = 0.5° 

0    .Z 

Figure      23. 

4>    .6     .8    1.0    II    14 16   18   ZO   Z.Z   Z& 
Longitudinal distance from ¥4-chora'po/nt^em/spans 

f£     spanwise 

■ Concluded. 

re) station. 
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(a)a-0.020° 
CfQOdZ. 

CL=0.162. 

(c) a.-8.37. 
CfQ.311 

(d)a-12.56; 

CfO.489. £ 

I 
f 
I 
P> 

1 
.so 

1 
(e)0L-16.dO, 

CL=0.660. S 

Cf 0.762. 

.2     .4     .6     .8    10    1.2    14-    1.6    1.8    2.0    2.2   24 

Longitudinal distance from 1/4-chord poin^semispans 

NAOT (a)  Plane    of    symmetry. 

Figure     £4■- Dynamic —pressure - ratio      contours   . behina 

sweptforward    wing   of   60 - inch       span.     A = 3.. 

60c 
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(a) OL--0.0Z0] 
CL--0.0Z2. 

Cr- 0.162. 

I 
(C)OL--8.37; % 

CL-0.3U. § 

I 
(d)d--iz:  § 

CL= 0.469.$. 

.8 

£ 
(e)a--16° 

Cf 0.660. 

(f) a --20; 
CL-0.76Z. 

0    2     .4    .6    .8 1.4-    1.6   id    2D   22   ZA 1.0   12 

Longitudinal distance from Ik-chord point, semispans 

(b) ^     spanwise     station. 

Figure      Z4, 

b 
6 

Continued. 
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(a) a-O.OZO* 
ctomz. 

(b) a-4.Z0: 
CrO.162. 

t 
I 

>0 Qj' (c) a-8.07;% 

I 
(d) <L*lZ.Sd?§ 

CfO.<m ^ ■Jo 

5 

2 

(e) a --16.60? 
CL--0.660 

(f) 0L--ZOM 
CL=0.762'. 

.4 .6     3     10    12    14    1.6    1.8   20    &   24 
Longitudinal distance from V* -chord pant, xtrispans 

spanwise      station. ,a  | 
F/'gure     24. - Continued. 
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(a) OL-OMO; 
CL-0.02Z. 

(b) a- 420: 
CfOm. 

% 

\ 

(c) a-8.37°i 
Cf0.31l ^ 

I 

(d) 0.-123$$. 
CL--0.489.^ 

1 

(e) CL--16.80', 
CCQ660. 

if) OL-Z0.99° 
CL=0.762. 

0    .1    .4 .6    .3    1.0   12    1.4    1.6    18    2.0.   22   2.4- 
Longitudinal distance from fo-cbord point^emispans 

(d)   Jr      spanwise     station. 

Figure     2,4- Continued. 
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(a) GL-0.020° 
CfQoez. 

(b) a- 4M 
CcO.162. 

% 
{c)0L-8.5i: % 

CL=0.31l   gf 

1 
(d) CL-12M <u 

CcO.469.   g 
C3 

(e) a=16.30: 
CfO.660. 

CL=0.762. 

Figure    24. 

0    2     4    .6    .3     10    LZ    14-    1.6   18   ZD   ZI   Z4> 

Longitudinal distance from fa-chord pant, jemispans 

(e) JJ     spanwise     station. 
Concluded. 
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VNACA„ 

©    Survey  stations 

Figure 25r Survey    stations     behind straight 

rectangular  wing  of 30-//?ch    span.A=3. 



NACA TN No.  1703 85 

(a) 06-O.OI] 
CL=0.028. 

(b) 06 = 4.03; 
Cc0.l66- 

(0 06-8.07° 
CL=0.34?. 

(d) 06=12.10° 
CL=0.550. 

(e) 06=16.13-    .8   .6 
cco.7ie,   I 

4     .8    12   1.6   2.0   24   2.Ö   32   3.6  4.0   4Ar   4.8 
Longitudinal   distance    from   lk-chord   point,    semispans 

fa) Plane of symmetry, 

figure   26.- Down wash contours behind sfra/ghf reotangu/ar mg of 30-/'/ich 

span. /9'-J. 
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(a) 06--O.OI] 
CtfO.020. 

(b)  06-4.03°; 
CL-0J66. 

(c) 06-8.07/ 
CL=0.342. 

id) 06=12.10° 
CL-0S50. 

to 06=16.13°. 
CL=0.7/£. 

0    4     .8    1.2    1.6   2.0   24    28   3.2   3.6   4.0   4.4   4.8 

Longitudinal    distance    from    lk-chord    point,   sernhpans 
h (b)-^- sponwse station, 

figure Z 6. - Continued. 
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(a) 06=0.01- 
CL=(WZd. 

(b) 06-4.03] 
CfO.166. 

(0 06=8.07-°   *  -6 
Cc0.34a.   ^ 

(d) 06-IZ.IO;  %  .6 
cL°as5a ^ 

(0 06-16.13-   .§  .6 
CL=0.7I£. & .4 

2 

0    4     .5    Z2    1.6   2.0   2.4   2.8   3.2   3.6   4.0   4.4-  4.8 

Longitudinal    distance    from    lk -chord   point,   semispans 

b (c) 3 spa/wise station. 

figure Z6.- Continued. 
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cL*-ao28. 

lb) Oö=4- 

Cf 0.166. 

(c) CM=(9; 

CC-Q54Z. 

(d) ot-lZ\ 
CL= 0.550. 

CfOJlZ. 

0     4    ß    12    16   20   24   2.8   32   3.6   4.0   4.4   4.8 

Longitudinal    d/'jfance    from    1/4-chord   point,   semispans 

(d) -£ spanuise station. 

figure  26r Continued. 
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(a) CC--0.O1- 
• C£QQZÖ. 

06=4.03- 
Cf(U66. 

(c) $6 = 8.07-° 
CL=0.342. 

(d) O6=lZJ0°; 
CL = 0.550. 

it) 06=16.13; 

0    4    .8    12    id    2.0   24   28   J.2   3.6   40   44   45 
Longitudinal    distance     from   1/4-chord   point,   sem/spans 

7b 

Figure 26- Concluded. 

(ß)~fir spatwise statto/>. 
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(a) OC--0.OI] 

(b) O6-4.03- 
C,--0.166 

(0 06=6.07° 
CL-0.342. 

id) 06=12.10° 
CL= 0.630. 

(c) 06=16.13° 

0    4     .8    12    16   ZO   2.4   23   3.2   3.6   4.0   4.4 4.8 
Longitudinal    distance    from    1/4-chord   point,    semispanö 

(a) Plane of symmetry, 

figure   27.- Dynamic-pressure -ratio   contours de hind straight rectangu/ar w'ng 

of 30 -//?c/7   span, /f-- 3. 
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(0) 06=0.01- 
Cf-aoeö. 

(b) O6-4.0J' 
CC0J66. 

(0 06-8.07-°  tf -6 
Cr0.34Z. Ji  -4 

^ .2 

id) o6=lZ.W- 
CfO.500. 

(O06-I6JÖ; ^  .6 
Crä7/£.   %  4 

0     4    .8    12    Iß   10   2A   Z8   32   3.6   40   4.4   4.8 
Longitudinal   distance    from    1/4-chord    point,   semispans 

b (b)-£ sparwise sfaf/on 

figure   27- Continued. 
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(0) O6-0.O1J 
CL=-0.023. 

CfOJ66. 

(d) 00-12.10; % .6 
CL*0JS50. 

(t) 06-16.13°;   "§    .6 
CL=0.7I£- 

0    .4    .8    12    1.6   2.0   24   2.8   32   16   4.0   44  4.8 
Longitudinal    dblancc    from    ¥4-chord    point,    sembpans 

k)-j- spa/wise str/tlen. 

figure   2 7.- Continued. 
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(a) 06=0.01? 
CfOMö. 

(b) 06=4.03° 
CL= 8.166. 

(0 06 = 8.07° 
CL=0.54£. 

(d) 06=12,10° 
CL- 0.550. 

(0 o6 = 16JJ° 
CL=0.7te 

0    4     .8    12    16    2D   24   23   3.2    3.6   40    4-A  4.8 
Longitudinal    distance   from   W-chord    point,     semispans 

(d)-jr span me station. 
figure   2 7.- Continued. 
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(0) 06=0.01; 

(b) 06-4.OÖ; 
CL= 0.166 

(0 06=8.07° 
C£01342.   gT .4 

(d) O6-12.10; 

.2 

(0 06 = 16.13,-   « 
CL= 0.7/2. "~ 

0    .4     .8    12    W    2.0   24   28   J2   J.6   4.0   4.4  48 

Longitudinal    distance    from   1/4-chord   point,   semispam 

(e)j2~ spomise sMo/?. 
Figure   2 7. - Concluded. 
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© Survey stations 

Figure2d.~Survey stations   behind 30° 

swept back wing of Scinch span. A = 4.5. 
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(O)  06-0} 
Chaote. 

(b) 06-4M" 

(6)   06 = 8.10° 
CL=0.487 

fd) o6-12.S^; 
CL=0.70Z. 

(e) 06 = 16.33; 
CL=.0.9QZ. 

0   Z    A    .6    .8    1.0   IZ   1.4   1.6   1.8  ZO  LZ L4  Z6 Z& 
Longitudinal    distance    from    I/4-chord    point,   semispans 

(a) Plane of symmetry. 
Figure 29.- DounHasri contours behind 30° SHtptback Ming of 3£-/'rief? spa/)./Iz 4.5. 
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(a) 06=01 
CL-0.012. 

(b) 06 = 4.09; 
CQQ239. 

(C)  O6-8.IÖ] 
CfQ.407. 

fd) o6-12.£j; 
CL=a7Q£. 

(e) 06 = 16.J3? 
CL=d&0£. 
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0   .2    .4    .6    .8    1.0   1.2   1.4   1.6   1.8   2.0  2.2 2.4   2.6 2.8 

Longitudinal     distance   from    1/4- chord    point,    semispans 

(b)-fi spanuise station. 

figure   29. - Continued. 
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(a)  06 = 0] 
C^ 0.012. 

(b) 06 = 4.03! 
CL=0Z59. 

(c) 01=8.16] 
CcO.437, 

(d) 06-12.2&] 
CL=0.76>£. 

(e) 06 = 16.35] 
Cr 0.902. 

0   .2    .4    .6    .8    1.0   1.2   1.4   1.6   1.8  2.0  2.2 2.4  2.6  28 

Longitudinal    distance    from    1/4-chord    point,    semispans 

b (c)-j sparwise sfaf/o/7. 

wre   29. -Continued. 
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(a) ocO) 
CfQOlZ. 

(Ö) OC-4.0&; 

(c)  06-8.13°; 
CL=d487 

CL-0.70£. 

(e) o6 = 16.JJ- 

figure    29. 

0   .£    .4    .6     .8    1.0 1.2   1.4   1.6   1.8  2.0 2.Z   2.4   2.6 2.8 

Longitudinal     distance from    U4-chord   point,    semispans 

(d) -jr spanme station. 

Continued. 
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(a) 06=0} 
CL-0.012. 

(b) o6-4.0<9° 
C^ 0.259. 

(ö)  OÖ-8.13° 
CL= 0.487. 

(d) 00-12.2S; 
CL-0.702. 

(e) 06 = 16.53' 
CL= 0.902. 

0   .2    A    .6    .8    1.0   1.2   1.4   1.6   1.8 2.0 2.2 2.4 2.6 2.8 

Longitudinal    distance    from     Ui-chord   point,   semispans 

(e) fir spanuise station. 

Figure 29. - Oonciuded. 
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(a)  O6 = 0l 
CL= 0.012. 

fb) 06=4.07° 
CL= 0.359. 

(c) oc-8.16] 
CL=0.4Ö7. 

(d) oc~iz.as; 
CL=0.702. 

(e) 06 = 16.35° 
Cc0902. 

0   .2    4    .6    .8   1.0   1.2   1.4   1.6   1.8  10 2.2 24  2.6 2.8 

Longitudinal    distance    from   1/4-chord    point,   semispans 

(a) Plane of symmetry, 

figure 30.-Dynamic-pressure-ratio contours behind 00° swept-bacK my of S&'/ncr) 

span, ft--4.5. 
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(a) OC=0] 
CL-0.012. 

(b) 06-4.0$; 
CL-0.239. 

(6) OC-8.IÖI 
CL=0.487. 

(d) oc-12.25° 
CL*0.702. 

(e) o6 = 16.J3° 
CL= 0.902. 

0   .2    4    .6    .8    1.0   1.2   14   1.6   1.8  2.0 2.2 2.4  2.6 28 

Longitudinal     distance    from    1/4-chord    point,   semhpans 

(b)-% sparwise station, 

figure   30.- Oontmued 
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CO)    O6 = 0"; 
Cc-0.012. 

(b) 06-4.03° 
CL-0239 

(c) oc-8.16] 
C^-0.487 

(d) 06-12.23° 
Cr-0.702. 

(g) 66=16.33] 
CL= 0.902. 

0   .2    .4    .6    .0    1.0   12   1.4   16   1.8  2.0 2.2  2.4 2.6 2.8 

Longitudinal     distance    from    V*-chord    point,   semispans 

(c)~3 jpanme station, 
figure  30.-   Continued. 
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(a)   06=0°, 
CL' 0.012. 

(b) 06-4.0$ 
CL-0.239. 

(c) 00-8JS; 
CL-0.487. 

(d) 0C-12.ZS1 
CL-0702. 

(e) oc<=16.SÖ°, 
CL=0.902. 

0   .2    .4    .6    .8    1.0   12   1.4   1.6   1.8   20  22  24  2.6  2.8 
Longitudinal    distance    from    lk-chord   point,    semispans 

(d)-£- span wise   6tat ion. 

figure 30.- Continued. 



NACA TN No.  1703 3D 5 

(a) OC=0; 
CL= 0.012. 

(b) 06-4.09°; 
CL=.0.239. 

(c) oc-8Jd° 
CL-0.487. 

(d) 06 =12.25; 
CL = 0.702. 

(e) 06=16.J3; 
CL=0.902. 

figure 30. 

0   .2    .4    .6    .8    1.0   1.2   1.4   1.6   1.8   2.0   22 2.4   26 28 
Longitudinal    distance    from    Ik-chord   point,   semhpans 

(e) jjt- spanwse  station. 
6onciuded. 
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Survey stations 

Figure 31 - Survey   stations    behind 30° swept- 

forward wing of 52-/>7Cf?    spon.A=4.5. 
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(a) 06=0.0) 
CL=O.OL 

(b) OC--4.1] 
C, =0u22. 

(c) 06=8.2} 
CL-0A5. 

(d) oc-12.3^ 
CL=0.64. 

(e) Oö=16.ö; 
CL=0.7ö. 

(f) oc=Z0.4j 

Figure 

52 

0   .2    4    .6    .8    1.0   1.2   1.4    1.6   1.8   2.0  2.2 2.4   26 2.8 
Longitudinal   distance    from   ¥4-chord   point,   sem'ispans 

fa) Plane,   of    symmetry. ^^5^^ 

31- Downwash    contours    behind     30°    swept forward     wing   of 
- //7c/7     span.     /)= 4.5. 



108 NACA TN No.  1703 

(a) oc-O.Ol 

(6) oc-4./j 
CfüZt. 

fc) oc'6.2} 
CL=0.46. 

(d) oc-ie.3- 
CL-0.64, 

Ce) oc^lö.ö- 
CL-0.7S. 

(f) 06=20.4* 

0   2    4    .6    .8    1.0   1.2   1.4   1.6   1.8   2.0 & 24  2.6 28 

Longitudinal    distance   from   t/4-chord   point,    semispons 
h (b) ¥    spanwise     station. 

Figure    32.. - Continued. 
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(a) oc=0.0°; 
cL=aoi 

(b) 00-4.1; 
CL=0.£Z. 

(c) 00=8.2; 
cL=a4s. 

Cd) oc-12.31 
CL= 0,64. 

(e) oc=16.Jj" 
CL'-0J3. 

(f) 06-20.41 
CL*OM 

I 

13 

5 
£ 

.§ 
^> 

0    .2    A    .6    .8    1.0   1.2   14   1.6   1.8   20 2.2 2.4  2.6 2ß 

Longitudinal    distance   from    1/4-chord   point,   semispans 

(o -U   spanwse    station 

Figure   32- - Continued. 
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fa) O6--0.0] 

(b) OC-4.U 
C-0,22. 

(6) 06-8.2- 
CL=0.43. 

fd) 06=12.3] 
CL= 0.64. 

(6)  06-16.3- 
Cr-0.7d. 

(f)   06 = 20.4;' 
CL= 0.91 

0   .2   '4    .6    .8    1.0   1.2   14   1.6   18   2.0 22  2.4   2.6 2.8 

Longitudinal   distance   from    1/4 -chord   point,   semispans 

Figure   32- Continued. 
"" 7 spanwise    station. 



NACA TN Wo.  1703 111 

(a)   06=0.0°; 
cL=aoi 

(b) OC--4.1.; 
'    CL-0.Z2. c: 

(c) 00 = 8.2s ^ 

cL=a4$. Q^ 

1 
'S 

(d) 0C-12.3J i 
CL = 0.64. 

"a 
(e) ot=16.3-° 1= 

c, = a 76, 

(f) o6'20.4'j 
* cL= a&t. 

0   .2    4    .6    .8    1.0   1.2   1.4   1.6   1.8  2.0 2.2 24  2.6 2ß 
Longitudinal   distance   from   1/4 -chord   point,   semispam 

7b (e) jp-   spanwise    station. 

Figure   32 ■ - Concluded. 



112 MCA TN No.  1703 

(a) 06 = 0.0? 
CL*O.OL 

Co) 00-4.1° 
CL= a 23. 

Cc) oc-8.2- 
CL*CL45. 

Cd) Q6--12.3;' 
CL-0.64. 

Ce) oc=16.5; 

Cf) 06=20.4j 
CL=0..9l 

Figure   33-- 

wing    of 

0    Z    A    .6    .8    1.0   1.2   1.4    1.6   1.8   2D 2Z 2.4-  26  2ß 

Longitudinal    distance    from   1/4-chord   point,   semispans 

(a)  Plane    of   symmetry. 

Dynamic - pressure - ratio     contours     behind   30"  sweptformrd 

52-/r?cf?    span.     A = 4.5. 
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(a)   06=0.0; 
CL= 0.01. 

(b) o6 = 4.1:° 
CL= 0.21. c 

Ö 

1 

(c) 06-8.2] 
CL-0.45. Q. 

(d) oc-lE.3? 
CL= 0.64. 

(e) o6 = 16.J° 
CL= 0.7Ö. 

(f) 06 = 204} 
CL= 0.91 

0   2    .4    .6    .8    1.0   12   1.4   1.6   1.8 2.0 22 24  2.6 2.8 
Longitudinal    distance    from   U4-chord  point,   semispam ' 

(b) 

Figure   33.-Continued. 

jr-    spanwise     station. 



111+ NACA TW No.  1703 

(ä)  06-0.0°; 
cL-aoi 

(6) OC-4J, 
CL=0^c°. 

(c) 06-8.2° 
CL=0.43. 

(d) oc-12.3- 
CL--0.64. 

fe) o6 = 16.J:° 
CL=0.7S. 

(f) 06-20.4° 
CL- 0.91 

.2 .4    .6    .8     ID   1.2   1.4   1.6   1.8   2.0  ZZ  2.4   2.6  28 

Longitudinal    distance    from   1/4-chord   point,   sermspans 

(c)  -0-    spanwise    station. 

Figure    3 3.-Continued. 
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Co)  OC-O.O'; 
cL-- 0:0t. 

Cd) 00-4.1; 
CL -- 0&. 

c: 
<3 

.^ 
5 <u 
<o 

CO)  OC'-6.2;° 
C, = 0.43. ^ 

CL 

~p <. 
0 -c 
<o 

(d) oc-12.31 1 
CL= 0,64. 

<u 
0 c 

■iS .^> 
~Ö 

r*\  ~s -iR <\° !B 
CL-0.7S. 

(f) oc-eo.41 
c,= asi. 

Figure 

0   .2    4    .6    .8    1.0   12   14    1.6   1.8  2.0   22 2.4 2.6 28 
Longitudinal   distance   from   V4-chord   point,   semispans 

b (d)   M-    spanwise    station. 

33 -Continued. 
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(a) O6--0] 
CfO.OL 

(b) O6-4.0&- 
CffäE. 

(c) OC-8.17-: 
CL= 0.45. 

(d) 00-12.23] 
CL= 0.64. 

fe) Oö= 16.33/ 
CL-0.76. 

(f) 06-20.3$ 
C,= 0.91. 

.5 
4 
.3 
.2 
.1 Constant    value,   f r 1.00 

.2    4    .6    .8    1.0   1.2   1.4    1.6   1.8  2.0 2.2 2.4  2.6 28 

Longitudinal   distance   from   V4-chord   point,   semi spans 

(& l2 spanwise    station. 

Figure    33. - Concluded. 
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w 

Survey stations 
0 Inc/uded 

* Omitted 

Figure 34r Survey   stations   behind 60° 

sweptbac/C   wing of 30-/r?c/?   span. A =1.5. 



118 NACA TN No.  I7O3 

O-AO- 
(a) o6'0] 

Cjr-0.009. 

(b) 06=4.06; 
cL-aiw. 

(c) 06-8.11° 
CL=0.251. 

fd) 06=12.17;   <§ 
CL = 0.395 

(e) 06-16.24]   a 

CL-0,563.   %   .4 
^   .2 

(f) o6 = 20.J0°. 
CL= 0.707. 

0     .4     .8     1.2    1.6   2.0    2.4   2.8   3.2    3.6    4.0    4.4    4.8 

Longitudinal     distance     from    I/4-chord    point,   semispans 

(a)   Plane    of    symmetry. ^*^u^ 

llqurc      35.- Dnwnwash     contours      behind      60°    öwepibock       wing     of 

30-- inch span.      A= 1.5. 
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(d)   06=0] 
Cc-0009. 

(b) 06=4.06] 
CcO.119. 

(c)   06=8Jl] 
CcO.251. 

(d) 06-1Z.1? 
CL=0.395J. 

Ce) oa=16.Z4] 
CL*0.563. 

(f) O6 = mö0; 

CL=0.707. 
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Figure 

0      .4      .8 l.Z     1.6 Z.0   Z.4   Z.8   32   3.6    4.0    4.4    4.8 

Longitudinal distance from      1/4-chord     point,   semispans 

(b)   S spanwise station. 

35 - Continued. 
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(a)   06*0°. 
Cc'doOQ. 

(b) o6-4°.06:    §   .6 
cL-am 

(c) o6-8.ll] 
CcO.251. 

(d) o6=l2.17: 
CL=0.395. 

fe) 06-I6M. 
CL= 0.563, 

(f) O6--2OJ0; 
CfO.707. 

0     A     .8     1.2    1.6    2.0    2.4   2.8    3.2   3.6    4.0    4.4    4.8 

Longitudinal      distance     from    1/4-chord     point,   semispans 

(c) -§■    spanwise     station. 

Figure   35 -Continued. 
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(a)   06 = 0] 
CL-QO09. 

(b) 06-4.06° 
CL-0.119. 

(c) oc-8.li; 
CcO.251. 

M o6=iz.n: 
CL-0:395. 

(6)  06-1624] 
CL-0.563. 

(f) 06--ZOJO: 
CL--0.707. 

'0     A     .8 

Longitudinal 

b (d) 

Figure    35 .-Continued. 
Z 

1.2    1.6    2.0    2.4   2.8   3.2    3.6    4.0    4.4    4.8 

distance     from     1/4-chord ■   point,    sembpans 

spanwbe     station. 
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fa)   06 = 0] 
CL--0.009. 

(b) 06*4.06? 
cL=o.m. 

(c) 06-8.li: 
CL=0.25l 

Cd) o6,= 12.17.° 
CL=0.395. 

(e) oo-16.24.   0 
CL=0.563. 

Cf) O6-Z0.30; 
CL=0.707. 

Figure   35. 

0     .4     .8 1.2    1.6 2.0   2.4   28   3.2   3.6   4.0   4.4    4.8 
Longitudinal distance from     1/4-chord    point,   semhpans 

(e)   W spanwise station. 

Concluded. 
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NACA TO Wo. 

fa) oc-o: 
CL --0.009. 

(b) oö-4.06° 
cL-o.iw' 

(c) 06-8.U0 

C^O.251. 

(d) od.-lZ.17: 
CL=0.395.' 

(e) Oö = 16.£4. 

CL=0.563.J 

ff) 06=20.30° 
CL= 0.707 

Figure   3 
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Longitudinal     distance    from    Ik-chord    poir 

6   4.0    4.4    4. 
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fa)   Plane    of   symmetry. 

6 .- Dynamic- pressure- ratio      contours     behind 

wing    of    30 - inch        span.    A =1.5. 

50° swep t- 



12U NACA TN No.  1703 

(a) O6 = 0] 
CL-0.009. 

(b) 06-LO6] 
CL'01l9. 

(c) 06-8.11: 
CL=0.251. 

id) 06-IZ.17'. 
C/KJ.33J. 

(e) 06=16.24, 
CL=0563. 

(f) oö=20.50; 
Cc-0707. 

0     .4     .8 

Longitudinal 

Figure    36 -Continued. 

1.2    1.6   2.0    2.4    2.8    32   3.6   4.0   4.4    4.8 

distance     from    1/4-chord    point,    semispans 

■spanwbe     station. 
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(a) o6*0\ 
C^ 0.009. 

(b) o6-4.06c. 
cL=am. 

fc)   06-8.11°: 
. Cf 0.251. 

(d) 06-lZ.it 
CcO.396. ' 

(e) 06-I6.Z4: 
CL=0.563.' 

(f) o6 = Z0.30: 
C£-0707. 

0     .4      .8     t.Z    16   Z.0   2.4   Z.8   3.Z    3.6   4.0    4.4    4.8 

Longitudinal     distance     from    l/4-chord    point,   semispans 

Figure    36. - Continued. 

(c)  Y    spanwise    station. 
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(a)  06=0°, 
CL-0.009- 

(b) 06-4.06! 
CL=0J16. 

(c) 06-8AI: 
CL=0.Z51. 

(d) 06--IZJ7: 
CL*Q39&' 

(e) o6=1624c. 
Cp-0.563.' 

(f) 06-ZO.50; 
CcO.707. 

0     4     .8     12    16   &0   Z.4   Z8   3.2   3.6    4.0    4.4    4.8 

Longitudinal    distance     from     l/4-chord    point,    semhpans 

b (d)   U    spanwbe    station 

Figure  36 .- Continued. 
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fa) oc-o: 
cLmom. 

(b) 06=4.06° 
cL-aiw. 

(c)  06=8.11° 
CL-0.251. 

(d) o6 = lZ.17° 
CL=0.39S'. 

(e) 06=16^4°. 
CL-0.563. 

(f) 06--ZO.30: 
CL-0.707. 
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from    1/4-chord     point,   semispans 

station. 

Figure    36 -Concluded. 
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w 

Survey stations 
G Included 

* Omitted 

Figure 37-Survey    stations     behind 60° 

Sweptforward    wing of 30*inch   span.   A-J.5. 
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(a) 06=0; 
CL-QO08. 

c 

(b) 06-4.04°; % 
Cc 0.111   ■% 

c; 

(c) 06=8.09; 
Cr0.£35. ^ 

(d) o6 = 12J3; 
CL-0.374. 

& 

c: 

fe) 00-I6JÖ; <a 
CL~GJ&.-£ 

m o6 = Z0.£2°; 
CL= 0.646. 

0    £    .6     1.2    Iß   Z.0   24-   2.8  3.2   3.6   4.0   4.4 4.8 
Longitudinal     distance     from     I/4- chord     point,   semispans 

(a) Plane of symmetry. 

Figure'38.-Downwash contours behind 60° sweptforward wing 

of 30-inch   span.    A =1.5. 
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(a) 06=0°; 
CL*.0.008. 

(3) 06=4.04; 
CL-0.W. 

(c) O6-8.09; 
CL = 0.235. 

(d) 06-12M 
cL=.om. 

(e) 06=16.16) ^ 
CL-0J&. 

ff) oc= 20.2a. 
CL= 0.646 

0    &   .8    12    1.6   Z0   24   ZB  3.Z   3.6   4.0   4.4 48 
Longitudinal    distance    from     1/4-chord    point,    semispans 

(b) ß sponwise station. 

Figure 33, ~ Continued. 
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(a)  OÖ' -0) 
0.008. 

(b) 06- 
C- 

4.04; 
O.UL 

fc) 06-8.03° 
C, -0,255. 

(d) 06- 1U3°; 
0574. 

(e) 00 -16.10°; 
-0.583. 

rn O6=zo.zz- 
Cr0.646. 

'0    .4    .8    12   1.6   2.0   24   2.8   32  36   4.0  4.4  48 
Longitudinal     distance     from    1/4-chord    point,    semispans 

(C) -j spanwise station. 

Figure 38rContinued. 
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'0    4     .8    LZ    16   2.0   24  2.8  12  3.6   4.0  4.4 4.8 
Longitudinal      distance    from     I/4-chord    point,    semhpans 

id) -%   sponwise station. 

Figure 33. - Continued. 
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(a) oc-0] 
CL*0.0ÖÖ. 

(6) 06=4.04°; 
CL-0.111. 

(c) 06-8.09°; 
CL= 0.235. 

(d) o6=lZJ3; ^   .6 
CL= 0.374. 4 

(e) 06-16.16°; 
CL-0.5Z3.    %   4 

*   2 

(f) o6,=Z0.Z2°; 
CL =0.646. 

0    .4     ß    12    1.6  2.0  24   23  32   3.6   4.0  44   48 
Longitudinal     distance     from    l/4-chord    point,    semi'spans 

7b (e) j£ spanwise sfotion. 

f/gure33.- Concluded. 
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(a)   OÖ--0; 
CL-0.008. 

(6) 06 = 4.04°; 
CL~ 0.111. 

(c) 06 = 8.08° 
CL = 0.235. 

(d) 06-1Z.13; 
CL-0374. 

(e) 06-I6.IÖ] 
CL= 0.523 

(f) oc-ZO.22"; 
CL = 0.646. 

'0    .4    .8    12    1.6    20  24   28   3.2   3.6   4.0  4.4   4.8 
Longitudinal     distance     from     1/4-chord    point,     semispans 

(a) Plane of symmetry. ^VA^ 

Figure33-Dynamic-pressure - ratio    contours    behind    60°   smptforword   wing 

of    30 - inch      span.    A-1.5. 
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(a) O6 = 0; 
CL-- 0.006. 

(b) 06=4.04; 
CL=.0.1U. 

(c) 06-8.OO/ 
CL=0.Z3J. 

(d) o6=lZ.13; 
CL= 0.374. 

(e) 06-I6JS; 
Cc 0.523. 

moc-zo.zzi 
CL= 0.646. 

0    4     .8 

Longitudinal 

1.Z    1.6 

distance 

spanw/se 

ZO 24   2.8  3.2  3.6 

from     1/4-chord     point, 

station. 

4.0  4.4 4.8 
semispans 

NACAI 

Figure 39 -Continued. 



136 MCA TN No.  1703 

(a) 06-01 
CL*Q008. 

fb) 06 = 4.04, 
CfO.111. 

fc) 06=8.09; 
CL=0.235. 

(d) oc-12.13; 
CL=0.374. 

(e) 06=16,10;   s 
CL=0.523. 

(f) O6-Z0.Z2] 
CL=0.646. 

0    .4    .8    12   1.6   ZO   24   2.8  S.2   3.6    40   4.4  4.8 
Longitudinal     distance     from    Ik-chord    point,     semispans 

b (c)   %    spanwbe    station. 
Figure 39. - Continued. 
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(a) 00=0} 
CL-0.008. 

Cd) 06=4.04°; 
CL=0.U1. 

Cc) 00= 8.09; 
CL=O.ZJJ. 

Cd) ot-12.13; & 
CL= 0.374. 

.8 
Ce) 06-16JÖ; ^   .6 

Cr 0.323.   .8    .4 

(f) ot-ZQ.22'; 
CL=0.646. 

1.QO 

'O    .4-    .8   IZ    1.6   20   24   2.8   32   3.6   4.0  44 4.8 

Longitudinal    distance     from    1/4-chord    point,   semispans 

b fd) M-    spanwise   station. 

Figure 39 .-Continued. 
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(a) O6-0"; 
CL = 0.003. 

(b) 06 = 4.04° 
CL-0.111. 

(6)  O6--8.09- 
CL-0.333. 

(d) c^-12.13; 
CL=0.374. 

(e) 06 = 16.10; 
CL-0.5£3. 

(f) o6=Z0.ZZ) 
CL=0.646. 

'0    .4     .8    12    1.6    2.0   34   3.6   32   3.6   40   4.4   48 
Longitudinal     distance     from    1/4'chord     point,    semispans 

Nation. re) 7b 

Figure   39. - Concluded. 

JJ     spanwise 
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60 sweptforword} 60 spon 
a-8.4° 
CL=0.3l 
A=3.0 

0 sweep, 30 "span 
06=6./° 
CL=0.J4 
A=3.0 

60 ° swept back, 60 span 
oC=S.2° 
CL=0.S0 
A -3.0 

(o) Downwosh, €. 

0        2        4        .6        ß       1.0 
Loteral d/stance fron) plane 

of symmetry, semispan 
SACA; 

Figure 40. -£ffect of sweep on the spanwise distribution of downwash 
and dynamic-pressure ratio behind wings of the some aspect 
ratio. Toil lengthy J.O semispon for 60-inchspan wings and 2.0 semi spans 
for the 30-inch-spon wings. 
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60° swept forward, GOspan 
oC=8.4" 
CL=0.31 
A =3.0 

0° sweep, SO'span 
oC=8.1° 
Cf0.34 
A =3.0 

60° sweptback, 60"span 
06=8.2 ° 
CL=0.50 
A =3.0 

.2        .4        .6 .8       1.0 
Loterol distance from plane 

of symmetry, semispan  \NACA. 

1.2 

(6) Dynamic-pressure ratio, 9/j 

Figure 40-Concluded. 
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60 sweptforword ,30 span 
oC=8.1° 
Ctr02i 
A=A5 

0 sweep, 60 "span 
06=4.1° 
CtrOZÖ 
A=6.0 

60°swept bock, 30"span 
o6 = 6.2° 
CL--0£5 
A--1.5 

(a) D own wash, €. 
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.2 
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.3 
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.1 
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-./ 
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.6 
.4 
.2 
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-.2 
0     .a     4     .6     .8     /o 

Latera/ distance from plane 
of symmetry, semispan 

F/güre 4/.-Effect of sweep on the sponwise distribution  of down wash ond 
dynamic -pressure ratio behind wings of the same basic pane/. Tail length, 
10 semispan for 60-inch-spon wings and 2.0 semispans for 30-inch-spon wings. 
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60 swept forward, 30  spon 
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CL=0Z4 % 

.2 

A-1.5 
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1 -.2 
<o 
<b 

1 A 

0°sweept 60" span 
a -4.1° 1 
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.2 

CL=0.ä5 ■? .1 

A=6.0 ? 0 

1 -1 
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<o 

1 .8 
S> 

60°swept back, 30 span ^ .6 

OC-S.2" .8 .4 

CL^0.25 ^ 
.2 

A--J.5 ^ 0 

-z 
0 .2        4        .6       .8       1.0 

Lateral distonce from plane 
of symmetry, semispon 

(b) Dynamic -pressure   ratio , %k 

Figure 41. - Concluded. 
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Tail length =0.75% 

-A 0       A       .2      .3 
Tail position, h, semispan 

.4 

06. 8° (a) Plane of symmetry; 

Figure 42-Effect of sweep and tail position on the variation 
of down wash  with  angle of attack for the  different 
swept wings of aspect ratio 3- 
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Figure 4Z.~ Continued. 
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Figure   4£.~~ Continued. 
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