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TECHNICAL NOTE 2353

CHARTS AND TABLES FOR USE IN CALCULATIONS OF DOWNWASH
OF WINGS OF ARBITRARY PLAN FORM

By Franklin W. Diederich
SUMMARY

Values of the downwash of a horseshoe vortex in incompressible flow
are presented in the form of charts and tables. The use of the charts
and tables in the calculations of the downwash of wings of arbitrary plan
form is discussed. The results of a few calculations are compared with
experimental results.

INTRODUCTION

A knowledge of the downwash behind the wing 1s required for the
rational design of the horizontal teil surfaces as well as for the
analysis of the longitudinal stability of an airplane. The design charts
of reference 1, which are based on the experiments and analysis of refer-
ence 2, afford a convenient means of estimating the downwash behind
unswept wings. These charts are basically inappllicable to swept wings
and to wings of more complicated plan form because the agsumed bound
vortex 1s unswept and because the assumed spanwise 1lift distributions
are those of unswept wings and differ from those of swept wings.

Inasmuch as sweep constitutes an additional geometric variable and
because the use of more complicated plan forms introduces still further
veriables, the preparation of extensive charts that give directly the
downwash field for any erbitrary plan form is not considered practical.
When the spanwise 1ift distribution is known for eny pertlcular case
the representation of the wing by a vortex pattern end calculation of
the downwash field associsted with that pattern in the tail reglon with:
certain simplifying assumptions, such as that of a plane vortex sheet,
ig a feirly straightforward, although somewhat time consuming problem.

This peper presents a method, together with the necessary charts »
and tables, for facilitating such calculations. As is described herein,
the tables and charts give the downwash field of an elemental rectangular
horseshoe vortex. The method consists basically of distributing these
vortices slong the wing span in such a way that they approximate the
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lifting action of the wing and of superimposing the downwash filelds of
the individual vortices.

The method is probably inapplicable (without modifications) in
many cases of present Interest where such characteristics as high angle
of attack, low aspect ratio, large angle of sweep, high taper, or
relatively large fuselage result in uncertain spanwise 1lift distribu-
tions, partly separated flow, and rolled-up vortices extending rearward
off the upper surface of the wing. No effort has been made in this
paper to study downwash for these cases or.to define the limitations of
the present method in a quantitative sense. A few comparisons have
been made, however, between calculated and experimental results for
cases In which the aspect ratio, leading-edge radius, and angle of
attack are reasonably favorable for such comparisons. Although even
for these cases certain discrepencies, probably related in some way
to sweep, remaln unexplained, the comparisons are rather satisfactory
in genersal.

These charts and tebles may also be used in Falkner's method of
calculating 1ift distribution (reference 3) in which the wing is replaced
by a system of horseshoe vortices. A short table of the required down-
wash function has previously been presented for this purpose in refer-
ence 4. The present charts and tables are more extensive, primarily in
that they apply to planes above and below thet of the wake, and more

SYMBOLS
A aspect ratio (b2/8)
b wing spsn, feet
Cr, wing 1ift coefficlent
c chord (measured parallel to plane of symetry), feet
s gverage chord, feet
cy gection 1ift coefficient
F downwash factor <E%§ w)

M Mach number


http://www.abbottaerospace.com/technical-library

NACA TN 2353

ox, Ay, Az

wing area, square feet

semispan of main horseshoe vortices, feet
downwash velocity, feet per second
forward speed, feet per second

longitudinal coordinate along direction’of relative wind
rearwvard of quarter-chord point of chord in plane of

symmetry, feet

dimensionless longitudinal coordinate (x/s)
lateral coordinate, feet

dimensionless latersl coordinate (y/s)
coordinate normal to wake, feet

dimensionless coordinete normal to wake (z/s)

circulation, feetZ2 per second

downwash angle, degrees

angle of attack, degrees

taper ratio

differences in coordinates of a downwash point and those

of a 1ift point, feet

DERIVATTON OF DOWNWASH CHARTS AND TABLES

At a point P(x+Ax,y+Ay,z+Az) the downwash engle due to a horseshoe

vortex of semispan s

located at a point Q(x,y,z) may, according to

reference 5, be found from the relation

.YV._(Ax,Ay,Az) = E;T-IIIV—S F(Axv)Avasz) (1)
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where

Ax

AXV bl "'-S_ -
Ay

Ay'\r = ?

_ Az
AZV = —s—'
and
AZV2
L-—3
2 Ayy~ - 1
== ) 2 \2 53 T
Ayv© - 1 1 - v 4 Ayy OzZy
2 2
wZ-1) (w1
2 2 2 2
L, OxP ey L. P+ ey
2
Axy Azv? + (Oyy + 1) Az® + (Ayy - 1)2
2 2 3
AXSE + Dz Ax? + AYvE V1 Ax 2 + Azy2 .1
2 2
L— (Ayv + l) (Ayv - l)
-
(2)

For the special case when Az, = O,

2. 2
F=n 2 E= - 1+ A 1+ = (22)
Ay 2 -1 ax, Ayy - 1 Ayy + 1

In equation (2a), the minus sign applies for positive values of Ay,

and the plus sign, for negative values.
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The downwash function F is symmetrlical with respect to the
XY¥-plane and the XZ-plane so that

F(8xv, Ay v, 02vy) (3)

F (AXV: ‘AVV: sz)

and.

F(&xy, Ayy, -02v) = F(Mxy,Ayv,A2v) (3a)

It

end its values for negetive Axy bear the following relationship to
those for positive A&Xy:

1 szz
b T AR - 1
F(-AXV:AVVJAZV) = - 5.1 2¥v2 5 2
AYy< - 1 DzP L L Ayv Lzy

ayP - 1 (a2 - 2)?

F(0xy, Ay, Azv) (&)
and, specifically,
L

F(-Ax;,Ay4,0) = =« ———— - F ,0 b

(=02, A7+, 0) y— (Aaxy, A5, 0) (ka)

The values of F for certaln special cases are

2

F(0,Ay,0) = = ——m—
2 v Ayvz_l

(5)
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(provided Ay, # 0) and

= L 2
F(ax,,0,0) = 2{1 + o 1+ Axv) (6)

For values of Azy = O, the values of F may be approximsted as follows:

For large negative values of Ax, and small values of Ay,

P - (7)

For large positive values of Axy s&nd small values of Ayvy,

FR b+ —— (7a)
For large values of Ayy &and small values of Axy,
A
F,B_E_E. 1 - v (8)
AYV INV|
For large values of Axy and Ayv,
Fr- 21 - (9)
Ay Vz;vg + vaa

For the XY-plane (Azy = O) the values of the function F are
presented in table 1 and figure 1(a) for even values of Ayy. For
values of Ayy of #1.25, #3.25, . . . ¥37.25, the values of
4F (bAxy, bAyy) are tabulated and plotted (in table 1 and fig. 1(b),
respectively) because these values of Ayy &apply to the corrector

vortices (defined in the succeeding section), which have a span one-
fourth thet of the other horseshoe vortices. (Full-size figs. 1(a) and 1(b)
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are enclosed in a Tlep at the back of this paper. They consist of two
parts each. The two parts have to be joined along the indicated lines.)
In the region of values of Ayy between -2 and 2 and values of Axy

between -4 and 4, the factor F varies very rapidly with Axy. In this
region (which is indicated in table 1 by a heavy border line around the
values), values of F eare presented in table 2 for intervals of Axy
smaller than those of table 1.

For planes above and below the wake by the amounts Azy = %2, k4,

%8, and ¢12, the values of the downwagh function F are presented in
tables 3 to 6 and in figures 2 to 5. (Full-size figs. 2 to 5 are
enclosed in the flap at the back of this paper.) These tables and
figures are not so extensive as teble 1l; they do not contain values for
negative values of Axy, nor do they contain values at as close Intervals
for small values of Axy nor for es many values of Ay,. The reason for
this nonuniformity in coverage is that tables 1 and 2 (and fig. 1)

are intended to aid in the spplication of Falkner's method, for which
downwash values are required close to and shead of the origin, as well

as for the determination of downwash at the tall location; wheresas

tables 3 to 6 (and figs. 2 to 5) are intended only for the determination
of downwash at the tail location.

The horseshoe vortex for which figures 1 to 5 are plotted has a
semispan of 0.250 inch; the center of its lateral leg (the bound part
of the vortex) is located at the origin, and its longitudinsl legs
(the trailing parts of the vortex) extend toward the bottom of the
figures. The lateral and longitudinal distances (in inches) from
the origin to eny point divided by 0.250 yield the valuves of Ay, eand

Ax,, respectively. The regions surrounded by & long-dash-line circle

are accurete to three decimel places only, the one surrounded by the
short-dash-line circle in figure 1(a), to two places only; if greater
accuracy is desired, the tables must be resorted to. Elsewhere the
charts are accurate to four or more decimal places.

If the semispan of the vortices 1s iteken &s one-~fortieth of the
wing span, equation (1) becomes

<=

10 T
=42 L p
x Vb (10)

and if the vortex under consideration is considered to be the only one
in the chordwise direction so that it is responsible for the entire
1lift carried by the given section

_ CzCV
T2

by (11)
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and
w _ 10 %i°
Vv Lix b/2
Cc3C
= 0.7958 - F (12)
b/2
or
w_101%°
V 2x A 7
1.5915 €1¢
= —F (13)

A c

The downwesh angles in degrees may therefore be obtailned from
equations (12) or (13), respectively, as

¢ = 45,60 % (14)
€ _ gL e
¢, A T (14)

APPLICATION OF CHARTS AND TABLES TO
CALCULATTION OF DOWNWASH

Locatlion of Vortlces

In order to use the charts and tables of the function F for
calculating downwash, the lifting action of the wing must be represented
by & system of horseshoe vortices such as that indicated in figure 6(a).
The centers of the lateral legs of the vortices, which will hereinafter
be referred to as the "1lift points,” are located on the quarter-chord
line at integer tenths of the semispan from O to 0.9. The semispsn of
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these vortices 1s ome-fortleth of the wing span. In addition to these
main vortices two corrector vortices are located nesr the tip in such
a way that the centers of thelr latersl legs sre located at *0.9625 of

the semispan on the quarter-chord llne. The semispan of these vortices

is one-fourth that of the meln vortices. The corrector vortices have

been shown in reference 3 to increese the accuracy of loading calculations.
Whether the corresponding improvement in the accuracy of downwash calcula-
tions behind the wing warrants the added complication is doubtful. Ro
corrector-vortex charts have consequently been prepared for planes above
the wake.

In the calculation of the downwash factor F, the vertical dimension-
less distance Azy 1s assumed to be measured from the XY-plane, which

contains the horseshoe vortex. In using this factor in calculations

of the downwash sngles behind the wing, the fact that the trailing
vortices are not contained in the XY-~plane but tend to follow the wing
weke must be remembered. (See reference 1.) Consequently, for the
purpose of such calculations, the ordinate Az 1s assumed to be measured
from the wake rather than from the XY-plane.

The charts end tables glve values of the function F only at points
located laterally and verticelly at integral multiples of the span of
the horseshoe vortex (at lntegral tenths of the semispan) from the 1lift
point; consequently, when there is a cholce, downwash polnts should be
located at such points. In celculating downwash angles at other points
interpolation between downwash angles calculated at adjacent points for
which values of the function F are presented 1s generally preferable
to the use of interpolated values of the function F, particularly for
points near the plane Az = O.

If the downwash 1s to be calculated for a wing in & yawed attitude,
the span may be defined as the distance between the wing tips (at the
quarter-chord line) perpendicular to the relative wind. The 1ift points
would then be located at 0.9625, 0.9, 0.8, and so forth, of the semispan
from the midspan location, both the semispan and the midepan position
being based on the foregolng definition of the span.

Use of Tables

The values of the downwash angle associated with a given horseshoe
vortex may be calculated from equetions (14) or (1%s). For the vortex
configuration indicated in figure 6(a), the downwash at & given point
(hereinafter referred to as the "downwash point") may consequently be
calculeted by summing up the contribulion of the individual horseshoe
vortices so that
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o1
¢ = U5 6o§ <°Z°) F (15)
_ s, 2% g,
- b/2 4
2
. 91;92 (c_(l:—) 7, (258)
L F— L 1

where Fy; is the value of F which corresponds to the dimensionless
distance of the downwash point from the ith 1ift point; that is,

(&2v)y = (xv) gownwash point = (Xv)ith 11£t point

&rv)y = (%) goumvash potnt = V) itn 11£t potnt

(AEV)i = (Zv)downwash point

Because the corrector vortices have one-fourth the span of the
main vortices, the values of Ax sand Ay pertaining to them should be
made dimensionless wlth a distance one~fourth that of the main vortices.
Also, from equsation (1) it follows that the value of F obtained for
these vortices should be multiplied by four times the value used for
the main vortices in equations (13), (1%), and (1ka). In order to
avoid the necessity of treating these vortlices as special cases, the
function F' = 4F(bAxy,lAyy) has been tabulated in tebles 1 and 2

instead of the function F for velues of -Ayy pertinent to the corrector

vortices. In all further calculations, the difference in the spans of
the main and corrector vortices may therefore be disregarded.

The calculetions of the downwash may be carried out conveniently
by means of a computing form such as the one shown In table 7. The
coordinates of the downwash point or points are entered at the top of
the table, the coordinates of the 1lift points at the left; all
coordinates' are made dimensionless by dilividing by one-fortieth of the
wing span. The differences in the lateral and longitudinal coordinates
are obtained at any place in the table by subtracting algebraically
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the value of the left end of the table from the value at the top. The
difference in the z-ordinate is the same as the z-ordinste of the down-
wash point (measured from the wake). The values of F are obtained from
tables 1 to 6 (depending on the normel distance of the downwash point
sbove the wake Azy) for the given values of Axy and Ayy and are

entered in the appropriate spaces. All values in tables 1 to 6 are
negative unless specifically prefixed by 2 plus sign.

cc cc
The values of the vortex strength {expressed as —t or &s it
C, b/2
are entered at the left of table 7. For the purpose of calculating
dowvnwash, these values may be estimated conveniently by measns of refer-
ence 6 or 7. (The limitations in using such theoretical loadings as
the basls for downwash computatlons have not, however, been established.
In particular, both the charts of reference 7 and the empirical method
of reference 6 may be too inaccurate for satisfactory results close to
cc cc
the wake.) If the wing is yawed, the appropriate values of L or —71
zC b/2
L

must be used.

Fach value of F for a given downwash point is multiplled by the
aeppropriate value of the vortex strength (at the left in the same row),
and the 19 or 21 products (depending on whether the corrector vortices
are used) are added and entered at the bottom of the teble. The down-
wash (incdegrees) may be obtained by multiplying these products by 45.60

or 91.19L§3 depending on whether the vortex strengths are expressed as

CC-L ccC

—_— 0

1, respectively.
b/2 TCy,

Use of Charts

Much of the computing involved in filling out table T may be
avoided if the charts (figs. 1 to 5) are used. In order to use the
charts, the wing plan form has to be drawn on & transparent paper to
such a scale as to reduce the span to 10 inches. On the gquarter-chord
line of this plen form, the 1ift points are marked as shown in figure 6(b).
Similarly, downwash points are marked wherever the downwash may be of
interest, except that the downwash points should preferably be located
at integral tenths of the semispen from the midspan.


http://www.abbottaerospace.com/technical-library

12 NACA TN 2353

A grid drswn through the 1ift points as shown in Pfigure 6(b) usually
facilitates the alinement of the plan form with the downwash charts. If
the wing is yawed, the lines of thils grid have to be drawn parallel and
perpendicular to the relative wind. The drawlng of figure 6(b) 1s placed
on the downwesh chart for the Azy +value of Interest in such & manner

that the first vortex (at -0.9 semispasn) is located on the origin of
the chert and the grid on the plan form is alined with the chart. The
values of the downwash are then read at the downwash points and entered
opposite the -0.9 semispan station in a table simlilar to table 8. The
plan-form drawing is then moved so that the second 1lift point (at

-0.8 semispan) is located at the origin of the chart; the grid on the
plen form 1s alined agein, and the values of the downwash are read at
the downwash points and entered in the table opposite the -0.8 semispan
stetion. This procedure is continued until all main 1lift points have
been located at the origin end the corresponding values of the downwash
entered in the table. For example, figure T(a) shows the 1ift point at
-0.3 semispan located at the origlin of the chart for Azy = 0. All values

of the downwash read from this chart are negative, except for those values
Immediately downstresm of the origin.

Whenever a downwash point 1s so located relative to a 1ift point
that it is not on the chart when that 11ft point 1s located at the origin,
the trangparent drawing is turned over about the longitudinal axis of
the wing plan form. The given 1ift point is placed at the origin again
and the drawing 1s alined with the chart; the downwash point is now
on the chart so that the downwash at that point may be read from the
chart. Figure 7(b) shows the 1lift point at 0.3 semispan located at the
origin; the values of the downwash at points 1, 2, 6, and 7 cannot be read
unless the drawing is turned over.

When all the downwash contributlons due to the mein vortices have
been obtained in this manner and it 1s desired to use the corrector
vortices, the downwash due to the corrector vortices may be obtailned
from figure 1(b) provided Azy = O. The corrector lift point at
-0.9625 semispan is located on the origin of figure 1(b) and the values
of the downwash are read at the downwash polnts and entered in the
table. The plen-form drawing is then turned over, the corrector 1lift
point at 0.9625 semispan placed on the origin, and the values of the down-
wash read again. All values read from thls chart are negative.

cc cc
The values of the vortex strengths 1 or —t are entered in
b/2 &Cy,

the second column of table 8. The total downwash at a given downwash
point is obtained by multiplying the values entered in the table for that
downwash point by the corresponding values of the vortex strengths and
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sunming up the products. . The value of the downwash is then either 45.60

C cC1
or 91.193? times the sum of the products, depending on whether 375- or
cc "
—— was used.
Cr,
cc, cc,
Ag stated previously, the values of 575 or EE— are obtained

from a curve of the spanwise 1ift distribution, which may be estimsted
by the method of reference 6 or 7.

Correction for Compressibility Effects

The representation of a wing by vortices in the manner indicated
in the preceding sections is velid only in incompressible flow. The
three-dimensional Gleuert-Prandtl rule for linearized subsonic flow
msy be used, however, to epply a flrst-order correction for compressi-
bility effects to the results obtained from incompressible-flow theory.
This correction consists of multiplying all longitudinal dimensions and

ordinates by the factor = . This correction sffects the chord,
the aspect ratlo, the sweep angle, and the longitudinal location of the
downwash polnts. The downwash angles calculated for this stretched
plan form and for the downwash points with stretched longitudinal
ordinates by use of the actual 11ft distribution are the downwash angles
on the actual wing in compressible flow.

Results of Specific Calculations

As stated previously, the values of downwash angles calculeted in
the manner outlined in the preceding sections are ideallzed in that
they involve certaln approximations end are subject to certain limita-
tions. As a practical example of results obtainable by the method of
calculating downwesh angles (outlined in the foregoing sections), and
in order to permit a further comparison of experimental and theoretical
results, downwash angles have been calculated for one of the models used
in the tests described in reference 8 for a wing with 30° sweepback,
aspect ratio 4.5, and taper ratio 1.0. The angle for which the calcula-
tions have been performed is 8.18°; the 1ift coefficient, 0.487.

Dowvnwash sngles have been calculated by the method of the preceding
sections for points at 0.4, 1.0, and 1.6 semispan behind the intersection
of the quarter-chord line aend the plane of symmetry, in the plane of
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symnetry and 0.3 semispan from the plane of symmetry, and at several
heights (—?— = 0, 0.2, 0.4, and 0.6) sbove the wake, the position of the
b/2

wake being that obtained from the data of reference 8. These angles are
shown in figure 8. Also shown, for comparison, are downwash angles
obtained from the experimental data of reference 8 at the same points
(except that the lateral ordinate of points 4 and 5 of figure 8 is one-
third semispan for the experimental results end 0.3 semispan for the
calculated results).

The agreement between the calculated and the experimental results
is good for most points, as may be expected for a wing with reasonably
high agpect ratio and at a reasonably low angle of attack except for
points downstresm of the wing tip and for points in the wake. The
largest discrepancles sre at point 1, which is too close to the tralling
edge to permit calculation of the downwash on the basis of a single
concentrated load vortex.

In order to show some of the trends in the effects of some wing
paremeters on downwash (if the wings and their 1ift coefficients are
assumed to remaln within the ranges for which the present method is
applicable) some additional calculations have been made for two sets
of wings of aspect ratio 6, with taper ratios of 0.5 and 1.0, respectively,
and with verious angles of sweep. Spanwlse 1lift distributions given in
reference 7 were used in the calculations. Values of the downwash
ratio_. de/dm were calculated and are shown in figure 9 for polnts
located, longitudinally, at 0.4, 1.0, and 1.6 semispans behind the
intersection of the quarter-chord line and the plane of symmetry,
laterally, in the plane of symmetry, and, vertically, in the plane of
the wake. These values of de/da do not actually correspond to the
rate of change of downwash at a tail surface because the height of
the tail surface relative to the wake changes with angle of asttack.

In the plane of symmetry the downwash angle decreases as the wing
is swept back ag a result of the fact that with increasing sweep the
wing as & whole and the region of the wing near the plane of symmetry,
in particular, carry less 1lift and, consequently, produce less downwash.
At 0.4 semispen outboard of the plane of syimnetry, the downwash angle
increases slightly as the angle of sweepback incresses from negative values
(sweptforward wing) to about 20° to 30° sweepback, and then the downwash
angle gradually decreases as the angle of sweepback increases further.
This trend is due to the fact that the decrease of 1ift with sweepback
is less pronounced at O.4 semispan awey from the plane of symmetry than
in the plane of symmetry and that the wing approaches the two dowmwash
points (4 and 5) as 1t is swept back so that its bound vorticity
produces more downwagh at the downwash points.
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If these results are to be interpreted correctly, some of the
limitations of the theory underlying the calculations must be remembered.
For example, the downwash engles calculated for the plane of the wake
may be largely invalidated by the inflow intoc the wake and the reduced
streamwise velocity component. Furthermore, if the wings have fairly
sharp leading edges, the flow over the more highly swept members of
this series may be very different from the assumed flow except at the
very lowest angles of attack. In spite of these difficulties, the
results are probably fairly representative at low angles of attack.

The downwash angles in the plane of symmetry are likely to be less
relisble then those at 0.4 semispan awey from it, as shown by the
comparisons of figure 8. The least reliable results are probably those
for point 1 because of its proximity to the trailing edge.

DISCUSSION

Some of the limitations of the procedure of using the charts and
tables of this paper in the calculation of downwash angles are inherent
in linearized potentisl theory; whereas some others are consequences of
the simplifications made to facilitate calculations based on thls theory.

As & result of the fact that potentlal theory does not taeke viscous
effects into account, eny effect of the wake on the downwash angles in
the weke or in the vicinity of the weke cannot be determined by potential
theory, nor can downwash angles be predicted on the basis of such theory
for the higher angles of attack because boundary-layer separation affects
the 1ift carried by the wing and, hence, the downwash field assoclated
with that 1ift. Linearized theory implies a wake which is plane and
has the same spanwise distribution of trailing vorticity st every section
through the wake downstream of the wing. Because the tralling vorticity
actually rolls up into two tip vortices downstream of the wing tips,
downwash angles downstream of the wing tips cannot be estimated directly
by linesrized theory nor csn the downwash angles behind wings of low
aspect ratioc be predicted by linearized theory becsuse for such wings
the tip vorticity affects the downwaesh angles in the entire region where
downwash angles are likely to be of interest.

The calculating procedures outlined in this paper are based on the
assumption that the lifting action of the wing may be represented by a
single concentrated vortex at the quarter-chord line. Within the frame-
work of linearized potential theory this assumption is adequate for
calculating the downwash engles at points which are not too close to
the wing. The presence of a fuselage, vertical tail surface, or propeller
slipstream cannot be taken into account, however, by the simple vortex
representation described in this paper. (The effect of the fuselage on
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the downwash 1s particularly difficult to take into account becsuse it
is only partly a potentlal-flow phenomenon and partly the type of
phenomenon sssociated with boundary-layer and weke effects.)

CONCLUDING REMARKS

Charts and tebles have been presented for the downwash of a horse-
ghoe vortex in incompressible flow. The use of these charts and tables
in the calculations of the downwash angles behind the wings of arbitrary
plan form has been described and discussed. A correction for compressi-
bility effects has been outlined. The results of a few calculations of
downwash angles for a rather favorable case (a moderately swept wing
wlth no taper and a thick leading edge at a moderate angle of attack)
have been found to agree satisfactorily with the experimental results
except perhaps near the mldspan region of the wake. The applicability
of the present approach for less favorsble conditions (such as large
angle of sweep, low aspect ratio, thin leading edge, and high angle of
attack) hes not been determined, and such application, even when the
true loading is known, is not at.present recommended.

Langley Aeronauticel Leborstory
Netional Advigory Committee for Aeronautics
Langley Field, Va., January 30, 1951
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TARLE 3.~ DOWNHWASH FACTOR FOR Axy = 2

[All values of the downwash factor are negetive except those specifically marked with e plua s:l.gn;l
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.0803 | 0601 | .037L | .oehp | L0168 | 0122 | (0093 | 0072 | 0058 .oo4B8 | .0OMG | .003%
+.0878 | 0548 | 0635 | .03%2 | o295 | L0176 | 0128 | . oors | .oos50) .ooko | .ookl | .0035
+.0820 | .069) | 0664 | .ok10 | 0267 | .o18k | ,o13% | . L0078 | 0062 | .005. | .ook2 | .00

+. .10hk9

+.0704 | .108k | .O733 | .O% .0302 | .o209 | 0151 | . .0088 | o070 | .005T | .0ORT | .0039
+.8065 | +.0679 | .1107 | .O75L | .ow7% | .0313 | 0218 | .01%8 | .o119 | .0092 | .00T3| .0060 | .oong | .ook2
+.0663 | .1121 | .o76k | .OuBh | .0322 | 0225 | .016k | .012% | .0096 | .0076 | .cO62 | 0051 | .OOM
+.0653 {.1131 | .OTT2 | .0492 | .0328 | .0230 | .0168 | .0127 | .0099 L0064 | .0053 oohi
+.0645 | .11 . 0081 | .0066 | .00%k | .O0MS

. .0180
+,0626 | .11% | 0796 | 0513 | o347 | o2kt | L0183 | .01k | .o111 .
+.0623 | .11% | 0799 | .0516 | .03%0 | .02%0 | .0186 | .01k3 | .0113 | .0091 | .o007hk | .o062 | .c0%
+.0622 |.1161 | o801 | .0%18 | .03% | .02%1 | ,0187 | .01k | .o11k | .0092 | .0076 | .0063 .ooi

.0137 | .0108 | .0086 | .oo71. | .c0% | .o0%9

+.0619 | .1163 | .0803 | .0%0 | l03% | -oe33 | .o189 | .o1s |lomé | .ooch | .oo7T | .0065 | .0053
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TABLE 4.~ DOWRWASH FACTOR FOR Aw, = %k

[}ll values of the downwash factor are negative except those specifically merked with a plus uign{]

§
5

E 2] h 6 +f +10 ile H14 +16 +18 +20 22 ol 126

[=]

0 00CO0D0000OD0000C FOOMER

BEEUBEBERERE oo rup pr

€GEe NI VOVN

40,0612 {+0.0020 | 0.0143 |0.0149 [0.0125 |0.0100 |0.0080 |0.0065 |0.00 0.0044 10,0038 |0.0032 | 0.0028

+.0676 | +.0032{ ,01%3 | .0151L | ,0127 | .0l02 | .0081 | .0O .00 L0045 | L0038 | o003
+8£g +,0045 | 0Lk .03132 0129 | .0103 | .0082 | 0067 [ .005%| 0045 | .0038 | .0033

+,0860 | +.0069 | .ol | .0188 | .o13e2 | .0106 | .
+.0916 | +,0080 | .OL4S | .0160 | .013k | .010T | .0085 | 0069 | . . .
+.1018 | +.0101 | .01%T | .016% | .0138 | .0110 | .008T | 0070 | .0O%7| .oOkT | .00 -
+.11%0 | +.0126 | .o1% | .oLTL | .01%3 | .0l1k | .0090 | .OOT2 | .00%3 | QO .
+,1265 | +.0151 | 0186 | 0182 |".00% | .0l1e1 | .0095 | L0076} .o062| L0051 .

+,1390 | +,01%8 | ,0166 | .0l92 | .0161 | .0leT | .0100 | o079 1 .o06k| .0053 | .o0MA | .0O3T| .0032
+.1336 | +. 01585 [ oL L0203 | 0169 | .0133 | .010% | L0083 | .0087| .00%5 [ .

+.1334 | +.0146{ ,0187 | .013 | Q17T | .0L39 | .0109 | 0086 ggg{z 0087 | .

+,1313 | +.012% [ .0P08 | .0230 | .0190 | .01%0 | .ol16 | 0092 . L0060 1 L0050 | .00hR | .0035
+.1293 | +.010% | ,020% | ,08k3 | .0201 | 0158 | .0123 | 0097 | .0OTB| .0063 | .00%2 | .OOR4 | .0037
+.1277 | +.0060{ .0237 | .cesk | .o@10 | L0165 | .0129 | .0102 | .00BL| .0066 | .0055 | .0ORE| .0O39
+.1266 | +.0080 .oalrr L0262 | o217 | .or0 | .0133 | .0106 | .0083 | ,0069 | .00%T | .cOMB | .oORO
+.185T | +,0072 | .02% | .op69 | .oee | .ou7s | .013T | .0M0¢ | .o0BT| .0OTL | .00%9 | .oohg | ook
+.225L | +.0066 . &2 .027h | 0227 | L0279 | .01kl | .o112 | 0090 | .0073 | .006L | .0OSL| .0OM3
+.1246 | +,0061 | , %2 L0230 | o182 | .owk3 | L0LVs+| .0092( .007S5 | .00G2) .c0fe | .004%
+,12 +,00%: | .02TL | . L0236 | 0087 | .oth8 | .o118 | .o096| 0078 | .0065 | 0095 | .OQMG
+.12 +.00% | .0275 | .0288 | .0@ L0151 | 0151 | .0121| .0098( .o082 [ .0067( .00%T | .OOME
+.1231 | +.0007| .0277 | 0201 | .02k2 | .0193 | .01%3 | .0123 | .owo| .o0B2 ) .0069 | .0058 | .ooko

+.1230 | +.008%5 | .0279 | .0m9s | .o2kk | 0295 | o155 | .o125| .ow01| .oo8 | .oot0| .c0% | .oomo
+.1208 | +.0 ‘0280 | .0093 | .ok | L0196 | .o1%6 | .o126 | .o102| .0085 | .oo7| .00B0| .oom
+.1227 | +.0043 | 0281 | .

02o% | .oek6 | .owe7 | Lo1sT | L0126 | .0103; .0085] .00T2 | .006L| .00%2
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TABLE 5.- DOWAWASH FACIUR FOH Az, = 48

BHWMMuf&emnmmtuwrwemmﬂnem@tmme@wﬂkdhnnhdﬂmnpmsu@J

BEEGERREA R Bpoumrwn e,

Ayy

ATy 0 1p it 16 i8 110 110 L) 116 +18 +20 120 12l 126 28 130
0 +0.0308 |+0.0257 |+0.015L | +0.0058 |+0.0001 | 0.0026 | 0.0037 | 0.0039 | 0.0037 { 0.0035 | 0.0031 { 0.0028 | 0.0025 | 0.0022 | 0. 0020 | 0.0018
.2 +.0323 | +.02T0 | +.0159| +.006L [ +.0003 | .0026| .0037 | .0039 | .0038{ .003% | .0031!| .o028 | .0025 | .o023 .0020 | .0018
A +.0338 | +.0283 | +.0167| +.0065| +.000h]| .00e5 | .0037 | .0039( .0038| .0035| .0032 | .o02B L002% | ,0023| .0020| .0018
.6 +.035% | +.0296 | +.0174 | +.0060 | +.0005| .oc25 | .0037 | . .0035 | 0032 | .0029 | 0026} .0023| .0020 | .0018
8 +.0369 | +.0308 | +.0182| +.0073 | +.0007| .0c25 | 0037 | .00%0 | .0039 | .0036 | .oo3e 0029 o5t .o023| ,0021 | 0018
Q +.0383 | +.0321 | +.0190 | +.0076 | +.0008 | .0c2k [ .0037 | .00MO 0039 | .0036 0032 | 0029 0026 | .0023 | 0021 | 0019
L +,0812 | +.0345 | +,0203| +.0083 [ +.0001 | .0024 | .003T | .00M1| .0039 | .0036 | .0033 | .0029 | .0026 | .coz 0021 | .0019
o +.0853 | +.0379 | +.0226 [ +.009% | +.0015 | .o0023 0038 | .00%1 | .oocko | .0037 | .003k | ,0030 0027 | .o02 0021 | .0019
0 +.0511 | +.0828 | +.0256  +.0209 | +.0021 | .0022 | ,0038 | .o0k3 | .ooke | .0038 | .0035 | .0031 | .eo2B -co2s | .ob22 | L0020
0 +.0956 | +.0466 | +,0281 | +.0121 | +.0025 | .o001 0039 ook3 | .cobko | .00 0032 | 0028 | .o025| .o023 [ L0020
0 +.0308 | +.0M95 | +.02909 | +.0130 | +.0029 | .0020 | .ooko | .ooks | . .00k1 | .0037 | 0033 | .0029 | .0026 | .0023 | .o0021
(¢} +.0611 | +, 0%k | +.0312 | +.0136 | +.0031 | 0020 3
0

+.063% | +.0335 | +.0326 | +.0143 | +.0032 | .0022 | 0043 | 009 | .00M8 | .00k5 | .00%0 | .0036 | .003 .
+.0682 | +.0541 | +.0330 | +.014k { +.0031 | .o02k | . . .
+.0043 | 4,052 | +.0329 | +,01k3 | +,0029 | 0026 | . ook | .0039 | .0035 | 0031 ooeg
+.068) I +,0%0 | +.0327 | +.0140 | +.0026 | .0029 | o051 | . . .o
+.0638 | +.0537 | +.032% | +.0137 | +.002k | .0032 | .oo5k | . .

+.0636 | +.053% | +.0321 | +.0135 | +.0021 | 003k | .00% | . . .

+.0633 | +.0032 | +.0319 | +.0132 | +.0019 | .0036 | .00"8 | .0063 | .co61 .005 | .00%0 | .o0k5 | .0039 | L0035 | .0031 | .o027
+.0628 | +.0%27 | +,031k | +.0128 | +.0015 | .ooko | coge | . . . .
+.062%5 | +.0524 | +.0311 | +.012% | +.0012 | .o0k3 | 0085 | . . 0055 .

+.0023 | +.0%1 | +.0309 [ +.0122 | +.0009 | .00M5 | .0067 | .00TL | .0068 | .0063 | .00% | .00%0 | .
+.061 | +.0520 | +.030T | +.0121 | +.0008 | .00MT | .c068 | .c073 .0070 | . L0058 | _00%L | 0045
+.0620 | +.0%19 | +.0306 | +.0120 | +.0007 | .00A8 | .co80 | .007h | . . . . .

+0619 | +.0518 | +.0305 | +,0019 | +.0006 | .00k9 | .c070 | .007% | .00TL | .0066 | .00% | .00%3 | .oo4T | .ook2 0037 | .0033
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TABLE 6.~ DOWNWASH FACTOR FOR Ax, = ]2

EAJ.J. velues of the downwesh factor are negative except those apecifically marked with a plus uign.]

vl o, 2 e 46 8 +10 1o +1h 16 18 20 E2)) ok 26 08 30
0 +0,0138 |+0,0127 | 40,0100 |+0.006T . 0037 |+0.0015 |+0.0000 | 0.0009 |0.00Lk | 0.0016 |0.0017 | 0.00LT | 0.0017 |D.0016 {0.0015 |0.001%
- +,0143 | +.0131( +.0203 | +.0069 | +.0039 | +,0016 | +.0001| .0009 | .001%k | ,0006 | .00L7 § .0017| .00L7 | .0016 | .00L5 | .cO1hk
" +,0047 | +.0L36 | +.0106 | +.0072 | +. +,0017 | +.0001 | .co08 | .00ik | .0016 | .0017 | .00L7 ] .001T | .0016 | .0015 | .colk
.6 +.01%2 | +.0140 | +.0110 | +.007% | +.0042 | +.0028 | +.000L | .c008 | .o00k | .0016 | .00L7 ( o017 | .0017 | .00L6 | ,0015 | .001k
.8 +.0156 | +, 0144 | +.0113 | +.0076 | +.Q0h3 | +,0008 | +.0002 | .c008 | .001% | ,0016 | .0018 | .0018 ( ,0017 { .0015 | .00L5 | .0OL4
1.0 +.0162, | +.0148 ( +,0116 | +.0078 | +.004% | +,0019 | +.0002 | ,0008 | .000k | ,00L7T | .0018 | .0018 | .001T | .0016 | .0015 | .00L%
1,k +.0170 | +,01% | +.0223 | +.0083 | +.0047 | +,0021 | +.0003 | .0008 | 000k | .0017 | L0018 | 0028 | .0017 | .0016 | .000L5 | .001h
2.0 +.0183 | +.0168 | +.0L +,0090 | +.00%1 | +.0023 | +.000k | ,0007 | 0014 | .o0Ll7 | .0018 1 .0018 | .00L7 | .00LT | .0016 | .0015
3.0 +.0003 | +.0187 | +.0147 | +.0100 | +,00%8 | +,0027 | +.c006 | .0006 | ,0013 | .coL7 | .0018 | .0018 | .co18 | .00L7 | .0QL6 | .001B
4.0 +.0221 | +,020%k | +.0161 | +.0109 | +.0064 | +.0030 | +.0008 | ,0006 | .0013 0017 { .0019 | .0019 | .c018 | 0017 | ,0016 | 0015
5.0 +.08 +.0218 | +.0172 | +.0118 | +.0069 | +.0033 | +.0009 | .c00n | .0013 | ,0017 | L0019 | .0C19 | .0029 | .0018 | ,00LT | .00L6
6.0 +.02 +.0230 [ +.0182 | +.012k | +.007h +.oogg +.00L1 | .000 .0013 | .o017 | .0026 | .0020 | .0019 | .0018 | .00 .
8.0 +.0267 | +.0087 | +.0196 | +,0035 | +.0080 | +. +.00L oooz .001k | ,0018 | 0020 | 0020 | .0020 { .0019 | .00 .00L7
10 +.0278 | +.0297 | +.0205 | +,004L | +.008% | +,00%2 | +.001k | .000h | 000k | .0019 | ,0021 | .0021 | .ocel | L0020 |.0019 | .OOLT
12 +, 0204 | +,0263 | +.0209 | +.01kk | +,0086 | +,0043 | +.001k | .0OOL | .001k | .0019 | .cO22 | .oc22 | .o022 | .0022 | .0019 | .0O1B
14 +.oaBZ +.0266 | +.0211 | 4,018 | +.0087 | +,0043 | +. 0014 | ,000% | .0015 | .0020 | .00@2 | .002 0022 | .0021 |..0020 | .0OL9
16 + +,0266 | +,0202 | +.0046 | +,0087 | +,0043 | +.0013 | .000% | .0016 | .00R1 | .0023 | .002 ,0023 | .o022 | .o002L | .ODLO
18 +.0288 | +.0266 | +.0212 | +.0L46 | +.0087 | +. +.0012 | ,0006 | .0017 | .0022 | .000k | .002k | 002k | .0023 | .00R1 | 0020
20 +.0288 | +.0066 | +.0001 | +.0145 | +.0086 | +.004L | +.0012 | .0007 0017 | o003 | .0025 | (0025 | .00k | .o023 | .0022 | 00RO
25 +.0206 | +.026k | +.0009 | +,0043 | +.008% | +.0039 | +.0010 | ,0009 | .0019 | .00k | .0007 [ .002T | .0026 | L0023 | .0023 | .002L
30 +.028% | +.0262 | +,020T7 | +,00kg {+.0082 | +0038 | +.0008 | ,0011 | .0021 | .0026 | ,0028 | .0c28 | .0027 | 0026 | .002k | .o0e2
35 +,0282 | +,0261 | +, +.0120 | +.0081 | +.0036 | +.0006 | .o01p | .0022 | o027 | .0029 | .0029 | .c028 | (0027 | .0025 | .0023
o +.0281 | +,0259 | +.020% | +.0139 | +.0080 | +.003% | +.000% | .0013 | .0023 | ,0028 | .0030 | .0030 | .c029 | ,0028 | .0026 | .ocRh
+.0280 | +,09%8 | +.0203 | +.0138 | +.0079 | +.00 +.0005 | .oo1hk | ,c02% | ,0029 |.0031 | .003L ) ,0030 | .002B8 | .0026 | .00R%
50 +.0280 | +.00%8 | +.0203 | +.023T | +.00T8 | +.003% | +.000k | 001k | .0024 | .0029 |.0031 | .003L | .0030 | .0029 | 0027 | .0025
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TABLE 8.- TABLE FOR CALCULATION OF DOWNWASH

BY MEANS OF CHARTS

Station cc ccy Dowvnwash points

- o —*
b/2 b/2 = 1 5 3 y

-0. 9625

alul|lF|lwlwm

o |4

.9

. 9625

Sum of products
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Top part of figure 1(a). fand

(a) Main vortices. (All values are negative except those specifically

marked with & plus sign.) ~wE

Figure 1l.- Downwash charts for plane of wake. - (Full-size figure will be
found in the flap at the back of this paper.)
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Top part of figure 1(b).

(b) Corrector vortices. (All values are negative.)
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Figure 1.~ Concluded.
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Figure 2.~ Downwash chart for points 0.l semispan above plane of wake. ¥
(A1l values are negative except those specifically marked with a VW
plus sign.) (Full-size figure will be found in the flap at the back

of this paper.)
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of this paper.)
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Figure h.- Downwash chart for points O.4 semispan above plane of wake.

(A1l velues are negative except those specifically marked with a VW
plus sign.) (Full-size figure will be found in the flap at the back
of this paper.)
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Figure 5.- Downwash chart for polnts 0.6 semispan ebove plane of wake.
(A1l values are negative except those specifically marked with a

plus sign.) (Full-size figure will be found in the flap at the back

of this paper.)
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Experimental values ————— Calculated values
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Figure 8.- Downwash angles behind 30° gweptback wing. A = Lh.5; A= 1;
Q= 8.18 .


http://www.abbottaerospace.com/technical-library

‘eA 'pie1d LetluwT - ¥OWN

N O
S7S<

Dawnwasbrat;qff
C N oA ™ DO o A B DO AN DN ™ i

() " o \
PoiNT 1 i PoinT 1 1
1 1 ) E 2 L [ [ ] 3 2
I ;i _§ i POINT 2 s ¢
POINTZ "/r;;;w— 4 [ —
i i ! A POINT 4
] 1 [ 1 ) Il | { 1 } ] L 1 L | ]
PoiNT 3 " PowT 5 T~
R i i POINT §
BT 2 40 e 25 30 T O 20 40 e 0 20 40
Angle of sweep, A Angle of sweep, A
(a) Taper ratio = 0.5. (b) Taper ratio = 1.0.

Figure 9.~ Theoretical (linearized potentisl flow) downwash ratio de/da
in plene of wake (A = 6).

ECEe NI YOVN

LE


http://www.abbottaerospace.com/technical-library

THIS DOCUMENT PROVIDED BY THE ABBOTT AEROSPACE

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM


http://www.abbottaerospace.com/technical-library

NACA TN 2353

Joln here.

+ + + ++

il

+
1 |||||l|1§||1m
~

EIIIIIIIII'IH{FTH'IHT

§§ @

[rIIIIITEIIIIEI L
T

;
T

:

Iy

5
T

-

S4./10[L2

N
e
TI Innk;-l \l\l

.

R

|’||||f'|§_|!|1

I
o
g.l

l.\l'llll l'[rll'[l

n

1
.

.

o

IKEII

EI

O

I ' lllllll—l_llllllllllls\:

20008 B
!.émr

MTTTR™
AN

Q

S

S

|.S| | |||||-|||||||||rn{l
N,

IHL
5

ummgum

RITTTTTTT

e ] | T F§1

5

I‘IH

UM
i

o

Oy

T1-T T TTTTITTIT ITITIOm
SR

o

U RARAN LELR ™ DA L L

IJIIIIIEI | |I|1H|
3 .

Fuo

|]||%|r|||l|r§
Q &

l
8

I|I|IP Fr
T II |1 [T %lwllllllllllllllllf%

|||%

:

tllll'hllu“m*glrlllnllllm

F’%Il

l ]1%|'||[1||||b1|

RO<00}

&

T TR T 11 II]ll|lIIIgﬂl’lll!l”lllfrﬂilll
N

|||r|H||]|{||r

m|'|||'|||mr1m%! Trrrory
3)

L
PTTITTITRT T T TTTITT
G

o

©
QD

Illllllg

B ENRRRR LRI UMY

/0

g3

~
O

1 I":)' I I|_l,||||||¢l||ll|
2 |

T TT TR

IIII lII'II'I|l|II!%I'II"IIIIIPHIIQH IR

|
S
o
4]

|||||||§|'r

TR

—
—

54

Ilbl

/5

b
S
.
e

|0/20

R 2/

||r|||'||_'}§l|||rlrll[l] 1

%l'l'l'l’l

5

TTTTTE T
N

lll|l|l|',§|l|l’l[

l'f'g
|]||||||LT§

T T TR
O

3

T RT T T

A
T T TR T

L0050

P
—

=]

-

3

L0045

Illlllllrglli|l|||l|ll1|

Loo3s

L2

1_II|I|III|Ti:I|IIT|l%

2

2 —
|— b
b
—

s
B
L
- 20025
’-__ [

O30
L0035

082



http://www.abbottaerospace.com/technical-library

]

TTT TR [T ]
S
23

R
Qo

g].llllull
A%
T T

&

I O B O
3
B
S

l_rl Iﬁﬁlbl"lll'll'lll'lllﬂ

%IIHTIIH'II-WFW[

I ']I,l& T 11 , T TT7 IIIIIIIHIIFH

EEEERARINIE

|lillgl1 [
Il||1|1
i

3

8

I TP rrrtl

L)
—-—

T 1 ﬁgllllmvgqﬂ

|T|I—IIITQI lllBFi?i
TR
G
S

NN LU

©O
Q

|{,||l||'§rﬂt[u|t‘§ﬂ | I‘I"l‘
JQ L

/.

152

|||||"anglllr|1'|}-\l
5 8

fll|||||||||

il
3
%E

B
& ; > _
I EREEE S RN U RS

H

= CLHFCERLL
‘.QUS— B ] — | |

TTTTTT

|
||i||]|1TE]

TR

] B ITlllTl%fUIl]lj:l
l t7i|||TT;r|||IIIIT
n

.lllllgilllll

| ! rl { F]‘Feﬁlﬁwa'l

|

1
!

ooss| | . 40

|
Il;rj:lgllllqui

T3

2

+4am4 EQWH_ s por2| u R

40

- | &Qzasr

o

{(a) Main vortices. (All values are negative except those apecifically
marked with a plus sign.)

- R Figure 1.- Downwash charts for plane of vwake, A

NACA-Langley

.mz

0029



http://www.abbottaerospace.com/technical-library

NACA TH 2353

Lot
11111\1-11\
\\11

—MMM“ Mﬂmm _

_ | — . - - B ~ ) r-
bl L LT

-~ . — .
.
-
-
5
-
-
-
- -
-
—
.
-
—
- — _ —
L
-
-

T‘g—‘T\\
S
%l
N
R :,
S .
||l%ll|
' &
|
\
T |
i
|
1
S
g1 T
S
-
]
‘I
—
\
\

|
T R
%tl
lll‘%
%
&
1
!
’%:
n
3
S
]
|
}

T T 1 ! V3
K

s
ké\ l
o

e

%1111
[ 1Y
T 1
S
|
g
\
T
1
l
3
n
ll
1 \
1
T
El
\:L"
:

i 002 - "~
- L [ - L0015 B .
- . 3 : u " 5 002 |- - ) ) T —
=t EE PR o2l b el L b -
- E l::_. E"’ E_ - 03 s . 202l L & —
- RooskoosbosE B E FE b oo L A - b
MU W F-Q coost - B L _x ] FO_O - TEE
- [ — p—— - :QOS: - | ] 3 3 i _: - ._ )
- EEFEEE D EsE B LV ] L E T
_ : o EEEOE - loosh Pﬁ 5
—— :-:Ql :—_:01 =~/ T :— = — [ ul " - | - ol5t .
e e gl =V = s S £ R W S - = L b
E E BN BE EE Best B o L MR
e EsE . FWE E E B L b — 5|
— ?_-Q E‘_Qz %.Qz :_':' E" N ir]) ;—.._. —'_:_'_ : - - ~ ] i ] ~ - : 5
PR EELE R sE e L T .22 ol T
PR e b N\ E kv E L 005 =
S Ewk Lo | g - b — - [ ) u — o . |- — OS5
S Ew E oM 05 sl PEEEELET
6—‘ —;';:ZO - B :? = f—.':_, - ?, = Eoos -
TP Eso BV B B3\ Ev2
b_—’ 1

Join here. -

z_m:n-m;m'-
cOLL "= " f pigure ().


http://www.abbottaerospace.com/technical-library

KACA TN 2353

Join here.

S~

gl
B
;

.

|||{(h
[
IEDI L
3

L L0004

|4
,.gfllllllli
O

|lt|1|l]||||1|I||‘-8| R

3\

o [ &

04 — b Qo7

- L L.0Q/0

S
Fblllll
G
W

FETTITHITES T
£
lllllilrlr[ll'!lrlllg 1 ||ll|||§l | ||T||'.

o
O

'|'|'|e',|
ITlll_lﬂl'gI'lI]'I
I

N

|II|I|I|]|IIIIIIIQ
tn][l
||1I1[||l]8T]
[
| I
§ J
:
|

S
el
S

RIE LU R

Illlllllnfl FTTTTT

8

- b kooo7

l I , | ll I-IITI_II'II—F[Ig

(5

350

B

|;||]||'||i||||!||lgi I

g

)
T %Il'llll!llllll
8

:

TTTTE
TR

0/ /0

| lolll—rlllllla

g - L00/5

T T T [T ] I%lllllll]1@llli[lll

©
&
|

IIIII!

T | l!lllT;&l

|||||,|§
S
g
|
|
S

! % ' ]! %‘I'I'I'U'I'I!I'I'g

= [ feom— | B
k60| a 0040 e
— =

|
f

«00/0 -

L0367
-k ~  |ooes
koQ/4

. 5%‘304’ L0006
— n L2072

L.0//5 B
- Relolk4

R
3

L6665 0362 - - | B 12007
0189 | - o -

|.oost 002/

0056
L Lo/6

001 /
.05



http://www.abbottaerospace.com/technical-library

S S
S S =
B
— [ o355
- [osss|
6660 —
g663] k@360
| gzsﬁl
0950
ge6s|  |ose2
1295/
0666
.0363

M

| | || | l' rigérq
<

.0/85

.0/ 89

,0//5

.0/16

o/os— |- TEBoss|
= tom
S
oo L T
- | B

.0040
|
L.004/
. |ooss

o078 loos

L, 0056

0025

__ -
N
B L00/5|

W20/4

2002/

L.00/5

CO/8

(b) Corrector vortices. (A11 velues ere pggqtive.)

Figure 1.- Concluded. '

Loorol-
B
+00/0

00!

L0013

NAGA

-
[ 2007
-

NACA-Langley

L0005

L0006



http://www.abbottaerospace.com/technical-library

mo:‘\,ﬂm/ 0001} 20000001 |, 000! \
L0900 og01\ oy
\ | \ | wwlwi@,\ggm | \ \
e
e
. L . __ LQQOI
BERREEE i
\maf,aaoz 2\ o002 N ]

| g T
p \— | \ 002 5o ggoz\ | - |
orpaolaol el

e
—
e
e

0002

0010

010



http://www.abbottaerospace.com/technical-library

NACA TN 2353

3
éfll

iy
QS

L

/{

o N

HIIIH}IIIH)HI |
~;hb’llll

o

Origin
Il’g ”Ilb””

+ 4 4
TT] l|r[|||§4|||$u|§m'|§g. |§

IIIEI [ Iltzéllr%l Ell-%l | ”%,Q

TTTH
&

] Ql! %‘1
(%]

Nz

I

| //56

(58

ll%{lllél

I%l

o

i\

Ilgll

r.[[6.3

Flgure
(A1,
plus

NACA-Langley

|

N

HTRIMEEE

T T
3

g

e b T T RITTT
T

LK} lgfﬂ%lllﬁ-llgllrgrl§lllbl El] | EIII

RRRNRELY
&

&
R 8

L0520

2-—

’$lll

TR
b

|r|||§|||rl.
S

%IIIIISIIII

m}ém |§Hm

I- Ilﬁ.

L)

I&\é

REAR
5

Tl

Q

P

8
3

T

Illgllllg

FT 101 [Qf T 11
ra |

,01/5

g

Ly

-8|11 II-

i~
D

}

i

8“”
&

I
l;Qa: |

L

L0088

|L053

N

N

loo77

045

50

#053

0054 |

L,0036

D040
004 /

L0042

,0043

| 0044

0046

Downwesh chart for points 0.1 semlspen sbove plane of wake,

velues are negative except those gpeclificelly marked with a

MR

sign.)

- looe7i


http://www.abbottaerospace.com/technical-library

NACA TN 2353

VLA

n

;

NACA-Langley

g

il

_I'_III§I I I

hs

g T |||||§u]u|q§rl]uu[§%

ke

S
3

~+-
IHEIH

Tl1LLI”

+

®
&

+
il
3

IIIL

o

K02 okl WY,

o+ +
I%III&FH
T TT1

+
Ty
&

:

8

L288).0240| oror

Fm’gzao

0204

g

%Illl%lf

LB L O O L I O S D
¥ 7Y R

%I
élll%llléfﬂ
ITIIQIIII

@m@n
llr&mwngﬁl
N8

Hl'bl LI
lrllgl§
O

|r§l”§

~ |90

02 | 092

L0/93

0194

L0195

| 0/96

LOXME|

S
3

é”r
&

A T "
S

o

§III

3

o)
II-§]I|'-
g rrr

I'g'l

o 1T
5

Ellll

~
Q

IEDI L
2
Lo

TRl & 717
[

)
3
Ny

[

Flgure 3.- Downwash chert for Points 0.2 semispen ebove plane of wake.

(A1l values are negative except those specifically marked with a
vlus sign.)



http://www.abbottaerospace.com/technical-library

NACA TN 2353

+ELOE 35 5220 2057V 000 [, OB
c B2 Boak, loossl.  [Z°F . [oose
S LEoso {5 So25 35 :QWE L0036 =
O+pds - . L 0038003
S~ FEoeo oo % i nitl NN
Q) +|= “F+ — oo 90900038
E N LOC
SOl R | e g0 -k
+E5A54 | A Loso G044 =
— 30 WoleZr> R U I L
+ 06 ia_‘:'@;ba o0es 2% \oog6 |-
| ' 0055 loos« [ 20
— - 40-a WOL - ,;.2043 B
+ faﬁwg - T el PP S
u 381 pazsltor3s I o R
— [Ds3e 054 posp 2058 —0052 oy
S -y oosel” [ 1 3
1 [063a2334”  [pis4 &2 |.0060 —
L [fosedl ut - 4
— |83z - |oose040
| | 1.3/, 0064
- Oricza 5 008z| | poss
+}.26 03/6 - I Loosslogse
N 25| 0066 \ooss H‘i rmj
+{.062 3/ B 0058\ ooss Lopar|  |gosr| |
| 26| 0065 |_ — Loose
a L0068 0050 DL looss
+ L6261 [ [O054 -
0312 L0498 -
[s52 joosq [ P
I 1 ] wos/| = loow| T 30
02 sl B i 2 T i P B
+ L2624 93/0 0/ 0070 L 4
ZEA — o062 0030 -
Ihseoat 4o L2066 | ooss oos6| | o044
- D309 L0071 B 0050 B
B —  lLooss ‘ - L0
sor- To122 — = i Q35
+los22 0065
i .mo&L o7z | leosr Tgo 45,0040
- o - 005 i
+|osapszol” = - 0064
0307 0070 - L g,
t | oo 3 005629
L - - |ooss
rloszof9 12500 - 2946 o0a/
n Loosz| |04
s L0069 L0065
: _ 8 . B
I | Lo oo
0074 =
Lsel  Howd LT L |oow 3

Figure L.~ Downwesh chart for points 0.4 gemispan sbove plane of wake.
(A1l values are negative except those specifically marked with e

plus sign.)


http://www.abbottaerospace.com/technical-library

RACA TN 2333

"

3

I l_ll_ll
7

ﬁg_u_l
=

TH

TTIE
N

NACA-Langlay

0

L2o/s | .00/5

L00/8

| oo

— 0022

&921&029

o078

Figure 5.- Downwash chart for points 0.6 semlsyen above plane of wake.
(A1l values sre negative except those specifically marked with a
plus sign.)
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