
GOVT. DO . 

j '~, 
~ r-~~--~------------------------------------------
LD 

., ~ 
N 

~ 
I 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

TECHNICAL NOTE 2353 

CHARTS AND TABLES FOR USE IN CALCULATIONS OF DOWNWASH 

OF WINGS OF ARBITRARY PLAN FORM 

By Franklin W . Diederich 

Langley Aeronautical Laborato r y 
Langley Field , Va. 

Washington 

May 1951 

'AY 18 1951 

BUSINESS, SCIF "E 
& TECHNOLOG '( 

https://ntrs.nasa.gov/search.jsp?R=19930083088 2020-06-17T19:48:49+00:00Z





! ERRATA NO. 1 

NACA TN 2353 

CHARTS AND TABLES FOR USE IN CA:'CULATIONS OF DOWNWASH 
OF vlINGS flY A':l3IT?JliH ?IAl'T rORM 

By .F'rad :lin W. Diederich 

May 1951 

• 
Page 4: In the second line of equation (2)) the quantity 6yy2 which 

appears in the numerator of the fraction under the r adical in the first 
term within the bracke~s should be 6Zy
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Page 6: In equation (8).; the minus sign j,nside the pa:centheses should be 
a plus sign .. 
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

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 chart s 
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 is required for the 
rat ional design of the horizontal tail 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 inapplicable to swept wings 
and to wings of more complicated plan form because the assumed bound 
vortex is unswept and because the assumed spanwise lift distributions 
are those of unswept wings and differ from those ' of swept wings. 

Inasmuch as sweep constitutes an additional geomet r ic variable and 
because the use of more complicated plan forms introduces still further 
variables, the preparation of extensive charts that give directly the 
downwash field for any arbitrary plan form is not considered practical. 
When the spanwise lift distribution is known for any particular case 
the representation of the wing by a vortex pattern and calculation of 
the downwash field associated with that pattern in the tail region with 
certain simplifying assumptions, such as that of a plane vortex sheet, 
is a fairly straightforward, although somewhat time consuming problem. 

This paper 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 along 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 fields 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 lift 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 discrepancies, probably related in some way 
to sweep, remain unexplained, the comparisons are rather satisfactory 
in general. 

These charts and tables may also be used in Falkner's method of 
calculating lift 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 that of the wake, and more 
accurate, in that they require less interpolation. 

SYMBOLS 

A aspect ratio (b2/S) 

b wing span, feet 

wing lift coefficient 

c chord (measured parallel to plane of symmetry), feet 

average chord, feet 

section lift coefficient 

F downwash factor (4~S w) 

M Mach number 
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S wing area, square feet 

s semispan of main horseshoe vortices, feet 

w downwash velocity, feet per second 

V forward speed, feet per second 

x longitudinal coordinate along direction of relative wind 

Xv 

y 

Yv 

z 

Zv 

r 

€ 

a. 

A. 

&., 6y, 6z 

rearward of quarter-chord point of chord in plane of 
symmetry, feet 

dimensionless longitudinal coordinate (x/s) 

lateral coordinate, feet 

dimensionless lateral coordinate (y/s) 

coordinate normal to wake, feet 

dimensionless coordinate normal to wake (z/s) 

circulation, feet2 per second 

downwash angle, degrees 

angle of attack, degrees 

taper ratio 

differences in coordinates of a downwash point and those 
of a lift point, feet 

DERIVATION OF DOWNWASH CHARTS AND TABLES 

At a point p(x+D.x,y+6y,z+6z) the downwash angle 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 

(1) 
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where 

!:::,xv 
!:::,x 
s 

tsyv 
tsy 
-s 

!'J.zv 
!'J.z 
s 

and 
2 

1 -
!'J.zv 

2 tsyv2 - 1 
F 

1 (1 _ 6zv2 )2 + 4 

+ 
2 2 2 

tsyv - tsyv !'J.zv 

tsyv
2 

- 1 (tsy/ _ 1)2 

!:::,xv 

!:::,x 2 + !'J.z 2 v v 
+ 1 

D;x 2 + !'J.z 2 v v 

( 2) 

For the special case when !'J.zv 0, 

F (2a) 

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

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

and 

(3a) 

and its values for negative 6xv bear the following relationship to 

those for po sitive 6xv : 

4 
1 -

D.y~ - 1 

(4) 

and, specifically, 

(4a) 

The values of F for certain special cases are 

2 
( 5) 

5 
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(provided ~v f 0) and 

(6) 

For values of 6 zv = 0, the values of F may be approximated as follows: 

For large negative values of 6xv and small values of ~v' 

For large positive values of 6xv and small values of ~v, 

1 
F~ 4 +--

6xv
2 

For large values of ~v and small values of 6xv , 

For large values of 6xv and ~v, 

(8) 

For the XY-plane (6 zv = 0) the values of the function Fare 
presented in table 1 and figure l(a) for even values of ~v. For 
values of 6yv of ±1.25, ±3.25, •.• ±37.2-5, the values of 

4F(46xv , 46yv) are tabulated and plotted (in table 1 and fig. l(b), 
respectively) because these values of 6yv apply to the corrector 
vortices (defined in the succeeding section), which have a span one-
fourth that of the other horseshoe vortices. (Full-size figs. l(a) and l(b) 
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are enclosed in a flap 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 6Yv between -2 and 2 and values of 6xv 
between -4 and 4, the factor F varies very rapidly with 6xv . In this 
region (which is indicated in table 1 by a heavy border line eround the 
values), values of F are presented in table 2 for intervals of 6xv 
smaller than those of table 1. 

For planes above and below the wake by the amounts 6zv = *2, *4, 
±8, and *12, the values of the downwash function F are presented in 
t ables 3 to 6 and in figures 2 to 5. (Full-size figs. 2 to 5 are 
2nclosed in the flap at the back of this paper.) These tables and 
figures are not so extensive as table 1; they do not contain values for 
negative values of 6xv , nor do they contain values at as close intervals 
for small values of 6xv nor for as many values of 6Yv ' The reason for 
this nonuniformity in coverage is that tables 1 and 2 (and fig. 1) 
are intended to aid in the application of Falkner's method, for which 
downwash values are required close to and ahead of the origin, as well 
as for the determination of downwash at the tail location; whereas 
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 longitudinal 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 any point divided by 0.250 yield the values of 6Yv and 

6xv ' respectively. The regions surrounded by a long-dash-line circle 

are accurate to three decimal places only, the one surrounded by the 
short-dash-line circle in figure lea), 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 is taken as one-fortieth of the 
wing span, equation (1) becomes 

(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 
lift carried by the given section 

r = cZcV 
2 

( ll) 
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and 

:!i. 10 c"lc 
---F 

V 41{ b/2 

c"lc 
0.7958 - F 

b/2 

or 

w 10 1 c"lc 
---F 

V 21{ A c 

1. 5915 c"l c 

A --=- F c 

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

E = 45.60 c"lc F 
b/2 

E 91.19 c"lc 
---F 

CL A ~CL 

APPLICATION OF CHARI'S AND TABLES TO 

CALCULATION OF DOWNWASH 

Location of Vortices 

(12) 

(13) 

(14) 

(14a) 

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 a system of horseshoe vortices such as that indicated in figure 6(a). 
The centers of the lateral legs of the vortice s, which will hereinafter 
be referred to as the "lift points," are located on the quarter-chord 
line at integer tenths of the semispan from 0 to 0.9. The semispan of 
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these vortices is one-fortieth of the wing span. In addition to these 
main vortices two corrector vortices are located near the tip in such 
a way that the centers of their lateral legs are located at ±0.9625 of 

9 

the semispan on the quarter-chord line. 
is one-fourth that of the main vortices. 

The semispan of these vortices 
The corrector vortices have 

been shown i n reference 3 to increase 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. No 
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 6 zy is assumed to be measured from the XY-plane, which 
contains the horseshoe vortex. In using this factor in calculations 
of the downwash angles behind the wing, the fact that the trailing 
vortices are not contained in the XY-plane but tend to follow the wing 
wake must be remembered. (See reference 1.) Consequently, for the 
purpose of such calculations, the ordinate 6z is assumed to be measured 
from the wake rather than from the XY-plane. 

The charts and tables give values of the function F only at points 
located laterally and vertically at integral multiples of the span of 
the horseshoe vortex (at integral tenths of the semispan) from the lift 
point; consequently, when there is a choice, downwash points should be 
located at such points. In calculating downwash angles at other points 
interpolation between downwash angles calculated at adjacent points for 
which values of t he function F are presented is generally preferable 
to the use of interpolated values of the function F, particularly for 
points near the plane 6 z = O. 

If the downwash is to be calculated for a wing in a 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 lift 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 midspan position 
being based on the foregoing definition of the span. 

Use of Tables 

The values of the downwash angle associated with a given horseshoe 
vortex may be calculated from equations (14) or (14a). For the vortex 
configuration indicated in figure 6 (a), the downwash at a given point 
(hereinafter referred to as t he "downwash pOint") may consequently be 
calculated by summing up the contribution of the individual horseshoe 
vortices so that 
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€ 
-= 

21 

45.60~(:~:) Fi 
i = 1 i 

21 

91.19~~ClC) F 
A ~ ~c i 

i = 1 L i 
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(15) 

(15a) 

where Fi is the value of F which corresponds to the dimensionless 

distance of the downwash po int from the ith lift point; that is, 

(&.v) i (XV)downwash point (XV)ith lift point 

(6yv)i (Yv)downwash point - (Yv)ith lift point 

(.6zv ) l' = (z ) v downwash point 

Because the corrector vortices have one-fourth the span of the 
main vortices, the values of &. and 6y pertaining to them should be 
made dimensionless with a distance one-fourth that of t he main vort'ices. 
Also, from equation (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), (14), and (14a). In order to 
avoid the necessity of t reating these vortices as special cases, the 
function F' = 4F(4&'v,46yv) has been tabulated in tables 1 and 2 
instead of the function F for values of 6yv 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 calculations of the downwas h 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 lift points at the l eft; all 
coordinates are made dimensionless by dividing 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-ordinate of the down
wash point (me asured from the wake). The values of F are obtained from 
tables 1 to 6 (depending on the normal distance of the downwash point 
above the wake 6 zv ) for the given values of 6xv and 6yv and are 
entered in the appropriate spaces. All values in tables 1 to 6 are 
negative unless specifically prefixed by a plus sign. 

The values of the vortex strength expressed as or as ( CCl~) 
~CL b/2 

are entered at the left of table 7. For the purpose of calculating 
downwash, these values may be estimated conveniently by means of refer
ence 6 or 7. (The limitations in using such theoretical loadings as 
the basis for downwash comput ations 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 

the wake.) If the wing is yawed, the appropriate values of 

must be used. 

Each value of F for a given downwash point is multiplied by the 
appropriate 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 table. The down
wash (in degrees) may be obtained by multiplying these products by 45 . 60 

CL 
or 91.19-=, depending on whether the vortex strengths are expressed as 

A 

cCl 
b / 2 

or respecti vely. 

Use of Charts 

Much of the computing involved in filling out table 7 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 a transparent paper to 
such a scale as to reduce the span to 10 inches. On the quarter- chord 
line of this plan form, the lift 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 semispan from the midspan. 
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A grid drawn through the lift points as shown in figure 6(b) usually 
facilitates the alinement of the plan form with the downwash charts. If 
the wing is yawed, the lines of this gr id have to be 'drawn par allel and 
perpendicular to the relative wind. The drawing of figure 6(b) is placed 
on the downwash chart for the 6 zv value of interest in such a manner 
that the first vortex (at -0.9 semispan) is located on the origin of 
the chart and the grid on the plan form is alined wi th 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 simi lar to table 8. The 
plan- form drawing is then moved so that the second lift point (at 
- 0 . 8 semispan) is located at the origin of the chart; the gr id on the 
plan form is alined again, and the values of the downwash are read at 
the downwash point s and entered in the table opposite the - 0.8 semispan 
station. This procedure is continued until all main lift points have 
been located at the origin and the corresponding values of the downwash 
entered in the table. For example, figure 7(a) shows the lift point at 
- 0.3 semispan located at the origin of the chart for 6zv = O. All values 
of the downwash read from this chart are negative, except for those values 
immediately downstream of the origin. 

Whenever a downwash point is so located relative to a lift point 
that it is not on the chart when that lift point is located at the origin, 
the transparent drawing is turned over about the longitudinal axis of 
the wing plan form . The given lift point is placed at the origin again 
and the drawing is 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 lift 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 contributions due to the main vortices have 
been obtained in this manner and it is desired to use the corrector 
vortices, the downwash Que to the corrector vortices may be obtained 
from figure l(b) provided 6 zv = O. The corrector lift point at 
- 0.9625 semispan is l ocated on the origin of figure l(b) and the values 
of the downwash are re ad at the downwash points and entered in the 
table . The plan-form drawing is then turned over, the corrector lift 
point at 0.9625 semispan placed on the origin, and the values of the down
wash read again. All va lues read from this chart are negative . 

The values of the vortex strengths or are entered in 

the second column of table 8 . The total downwash at a given downwash 
point is obtained by multiplying the values entered ion the table for that 
downwash point by the corresponding values of the vortex strengths and 
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summing up 
C 

or 91.1~ 
A 

the product s. The value of the downwash is then either 45.60 

times the sum of the products, depending on whether 
ccz 

cc z was used. 

As stated previously, the values of or are obtained 

from a curve of the spanwise lift distribution, which may be estimated 
by the method of reference 6 or 7. 

Correction for Compressibility Effects 

or 

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

1 
ordinates by the factor This correction affects the chord, Vl - #. 
the aspect ratio, the sweep angle, and the longitudinal location of the 
downwash points. The downwash angles calculated for this stretched 
plan form and for the downwash points with stretched longitudinal 
ordinates by use of the actual lift di stribution are the downwash angles 
on the actual wing in compressible flow. 

Results of Specific Calculations 

As stated previously, the values of downwash angles calculated in 
the manner outlined in the preceding sections are idealized in that 
they involve certai n approximations and. are subject to certain limita
tions. As a practical example of results obtainable by the method of 
calculating downwash angles (outlined i n the foregoing sections), and 
in order to pe rmit a furt her 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 300 sweepback, 
aspect ratio 4.5, and taper ratio 1.0. The angle for which the calcula
tions have been performed is 8.18°j the lift coefficient, 0.487. 

Downwash angles 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 and t he plane of symmetry, in the plane of 

--~------~-=----------- ~----~----~---------
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symmetry and 0.3 semispan from the plane of symmetry, and at several 

heights ( __ Z_ = 0, 0.2, 0.4, and 0.6) above 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 co~parison, 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 and 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 aspect ratio and at a reasonably low angle of attack except for 
points downstream of the wing tip and for points in the wake. The 
largest discrepancies are at point 1, which is too close to the trailing 
edge to permit calculation of the downwash on the basis of a single 
concentrated load vortex. 

In order to show some of the trend.s in the effects of some wing 
parameters on downwash (if the wings and their lift coefficients are 
assumed to remain 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 various angle s of sweep. Spanwise lift distributions given in 
reference 7 were used in the calculations . Values of the downwash 
ratio d€/da were calculated and are shown in figure 9 for points 
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 attack . 

In the plane of symmetry the downwash angle decreases as the wing 
is swept back as a result of the fact that with inc reas ing sweep the 
wing as a whole and the region of the wing near the plane of symmetry, 
in particular, carry less lift and, consequently, produce les s downwash. 
At 0.4 semispan outboard of the plane of symmetry, the downwash angle 
increases slightly as the angle of sweepback increases from negative values 
(sweptforward wing) to about 200 to 300 sweepback, and then the downwash 
angle gradually decreases as the angle of sweepback increases further . 
This trend is due to the fact that the dec.rease of lift with sweepback 
is less pronounced at 0.4 semispan away from the plane of symmetry than 
in the plane of symmetry and that the wing approaches the two downwash 
points (4 and 5) as it is swept back so that its bound vorticity 
produces more downwash at the downwash points. 
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If the se results are to be interpreted correctly, some of the 
limitations of the theory underlying the calculations must be remembered. 
For example, the downwash angles calculated for the plane of the wake 
may be largely invalidated by the inflow into 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 angle s of attack. 
The downwash angles in the plane of symmetry are likely to be less 
reliable than those at 0.4 semispan away 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 potential theory; whereas some others are consequences of 
the simplifications made to facilitate calculations based on this theory. 

As a result of the fact that potential theory does not take viscous 
effects into account, any effect of the wake on the downwash angles in 
the wake or in the vicinity of the wake 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 l i ft carried by the wi ng and, hence, the downwash field associated 
with that lift . Linearized theory implies a wake which is plane and 
has the same spanwise distribution of trailing vorticity at every section 
through the wake downstream of the wing. Because the trailing 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 linearized theory nor can the downwash angles behind wings of low 
aspect ratio be predicted by linearized theory because for such wings 
the tip vorticity affects the downwash 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 
s ingle concentrated vortex at the quarter-chord line . Within the frame
work of linearized potential theory this assumption is adequate for 
calculating the downwash angles at points which are not too close to 
the wing. The prese nce 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 is particularly difficult to take into account because it 
is only partly a potential- flow phenomenon and partly the type of 
phenomenon associated with boundary-layer and wake effects.) 

CONCLUDING REMArtKS 

Charts and tables have been presented for the downwash of a horse 
shoe 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 
with no taper and a thick leading edge at a moderate angle of attack) 
have been found to agree sat i sfactorily with the experimental results 
except perhaps near the midspan region of the wake '. The applicability 
of t he present approach for less favorable conditions (such as large 
angle of sweep, low aspect ratio, thin leading edge, and high angle of 
attack) has not been determined, and such application, even when the 
true loading is known, is not at present recommended. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., January 30, 1951 
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TABLE 1. - :oowNWABlJ FACTOR, 1 

[Al.l ValU~8 ot the dovnvaeh factor are negative unlesl spec1f1ca.lly pref1xed by a plus 8ign.] 

~ 67.. 0 i;1.25 *2 *3.2' *4 ".2' t6 '7.2, ..a *9.2, *10 i:ll.2, 

-00 0 0 0 0 0 0 0 0 0 0 0 0 
-100 . 0001 .0000 .0001 .0000 .0001 .0000 .0001 .0000 . 0001 .0000 .0001 .0000 
-90 .00<11 .0000 .0001 .0000 .0001 .0000 .0001 .0000 . 0001 .0000 .0001 .0000 
_80 . 0002 .0000 .0002 .0000 .0002 .0000 .0002 .0000 .0002 .0000 . 0002 .0000 
-70 .0002 .0001 .0002 .0001 .0002 .0001 .0002 . 0001 .0002 .0001 .0002 .0000 
-60 .0003 .0001 .0003 .0001 .0003 .0001 . 0003 .0001 . 0003 . 0001 .0003 .0001 
-,a .ooolI .0001 .ooolI . 0001 .ooolI .0001 .0004 .0001 .ooolI .0001 . 0004 .0001 
-~, .0005 . 0001 .000, .0001 .0005 .0001 .000' .0001 .0005 .0001 .0005 .0001 
-~ .0006 .0002 .0006 . 0002 .0006 .0002 .0006 .0002 .0006 .0001 .0006 .0001 
-35 .0008 .0002 .0008 .0002 .0008 .0002 .0008 .0002 .0008 .0002 .0008 .0002 
-30 . 0011 . 0003 .0011 .0003 .0011 .0003 . 0011 .0003 . 0011 .0003 .0010 . 0003 
-2' .0016 .ooolI .0016 . ooolI .0016 . ooolI .0015 . OOC'J .001,_ . ooolI .0014 .0003 
-20 . 0025 .0006 .0025 .0006 .0024 .0006 .0023 .0006 .0022 .0005 .0021 .0005 
-18 . 0031 .0008 .0031 .0008 . 0030 .0007 .0029 .0007 .0027 .0006 .0025 .0006 
-16 .0039 .0010 .0039 ·0009 .0037 ·0009 .0035 .0008 .0033 .0008 .0030 .0007 
-H .00,a 

:~i~ 
. 00,a .0012 .0048 .0012 .0045 .0011 .0041 .0010 .0037 .0009 

-12 .0069 .0068 .0016 .OO~ .0015 .0059 .001" . 0053 .0012 .0046 .0011 
-10 .0100 .0025 .009'7 .0023 .0089 .0021 .0079 .0018 .0069 .0016 .0059 .0013 
-9 .0123 .0030 .0119 .0028 .0108 .002, .0093 .0021 .0079 .0018 .0066 .001' 
-8 .0156 .0038 .01"9 .0035 .0132 .0030 .0111 .0025 .0092 .0020 .0075 .0017 
-7 .0203 .00,a .0192 .0044 .0165 .0036 .0134 . 0029 .0107 .0023 .0086 .0019 
-6 . 0276 . 0067 .0256 .0057 .0210 .0045 .0163 .003" . 0125 .0027 .0097 .0021 
-5 .~ :~? :~~ . 0076 .0274 .0056 .0201 .oon . 0148 .0031 .0111 .0023 
-4.5 .0090 .0317 .0063 .0224 .004, .0160 .0033 .0119 .002' 
-4.0 .0616 .0146 .0526 .0106 .0368 .0071 .0249 .0049 .0174 .0035 .0126 .0026 
-3.5 .0800 .0186 .0657 .0127 .0431 .0081 .0278 .0054 .0189 .0038 .0135 .0028 
-3.0 .1082 .0246 .~ .0152 .0,a7 ·0091 .0311 .0059 .0205 . 0040 .0143 .0029 
-2.5 .1541 .0338 .1103 .0185 .0599 .0104 . 0347 .~ .0222 . 0043 .01'3 .0031 
-'o!.0 .2361 .0486 .1496 .0226 . 0709 .0117 .0386 .0070 .0239 .0046 .0162 .0033 
-1.8 .2879 .0572 .1706 ·02~5 .0759 .0123 .~3 .0076 .0247 .0047 .0166 .0033 
-1.6 ·3565 .0679 .1956 .0265 .0812 .0129 .0420 .0075 .0254 .0049 .0170 . 0034 
-1.4 . 4578 .0815 .2260 .0287 .0869 .0136 .0438 .0077 .0262 .0050 .0174 .0035 
-1.2 .6034 .0988 .2625 .0310 .0928 .0142 .0456 .0080 . 0270 .0051 .0178 .0035 
-1.0 .6284 .1210 ·3066 .0335 .0990 .0148 .0475 .0082 .0278 .0052 . 0162 .0036 
-.8 1. 2016 .1"90 .3596 .0362 .1056 .0154 .0494 .008, .028, .00'3 .0186 .0037 
-.6 1.8873 .1847 .4227 . 0389 .1123 .0161 . 0513 .0087 .0293 .0055 .0190 .0037 
-·5 2,'721 .2054 :t~ . 0403 .1156 .016, . 0523 .0089 .0298 :~ .0192 .0038 
-.4 3. 3852 .2281 .0418 .1192 . 0168 . 0'32 .0090 .~ .0194 .0038 
-.3 4.9602 .2526 . '36, .0432 . 1227 .0171 .0542 .0091 .0305 .00'7 . 0196 .0038 
-.25 6.2462 .2654 .557" .0438 .124, . 0173 .0547 .0092 . 0308 . 0057 .0197 .0039 
-.20 8.1980 . 2786 .5787 .04'<7 .1262 .017' .0'52 .0093 .0310 . 0057 .0196 .0039 
-.1' 11.4825 .2920 .6004 .0454 .1280 .0177 .0557 .0093 .0312 .0056 .0199 .0039 
:.~ ~:~ :~~~ Jm : ~~~ .~ :~i~ .~~~ := . 0314 :=. .0200 

:~ . 0316 .0201 
O. 00 .333: .6667 .0476 . 1 .0182 .0 .0095 . 03.!'> . 00", .0202 .00'1< 
+.05 +42.0,ao . 3472 ·6889 .01<84 .1351 .0184 .0577 .0096 .0320 .0059 .0203 .~ 
+. 10 +22.099B .3610 .7110 .0491 .1368 .0185 .0561 .009'7 .0322 .0059 .0204 .0040 
+.15 +15. 4825 .37"7 .7329 . 0498 .1387 .0187 .0586 .0097 .0324 .0059 .0205 .0040 
+.20 +12.1980 . 3881 .7546 .0506 .1404 .0169 .0591 .009B .0326 .0060 .0206 .0040 
+.2, +10. 2462 .~13 ·7759 .0513 . 1422 .0190 .0596 .0099 .0328 .0060 .0207 .0040 
+.3 +8.9602 .4141 .7968 . 0520 .1~ . 0192 . 0601 .0099 .0330 .0060 .0208 .0041 
+." +7.3852 . 4386 .8371 .0535 .1475 .0196 .0610 .0100 .0334 .0061 .0210 . 0041 
+.5 +6.4721 .4612 .8752 .0549 .1510 .0199 .0620 .0102 .0338 .0062 .0212 .0041 
+.6 +5.8873 .4819 . 9107 . 0563 .1,.. .0202 .0630 .0103 . 0342 .0062 . 021 • .0042 
+.8 +5.20~? .5177 1:~~ .0591 .1~11 .0209 .~? .O:~ .0350 

:~ .02~~ :~~ +1.0 +4.8284 .5457 .0617 .1676 .0210 .0668 . 0108 .0357 . 0222 
+1.2 +4. 6034 ·5679 1.0709 .~2 .1739 .0222 . 0687 . 0111 .0365 .0066 .0226 .0044 
+1.4 .... 4578 .5652 1.1073 . 0665 .1798 .0228 .0705 .0113 .0373 .0067 . 0230 .0044 
+1.6 +4·3565 .5988 1.1376 .0687 .1854 . 0235 .0722 .0115 .0381 .0068 .0234 .0045 
+1- 8 +4.2879 .6095 1.1628 .0708 . 1908 .0241 . 07~ .0118 .0388 .0070 .0238 .0046 
+2.0 .... 2361 .6180 1.1838 .0727 .1957 . 0247 .0757 . 0121 .0396 . 0071 .0242 .0046 
+2.' +4.1541 .6329 1.2230 .0767 . 2068 . 0260 .0796 . 0126 .0414 .0074 .0251 .0048 
+3. 0 +4.1082 .6421 1.2494 .0800 .2160 . 0272 .0832 .0132 .0430 .0077 .0261 .0050 
+3. 5 +4 . 0800 . 6480 1. 2677 .0826 .2236 .0283 .0865 .0137 .0446 .0079 .0269 .0051 
+4.0 +4.0616 .6521 1.2808 .0846 .2298 .0292 .0894 .0141 .0461 .0081 .0278 .0053 
+4.5 ... . 0488 .6550 1.2905 .0863 .23,a .0300 :~ .0146 .0475 .0084 .0286 :~~ +5 .... 0396 .6571 1.2977 .0876 .2392 .QJQL .0149 . 048~ .0086 • Clg2,1 
+6 ... . 0276 .6599 1.3078 .0895 .2457 .0319 . 0980 .0156 .0510 .0090 .0307 .0056 
+7 .... 0203 .6617 1. 3142 .0908 .2502 .0327 . 1009 . 0161 .0528 · 0094 .0319 .0060 
+8 +4.0156 .6628 1. 3185 .0918 .2535 .0334 .1032 .0166 .0543 ·0097 .0329 .0062 
+9 .... 0123 .6636 1. 3215 · 092" .2559 .0339 .1050 .0169 .0556 . 0099 .0338 .~ 

+10 +4.0100 .6642 1. 3237 .0929 . 2577 .0343 .1064 .0172 .0566 . 0101 .0345 .0066 
+12 ... ·0069 .6649 1. 3265 .0936 . 2603 .0348 . 1084 .0177 .0563 .0105 .0356 

:~ +14 +4.00,a .6654 1. 3283 .0940 .2619 .0352 . 1098 .0180 . 0594 . 0107 .0367 
+16 +4.0039 .6657 1.3295 .0943 .2629 .0355 .1108 .0182 .0602 . 0109 .0374 .0072 
+18 +4.0031 .6659 1. 3303 .0945 . 2637 .0356 .1114 .0184 .0608 . 0110 .0379 .0073 
+20 +4.0025 .6660 1. 3309 .0946 .2642 .0356 .1119 .0185 . 0613 ,0112 .0383 .0074 
+25 +4.0016 .6663 1. 3318 .0948 .2651 .0360 .1128 .0187 .0620 .0113 .0390 .OO~ 
+30 .... 0011 .~ 1.3322 .0950 .2656 .0361 .1132 .0188 .0624 .0114 .0394 . 0077 
+35 +4.0008 .6665 1.3325 .0950 .2659 .0362 . 1135 .0189 .0627 .0115 .0396 .0077 
+40 +4.0006 .6665 1. 3327 .0951 . 2660 . 0362 .1137 . 0189 .0629 . 0116 .0398 .0078 
"'5 .... 0005 .6665 1. 3328 .0951 .2662 .0362 .1138 .0189 .0630 .0116 .0399 .0078 
+,a +4.0004 .6666 1.3329 .0951 . 2663 . 0363 .1139 .0189 .0631 .0116 . 0400 . 0078 
+60 ~ . 0003 .~ 1. 3331 .0952 .2664 .0363 .11~ .0190 .0632 .0116 .0401 .0078 
+70 +4.0002 .6666 1. 3331 .0952 .2665 .0363 .1141 .0190 .0633 .0116 .0402 .0079 
+80 .... 0002 .6666 1. 3332 .0952 .2665 .0363 .nln .0190 .0633 .0117 .0402 .0079 
+90 +4.0001 .6666 1. 33:12 .0952 .2665 .0363 . 1142 .0190 .0634 .0117 .0403 .0079 

+l00 +4.0001 .6666 1. 3332 .0952 .2666 .0363 .1142 .0190 .0634 .0117 .0403 .0079 
+= A 0000 .6667 1. 3333 .0952 .2667 .03~ .n43 .0190 .0635 .0117 .0404 .0079 
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TABLE 1- IX:IW'N\(ASH F~R, P' - Continued 

[All value s o f the dovnvsuh f actor are negative] 

~ *12 *13.25 *14 *15.25 *16 *17.25 *18 *19.25 *20 :1:21.25 *22 *23.25 

-00 0 0 0 0 0 0 0 0 0 0 0 0 
-100 . 0001 .0000 .0001 .0000 .0001 . 0000 . 0001 .0000 .0001 .0000 .0001 .0000 
-90 .0001 . 0000 .0001 .0000 .0001 . 0000 .0001 . 0000 .0001 .0000 . 0001 .0000 
-80 . 0002 .0000 .0002 .0000 . 0002 . 0000 .0002 .0000 .0002 .0000 .0001 .0000 
-70 .0002 .0000 .0002 .0000 .0002 .0000 .0002 .0000 .0002 .0000 . 0002 .0000 
-60 .0003 .0001 .0003 .0001 .0003 . 0001 .0003 .0001 .0003 .0001 .0003 .0001 

-50 .0004 .0001 .0004 . 0001 .0004 . 0001 .0004 .0001 .0004 .0001 .0004 .0001 
-45 .0005 .0001 .0005 .0001 .0005 .0001 .0004 .0001 .0004 .0001 .0004 .0001 
-40 .0006 .0001 .0006 .0001 .0006 . 0001 .0005 . 0001 . 0005 .0001 .0005 .0001 
-35 .0008 .0002 .0007 .0002 . 0007 . 0002 .0007 .0002 .0007 .0002 .0006 .0002 
-30 .0010 .0002 :~i~ .0002 .0009 .0002 .0009 . 0002 .0008 .0002 .0008 .0002 
-25 . 001~ .0003 .0003 .0012 .0003 .0012 .0003 .0011 .0003 . 0010 .0002 
_20 .0020 .0005 .0019 .0004 .0017 . 0004 . 0016 .0004 . 0015 .0003 .0013 .0003 
-18 .0023 .0006 .0022 .0005 . 0020 .0005 . 0018 .0004 .0017 .0004 .0015 .0004 
-16 .0028 .0007 .0025 .0006 .0023 .0005 .0021 .0005 .0019 .0004 .0017 .0004 
-1. . 003~ :~ :~~~ .0007 :~i .0006 .0024 .0006 . 0021 .0005 .0019 .0004 
-12 . 0041 .0008 .0007 .0028 . 0006 .002. .0006 .0022 . 0005 

-10 .0050 .oon .0043 .0010 .0037 .0008 .0032 .0007 . 0028 .0006 .002~ .0006 
-9 .0056 . 0012 .0047 .0011 .0040 .0009 .003~ .0008 . 0030 .0007 .0026 .0006 
-8 .0062 .0014 .0052 .0012 .0043 .0010 .0037 .0008 . 0031 .0007 .0027 .0006 
-7 .0069 .0015 .0057 .0013 .0047 .0010 .0039 .0009 .0034 .0008 .0029 .0007 
_6 .oon .0017 .0062 .001~ .0051 .oon .001<2 .0009 .0036 .0008 .0031 .0007 

-5 .0086 . 0018 .0068 .0015 .0055 .0012 .0045 .0010 .0038 .0009 .0032 .0007 
-4.5 . 0091 .0019 .0071 . 0015 .0057 .0013 .0047 .0010 .0039 . 0009 .0033 .0007 
-~.o .0095 .0020 . 0074 .0016 . 0059 .0013 .0048 .oon .0040 .0009 .0034 .0008 
-3· 5 .0101 .0021 .0078 .0017 .0062 .001' .0050 . oon . 0041 .0009 .0035 . 0008 
-3·0 . 0106 .0022 .. 0081 .0017 .0064 .001' .0052 .oon . 0043 .0010 .0036 .0008 
- 2 .5 .0111 .0023 .0085 .0018 .0066 .001_ .0053 .0012 .0044 .0010 .0037 .0008 

-2.0 .0117 .0024 .0088 .0019 .0069 .0015 .0055 .0012 .0045 .0010 .0038 .0008 
-L8 .0119 .002, .0089 .0019 .0070 .0015 .0056 .0012 .0046 . 0010 .0038 .0009 
-1.6 .0121 .0025 .0091 .0019 .0071 .0015 .0056 ,0012 .0046 .0010 .0038 .0009 
-l.~ .O~~ .0025 ·0092 . 0020 .0072 .0015 .0057 . 0013 .0047 . 0010 .0039 .0009 
-1.2 .0126 .0026 .009" .0020 .0073 .0016 .0058 .0013 .0047 .0010 .0039 . 0009 
_l.0 .0128 :~~ :~ .0020 .007~ .0016 .0058 .0013 .0048 .0011 .0040 .0009 

.8 .0111 .0020 . 0075 .0016 .00'59 .0013 .0048 .oon .0040 .0009 
_.6 .0133 .0027 .0098 .0021 .0075 .0016 .0060 .0013 .0049 .oon .0040 .0009 
-.5 :gi~ .0027 .0099 . 0021 :~+~ .0016 .0060 :~i~ :~~ .0011 .0040 := - .~ .0028 .0100 . 0021 .0016 .0061 .oon .0041 
-.3 .0136 .~ .0100 . 0021 .oon .001b . 00bl . 0013 . 0049 .oon ~ .0009 
- . 25 .0137 .0028 .0101 . 0021 .00n . 0017 .0061 . 0013 .0050 .oon .0041 .0009 
-.20 .0137 .0028 . 0101 .0021 .00n .0017 .0061 .0013 .0050 .oon .0041 .0009 
•. 15 .01~ .0028 .0102 .0021 .0078 .0017 .0061 .0013 .0050 .oon . 0041 . 0009 
-.10 .0139 .0028 .0102 .0021 .0078 .0017 .0062 . 0013 .0050 .oon .0041 .0009 
-.0' .0140 . 0028 .0102 .0021 .0078 .0017 .0062 . 0013 .0050 .oon .0041 .0009 

0 .0140 .0028 .0103 . 0022 .0078 .0017 .0062 .0013 .0050 .oon .000i .0009 

+.0' .011+0 .0029 .0103 . 0022 .0079 .00~7 .~ .0014 :~~ 
. 0011 .0042 .0009 

+.10 .0141 .0029 .0103 .0022 .0079 .0017 .0062 .0014 .0011 .0042 .0009 
+.15 .0142 .0029 .01~ .0022 .0079 . 0017 .0062 .0014 .0050 .oon .0042 . 0009 
+.20 .0142 .0029 .01~ .0022 .0079 .0017 .0063 .001' .0051 .0011 .0042 .0009 
+.25 .0143 . 0029 :gi~ .0022 .0080 .0017 .0063 . 0014 .0051 .0011 .0042 .0009 
+.3 .0144 .0029 .0022 .0080 .0017 .0063 .001' .0051 .0011 .0042 .0009 

+.4 .01'5 .0029 .0105 . 0022 . 0080 . 0017 .0063 .0014 .0051 . 0011 . 0042 .0009 
+. 5 .0146 .0030 .0106 . 0022 .0081 .0017 .0064 .001~ .0051 .0011 . 0042 .0009 
+.6 .01~7 .0030 .0107 .0022 .0081 .0017 .0064 . 001' .0052 .oon . 0043 .0009 

+.8 .0149 .0030 . 0109 .0023 . 0082 .0018 .006, .0014 .0052- .oon .0043 . 0010 

+1.0 .0152 .0031 .ono .0023 .0083 .0018 .0065 .0014 .0053 .0012 .0043 .0010 
+1.2 .01~ .0031 .0111 .0023 .0084 .0018 .0066 .001' .0053 .0012 .0044 .0010 
+1.4- .0156 .0031 .On3 .0023 .0085 .0018 .0067 .0014 .0054 . 0012 .0044 .0010 
+1.6 .0159 .0032 .on4 . 002' .0086 .0018 .006'( .0015 .00,. .0012 . 0044 . 0010 
+1.8 :~i~~ :~~ :~ii~ .0024 .0087 .0019 .0068 .001' .0055 .0012 .0045 . 0010 
+2 . 0 . 0024 .0088 . 0019 .0069 .0015 .0055 . 0012 .0045 . 0010 

+2., . 0169 .0034 .0121 .0025 . 0091 .0019 .0070 . 0015 .0056 .0012 .0046 .0010 
+3.0 .017' .0035 .012' .0026 .0093 .0020 .0072 .0016 .0058 . 0013 . 0047 .0010 
+3.5 .0179 . 0036 . 0128 . 0026 .0095 .0020 . 007_ .0016 .0059 .0013 .0048 .oon 
+4.0 .01811 .0037 .0131 .0027 .0098 .0021 .0075 .0016 .0060 . 0013 .0049 .0011 

+4. 5 .01~ .0038 .0134 .0028 . 0100 .0021 .00n .0017 .0061 .0013 .0050 .oon 
+5 .01 .0039 .0137 .0028 .0102 .0021 .0079 .0017 .0062 .0014 .0051 .oon 

+6 . 0203 .0040 .014i! ·0029 .0106 .0022 .0082 .0017 .~5 .0014 . 0052 -:0012 
+7 .0211 .0042 .0149 .0030 . 0110 .0023 .0084 .0018 .0067 .0015 .0054 . 0012 
+8 . 0218 .0043 .01,. .0031 . on4 .002 • . 0087 . 0019 .0069 .0015 . 0056 .0012 
+9 .022_ . 0044 .0158 :~~ .on7 .0025 .0090 .0019 .0071 .0015 .0057 .0013 

+10 .0210 .0046 .0162 .0120 .0025 .0092 .0020 .0073 .0016 .0059 .0013 

+12 .0239 .0048 .0170 .0035 .0126 .0026 .0096 .0021 .0076 . 0017 .0061 . 0013 
+1' .02.6 .0049 .0175 .0036 .0i30 .0027 .0100 . 0021 .0079 . 0017 .0064 . 0014 
+16 .0252 .0050 . 0180 .0037 .013" .0028 .0103 .0022 .0081 .0018 .0066 . 0014 
+18 .0256 . 0051 .01811 .0038 .0137 .0029 .0106 .0023 .0084 .0018 .0068 .0015 
+20 .0260 .0052 .0187 .0039 .0140 .0030 .0108 .0023 . 0086 .0019 .0069 . 0015 

+25 . 0266 . 0054 .0192 .0040 . 0145 .0031 . 0112 .0024 .0089 .0020 .0073 .0016 
+30 .0270 .0055 .0196 .0041 . 0148 .0031 .On5 .0025 .0092 .0020 .0075 .0017 
+35 .0272 .0055 .0195 .0041 .0150 .0032 .on7 .0025 .0094 .0021 .0076 .0017 
+40 . 0274 .0056 . 0199 .0042 .0151 .0032 .on8 . 0026 .0095 .0021 .0078 .0017 
+45 .0275 .0056 .0201 .0042 .0152 .0032 .0119 . 0026 .0096 . 0021 .0079 .0017 
+'50 .0276 .0056 .0201 .0042 . 0153 .0033 . 0120 .0026 .0097 . 0021 .0079 .0018 

+60 .02n .0056 .0202 . 0042 .01~ .0033 . 0121 . 0026 .0098 .0022 .0080 .0018 
+70 .0278 .0056 .0203 .0043 . 0155 . 0033 .0122 .0027 .0098 . 0022 .0081 .0018 
+80 .0278 . 00'7 .0204 . 0043 .01" .0033 . 0122 . 0027 .0099 .0022 .0081 . 0018 
+90 .0278 .0057 .0204 .0043 .0156 .0033 .0123 .0027 .0099 .0022 .0082 .0018 

+100 .0279 .0057 .0204 .0043 . 0156 .0033 .0123 .0027 .0099 .0022 .0082 .0018 
+00 . 0280 .0057 .0205 . 0043 . 0157 .0034 . 0124 .0027 .0100 .0022 .0083 .0019 
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TABLE 1. - IXJWNWASH FACTOR, P - Concluded 

[All values ot the dOVll'olQsh factor are negative] 

~ &v 
*24 *25.25 *26 *27.25 *28 *29· 25 *30 *31.25 *32 *33.25 *34 *35.25 *36 *37 · 25 

_ 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-100 .0001 .0000 .0001 . 0000 .0001 .0000 .0001 . 0000 .0001 .0000 .0001 .0000 .0001 . 0000 

-90 . 0001 . 0000 .0001 . 0000 .0001 .0000 .0001 .0000 .0001 .0000 .0001 .0000 .0001 .0000 _80 . COOl .0000 .0001 .0000 .0001 .0000 . 0001 .0000 . 0001 .0000 .0001 .0000 .0001 . 0000 
-70 .0002 .0000 .0002 . 0000 .0002 .0000 .0002 .0000 .0002 .0000 .0002 .0000 .0002 . 0000 
_60 .0002 .0001 .0002 .0001 . 0002 .0001 .0002 .0001 .0002 .0001 .0002 .0001 .0002 .0001 
-50 .0003 .0001 .0003 .0001 .0003 .0001 .0003 .0001 .0003 .0001 .0003 .0001 .0003 .0001 
-"5 .oooA .0001 . 0004 . 0001 .0004 .0001 .oooA .0001 .oooA .0001 .oooA .0001 .0003 .0001 
-Ao .0005 .0001 .0005 .0001 . 0005 .0001 .oooA .0001 . 0004 .0001 .oooA .0001 .oooA .0001 
-3:; .0006 .0001 .0006 . 00ll .0006 .0001 .0005 .0001 .0005 .0001 .0005 .0001 .0005 · .0001 
-30 .0008 .0002 .0007 . 0002 .0007 .0002 .0007 .0002 .0006 .0002 .0006 .0001 .0006 .0001 
-25 .0010 .0002 .0009 .0002 . 0009 .0002 .0008 .0002 .0007 .0002 .0007 .0002 .0007 .0002 
-20 .0012 .0003 .0012 .0003 .0011 .0003 .0010 .0002 .0009 . 0002 .0009 . 0002 .0008 .0002 
-18 .0014 .0003 .0013 .0003 .0012 .0003 .0011 .0003 .0010 .0002 .0009 .0002 .0009 .0002 
-16 .0015 .0004 .0014 .0003 .0013 .0003 .0012 .0003 . 0011 .0003 .0010 .0002 .0009 .0002 
-14 .0017 .0004 .0016 . 0004 .0014 .0003 .0013 .0003 .0012 .0003 .0011 .0003 .0010 .0002 
-12 . 0019 .0004 .0017 .oooA .0015 .oooA .0014 .0003 .0013 . 0003 . 0012 .0003 .0011 .0002 
-10 .0021 . 0005 .0019 .0004 .0017 .oooA .0015 .oooA . 0014 .0003 .0012 .0003 .0011 .0003 
-9 .0023 .0005 . 0020 .0005 .0018 .oooA .0016 .oooA .0014 .0003 . 0013 .0003 .0012 .0003 
-8 .0024 .0005 .0021 .0005 .0019 .oooA . 0017 .oooA .0015 .0003 .0013 .0003 .0012 .0003 
-7 .0025 . 0006 .0022 .0005 .0019 . oooA .0017 .oooA .0015 . oooA .0014 .0003 .0012 .0003 
-6 .0026 .0006 .0023 .0005 .0020 .0005 .0018 .oooA .0016 .oooA .0014 .0003 .0013 .0003 
-5 .0028 .0006 . 0024 .0006 .0021 .0005 .0019 .oooA .0017 .oooA .0015 .0003 .0013 .0003 
-4.5 .0028 .0006 .0025 .0006 .0021 .0005 .0019 .<XXllI .0017 .oooA .0015 .<XXllI .0014 .0003 
-".0 .0029 .0007 .0025 .0006 .0022 . 0005 .0019 .oooA .0017 .<XXllI .0015 .oooA .0014 .0003 
-3.5 .0030 . 0007 . 0026 .0006 .0022 .0005 .0020 .0005 .0017 .oooA .0016 .<XXllI .0014 .0003 
-3.0 .0030 .0007 .0026 .0006 . 0023 .0005 .0020 .0005 .0018 .oooA .0016 .oooA .0014 .0003 
-2.5 .0031 .0007 .0027 .0006 .0023 .0005 .0020 .0005 .0018 .oooA .0016 .oooA .0014 .0003 
-2.0 .0032 .0007 .0027 .0006 . 0024 .0005 .0021 .0005 .0018 .oooA .0016 .<XXllI .0015 .0003 
-1.8 .0032 .0007 .0028 .0006 .0024 . 0005 .0021 .0005 .0018 .oooA .0016 .oooA .0015 .0003 
-1.6 .0032 .0007 .0028 .0006 .0024 .0006 .0021 .0005 .0019 .oooA .0017 .<XXllI .0015 .0003 
_1.4 . 0033 .0007 .0028 .0006 .0024 .0006 .0021 .0005 .0019 .oooA .0017 .oooA .0015 .0003 
-1.2 . 0033 .0007 . 0028 .0006 .002 • .0006 .0021 .0005 .0019 .oooA .0017 .oooA .0015 .0003 
-1.0 . 0033 .0008 .0028 .0006 .0025 .0006 .0022 .0005 .0019 .oooA .0017 .<XXllI .0015 .0003 
-.8 .0034 .0008 .0029 .0007 .0025 .0006 .0022 .0005 .0019 .oooA . 0017 .oooA .0015 .0004 
-.6 .0034 .0008 .0029 .0007 .0025 . 0006 .0022 .0005 .0019 .oooA . 0017 .<XXllI . 0015 .0004 
-.5 .003" . 0008 .0029 .0007 .0025 .0006 .0022 .0005 .0019 .oooA .0017 .<XXllI .0015 .0004 
-.4 .0034 .0008 . 0029 .0007 .0025 .0006 .0022 .0005 .0019 .0004 . 0017 . 0004 . 0015 .0004 
-.3 .0034 .0008 .0029 .0007 .0025 .0006 .0022 .0005 .0019 .0004 . 0017 .0004 .0015 .0004 
-.25 .0034 .0008 .0029 .0007 .0025 .0006 .0022 .0005 .0019 .0004 .0017 .0004 .0015 .0004 
-.20 .003' .0008 .0029 . 0007 .0025 .0006 .0022 .0005 .0019 .0004 .0017 .0004 .0015 .0004 
-.15 .0035 .0008 .0029 .0007 .0025 .0006 .0022 .0005 .0019 .0005 .0017 . 0004 .0015 .<XXllI 
-.10 .0035 .0008 . 0030 .0007 .0025 .0006 .0022 .0005 .0019 .0005 .0017 .&04 .0015 .0004 
- .05 .0035 .0008 .0030 .0007 . 0025 .0006 . 0022 .0005 .0020 .0005 .0017 .0004 .0015 .<XXllI 
0 .0035 .0008 .0030 .0007 .0026 .0006 .0022 .0005 .0020 .0005 .0017 .<XXllI .0015 .<XXllI 
+.0, .0035 .0008 .0030 .0007 .0026 .0006 .0022 .0005 .0020 .0005 .0017 . 0004 .0015 .0004 
+.10 . 0035 .0008 .0030 .0007 .0026 .0006 .0022 . 0005 .0020 .0005 .0017 . 0004 .0015 .<XXllI 
+. 15 . 0035 .0008 . 0030 .0007 .0026 .0006 .0022 .0005 .0020 .0005 .0017 .0004 .0016 .0004 
+.20 .0035 . 0008 .0030 .0007 .0026 .0006 .0022 .0005 .0020 .0005 .0017 .<XXllI .0016 .0004 
+.25 . 0035 .0008 .0030 .0007 . 0026 .0006 .0022 . 0005 .0020 .0005 .0017 .<XXllI .0016 .0004 
+.1 .0015 .0008 .0010 .0007 .0026 .0006 .0022 .0005 .0020 .0005 .0017 .<XXllI .0016 .0004 
+.4 . 0035 .0008 .0030 .0007 .0026 .0006 .0023 .0005 .0020 .0005 .0018 .0004 .oo~~ .~ 
+.5 .0036 .0008 .0030 .0007 .0026 .0006 .0023 .0005 .0020 .0005 .0018 .<XXllI .0016 .0004 
+.6 .0036 . 0008 .0030 .0007 .0026 .0006 .0023 .0005 .0020 .0005 .0018 .<XXllI .0016 .0004 
+.8 .0036 .0008 .0031 .0007 .0026 .0006 .0023 . 0005 .0020 .0005 .oo~~ .~ .OO~~ .~ 

+1.0 .0036 .0008 .0031 .0007 .0026 .0006 . 0023 .0005 .0020 .0005 .0018 .0004 .0016 .0004 
+1.2 . 0037 .0008 .0031 .0007 .0027 .0006 .0023 . 0005 .0020 .0005 .0018 .0004 .0016 .0004 
+1.4 .0037 .0008 . 0031 . 0007 .0027 .0006 .0023 . 0005 .0020 .0005 .0018 .oooA .0016 .<XXllI 
+1.6 .0037 .0008 .0031 .0007 .0027 .0006 .0023 . 0005 .0021 .0005 . 0018 .0004 . 0016 .0004 
+1.8 .0037 .0008 .0032 .0007 .0027 .0006 .0024 .0005 .0021 .0005 .0018 .oooA .0016 .0004 
+2.0 .0038 .0008 .0032 .0007 .0027 .0006 .0024 .0005 . 0021 . 0005 .0018 .0004 .0016 .0004 

+2.' .0038 .0009 .0032 .0007 .0028 .0006 .0024 .0006 .0021 .0005 .0019 .~ .0017 .~ 
+3.0 .0039 .0009 .0033 .0007 .0028 .0006 .002" .0006 .0021 .0005 .0019 .<XXllI .0017 .0004 
+3.5 .ooAo .0009 .0034 .0008 .0029 .0007 .0025 .0006 .0022 . 0005 .0019 .<XXllI .0017 .oooA 
+4.0 .0041 .0009 .003' .0008 .0029 .0007 .0025 .0006 .0022 .0005 . 0019 .0004 .0017 .<XXllI 
+4.5 .0041 · 0009 .0035 .0008 .0030 .0007 .0026 .0006 .0022 .0005 .0020 . 0005 .0017 .<XXllI 
+5 .0042 .0009 .0035 .0008 .0030 . 0007 .0026 .0006 .0023 . 0005 .0020 .0005 .0018 .0004 
+6 . 0043 .0010 .0036 .0008 .0031 . 0007 .0027 .0006 . 0023 .0005 .0020 .0005 .0018 .0004 
+7 . 0045 .0010 .0037 .0008 .0032 .0007 . 0027 .0006 .0024 .0005 .0021 .0005 . 0018 . 0004 
+8 .oolt6 .0010 . 0038 ·0009 .0033 .0007 .0028 .0006 .0024 .0006 .0021 .0005 .0019 .0004 
+9 .0047 .0010 .0039 .0009 .0033 . 0008 .0029 .0007 . 0025 .0006 .0022 .0005 .0019 .0004 

+10 .0048 .0011 .ooAo .0009 .0034 .0008 .0029 .0007 .0025 .0006 .0022 .0005 .0020 .0005 
+12 .0050 .0011 . 0042 .0009 .0036 .0008 .0031 .0007 . 0026 .0006 .0023 .0005 .0020 .0005 
+14 .0052 .0012 .oo4JI .0010 .0037 . 0008 .0032 . 0007 .0027 . 0006 . 002" .0006 .0021 .0005 
+16 .00'" .0012 .0045 .0010 .0038 .0009 .0033 . 0007 .0028 .0006 .0025 .0006 .0022 .0005 
+18 :g:;~ .0012 .0047 .0010 .0039 . 0009 .003' .0008 .0029 .0007 .0025 .0006 .0022 .0005 
+20 .0013 .0048 .0011 .ooAo . 0009 .0035 .0008 .0030 .0007 .0026 .0006 .0023 .000, 

+25 .0060 .0013 .0050 .0011 . 0043 . 0010 .0037 . 0008 .0032 .0007 .0028 .0006 . 0024 .0006 
+30 .0062 .0014 .0052 . 0012 .oo4A .0010 .0038 .0009 .0033 .0008 .0029 .0007 .0025 .0006 
+35 .0063 .0014 .0053 .0012 .0045 . 0010 .0039 . 0009 . 0034 .0008 .0030 .0007 .0026 .0006 
+Ao . 0065 . 0015 .00,.. .0012 . 0046 .0011 .0040 . 0009 .0035 .0008 .0031 .0007 .0027 .0006 
+45 .0065 .0015 .0055 .0012 . 0047 .0011 .0041 .0009 .0036 .0008 .0031 .0007 .0028 .0006 
+50 .0066 .0015 . 0056 . 0013 . 0048 . 0011 .0041 .0009 .0036 . 0008 .0032 . 0007 .0028 .0006 
+60 .0067 .0015 .0057 .0013 .0049 .0011 . 0042 .0010 .0037 .0000 .0032 .""';! :~~ :~~ +70 .0068 .001, .0057 .0013 .0049 .0011 .0043 .0010 .0037 .0009 .0033 .0008 
+80 .0068 .0015 .0058 . 0013 .0050 .0011 .0043 .0010 . 0038 .0009 .0033 .0008 .0030 .0007 
+90 .0068 . 0015 .0058 .0013 .0050 .0011 .0043 . 0010 .0038 .0009 .0034 .0008 .0030 .0007 

+100 . 0069 .0015 .0058 .0013 .0050 .0011 .oo4JI .0010 . 0038 .0009 .003' .0008 . 0030 .0007 
+00 .0070 .0016 .0059 .0013 .0051 .0012 . oo4lt . 0010 . 0039 .0009 .0035 .0008 . 0031 .0007 



6;ty = 0 
!::J.y F(-6xy ) F(6xy ) t>z.y F(-6xy ) 

0.20 -8.1980 12.1980 0.64 -1. 7102 
.21 -7.7315 11. 7315 . 65 -1. 6698 
.22 -7.3083 11.3083 . 66 -1. 6308 
. 23 -6.9227 10.9227 .67 -1. 5931 
.24 -6. 5700 10.5700 . 68 -1. 5568 
.25 - 6.2462 10.2462 . 69 -1. 5216 
.26 - 5. 9481 9.9481 .70 -1. 4876 
.27 - 5. 6727 9. 6727 . 71 -1.4547 
.28 - 5.4181 9.4181 .72 -1.4229 
.29 - 5.1807 9.1807 .73 -1. 3921 
· 30 -4.9602 8.9602 .74 -1. 3622 
·31 - 4.7545 8. 7545 .75 -1. 3333 
. 32 -4.5622 8. 5622 . 76 -1. 3053 
· 33 -4.3821 8.3821 ·77 -1.2782 
. 34 - 4.2155 8.2155 .78 -1. 2519 
. 35 - 4.0542 8.0542 . 79 -1. 2263 
. 36 - 3. 9046 7.9046 . 80 -1.2016 
. 37 - 3.7635 7.7635 . 81 -1.1775 
.38 - 3. 6303 7.6303 . 82 -1.1542 
.39 - 3.5044 7.5044 .83 -1.1315 
. 40 - 3. 3852 7. 3852 .84 -1.1095 
. 41 - 3.2721 7·2721 .85 -1. 0881 
.42 - 3.1649 7.1649 .86 -1. 0673 
.43 - 3.0629 7.0629 .87 -1. 0471 
. 44 - 2.9660 6. 9660 .88 -1.0274 
.45 - 2.8737 6.8737 .89 - 1. 0083 
.46 - 2. 7858 6.7858 .90 -0. 9897 
.47 - 2·7019 6. 7019 ·91 -.9716 
.48 - 2.6218 6.6218 ·92 -. 9540 
. 49 -2.5453 6.5453 .93 -. 9368 
. 50 -2. 4721 6.4721 .94 -.9201 
. 51 - 2.4021 6. 4021 .95 -.9038 
. 52 - 2. 3351 6. 3351 .96 - .8880 
. 53 -2. 2708 6.2708 .97 -. 8725 
.54 - 2.2092 6.2092 .98 -. 8574 
.55 -2. 1501 6.1501 .99 -. 8427 
. 56 - 2.0933 6.0933 1.00 -. 8284 
. 57 -2. 0387 6. 0387 1.02 -.8004 
.58 - 1. 9863 5.9863 1.04 - .7739 
. 59 -1. 9359 5. 9359 1. 06 -.7488 
.60 - 1.8873 5.8873 1.08 -.72)1 
.61 - 1. 8405 5.8405 1.10 -. 7029 
.62 - 1. 7955 5. 7955 1.12 -. 6809 
.63 - 1. 7521 5.7521 1.14 -. 6600 

-

l ___ _ 

TABLE 2. - DOWNWASH FACTOR F FOR 6;ty = 0, :1. 25, AND *2 

6;ty = :1.25 
F(6xy ) 6xy F(..0.xy) F(6xy ) 6xy F(-L'>xy ) F(!::J.y ) 

5. 7102 1.16 -0.6401 4.6401 0.00 -0. 3333 -0· 3333 
5.6698 1.18 -.6212 4.6212 
5. 6308 1.20 -.6034 4.6034 

.05 -.3195 -. 3472 

.10 -. 3057 -. 3610 
5. 5931 1.22 - .5858 4.5858 . 15 -.2920 -. 3747 
5.5568 1.24 -.5690 4.5690 .20 -.2786 -. 3881 
5. 5216 1. 26 -. 5530 4.5530 .25 -.2654 -.4013 
5.4876 1.28 - .5378 4.5378 .30 -.2526 -.4141 
5. 4547 1. 30 -.5233 4.5233 . 35 -.2401 -.4265 
5. 4229 1. 32 -.5090 4.5090 .40 -.2281 -.4386 
5. 3921 1. 34 - .4953 4.4953 .45 -.2165 -. 4501 
5. 3622 1. 36 -.4tl22 4.4tl22 .50 -.2054 - .4612 
5· 3333 1. 38 - .4697 4. 4697 .55 -.1948 -.4698 
5.3053 1.40 -.4578 4.4578 . 60 -.1847 -.4819 
5.2782 1.42 -.4461 4.4461 . 65 -.1751 -.4915 
5.2519 1.44 - .4348 4.4348 
5.2263 1.46 -.4240 4.4240 

.70 - . 1660 -. 5007 

. 75 -.1574 -. 5093 
5.2016 1.48 -.4136 4.4136 .80 -.1490 -. 5177 
5·1775 1.50 -.4037 4.4037 .85 - .1415 -.5251 
5.1542 1. 55 -. 3800 4.3800 .90 - .1343 -. 5324 
5.1315 1.60 -. 3585 4.3585 .95 -.1274 -. 5393 
5.1095 1. 65 - . 3386 4.3386 1.0 -.1210 - .5457 
5.0881 1. 70 -.3204 4.3204 1.1 -.1092 -. 5575 
5.0673 1. 75 -. 3035 4.3035 1.2 - .0988 -. 5679 
5.0471 1.80 -.2879 4.2879 1.3 - .0896 -. 5770 
5.0274 1.85 -.2734 4.2734 1.4 -.0815 -.5852 
5.0083 1. 90 - . 2601 4.2601 1.5 -.0791 - .5876 
4.9897 1. 95 - .2476 4.2476 1.6 -.0679 -. 5988 
4.9716 2.0 - .2361 4.2361 1.7 -.0522 -.6044 
4.9540 2.1 -.2149 4.2149 1.8 -.0572 -. 6095 
4.9368 2.2 - . 1969 4.1969 1.9 -. 0527 -. 6140 
4.9201 2.3 -. 1807 4.1807 2.0 - .0486 - .6180 
4.9038 2.4 - .1667 4.1667 2.2 -.0418 -. 6249 
4.8880 2. 5 -.1541 4.1541 2.4 -.0362 -. 6305 
4.8725 2.6 -.1428 4.1428 2.6 -.0316 -. 6351 
4. 8574 2.7 -.1327 4.1327 2.8 -.0278 -.6389 
4.. 8427 2. 8 -.1237 4.1237 3. 0 - .0246 - .6421 
4.8284 2.9 -.1155 4.1155 3.2 - .0219 -. 6447 
4.8004 3.0 -.1082 4.1082 3.4 -. 0196 -. 6470 
4.7739 3.2 -.0924 4.0924 3. 6 -.0177 - .6490 
4.7488 3.4 - .0798 4.0798 3. t! -.0160 -. 6507 
4.7251 3. 6 -.0705 4.0705 4.0 - .0146 -. 6521 
4.7029 3.8 -.0644 4.0644 
4.6809 4.0 - .0616 4.0616 
4.6600 

L _ .. 

!::J.y 

0. 00 
.05 
.10 
.15 
.20 
.25 
.30 
·35 
.40 
.45 
. 50 
. 55 
. 60 
. 65 
.70 
·75 
.80 
.85 
. 90 
.95 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 

,2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 

6;ty = *2 

F( -t>z.y) F(6xv ) 

-0.6667 -0.6667 
-.6445 -. 6889 
-.6223 -.7110 
-. 6004 -. 7329 
-. 5787 -.7546 
-. 5574 -. 7759 
-. 5365 -.7968 
-.5161 -. 8172 
-.4962 -. 8371 
-.4769 - .8564 
-.4582 -. 8752 
- . 4401 -. 8933 
-. 4227 -. 9107 
-.4060 -.9275 
-. 3899 - .9436 
-.3744 -. 9590 
-. 3596 -. 9738 
-. 3454 -. 9880 
-.3318 -1.0016 
-.3189 -1. 0145 
-. 3066 -1.0268 
-.2834 -1.0500 
-.2625 -1. 0709 
- .2433 -1.0901 
-.2260 -1. 1073 
- .2101 -1.'1232 
-.1958 -1.1376 
-. 1826 -1.1508 
-. 1706 -1.1628 
-. 1596 -1.1738 
-. 1496 -1.1838 
-.1292 -1.2042 
-. 1124 -1. 2210 
-.0993 -1. 2341 
-.0890 -1.2436 
-.0840 -1. 2494 
-.0750 -1.2584 
-. 0673 -1. 2661 
-.0611 -1. 2723 
-.0561 -1. 2773 
-.0526 -1. 2808 

~ 

s; 
o 
:x> 
1-3 
~ 

f\) 
VJ 
\Jl 
VJ 

f\) 

f-' 



TABLE 3.- DOWNWASH FACTOR FOR 6zy = *2 

[All values of the dovnwash factor are negative except those specifically marked with a plus sign] 

I~ /),;xv 
0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 ±I8 ±20 ±22 ±24 

0 +0.4000 +0.0308 0.0584 0.0403 0.0262 0.0179 0.0129 0.0096 0.0075 0.0060 0.0049 0.0040 0.0034 
.2 +.4979 +.0448 .0599 .0415 .0268 .0182 .0131 .0098 .0076 .0060 .0049 .0041 .0034 .4 +.5551 +.0582 .0615 .0426 .0274 .0186 .0133 .0099 .0077 .0061 .0050 .0041 .0035 .6 +.6225 +.0703 .0631 .0437 .0280 .0189 .0135 .0100 .0078 .0062 .0050 .0041 .0035 .8 +.6799 +.0808 .0647 .0448 .0286 .0192 .0137 .0102 .0078 .0062 .0051 .0042 .0035 1.0 +.7266 +.0895 .0663 .0459 .0292 .0196 .0139 .0103 .0079 .0063 .0051 .0042 .0035 1.4 +.7903 +.1013 .0696 .0481 .0303 .0202 .0143 .0106 .0081 .0064 .0052 .0043 .0036 2 +.8333 +.1079 .0746 .0512 .0320 .0212 .0149 .0110 .0084 .0066 .0053 .0044 .0037 

3 +.8441 +.1039 .0825 . 0559 .0347 .0228 .0159 .0116 .0088 .0069 .0056 .0046 .0038 4 +.8364 +.0954- .0893 .0601 .0371 .0242 .0168 .0122 .0093 .0072 .0058 .0048 . 0040 
5 +.8281 +.0878 .0948 .0635 . 0392 .0255 .0176 .0128 .0097 .0075 .0060 .0049 .0041 6 +.8217 +.0820 .0991 .0664 .0410 .0267 .0184 .0134- .0101 .0078 .0062 .0051 .0042 8 +.8136 +.0746 .1049 .0705 .0439 .0287 .0198 .0143 .0108 .0084 .0067 .0054- .0045 10 +.8091 +.0704 .1084 .0733 .0459 .0302 .0209 .0151 .0114- .0088 .0070 .0057 .0047 12 +.8065 +.0679 .1107 .0751 .04-74 .0313 .0218 .0158 .0119 .0092 .0073 .0060 .0049 14 +.8049 +.0663 .1121 .0764 .0484 .0322 . 0225 .0164 .0124- .0096 .0076 .0062 .0051 16 +.8038 +.0653 .1131 .0772 .0492 .0328 .0230 .0168 .0127 .0099 .0079 .0064 .0053 18 +.8030 +.064-5 .1138 .0779 .0498 .0333 .0234 .0172 .0130 . 0101 .0081 .0066 .0054-20 +.8024 +.0640 .1143 .0784 .0502 .0337 .0238 .0175 .0133 .0104 .0083 .0067 .0056 25 +.8016 +.0631 .1152 .0792 .0509 .0344 .0244 .0180 .0137 .0108 .0086 .0071 .0059 30 +.8011 +.0626 .1156 .0796 .0513 .0347 .0247 .0183 .0141 .0111 .0089 .0073 .0061 

35 +.8008 +.0623 .1159 .0799 .0516 .0350 .0250 .0186 .014-3 .0113 .0091 .0074- .0062 40 +. 8006 +.0622 .1161 .0801 .0518 .0352 .0251 .0187 .0144 .0114 .0092 . 0076 .0063 45 +.8005 +.0620 .1162 .0802 .0519 .0353 .0252 .0188 .0145 .0115 .0093 .0077 .0064 
50 +.8004 +.0619 .1163 .0803 .0520 .0354- .0253 .0189 .0146 .0116 .0094 .0077 .0065 

±26 

0.0029 
.0029 
.0030 
.0030 
.0030 
.0030 
.0031 
.0031 
.0032 
.0034-
.0035 
.0036 
.0038 
. 0039 
.0041 
.0043 
.0044 
.004-6 
.0047 
.004-9 
.0051 
.0052 
.0053 
. 0054-
.0055 

±28 ±30 

0.0025 0.0022 
.0025 .0022 
.0026 .0022 
.0026 .0022 
.0026 .0023 
. 0026 .0023 
.0026 .0023 
.0027 .0023 
.0028 .0024 I 

.0029 .0025 

.0030 .0026 

.0030 .0026 

.0032 .0028 

.0034- .0029 

.0035 .0030 

.0036 .0031 

.0038 .0032 

.0039 .0033 

.0040 .0034 

.0042 .0036 

.0043 .0031 

.0045 .0039 

.0046 .0039 

.0046 .0040 

.0047 .0041 

~ 

f\) 
f\) 

~ 
(") 
;t> 

~ 
f\) 
w 
\J1 
w 



,rr----' 

TABLE 4.- DOWNWASH FACTOR FOR ~zv = *4 

[All values of the do~wash factor are negative except those specifically marked with a pluB 

~ /:>.xv 0 ±2 ±4 ±6 ±8 no ±12 :n4 ±16 ±18 ±20 ±22 ±24 

0 +0.n76 +0.0612 +0.0020 0.0143 0.0149 0.0125 0 . 0100 0 . 0080 0.0065 0.0053 0.0044 0.0038 0.0032 
.2 +.1294 +. 0676 +. 0032 .0143 . 0151 . 0127 .0102 . 0081 .0066 .0054 .0045 .0038 . 0032 
.4 +.1410 +.0739 +. 0045 .0144 .0153 .0129 .0103 . 0082 . 0067 .0054 .0045 .0038 . 0033 
. 6 +.1522 +.0800 +.0057 .0144 .0156 .013l .0104 .0083 . 0067 .0055 . 0046 . 0038 .0033 
.8 +.1629 +.0860 +.0069 .0145 . 0158 .0132 .0106 .0084 .0068 .0056 .0046 .0039 .0033 

1.0 +.1731 +.0916 +.0080 .0145 .0160 .0134 .0107 .0085 . 0069 . 0056 .0047 . 0039 .0033 
1.4 +.1913 +.1018 +. 0101 .0147 . 0164 . 0138 .ono .0087 .0070 .0057 . 0047 . 0040 .0034 
2.0 +.2126 +.n40 +. 0126 .0150 .0171 .0143 .on4 .0090 . 0072 .0059 .0049 . 0041 .0035 
3 . 0 +. 2339 +.1265 +. 0151 .0156 .0182 . 0152 .0121 .0095 .0076 .0062 .0051 . 0042 .0036 
4.0 +. 2431 +. 1320 +.0158 .0166 . 0192 .0161 .0127 .0100 .0079 .0064 .0053 .0044 .0037 
5.0 +.2460 +. 1336 +.0155 .0176 . 0203 . 0169 . 0133 .0104 .0083 . 0067 .0055 .0045 .0038 
6 .0 +. 2463 +. 1334 +.0146 . 0187 . 0213 .01Tr .0139 . 0109 . 0086 . 0069 . 0057 . 0047 .0039 
8.0 +.2444 +. 1313 +.0124 .0208 . 0230 . 0190 .0150 . on6 .0092 . 0074 . 0060 . 0050 .0042 

10.0 +.2424 +. 1293 +. 0105 .0224 .0243 .0201 . 0158 . 0123 . 0097 .0078 . 0063 .0052 .0044 
12.0 +. 2407 +.1277 +.0090 . 0237 . 0254 .0210 .0165 .0129 .0102 .0081 .0066 .0055 .0046 
14.0 +.2396 +.1266 +.0080 .0247 . 0262 .0217 .0170 .0133 . 0106 .0085 .0069 .0057 .0048 
16.0 +.2387 +.1257 +.0072 .0254 .0269 . 0222 . 0175 .0137 .0109 . 0087 . 0071 . 0059 .0049 
18.0 +. 2381 +.1251 +.0066 .0259 . 0274 .0227 .0179 . 0141 .0112 .0090 . 0073 .0061 .0051 
20.0 +. 2376 +. 1246 +.0061 .0264 . 0276 . 0230 .0182 . 0143 . on4 . 0092 . 0075 .0062 .0052 
25 . 0 +.2368 +.1239 +. 0054 .0271 . 0284 . 0236 . 0187 . 0148 . on8 .0096 . 0078 .0065 .0055 
30.0 +.2364 +.1234 +. 0050 . 0275 . 0288 . 0240 .0191 .0151 . 0121 . 0098 .0081 .0067 .0057 
35.0 +.2361 +.1231 +. 0047 . 02Tr . 0291 . 0242 .0193 .0153 .0123 . 0100 .0082 .0069 .0058 
40.0 +.2359 +.1230 +.0045 .0279 . 0292 .0244 . 0195 .0155 . 0125 .0101 .0084 .0070 .0059 
45. 0 +.2358 +.1228 +. 0044 .0280 . 0293 . 0245 .0196 . 0156 . 0126 .0102 .0085 .0071 .0060 
50.0 +.2357 +. 1227 +. 0043 . 0281 .0294 . 0246 .0197 .0157 . 0126 . 0103 .0085 .0072 .0061 

sign.] 

±26 

0.0028 
. 0028 
.0028 
. 0028 
.0028 
.0029 
.0029 
.0030 
.0031 
.0032 
.0033 
.0034 
. 0035 
. 0037 
. 0039 
.0040 
.0042 
. 0043 
. 0044 
.0046 
. 0048 
. 0049 
. 0050 
. 0051 
. 0052 

±28 ±30 

0.0024 0.0021 
.0024 .0021 
.0024 . 0021 
. 0025 . 0022 
.0025 .0022 
. 0025 . 0022 
.0025 . 0022 
.0026 . 0022 
. 0027 .0023 
. 0027 .0024 
. 0028 . 0024 
.0029 .0025 
. 0030 . 0026 
.0032 .0028 
. 0033 . 0029 
. 0035 . 0030 
. 0036 .0031 
.0037 . 0032 
. 0038 .0033 
. 0040 .0034 
.0041 .0036 
. 0043 .0037 
. 0044 .0038 
. 0044 .0038 
.0045 .0039 

~ 

~ 
0 
~ 

f-3 
2:: 
f\) 

lAJ 
\Jl 
lAJ 
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~ 6xv 0 ±2 

0 +0.0308 ~o. 0257 
. 2 +.0323 +. 0270 
.4 +.0338 +.0283 
. 6 +.0354 +. 0296 
.8 +.0369 +.0308 

1.0 +.0383 +.0321 
1.4 +.0412 +.0345 
2.0 +.0453 +. 0379 
3.0 +.0511 +. 0428 
4.0 +.0556 +.0466 
5.0 +.0588 +.0495 
6.0 +.0611 +.0514 
8.0 +.0634 +.0535 

10 +.0642 +.0541 
12 +.0643 +.0542 
14 +.0641 +.0540 
16 +.0638 +.0537 
18 +.0636 +.0534 
20 +.0633 +.0532 
25 +.0628 +.0527 
30 +.0625 +.0524 
35 +.0623 +.0521 
40 +.0621 +.0520 
45 +.0620 +.0519 
50 +.0619 +.0518 

TABLE 5. - lXlWNWASH FACTOR FOR 6zv : ±8 

[All values of the dovnwaah factor are negative except those specifically marked with a plus sign.] 

±4 ±6 ±8 tl0 t12 ±l4 t16 t18 ±20 ±22 ±24 ±26 

+0 . 0151 +0.0058 +0.0001 0 . 0026 0. 0037 0.0039 0 . 0037 0.003,5 0. 0031 0.0028 0. 0025 0 . 0022 
+.0159 +.0061 +.0003 .0026 .0037 .0039 .0038 .00~5 .0031 .0028 . 0025 . 0023 
+.0167 +. 0065 +. 0004 .0025 .0037 .0039 .0038 .0035 .0032 .0028 .0025 .0023 
+.0174 +.0069 +.0005 .0025 .0037 .0040 .0038 .0035 .0032 .0029 .0026 . 0023 
+. 0182 +. 0073 +.0007 .0025 .0037 .0040 .0039 .0036 .0032 .0029 .0026 .0023 
+. 0190 +.0076 +.0008 .0024- .0037 .0040 .0039 .0036 .0032 .0029 .0026 .0023 
+.0205 +.0083 +.0011 .0024 .0037 .0041 .0039 .0036 .0033 .0029 .0026 .0023 
+.0226 +.0094 +. 0015 .0023 .0038 .0041 .0040 .0037 .0034 .0030 . 0027 .0024 
+.0256 +. 0109 +.0021 .0022 . 0038 .0043 .0042 . 0038 .0035 .0031 .0028 .0025 
+.0281 +.0121 +. 0025 . 0021 .0039 .0044 .0043 .0040 .0036 . 0032 .0028 .0025 
+.0299 +.0130 +.0029 .0020 .0040 .0045 .0044 .0041 .0037 .0033 . 0029 .0026 
+.0312 ,+.0136 +.0031 .0020 .0041 .0047 .0046 .0042 .0038 .0034 .0030 .0027 
+. 0326 +.0143 +.0032 .0022 .0043 .0049 .0048 .0045 .0040 .0036 .0032 . 0028 
+.0330 +.0144 +.0031 .0024 .0046 .0052 .0051 .0047 .0042 .0038 .0033 .0029 
+.0329 +.0143 +.0029 .0026 .0049 .0055 .0053 .0049 .0044 .0039 .0035 .0031 
+. 0327 +.0140 +.0026 . 0029 .0051 . 0057 .0056 .0051 .0046 .0041 .0036 .0032 
+.0324 +.0137 +.0024 .0032 .0054 .0060 .0058 .0053 .0048 .0042 .0037 .0033 
+.0321 +.0135 +.0021 .0034 .0056 .0062 .0060 .0055 .0049 .0043 .0038 .0034 
+.0319 +.0132 +.0019 .0036 .0058 .0063 .0061 .0056 .0050 . 0045 .0039 .0035 
+.0314 +.0128 +.0015 .0040 .0062 .0067 .0064 .0059 .0053 .0047 . 0041 .0037 
+.0311 +.0125 +.0012 .0043 .0065 .0069 .0067 .0061 .0055 .0049 .0043 .0038 
+.0309 +.0122 +.0009 .0045 .0067 .0071 .0068 .0063 .0056 .0050 .0044 .0039 
+.0307 +.0121 +.0008 .0047 .0068 .0073 .0070 .0064 .0058 .0051 .0045 .0040 
+.0306 +.0120 +.0007 .0048 .0069 .0074 .0071 .0065 .0058 .0052 .0046 .0041 
+.0305 +.0119 +.0006 .0049 .0070 .0074 .0071 .0066 .0059 .0053 .0047 .0042 

±28 ±30 

0.0020 0.0018 
. 0020 .0018 
.0020 .0018 
. 0020 .0018 
.0021 .0018 
. 0021 .0019 
.0021 . 0019 
.0021 .0019 
.0022 .0020 
.0023 I .0020 
.0023 . 0021 
.0024 .0021 
.0025 .0022 
.0026 .0023 
.0027 . 0024 
.0028 .0025 
.0029 .0026 
.0030 .0027 
. 0031 .0027 
.0032 .0029 
.0034 .0030 
. 0035 .0031 
.0036 . 0032 • 
.0036 .0032 J 
.0037 .0033 . 
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~ 0 ±2 

0 +0.0138 +0.0127 
.2 +. 0143 +.0131 
.4 +.0147 +.0136 
. 6 +.0152 +.0140 
.8 +.0156 +.0144 

1.0 +.0161 +. 0148 
1.4 +.0170 +.0156 
2 . 0 +.0183 +.0168 
3.0 +.0203 +.0187 
4. 0 +.0221 +. 0204 
5. 0 +.0236 +. 0218 
6 . 0 +.0249 +. 0230 
8 . 0 +. 0267 +. 0247 

10 +. 0278 +.0257 
12 +.0284 +. 0263 
14 +. 0287 +. 0266 
16 +. 0288 +. 0266 
18 +.0288 +. 0266 
20 +.0288 +. 0266 
25 +.0286 +.0264 
30 +.0284 +. 0262 
35 +.0282 +. 0261 
40 +. 0281 +.0259 
45 +.0280 +.0258 
50 +. 0280 +.0258 

TABLE 6. - OOWNWASH FACTOR FOR 6.zv = *12 

[All values of the dovnwash factor are negative except those specifically marked with a plus Sign.] 

±4 ±6 ±8 UO ±12 u4 u6 u8 ±20 ±22 ±24 ±26 

+0.0100 +0.0067 +0 . 0037 +0 . 0015 +0 . 0000 0.0009 0.0014 0 .0016 0.0017 0.0017 0.0017 :>.0016 
+.0103 +. 0069 +. 0039 +.0016 +. 0001 .0009 .0014 .0016 .0017 .0017 .0017 .0016 
+.0106 +. 0071 +.0040 +.0017 +.0001 .0008 .0014 .0016 . 0017 .0017 . 0017 .0016 
+.0110 +.0074 +.0042 +.0018 +.0001 .0008 .0014 . 0016 .0017 . 0017 .0017 .0016 
+.0113 +.0076 +.0043 +.0018 +.0002 .0008 .0014 .0016 .0018 .0018 .0017 .0016 
+.0116 +.0078 +. 0045 +.0019 +.0002 .0008 . 0014 .0017 .0018 . 0018 .0017 . 0016 
+. 0123 +. 0083 +.0047 +.0021 +. 0003 .0008 .0014 .0017 .0018 . 0018 . 0017 .0016 
+.0132 +.0090 +.0051 +.0023 +.0004 .0007 .0014 .0017 .0018 .0018 .0017 . 0017 
+.0147 +.0100 +.0058 +.0027 +. 0006 .0006 .0013 .0017 . 0018 .0018 .0018 .0017 
+.0161 +. 0109 +.0064 +. 0030 +.0008 .0006 .0013 .0017 . 0019 .0019 .0018 . 0017 
+. 0172 +. 0118 +.0069 +.0033 +.0009 .0005 .0013 .0017 .0019 .0019 .0019 . 0018 
+.0182 +.0124 +.0074 +.0036 +. 0011 .0005 .0013 .0017 .0019 .0020 . 0019 . 0018 
+.0196 +.0135 +. 0080 +.0040 +.0013 .0004 .0014 .0018 . 0020 . 0020 .0020 . 0019 
+.0205 +. 0141 +. 0084 +.0042 +.0014 . 0004 . 0014 .0019 .0021 .0021 .0021 . 0020 
+. 0209 + . 0144 +.0086 +.0043 +.0014 . 0004 . 0014 .0019 . 0022 .0022 .0022 .0021 
+.0211 +.0146 +. 0087 +. 0043 +. 0014 .0005 .0015 . 0020 .0022 . 0023 .0022 .0021 
+.0212 +.0146 +. 0087 +. 0043 +.0013 .0005 .0016 .0021 .0023 .0024 .0023 .0022 
+. 0212 +.0146 +. 0087 +. 0042 +.0012 .0006 .0017 .0022 .0024 .0024 .0024 . 0023 
+. 0211 +.0145 +.0086 +. 0041 +.0012 .0007 . 0017 .0023 .0025 .0025 .0024 . 0023 
+. 0209 +. 0143 +. 0084 +.0039 +. 0010 .0009 .0019 . 0024 .0027 . 0027 .0026 .0025 
+. 0207 +.0143 +. 0082 +. 0038 +.0008 .0011 . 0021 .0026 .0028 . 0028 .0027 .0026 
+.0206 +.0140 +. 0081 +.0036 +.0006 .0012 .0022 .0027 .0029 .0029 .0028 .0027 
+.0205 +.0139 +.0080 +. 0035 +.0005 .0013 .0023 .0028 . 0030 .0030 .0029 .0028 
+. 0203 +.0138 +.0079 +.0034 +. 0005 .0014 . 0024 . 0029 .0031 .0031 .0030 .0028 
+.0203 +.0137 +.0078 +.0034 +.0004 .0014 .0024 .0029 .0031 .0031 . 0030 . 0029 

±28 ±30 

0.0015 0 . 0014 
.0015 . 0014 
.0015 .0014 
.0015 .0014 
.0015 . 0014 
. 0015 .0014 
.0015 . 0014 
. 0016 . 0015 
. 0016 .0015 
.0016 .0015 
. 0017 .0016 
. 0017 . 0016 
.0018 .0017 
. 0019 .0017 
. 0019 .0018 
. 0020 .0019 
.0021 .0019 
. 0021 .0020 
.0022 .0020 
.0023 .0021 
.0024 .0022 
. 0025 . 0023 
. 0026 .0024 
.0026 .0024 
.0027 . 0025 
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Values of 

cCl 
or 

cCl 

\ bf2 ~CL , 
v 

Y -i- x bf2 
-0.9625 
-.9 
-.8 
-.7 
-. 6 
-· 5 
-.4 
-.3 

"' - . 2 1i -. 1 .,.; 
0 0 P-

et:: . 1 
.,.; 

. 2 H 

. 3 

.4 

. 5 

. 6 

.7 

.8 

.';1 

. 9625 

1 Bum of products 

l 

TABLE 7. - TABLE FOR CALCULATI ON OF IXlWNWASH BY MEANS OF IXlWNWASH TABLES 

Dolrnwash points 

1 2 3 4 
x 

y 

z 

Xv 

Yv 

Zv 

Xy Yv 6:Jv /:,;xv F 6:Jv /::,.xv F 6:Jv /:,;xv F 6:Jv /:,;xv 

-19.25 
-18 
-16 
-ill 
-12 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
6 
8 

10 
12 
14 
16 
18 
19.25 

----- Jl ------- 1 -- 1 ---- --- 1 -----

5 

F 6:Jv /::,.xv 

1 

F 

f\) 

0\ 

~ o 
:t> 

~ 
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w 
\.Jl w 
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TABLE 8. - TABLE FOR CALCULATION OF DOWNWASH 

BY MEANS OF CHARTS 

Station cc Z cC Z 
Dowmrash points 

b/ 2 or -b/2 ~ 
1 2 3 4 5 

-0.9625 

-.9 

-.8 

-.7 

-.6 

-.5 

-.4 

-.3 

-.2 

-.1 

0 

.1 

.2 

.3 

.4 

·5 

. 6 

·7 

.8 

.9 

.9625 

Sum of products 



Join here . 

Join here. 
Top part of figure l(a). 

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

~ 
Figure 1 . - Downwash char ts for plane of wake . (Full - size figure will be 

found in the flap at the back of this paper J 
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Join here. 
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Join here. /8 

Top part of figure l(b). 

(b) Correcto r vortices. (All values are negative.) 

Fi gure 1.- Concluded. ~ 
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,0140 1J/10 

.0141 .011/ 

0 lB8 .OUS 

0353 OilS .0093 

025 77 

.OQO 047 

Figure 2.- Downwash chart for points 0.1 semispan above plane of wake. 
(All values are negative except those specifically marked with a 
plus sign.) (Full-size figure will be found in the flap at the back 
of t his IEper. ) 
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.0040.00.34 

.(){O .0080 .0065 

.005 
30 

.0//0 

.Ol{e .0090 
.0014 

.01/<1 .0092 

.01/6 
.009<f-

.0//8 

96 

0098 

.0099 

+ 

.01,fJ .0100 

.0154 
.008J 

.0/,?4 
.otOI 

.0059 

.0070 

.0084 

.010.? 

.0060 
'7/ 

.0085 

.oIOJ 
'246 .0039 

Figure 3.- Downwash chart for points 0.2 semispan above plane of wake. 
(All 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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.OOs.? .0046 

C054 
.0048 

.0056 '(XJ46 
.0050 

0060 

.0054 .0050 .0027 

.0064 .OO&' 

'{)()66 
.0056 052 .0046 

.0028 

.0064 

.0058 .005] .0047 

.0065 

0060 005-1 
66 

Figure 4.- Downwash chart for points 0.4 semispan above plane of wake. 
(All values are negative except those specifically marked with a ~ 
plus s ign. ) (Full-size figure will be found in the flap at t he back 
of this paper.) 
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Figure 5.- Downwash chart for points 0.6 semispan above plane of wake. 
(All 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 raper.) 
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(b) Location of lift and downwash points. 
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( a) Plan form in normal position . (b) Pl an form in inverted position . 
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Experimental v.alues - - - - - Calculated Jla/ues 
(reference 8) 

Point / 

- --

Point 2 

------ - --

Point 3 

- - -

.2 .4 .6 o 

o [61'4 (Experimental) 
2 4 (Ca/culated) 

o JD5 (Experimental) 

3 5 (Calculated) 

Point 4 

- -

PointS -- --

.2 .4 .6 

Dimension/ess vertical ordinafe, b72 ~ 

Figur e 8 .- Downwash a ngles behind 300 sweptb a ck wing. A = 4.5; A = 1; 
a. = 8 .180
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(a) Taper ratio 0.5. 
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(b) Taper ratio ~ 1.0. 

Figure 9 .- Theoretical (linearized potential flow) downwash ratio d€/da 
in plane of wake (A = 6). 
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