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SUMMARY

Details of a theory of crosswind deflection of an air sprayer
fan-shaped jet were developed. The effect of the radial diver-
gence of the jet is taken into consideration as opposed to exist-
ing theories of plane-jet deflection. A system of coordinate
transformations is derived to enable application of the theory to
any radius on the jet midplane and to obtain three-dimensional
deflected-midline trajectories for the jet. The deflecting cross-
wind is assumed essentially uniform over the region of interest in
this version of the theory. Jet outlet velocity is assumed to be
large in comparison with the crosswind velocity and jet integrity

is presumed to be maintained in the deflection process.



THEORY OF AIR-SPRAYER FAN JET DEFLECTION BY CROSSWIND FLOW *

In our earlier mathematical and experimental work [Brazee et al.
(1981)], we established a base for a computer model for airflow im a
fan (-shaped) jet produced typically by an orchard air sprayer. The
model could be used to calculate velocity profiles for air sprayer jets
(ASJ) issuing into either quiescent or moving ambient air. In a first
attempt to study crossflow response, Fox et al. (1979) applied the
plane-jet deflection theory of Abramovich (1963) to the jet model to
account for crosswind and forward-travel effect. Since initial results
were not completely satisfactory we carried out further theoretical
developments and wind tunnel studies as reported in Fox et al. (1982).
The purpose of the 1982 work was to measure in detail the effects of
coflow, counterflow, and crossflow on an ASJ. A scale model of an or-
chard air sprayer system was placed 1in a wind tunnel that provided am-
bient crossflows.

The objective of the present study 1s to further develop the
deflection theory for the ASJ by tying it directly to the fan jet
theory developed earlier. A summary of the theory and a detailed ex-
perimental study of its applicability will be forthcoming later. The
present report will outline the development of the deflection theory in
detail, and also include details of the transformation formalism needed
to carry the deflection problem 1into the general three-dimensional

case.

The results developed in this study are demonstrated with a sample
calculation in Appendix II, page 33. Figure II.1 shows a plot of the
deflection of an air jet from a typical orchard air sprayer subjected
to a crossflow velocity of 4.5 m/s. Growers often use sprayers when
wind velocities are as great as 4.5 m/s. The large deflection of the
air jet trajectory by travel and crossflow effects make it essential
that growers consider wind effect when applying pest control agents
with orchard air sprayers.

*The authors are R. D. Brazee, Research Leader, and R. D. Fox and D. L.
Reichard, Agricultural Engineers, Agricultural Engineering Research
Unit, Lake States Area, NCR, ARS/SEA, U. S. Department of Agriculture,
Ohio State University Agricultural Research and Development Center
(0ARDC/0SU), Wooster, Ohio. This work is part of the cooperative
program of the OARDC/OSU Laboratory for Pest Control Application

Technology.



1. A Theory of Fan Jet Deflection

A representative air mass element at some point C of a deflected
fan jet is shown in Fig. 1. The constant ambient flow vector W 1is
parallel to the q,-axis, and the jet centerline (midline) velocity U at
point C is at an angle o with respect to the q,-axis. The unbalanced
centrifugal force transmitted to the ambient air by the jet element is

(pS,ds)U?

c ’

Rc
while the unbalanced centripetal drag force acting on the jet element
is

(1-1)

F, = 3cep (W sin 0® hy ds, (1-2)
with

Sn = 2bh1 ° (1_3)
The drag coefficient ¢, must be determined experimentally. It is as-

sumed that the deflected jet's integrity is sufficiently maintained
that the centerline velocity observed at distance s from the sprayer
outlet along the curved centerline is equal to the velocity observed at
distance s in the undeflected jet. The centerline-velocity equation
for an undeflected fan jet was developed in our earlier work [Brazee et
al.(1981)] as

U =AU, « AU,
Au, F
= 2,2 0
24,5 (1-p) {EHA1+4;:AdmruM)P“-ml}, (1-4a)
where

; : _

Fo/F) = O(ro xOn) ’ ,\1_4b)

: b(s+ry)

and

0.725 8(1+p)ro
*on = _ . ' (1-4c)
0.725 8(1+p)+c, (I-Wrg

Additional details on the application of Eqs. (1-4) can be found in the published
article.



Since F, and F; act on different fluid masses, they can never be
balanced, but they are nonetheless equal. Thus, equating F, and F and
using Eqs. (l-1) and (1-2) we get

. U%ps, ds (1-5
3 cupWsino)®n,ds = = ——
RC

Application of (l1-4a) and (1-3) followed by simplification of (1-5)
yields the result

4b (1-6)

Cq

ANT2,

Rcsin2d=—
n

The radius of curvature of the jet midline is given by the
familiar relationship

712\3/2
_ (1+QQ ) (1-7)
e ) " ¢
a3
Since the first derivative of q, is
d 1-8
q; = ._q_E = tano , ¢ d
da,
we have
4z 1-9)
sinQ = ———m2— -
Jrral?
The general relationships
WPy =& <:_ L (1-10a)
/e dag az
and
(1-10b)
ds = A+qy®)*® aq,, 1#3 ,
and the definitions
ol = X (1-10¢)
2 7(s)
and
(1-10d)
[u(s)]™?
I(s) =
b(s)



together with Eqs. (1-7) and (1-9) lead to the differential equation
for Z(s)

dz _ Ca ¥ »

Eq. (l-1la) can be solved numerically for Z(s) once the solution
for Ad,(s) and b(s) is started. The initial condition for starting the
solution of Eq. (l-1lla) is

Z(0) = 1/tan|oy| . (1-11b)

The differential equations for the coordinates (q3,q,) of the
deflected jet midline path can be developed directly with the aid of
Eq. (1-10b) as

day _ g (1-12a)
ds
1 +2Z%
and
dq; 4 (1-12b)
ds N 1422 :

The trapezoidal method or Simpson's rule can be used conveniently to
integrate Eqs. (l1-1la), (1-12a), and (1-12b). It is evident that the
integrations are performed along the curved midline path. Since Egq.
(1-12b) always gives a positive result, it is required for numerical
computation that

4, = (1-12¢)

s
sgnO!oJ -
JY 1477
.
The computed midline paths can be compared to experimentally determined
paths both for verifying applicability of the theory and to permit "in-

verse" evaluation of the drag coefficient c; by developing a set of
paths corresponding to the set of c4 values.

2. Coordinate Transformation System for Jet Deflection

The fan jet deflection theory developed 1in Section 1 is, of
course, referred to an arbitrary "deflection plane"; i.e., a plane that
contains the "crosswind" vector and also a map of the deflection path.
In a physical sense, one may need to know both a fan jet midline path
and its corresponding mean-velocity profile for a particular elevation
angle (measured with respect to the sprayer centerline as vertex). To



establish a rudimentary theory that helps answer these questions, we
will assume that the horizontal effective wind vector is constant in
magnitude and direction at all points.

Sprayer and Target Geometry. The first task is to construct a
geometry of the ASJ and its target structure, and to define a set of
coordinate frames upon which to base the deflection process. We
presume that the sprayer travel is parallel to its centerline. It 1is
important to mnote that the midplane of an ASJ is not necessarily per-
pendicular to the sprayer centerline. In fact, the "midplane” may not

be a plane at all, but a cone with its apex and central axis coinciding
with the sprayer centerline. The "midcone" may "open" either forward
or backward with respect to sprayer travel depending on whether the ASJ
tends to slant forward or backward. This type of jet structure can be
represented as shown in Fig. 2.

In Fig. 2, the plane OEG is horizontal (parallel to level ground)
and contains the sprayer centerline IJ, which is also the apparent

axial origin of the fam jet. The plane EFGH 1s vertical (perpendicular
to OEG), is parallel to TJ, and is defined as the target plane. Ihe

plane OFH is the deflection plane containing the ASJ deflection path to
be studied as required by the elevationm h of the line FH (parallel to
OEG) above OEG and the distance X,0, AE, from the sprayer outlet. The
cylindrical surface sector ABCD is an eiement of the cylindrical sur-
face traveled by the sprayer outlet at the elevation angle of interest,
and is contained in OFH. Ultimately, the origins of the coordinate
systems used to analyze jet deflection will be located at point D.

The slant of the jet will be specified by the angle vy, correspond-
ing to the LDOI in Figure 2. The effect of slanting is to alter the
geometrical parameters wusually established by the sprayer structure.
The corrected geometrical parameters for the slanted jet can be calcu-

lated as follows: The effective outlet radius OD 1is
r
o = 00 . (2-1)
sin Y

The elevation anglel.EOF for an unslanted jet 1is

. (2-2)
Yo = tan™? [b/ (Koo +100)] .

Then, with reference to Fig. 2, the radial distance OF from the sprayer
centerline IJ to the target line FH for an unslanted jet is

Ro = (XKoo + Too)/eos Vo | (2-3)

-7-



and the corresponding distance OH for a slanted jet 1s

R = Rg/sin Y, .- (2-4)

The distance DH from the slanted jet outlet to the target line is

and the elevation angle is

¥ = tan“(hA/ R —h2> . (2-6)

The 1location of the jet analysis coordinate origins, D, can now be
specified as (75 hg), where

lo = Too cos Vo (B=Tal
and
hO = Too sin ‘l‘o - (2"7b)
The Jet Coordinate Systems. Determination of the trajectory of

the three-dimensional sprayer jet acted on by travel and crossflow ef-
fects requires introduction of vectors in several orthogonal coordinate
systems. For example, the outlet centerline directions of air jets
produced by real orchard sprayers often are at angles other than 90 deg
to the longitudinal axis of the sprayer; wind velocity can occur at any
azimuth and we must be able to determine jet deflection at any eleva-

tion angle in the vertical midplane of the outlet. The interaction of
the vectors 1im several coordinate systems was solved by a series of
matrix transformations involving either a rotation or a tramslationm. A

computer system carried out the necessary matrix transformations; data
could be entered in any coordinate system and transformations made so
results were referred to a base coordinate system.

The sequence of coordinate systems is as follows:

(1) The (x,y,z) coordinate system, CS[0], has its origin at point
0, which can be at any location on the "line of travel" of the sprayer
centerline. The (x,y) plane is horizontal with the z-axis directed up-
ward. The y-axis coincides with the sprayer centerline, positive 1n
the direction of sprayer travel. The =x-axis 1is directed toward the
vertical target plane, EFHG in Fig. 2. Ultimately, all analysis
results are referred to the (x,y,z) system. The point D in Fig. 2 1s
located at (I,, 0, hy) in CS[O].



(2) CS[Dol(x5,¥0520) has its x,-y, plane horizontal with its %o =
axis directed toward the EFHG target plane and parallel to the line 0G
of Fig. 2.

(3) ¢s[p;, J(x,,y1523) can be generated from CS[DO] by rotation
about the z,-axis, through an angle - v,, clockwise if - ys) > 0
or counterclockwise 1if (2-Y )< 0. This operation sets %he X ,-axis
parallel to OE (Fig. 2) and the y,-axis parallel to IJ (Fig. 2). See
Fig. 3(a).

(4) CS[DE](xg,yz,zg) can be generated from CS[D,] by rotation
about the y,-axis through an angle {,. This operation sets the x —ax1s
parallel to BF (Fig. 2). See Fig. 3(b).

(5) CS[D3](X3,Y3,23) can be generated from CS[D,] by rotation
about the zy-axis through an angle (35 -Y,) © 0 counterclockwise if
(5 - ¥, )<0 or clockwise if (4 - Ys) <O. This operation sets the x; -axis
parallel to DH (Fig. 2) See Fig. 3(c).

(6) The horizontal apparent airflow vector, w, which, in general,
is the resultant of ambient mean airflow and sprayer travel will be
defined in CS[Do]. With the aid of the coordinate transformation se-
quence through CS[Dy], CS[Dy;], CS[Dy] and CS[Dy], the resultant flow w
can be referenced to CS[D3 ] as w = {wy,wy,w,}s. The xz-y; plane es-
tablishes a reference plane for analyzing the deflection process.
Since w, is normal to the analysis plane, it is assumed to be inactive
in the deflection process. Thus, the resultant of w, and w, components
will be assumed to induce the jet deflection. A new coordinate system,
CS(x, ,¥, 52, )[D,] can then be defined with its x,-axis in the same
direction as the resultant vector W in the x, -y, plane, and with its

z,~axis coincident with the z,-axis of CS[D;]. The xg-axis of Cs[Dp, |
defines at once the midline direction of an undeflected jet or the ini-
tial midline direction of a deflected jet imn CS[D,]. The angle between

the x ,-axis of CS[D,] and the x,-axis of CS[D,] is defined as o, . The
deflection theory of Section 1 is to be applied in CS[Dy] to generate
the deflection field, which can then be referred back to CS[D, ] or
CS[0]. See Fig. 3(d).

Ambient Wind and Travel Effects. The mean wind vector Uy is
referred to the direction of the sprayer centerline, and therefore, 1is
most readily defined in CS[D,] as shown in Fig. 4, Thus, the mean
wind vector 1is

’

= {-U, sinoy, -U,cos a , 0}, ) (2-8a)

Us

In the vector notation adopted in Eq. (2-8a), the three quantities
inside the brackets are the x;, y1 , and z, components, respectively,



and the subscript one (1) following the second bracket indicates
reference to CS[D,]. The vector (2-8a) can be rewritten as

. (2-8Db)
Uy = -Uw{sin ¥y, €OS Q, Of;

or as

U, = —Uw{cos(ya-ah), sin (Ya-oa), 0}, (2-8c)

in CS[Do].

The forward travel of the sprayer in effect produces an additional
airflow imposed upon the jet. The apparent flow due to travel is in-
troduced into the analysis as an apparent travel vector as shown 1in
Fig. 4, and as written below in the form

S ‘S{O ,1’0}1

il

~s{cos Yo, 510 Ve 0}o - (2-9)

The definitions of U, and S 1n either CS[Dy ] or CS[D,]| allow
flexibility in defining tHe ambient flow depending upon the input data
for the analysis. The two vectors Uy and 8 can now be summed to obtain
the resultant flow vector

w = H,W + §- — {on,wyo, 0}0

= w{cos &, sin &, 0},

Il

{[—Uw(cos Y, cos o, + sin Yy sinoy) - S cos Y, 1,
[-U,(sin v, cos o, - cos Y, sinogy) - S sinY, ], 0}, (2-10a)

which we now have chosen to define in CS[DO). in which

(2-10Db)

2 3
W = Jon * Vo !
and
% = tan" Y (W, 5/Weo)
G yO x0 "

(2-10c)

~10=



This operation defines the apparent mean ambient flow vector with
respect to the initial jet midline, and will help delineate effective
wind azimuth change with respect to the jet as the elevation angles
e and { change.

Construction of Transformation Matrices. The next task is to con-
struct the orthonormal transformations based on the sequence of coor-
dinate systems previously outlined. The transformation matrices for
Cs[Dy] through to CS[D;] in order are:

-

cs[Dy] to cs[b,] ,

sin Y, cos Y, 0
p;t = |-cos vy, siny, O ¥, (2-11)
0 0 1

¢s[p,] to CS[D,],

cos Jp O =-sin yq
P‘;l = 0 1 0

sin § O cos Yo

(2-12)
and CS[Dy] to CS[Dg]
sin vy, =-cos Y, 0
Pgl = cos Y, sin vy, 0 '(2 o

0 0 1

; : 2 ; -1
Since these transformations are orthonormal, the 1inverse matrices Py
and F;' immediately yield their inverses by transposition, as

P, = (F3H' | (2-14a)
and

= -11_. e
Py = (F31)/ = 5 . (2-14b)

The composite transformation from CS[Do] to CS[Ds ] is now available
from

-1 _ -1
P = P] pelpgl . (2-15)

The apparent ambient flow vector is immediately available as

(2-16)
Xa B g, P

=Tfi=



In CS[D; ], we define the resultant ambient flow direction in the x3-ys
plane by the relationships

(2-17a)
§’= tan—l(way/wa x)
and

0 =m- 8, (2-17b)

as indicated by Fig. 3(d). While Eq. (2-17a) is adequate in principle,
computer implementation requires that 3’ be more specifically defined.
The computation algorithm for &' is

8’ = 3, wy, <0 and way, <0 (2-17¢)
3 =m+ 8, wyy, >0, and wy, <O or wg, >0 ; (2-17d)
8 =2m+ 8, wy, <O and wy, >0 . (2-17e)

With o, now available, the final transformation CS[Ds] can be com-
pleted. The transformation matrix is

COs o sin 0p 0 ——

-18a

B~ * = -sin 09 cos o O 5
0 0] 1

with
(2-18b)
P, = (FgH’
This transformation automatically established the initial direction of
the jet midline at an angle ¢ with respect to the positive x, -axis,
along which the deflecting mean ambient flow component,

(2-19)
W = 2
M/“bx +‘%y2 = Wgx
is directed. If the matrix
1 1
SN A (2-20)

is constructed, then the result

1
2{4 = WPh

-12-



should be obtained with the form

Wa = { W,0,m,5s . (2-21)
The inverse transformation
P, = P,P,P, (2-22)

will allow reference of any jet velocity or position vector to the
cs[pL ].

Since the direction of the jet midline at the sprayer outlet coin-
cides with the xs;-axis in CS[Ds;], we can define a unit vector I, in the
same direction by writing

15 = (1,00} . (2-23)

Thus the direction of the jet at the outlet in CS[Dg] is indicated by
the vector

Iy = IP;' = {cos ap, sin o, O}, . (2-24)

The local ambient flow condition of the sprayer outlet affects the con-
figuration of the jet boundary layer, as embodied in our theory of the
fan jet outlined in Section 1. It is necessary to know the magnitude
of the coflow or counterflow velocity U, The value of U, can be
determined with the aid of Eqs. (2-24) and (2-21) as

Uh =_£_[,4 ° E4

{COS Op, sin oo, 0}4 ¢ {W, o, Wz4}4

]

= W cos 0 . (2-25)

The deflection theory of Section 1 is to be applied in CS[D,] for
the jet flow condition on that plane of elevation. Position-velocity
vector pairs can be obtained in component form for any point of inter-
est on the jet midline path with the aid of Eqs. (l1-12a), (1-12b), and
(l1-4a). The position vector for the point of interest on the midline
path 1is S
ra = {X, ¥, 0}y (2-26)

where the components X and Y are obtained from Eqs. (1-12a) and
(1-12b), respectively. With Eq. (l-4a) providing the midline velocity

-13-



magnitude, the midline velocity vector corresponding to can be
established with fhe aid of Eq. (1-10c) for the slope of the midline
path; i.e., with

d
tan B o oo 1 (2-27a)

dx, z(s) °’

The computation algorithm for 0’ is

9/ = - g ° sgn wy,, Z(s) =0 ; (2-270)

0 = 6’| < sen wa,, lws,| <€, ea07* (2-27c)

0’ =+ 0', %=0and 8’ <0 ; (2-27d)

8’ = -(m+0’), o <0 and 8’ < 0; (2-27e)

0/ = -0', o <0 and 8’ =20 |, (2-27¢)
where 0/ is evaluated via Eq. (2-27a). In cases excluded by the com-

plete set of Eqs. (2-27b) through (2-27f), then 6 = 8’.
6 =o',

Then, we have

(2-27g)
-54‘ ={u42! 114y, 0}4 9
with
Wy = AU, (s) * cos @’ LSy
and
U, = Aﬁ:(s) e sin 9’ * sgn Qo " (2-271)
Then the total fluid velocity vector at r, is
(2-28)

'U4 = Uy +E4

—~

{ugg + W, Way, Vazla o

-14-



Finally, the position-velocity pair can be referred to CS[0] as

(2-29)
= £4Pr + {10 »0 :hO}O

U

(o]
il
I
g

r ® (2"‘30)

3. Computer Implementation

The jet-deflection and coordinate transformation theory has been
implemented in BASIC, and the program source listing is presented in
Appendix I. The major sections of the program are executed in the fol-
lowing order:

(1) The input parameters of the problem are specified 1ncluding
the configuration of the air sprayer and its travel speed,
location of the target plane and elevation of the target line;
ambient mean wind magnitude and direction; basic parameters of
the jet such as outlet velocity and boundary layer thickness.

(2) All intermal variables and parameters that can be derived from
the specifications entered in Step (1) are computed, in
preparation for generating the coordinate transformation.

(3) The coordinate-transformation vectors and matrices are
generated and the deflectiomn CS|D,] is established, based on
the theory of Section 2.

(4) The configuration and midline velocity profile of the un-
deflected jet are computed. These computations are based on
Eq. (l1-4a) and more mathematical details presented im our ear-
lier work, Brazee et al. (1981).

(5) The deflection theory of Section 1 is applied to the problems
as posed in CS[D,]. The midline-path position- velocity pairs
are calculated for all desired points. Results are then sub-
jected to transformation for reference to CS[O0 ].

(6) Results are made available in numerical form or in graphical
form on a CRT terminal.

The trapezoidal method is used to perform the numerical integrations of
Eqs (1-11), (l1-12a), and (1-12b). Preliminary results based on com-

parisons with experimental data indicate a value for cg4 of ¢4 = 5.
More detailed analysis will be available in a later publication.

A sample problem and computed results are presented in Appendix
II.

~15-



4, Summary

Details of a theory of crosswind deflection of an air sprayer fan-
shaped jet were developed. The effect of the radial divergence of the
jet 1is taken into consideration as opposed to existing theories of
plane-jet deflection. A system of coordinate transformations 1is
derived to enable application of the theory to any radius on the jet
midplane and to obtain three-dimensional deflected-midline trajectories
for the jet. The deflecting crosswind is assumed essentially uniform
over the region of interest in this version of the theory. Jet outlet
velocity is assumed to be large in comparison with the crosswind
velocity and jet integrity is presumed to be maintained in the deflec-
tion process.

=16~



Aq LA,

I(s):

n

Qﬁ

LIST OF SYMBOLS

Integral parameters of main region velocity profile
[Brazee et al. (1981): A, = 0.45; A, = 0.316].

Local half-thickness of fan jet.

Jet outlet half-width.

Coordinate system (x;,¥;,z;) with origin at point

D;, 1=0,1,2,...,4

Empirical drag coefficient for crossflow jet deflection.
Dimensionless constant (0.27) for initial region of jet
[Brazee et al. (1981)].

Jet area at distance s from outlet.

Jet outlet area.

Centrifugal force.

Centripetal force.

Elevation of target line above horizontal reference plane
through sprayer centerline.

x,z coordinates in CS[0], of origins D; (i=0,1,...4) of the
coordinate systems CS[D, ].

Length of jet element measured normal to fan jet radius and
parallel to jet midplane.

Defined function [See Eq. (1-10d)].

Special unit vector defined in csfnaj [see Eq. (2-23)];
defines initial direction of jet in CS[Ds].

Special unit vector in CS[D,] that defines initial direction

of jet.

=T



ng ,Noc

Integral parameters of jet outlet velocity profile [Brazee

et al, (1981). Typical values: n, = 0.835, n, = 0.743].
Transformation matrix P~' = P7'p;lp;l,

Transformation matrix for CS[D,]. to cs[D,]. [sSee Eq. (2-20)].
Forward, inverse orthonormal transformation matrices from CS[D; ] to
cs(p; -], i=1,2,...4.

Transpose matrix of P;, i=0,1,...4.

Transformation matrix for CS[D,] to CS[D,]. [See Eq. (2-22)].
Jet midline coordinates in deflection plane.

Derivative q, = dq,/dq;.

Second derivative, qg = dzqg/dqf

Distance from sprayer centerline to target line, measured on fan
jet radius, for slanted jet [ See Eq. (2-4)].

Distance from sprayer centerline to target line, measured on fan
jet radius, for unslanted jet [See Eq. (2-3).].

Local radius of curvature of jet midline.

Position vector for jet midline path in CS[0].

Radius of sprayer outlet.

Effective outlet radius for slanted fan jet.

Position vector for points on the jet midline path in CS[D4].
Apparént travel vector, and its magnitude for the air sbrayer.
Cross-~sectional surface area of air sprayer fan jet.

Distance measured along a curved jet midline.

Air velocity.

Total mean fluid velocity vector in CS[0].

Maximum jet velocity at sprayer outlet.
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Total mean fluid velocity vector at r, in CS[D, 1.

Ambient mean flow velocity at the sprayer outlet and parallel to
the jet midplane.

Local midline (maximum) velocity in jet cross-section

Mean ambient wind vector and its magnitude.

Midline-velocity vector for deflected jet in the x,-y, plane of
cs[p, ' [See Eq. (2 27b)

Midline-velocity vector components for deflected jet in x4 -y,
plane of CS[D, ].

Deflecting mean ambeint flow component, w,,, in x, -y, plane in
CS[D4]; also deflecting mean ambient flow velocity in deflection
theory.

Resultant ambient flow vector, and its magnitude _See Eq.
(2-10a) ],

Components in Xy,yo direction in CS[Do] for resultant ambient
flow vector w.

Resultant mean ambient flow vector in CS[D, ].

Normal distance from sprayer outlet to vertical target plane
measured in horizontal plane through sprayer centerline.
Distance from jet outlet to target line, measured on fan jet
radius for slanted jet [See Eq. (2-5).].

Distance from apparent origin of jet boundary layer to the

jet outlet.

Defined function | See Eq. (1-10c)].

- Uy,.
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Normalized jet velocity (U,-Uy)/Ug,~Up).

Local angular inclination of deflected jet midline with respect
to deflecting wind.

Angle between the initial jet-midline direction and the positive
X, —-axis in CS[D,].

Mean wind azimuth angle in CS[D;] (See Fig. 4).

Angle between jet midplane and sprayer centerline in direction of
travel for slanted jet.

Angle of slope of jet midline path in CS[D,] [ Ssee Eq. (2-27a)].
Dimensionless parameter, Uh/Uon.

Air mass density.

Azimuth angle in CS[Dy] for the resultant ambient flow vector

w [See Eq. (2-10c)].

Azimuth angle in CS[D;] for the resultant ambient flow vector

wg[ See Eq. 2-17a)].

Elevation angle of target line relative to sprayer centerline for
slanted fan jet.

Elevation angle of target line relative to sprayer centerline for

unslanted fan jet.
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APPENDIX I

PROGRAM SOURCE FOR FAN JET DEFLECTION AND COORDINATE
TRANSFORMATION

This appendix contains a source listing in BASIC for the program
JET DEflection for a FAN Jet (JETDEFAN), which implements the jet

deflection theory presented in Section 1 of this report. The sub-
program Jet Deflection TRANsformation (JDTRAN), implements the coor-
dinate transformation theory of Section 2. JDTRAN is designed to es-

tablish the coordinate transformation parameters, vectors, and matrices
required, and enables reference of jet midline trajectories and mean
velocities to a common three-dimensional coordinate system.

Position-velocity pairs of values are tabulated as program output
for both the deflection coordinates, CS[D, ], and the sprayer base-

reference coordinates, CS|[O0]. Up to 50 entries can be calculated as
desired. The number of entries selected for computation may be in part
limited by the output device, particularly if a CRT 1is used. The

program version listed includes CRT output, but will copy the video
display only on a printer. 1If greater printing capability is required,
the program sections calling for output listing canm be readily modified
or duplicated to allow full output printing. We expect to prepare such
a version later. A graphical display is available showing the jet mid-
line trajectory in relation to the sprayer centerline, sprayer extreme
edge, and the target plame. Note that the midline trajectory displayed
is the two-dimensional projection of the three-dimensional trajectory
on a horizontal plane through the sprayer centerline. An example of
the graphical output appears in Fig. II.l1 accompanying the sample
problem presented in Appendix II.

Table A.I.1 contains a listing of the more important variables and
the corresponding variable names in the program to assist 1in use or
modification of JETDEFAN.

The program lists, in addition, the angle of deflection of the jet
midline tangent from the original undeflected jet midline. The deflec-
tion angle DFLEK(I), is defined as

DFLEK(I) = 68’ - o . (A.1-1)

The yaw of the total velocity vector with respect to the midline tan-

gent 1is also available, and is defined as

SKEW(I) = 6° - tan Y(Uyy/Usy)
(A.1I-2)

with the total velocity vector U, as given by Eq. (2-28).
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All angular inputs and outputs are in decimal degrees. All inter-
nal computations are carried out in radians. The factors DR and RD are
the internal names for the degrees-to-radians and radians-to-degrees
conversion factors, respectively.
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HEM # JETRTRAN SYSTEM *
CLS:PRINTE2SS, "JETDEFAN SYSTEM PREFPARING FOR RUN"

IMACR, 20, BCZE, 32, CCR, 30, TACR, 30, 12€3, 20, IR(Z3, 30, I4(3, 25
IMP2{3, 35, P3C(32: 35, P4C(3, 22, IPCZ, X0, PRC3, 35, THC(R, 30, 5(3

DIMUMCZ D, WCRD, WECTD, M4C2D, RVYCZD, BV(3), WDCZ)

IMRZCZ, V2C33, KA4(Z, VA0, VTOZ0, WIS
IM=SBCS1), BTOS4), YP(S1 3, XIJPC(SL2, UMCS4L), SL{SL 5. DFLEK(S1>
IMULMCSA, 22, UZMCS1, 23, KM2C51, 25, SKEWCS1 )y, RUZM{S1), 2551

16 READCHN. CM. AL, A2, AZ, FM. GRYTY. RHO. C1. C2. C3Z, N1, N2, CG$
11 READDE. RD. PI. IIMHAE;CD;GHS:THETH:RESTORE

12 DATA. 27.. 22, . 45, . 216, . 251. 4. 1. 1 214¢€4, . 45, . 216, 251
1% DATA. 873, . 76. * CHANGE:Y=YES OR CEN>>"

14 DATH. 174532E-G1, 57. 29578, 2. 141593, 56, 5, 1. 5768, 1. S7es
15 CLS: PRINT"JET-DEFLECTION COORDINATE TRANSFORMATION";
28 PRINT" SYSTEM: JETDEFAN"

PRINT"JETDEFAN CONTROL" :PRINT"OPERATION CALL CODES:@™
FRINT" 1-ENTER BRSE PARAMETERS" PRINT" Z-ENTER FROBLEM CON“;

5 PRINTYDITIONS” :PRINTY 2-GO0 TO JDTRAN SUBSYSTEM" - PRINT" 4-";

PRINT"COMPUTE UNDEFLECTED JET" PRINT" S-DEFLECT JET"

45 PRIMT" &--0QUTPUT: JET CONFIGURATION IN DEFLECTION COORDINAT":

fn)

&0

i

D (R s o s UK I IS

X ‘\_l
o=,

B &

it B B et
£ fad N

'

T

a6
185
167
1419
144
112
113
114
115
117
126
125
127
120
135
137

PRINTVES" :PRIMNT" 7-0UTPUT - JET DEFLECTION ANGLES" :PRINT" &";
FRINT"-0OUTPUT: JET CONFIGURATION IN BASE COORDINATES®
FRINMT" $-PLOT JET-MIDLIME PROJECTION ON BRSE ¥-Y PLAMNE"
PRINT"46-SET DISPLAY PRINT" PRINT"11-CRANCEL DISFLAY PRINT"

FRINT"12~-END"

IMPUT"OPERATION DESIREDR"; NAX GOTOVE
IFNAX=40RNAX=5THENS4ELSESS

CLE:PRIMTEZES, "EXECUTING JETDEFAM CALL CODE “:NAX: " °
ONNAXGOTO166, 156, 20686, &40, 4188, 2306, 2486, 2568, 2688
IFNRHCITHENTLELSESR

HER=NR®~-9  ONNBXGOTOVZ2, 72, 24415

EPx=L KE$s="0N" : GOTO?4

EFX=0 KaF="0FF"

CLE  PRIMTE27E. "DISPLAY PRINT " KG$:FORGOX=1TOL866  NEXT : GOTOLD
CLES PRIMNT"EBASE PARAMETER INPUT " :PRINT:C$=""
PRINT"UGM="; L&M: CGE:  INPUTCS
IFNOTCCE=""3ANDNOT CH="¥" ) THENLGSELSE411&
IFCE=""THENLLLIELSEINPUT " UBM="; UBM: Ck=""GOTOLOS
FRIMT"RG="; RD; CG$; : INPUTCS
IFNOT CCHE=""ANDNOT CCE="Y" D THEMN111ELSEL11Z=
IFCS$=""THENLLSELSEINPUT "RE=": RO RBO=R0
Cg="":G0OTO111
PRINT"BE=";: BG; CG$; | INFUTCS
IFNOT COE=""DANDMOT CCE="Y" D THENLLSELSELZG
IFC$=""THEMNLZSELSEINPUT" "BB="; BG : C$="":GOTO1415
FRIMT"DELTHR="; DELTA: CG¥; : INPUTCS
IFHOT(CHE=""ANDNOT CC$="%" >THEN1Z5ELSE1Z@
IFCE=""THENAISELSEINPUT"DELTR="; DELTA:C$="":60T0125
FPRINT"THETA=":; THETA*RD; " DEG. ": CG$; : INPUTCS$
IFNOTCCE=""ANDNOT (CE="%" 2 THEN1Z5ELSE148
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146G
145
148
147
148
149
156
151
1352
133
135
157
166
1&E5
iev
ive
175
177¢
isea
185
Lev

5@
&l
542
54X
Sebed
&45
546
47
s3a
St
SHE
=1
578
BT
&8y
581
(=¥
883
584
683
585
784
It~
c8s
ray
re8
rgs
rie
il

1IFCS$=""THEN146ELSEINPUT"THETR="; THETR :C$=""
THETA=THETA*DR : GOTOL1Z23

PRINT"CD=": CD; CG¥; : INPUTCS
IFNOQTCCHE=""3ANDNOT (C¥="%" >THENL4GELSE148
IFCH=""THEN14SELSEINFPUT"CD="; CD:C$="":GOTO146
CLS . GOTO25

CLS:Ce="" PRINT"PROBLEM-CONDITIONS INPUT:":PRINT
PRINT"UH="; UH; CG$; : INFUTCS
IFNOTCCE="">ANDNOT(C$="%" ) THENLSLELSE15Z
IFCH=""THENLSSELSEINPUT"UH="; UH C#="":G0T0151
PRINT"XMIN=":; x8MIN; CG$; : INPUTCS
IFNOT(CH="">ANDNOT (C$="¥" > THENLSSEL.SE158
IFC#=""THENLESELSEINPUT"XMIN="; X8MIN C%="":G0TO1S5S
PRINT"AMAX="; XIMAKX; CGH;  INPUTCS
IFNOT(C$="">ANDNOT(C$="Y" DTHENLESELSE176
IFC$=""THENL7SELSEINPUT"XMRAX="; XOMAX C$="":GOTO165
PRINT" IMAX="; I IMAXX; CG#; : INPUTCS
IFNOTCCS=""ANDNOT(C$="%" 3 THENL7SELSE186
IFC$=""THENLESSELSEINPUT" IMAX=", T IMAXX  C$="":G0T0O1?3
D= XOMAX-XBMIND /I IMRAXY : DYP=Dx

MAXZ=I IMAx®+1 : CLS : GOTOZ2S

M=UHU3M

RALPH=AZ/A1

FORKEZ=1TOS1 . XBCKZ =0 BT (KX)=0 HNEXT IFMUCBTHENE4ZELSES44
MU=8: G0TOs4e

IFMU=ATHENS4SELSE IFMUSATHENSASELSES46

UH=UaM: PRINT"NEWM UH" :GOTO&E4E

Mi=C(BE+R0O> - CM

T2=MUxAL

Si=R1-AZ

Sz=1+MJ

Sx=1-MU

Sd=N2=CMUENL >

SS=4-(2%AL>+A2+ (MU%SL)

So=R1-A2+ (MLERZ >
SP=S8-1+{2%AL) : S8=1-5T : S3=1— (AL D+ TxRZI-AZ

Ga=(. 725#DELTR#*SZ)/(CN¥S3) : Ql=CS2+BB >/ (CN*SZ#S5)
GR2=54/CS2#57) ( Q2= (S44B@ ) A {CMeA2#:CSZL 25 2 : SML=MU/ (SEHAALFH
G =S4%BB/CCSZ0 22%A2) | @F3=04*ARLPHACM IDUM=1. IALPH=1/AALPH
IALPH=IALPH+1 : QE=4%BExA2eSd  Fil=C1~C2 FO=1l-{2¥C1Ld+C2+(MUKFL)>
Fa=Cl-C2+(MUI%C2» : FP=F3~1+(2%C1)> F8=1-F5 :FO=1-(3%CLO+{2xC2>
FO=F2-C3:PE=(2%C1>-C2 :F2=1-FP8 GOTO1656
IFINKEY$=""THEN7G4ELSEZS

IFRPLRNTHENTBSELSEPLL

IFMU=BTHENFG7ELSEYG?

IFNZ<ATHENTOBELSE?16

M2=N2+. @1 : IFIBLOKX=8THEN GSELSES4B

FRINT"HNOTE N2":IBLOKZ=1:GOTOS4E

IBLOKH=8 PRINT"NOTE N2":GO0TOV4e

PRINT"N2="; N2 IBLOKZ=6
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A puap=uUeli-JH

V4D MI=DUBM/ (ZH*AZ2%SZD
v58 TisCoMUsRLMC 2O
oD Ma=geMieA24S4

FEe Mr=dafZeSdrRExRPO

vS7Y ASR=T1i- M7

vO8 BPFJI=CPSFLi%EG) A XEPL+RPOD

759 BMO=BPFJ  VKI=XP+R0O:MF=CM:JSTRTX=6

el PN

755 YMOM=2+RHO+THETA+EG=RO=MNZ2* (DUBML 2 > +FM

FES YB=EBGk( ((FEs{FP+XSAND 3/ (FIk(RN+EXSBM) > d+1)
e POMER=RHO+THETA* CDUBML 22 CRP+RO X EPF JRHZ*FPA/GRYTY
816 pP=02«Ba
1% FORIX=1LTOMARX
8§ I=Ix-1
4 K=¥EMIN+(DM*ID
S KARO=x+R0
B IFX>HMPTHENSZSELSES2Y
7 DDUM=DUBM : KB IX )= :GOTO1295
IFJSTRTX=GTHENSZSELSELLES
Hx=k=xF : HLxHF =Hx 2 . GOTO1163
U T > =DDUM+UH

NEXTIX:CLS: GOTO2S

XSBN=QB/ 1L+ QB8R0

REPO=RO-X5EMN
XAN=C(SERC CRPOL 23+ C4QLxRPQD > 3 ~RPO3 A2
HN=¥1N-X56M

PSFi=@2%RP0

PEFa={(RPOACSS® CXINTRPOY 20 ~1 0 K1N
BF={4/PEF20-RFO

FCF==(POFL-PEF2D
RADCL=SaR CBFL 20~ (4FCF » >
H25 ARCOT=CC-BF ) ~RERDCL 72

188 BROOT=((-BF 2+RADCL M2
i1ieh ARQOT=ARDOT-RPO

1116 BROOT=BROOT-RPO

11i4 REM + ROOT DISCRIMINATOR AND SELECTOR SEGMENT
1115 HepPi=a

1128 IFARDOTC=BTHEN1123ELSEL1Z6

1125 IFBEROOTC=GTHEML1SOELSELL145
cdaZe XePl=AR0OT

115 IFBROOT<=6THEMN115BELSEL146
1146 IF(EROOT-AROOT ><OTHENL14SELSEL156
1148 KeP1l=pROOT

1156 HP=HeFP1l-X56M

1455 KP@=KF- CQ3*RFPOI S CXEFLRRPO >

1ie@é GOTOPES
1465 PHR=MF
1178 PE=ARALFH: FC=ASE: UXI=VXI

1175 WH=UMI

00 o0 00 00 00 00 OO
{'E' U RO DU (VO YL

& 5o %
LA OB
Coud el )

}_" . D
B
)

[ Iyl o]
0 = s

@ RS g s P

o X

[YORXY

s 1 s e
o
o
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1166
1185
1196
1195
1266
1265
1216
1215
122¢
1225
1236
1235
1246
1244
1242
1245
1256
1255
126@
1265
1295
1296
2E60
2065
2616
2166
2185
2116
2115
2126
2125
2130
2435
2140
2145
2156
2155
2169
2165
217@
2175
2166
zig1
2182
2483
2184
2185
2196
2195
2ze0

VB=BMD

GOSUBZE86 : KLA=FCN

VA=UXI+HLXHF

VB=BMO+ (K1A*HLXHF >

GOSUB28E8 : K2A=FCN

YB=BMO+ (K2A*HLxHF >

GosSUBzB06 : KIA=FCMN

YR=UKI+HX

VE=BMO+ (KIR*HX )

GOsSuUBzGea : K4A=FCN

VR I=VXI+HX

BMF=BMO+{ (HX/6 3 (KLR+ (2%K2A + (2xKZRI+K4R> >

EMO=BMF

BTCIX0=BMF

XBCIXO=X

IFJSTRTH=6THENLZ2SGELSEL25S

JSTRTZ=1

HX=DX

HLXHF=HX/2

DOUM=MZEZw ( (SAR( TL+(M?/(BMF*XARD> > > 2=-T2> . GOTOS95
YIP={(BPFJ-B@)*( (X+XTEN) /KEP1> >+B6

BTCIx>=VYIP GOTO099S

REM * SUBR RLGF1<PA. FB. PC, ¥A. ¥YB> (=FCMN> =
FPYAR=YAXVEAPC . RPYAR=SAR(FVYAR) : RYRP1=SCR(PYAR+L)
FCN=PR/ {1+ (4=FPB*RPYAR® (RYREP1+RPVYARY > Y - RETURN

KD=CCD¥ (WD AL 20 )/ ( 2xBEw (UBME 2>%SA) - COTA=1-TANCALFQ>
CSCA=L/SA : HSNIA=LOGC(COTA+SER(CCOTARL 2>+12)> LO=C(COTAR*=CSCA>
LO=LO+HSNIA PY=0-DYP SMAXK=XE(MAXX> JLZ=G JUX=6:LS=0: Us5=6
FORLZ=1TOMAXY PY=PY+DYP: :YP(LEI=PY FYFP={KD*PY/2)+COTA
GYP=FYPL 2 : PX=(PY*FYP)~( (KD (PYL 2> »/4) KP{LX)=P¥
HISNF=LOGCFYP+SORCCFYPL 23410 ) : SPY=FYP*SER((FYPLZ22+1)
SPY=(SPY+HISNF-LO> /KD : IFSPY>SMAXTHENZASBEL SE213E5
IFSPY>USTHENZA4BELSEZ145

JLz=JUs  LS=US JUR=JUx+1  US=xBCJIJUL) - GOTO2435
IFSPY<XPTHENZ15BELSE2155

UMcLzo=DUeM GOTO217S

IFLS{RPTHEM21SBELSEZ165

TL=KXP : TU=US L¥=DUBM: UV=UCJUX> . GOTO217a

Th=Ls: TU=US  LY=U{JLA) [ U¥=UCJIUZ)

UMCLZ =LY+ UY=LV I (SPY-TL>/(TU=TL)>>>
SLCLR>=SPY : TMAXX=LX

ULMCL, 20=UMCLZ)> /SERCL+GYF )  LAMCLx, Lo=ULMLZ, 2O%FYP
IFFYP=GTHENZ1S2ELSE21E82

TPETR=P1/2 . GOTO2185
TPETA=ATN(LAFYP) . IFFYP<BTHENZ2184ELSE2185
TPETA=CCPI/22+TPETRX+(PI/2)
TPESTA=RD*TP8TAH : DFLEK{LZ>=(RD*ALFO>-TP8TH

FORI®=4T02 Y4{IX>=ULMCLY, TH) (NEXTIX W4(2)=0:X4(Lo=XP L%
KA 20=YP(LX) 1 ¥4(2>=0:KHX=1 : GOSUBS176 - FORIZ=1TOX
UZMCLH, TX0=N2(IX>  KMCLA, TXI=KZC IR  NEXTIAX
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IFNOT (W4 (20 =a0ANDV4 (1 )=BTHEN2ZOZELSEZ2262
IFV4C2=GANDY4 (1 )=BTHENZZO4EL SE22635
SKEW(LX»=TPETA~(RD*(PI/2>> GOTOZZ216

SKEWCLX =8 G0OTO2218

TEMP=ATN.VY4 20 /Y4100 IFTEMPLATHENZZBSELSE2267
TEMP=((PI/25+TEMP)+CPI/2)

SKEWCLZ)=TPETA~(RD+TEMP>

SUM=@ : FORIZ=1TOZ : SUM=SUM+ (V2 IX>[ 2> :NEXTI®
RUSMCLZ ) =SAR(SUMD (1 NEXTLX MAXX=TMAX®:CLS : GOTO2S

REM #* DEFLECTION-COORDINATE CONFIGURATION *

CLS:PRINT"FAN JET CONFIGURATION IN DEFLECTION COORDINATES"
FRINT:PRINTTRECA>"I"; TRBL4X"SL". TABCLEI "X " TRABCZIO Y ",
PRINTTAEC4LD"VYR " TABIS4"VY" " FORIX=1TOMAKXX
PRINTTRECGIIXN: TRBCEISLOIZ? TABCASIXIP(IHY: TRB(2VIYPC IR
PRINTTREC46OULMCIX, 455 TABCSZ2OULMCIX, 2 : NEXT
IFRKPR=0THEM2ZZBELSE2Z229

GOsSUBS4414

IF INKEY$=""THEN22ZBELSEZ22Z5

CLS . GOTO23

REM # JET DEFLECTION AMNGLES =*

CLS . PRINT"FAN JET DEFLECTION ANGLESCDEG)":PRINT

A PRINTTABCLX"IY; TABC4X"SLY: TABCLEX "R " TABCZBH "WYY,

FRINTTARBCZS>"MIDLINEY: TRB(SG>"TOTAL WVEL. "
PRINTTABLZ9X"DEFL. ANGLE":; TRBCS2>"YAM ANGLE" FORIX=1TOMAxZ:
FRINTTREBCB) IX: TRBCZHSLCIXND; TABCLSIRIFPCIR): TRABCZVOIVYFPCIX;
FRINTTABCESODFLEK CIX) TRABCSLOSKEWC T4  NEXT
1FEPX=8THENZ2435ELSE2434

GOsUES411

IF INKEY$=""THENZ24Z25ELSEZ244@

LS GOTO2S

REM = BASE-COORDINATE CONFIGURATION =

CLS PRINTELZE, "FAN-JET CONFIGURATION IN BASE COORDINATES"

FPRINT

PRINTTABCLO"IY; TRABC4"SL"; TRBCIE8H "X"; TABCIL»"Y",
PRINTTRBCAT X" Z"

FORIX=ATOMAXE : PRIMTTRECE IX, TRBCZDSLAIXND; TRBCLSIXM2(IX, 10;
PRINTTREBCILORAMZCIX, 205 TABC4S XM2C IH, 23 NEXKT

FORI®=1TOZ : PRINT :NEXT . IFKPH=GTHENZS2ZcELSEZS28
IFINKEY$=""THENZ52Z6ELSE2529

GOsSUps4ll GOTO2526

LS

PRINTTRECLY"I"; TREC4I"VKR"; TABCLE)I "YY" TABC2Z9X"VZ",
PRINTTABC41L"YC(TOTALY " FORIX=14TOMAXX :FRINTIX;
PRINTTABCZOUZMCIXE, 15, TABCASHUZMCIX, 20 TABC(28 UM IX, 2h;
FRINTTREBC4EDRUZMC 12D - NEXT

TIFKPu=8THEN2SSBELSEZ549

3 GOsSUBS441d

IFINKEY$=""THENZSS8ELSE2S55S
CLS : GOTOZS
GEXMN=G: GLXMX=XB8
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2628
2623
2636
Pl X te
264
2645
2650
2655
2656
2665
2670
267D
2885
2686
2587
2688
2690
2695
278a
27as
2800
AT b
Igie
2015
7 el
823
3838
B3
2840
2845
26047
2a5a
3855
{00
25
Iave
{7 ]
@sd
a2
38835
3856
2196
315
31ev
2114
3145
2128

S G2YMN=@:G3IYMX=0:FORIX=1TOMRAXX

IFKMZ2CIH: L05GAXMATHENZE25ELSE2E1S
IFXM2CIZ, 1 X<GOXMNTHEN2626ELSEZ63@
GEXMN=XM2C{ 1%, 1D :GOTO2636@

GLXMR=XM2CI%, 42

IFXM2CIX, 22 >G3YMATHENZS4SELSEZ2E63S

IFKMZCIH, 23<G2YMNTHENZE40ELSE2658
GEYPiN=xM2C s, 22 GOTO2656

GIVMR=xM2CI X, 22

NEXT

GSPR=GLXMR-GOXMN : GSSPY=G2YMX-G2YMN
IF(G4SFX/GSSPY>1. 22220 THENZESESELSEZE 76
GEREF=62/G45P¥ : GOTO2&67S

GESREF=46/G55PY

CLS : GPH=-2#GOXMN*GEREF - FORIX=1T048 . G8V=1X~1 : SET(G?H., G8V>
NEXT : GPrH=2#% (X@@~-GEXMMNI*GEREF FORIX=141T043:G8VY=1%-1
SETCGPH, GEY) (NEXT

GPH=2¢ (RBB-GOXMNI*GEREF FORIX=ATO48: G8Y=1%~1 " SET(G7H, G2V>
NEXT

FORIZ=ATOMAXX : GAH=2# (XM2( 1%, 1)-GaxMN *GEREF
G8V=(GIYMHR-KXM2C(I¥X, 2> >xGESREF SETCG7H, GBV) :NEXT

IF INKEY$=""THENZ7BQELSEZ2785

CLS :GOTOZ2S

REM * SUBR TRAFZIMT »*
NTGRL=((FA+FB>/2>*BNDF : RETURN

REM * SUBR LOKGRATE *

IFLASTH=XPTHENZB4 7EL.SEZG2E

IFRCHPTHENZB4 FELSEZB2S

ONJCHRGOTOZE828, 2865

FB=KD/ C(DUBML 22 +BFPF.J) : BNDF=XP-LASTX : GOSUBZGEG
ACCUM=RCCUM+NTGRL : ZPHLD=ACCUM FA=FE : BNDF=X-xF
FEB=kD/{CUCLXIC 20+BT LA > GOSURZIGO8 . FA=FE : BNDF=DX
GOTOZE35

ONJCRGOTOZ056, 3165
FR=kDACCULEM 22#BT L) ) . GOSUBZEB6 : FR=FB
ACCUM=RACCLIM+MTGRL

S (LR =RCCUM: GOTOZ125

ZYHLD=1/SOR{1+(ZPHLDE 20> ZXHLD=ZPHLD*ZYHLD : BNDF=XP-LASTx
FA=Z1A : FB=ZXHLD : GOSUB2668 ACCUM=ACCUM+NTGEL : Z1A=FB
FA=Z2A :FB=2YHLD : GOSUBZ003 : AP ILE=AP ILE+NTGRL : ZZA=FE
BNDF=X-XP : Z4B=(1/SER 1+ ZS{LX>[ 2502
Z22B=2SCLR>%24B : C2=226 : SZ=Z24B*SGN(RALFQ>
FA=Z1A:FB=22B : GOSUBZE8E : ACCUM=RCCUM+NTGRL

FR=Z2A . FB=24E :GOSUBZ68G ' AP ILE=AF ILE+NTGEL : BNDF=DxX
GUTOZ126

Z24B=C(1L/SOR A+ (ZSCLEIT 20 D)

22B=2S LX) *24R : C2=22B : SZ=24B+*SGN{ALFO>

FA=Z1A :FB=22B : GOSUBRZEGBE : ACCUM=ACCUM+NTGRL. : ZLA=FB
FA=ZZA FB=24E : GOSUBZ26G6 : APILE=APILE+NTGRL : ZZR=FB
RNIPCLZAD=ACCUM : YP LX) =APILE*SGNCALFQ)
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3125
4488
41&2
4185
41416
4145
4426
4125
4427
4138
4133
41325
4146
4145
4150
4155
41668
415
4417@
4175
4176
4177
4178
4179
4186
418
4182
41832
4196
44195
4208
d2a4
4262
4203
4284
4 2@5
4 265
G267
42655
4209
4218
g2l
42412
4213
4214
4215
4216
4226
4233
4225

LASTH=X RETURN

KD=C(COxCWDCLIL 25 0/4 : XIP(L2=8 : YP(1r=06

251 =1 /TANCABS(ALFO> >

UMCA>=Ud4) :SLCLy=3: LML, L0=UMCLO*CR: ULMCL, 25=UMI1>%SA
DFLEKC1 =8 FORIX=4TOZ V4 IZo=UdM{L, IXI :NEXTIX Y4(Z>=6
RACL2=KIPCL) (K4 (20=YP (1) RdrZi=0:KHZ=1: GOSUES176
FORIX=ATOZ U2MCL, Tx0=M2(Ia)> XML, IXI=K2{(IX> NEXTIX
Lzx=1:G0sUB4204

IFDTEKX=THEN41ZZEL.SE41 26

DTEK®=6 . GOTO441=5

SREWCLZ)=RD*(ALFO-TEMP >

SUM=6 FORIX=4TOZ

SUM=SUM+(VZCTIXI 20 (NEXTIX RUZMCLO=SER{(SUM>

LASTR=SL <15 : FA=KD/CCDUBML 2)>#BT <122 ACCUM=ZSc1> JCX=1
ENDF=DX FORL%Z=2TOMAXX X=XBI(LX>» GOSUBIZ®16:NEXTLX
LASTH=SL (15 : Z2A=4/SAR(1+ (25130 25> : Z4A=ZS (1 »*Z=R
HCCUM=6 AP ILE=0:JCX=2 FORLX=2TOMAX: x=xXB(L%> GOSUBZO16
UMCLX»=0CL%2 : SLCLXd=X UiMLX, 4 )=UMCLX>*CZ

ULMCLZ, 22=UMILE»#EZ | IFZS(LZ =8THEN417SELSE417E
TPBTA=(-SGNMZ{22 2 2+PI/2 GOTO4190
TPSTR=ATNCLAZS(LE >  IFABSCWZ 1)) BBBLTHEN4177ELSE417R
TPETAR=-SGNCWZ (22 pABSCTPRTA> GOTO44196
IFALFO>=8THEN4173ELSE4 188

IFTPETRCBTHEN4LE1ELSE4196

IFTPETRAGTHEN4182ELSE4183

TPETA=FI+TPETAH: GOTQ4196

TPE8TA=-CPI+TRETH) : GOTO4199

TPETA=-TP&TA

DFLEK CLX2=RD=RLFO-TPETA> FORIX=1LTO2Z W4 IXd=ULMCLX, TX>
NEXTIX :W4(Z0=0:K4{Ld=xXIJP (LX) XK4{20=YPILX)  K4(Z)=0 KHX=1
GOSUBSL7E  FORIX=4TOZ UZMCLX, IX0=V2IXD i ¥MOLE, TH»=K2: 1%)
NEXTIX : GOSUB4264

IFDTEKZ=0THEN42ZSELSE4283

DTEK#=6:GOTO4248

REM = SUBR SKEWER *
IFYT(20=0ANDYT(1)=ATHEN422BELSE4205
IFYTC2O58RANDYT L O=0THEN4215ELSE4267
IFYT(2XCOANDYT(Lo=8THEN421cELSE420E
TEMP=FATNCYTCZ A YTCLD >

IFYT (22 =0RANDYT (LI >ETHEN42ZZELSE4218
IFVYTZ0>=0ANDYT (L) <8THEN421ZELSE4211
IFYTCZ0<BANMDY T L2 DB THENGZZZELSE4 212

IFVT (20 COANDYT L) <BTHEN4214ELSE4220
TEMP=FPI+TEMP : GOTO423Z=

TEMP=-FI+TEMF : GOTO4233

TEMP=FI-2:G0TO42ZX

TEMP=-PI1/2: GOTO4233

SKEWCL®)=06: DTEKX=1

RETURN

SEEWCLXY=RD*(TPBTA-TEMP >

-30-



4240 SUM=0:FORIZ=1TOZ : SUM=SUM+(V2CIx0L 25 (NEKTIX

4245 RUZMCLZD=SAR(SUM : NEXTLZ . CLS : GOTO25

Sooe REM * JDTRAM: JET-DEFLECTION TRANSFORMATION SYSTEM =
87y GOTODES3I36

3636 REM * SUBR MMULT =

8899 CT=0:FORIZ=4TOZ:FORJX=1T02 :FORKX=41TOZ

8186 CT=CT+CRACIX, KXI)*BCKX, JX2)> NEXTKX :C(IXH, JXO=CT :CT=0
8116 NEXTJIZX, IX:RETURN

8126 REM * SUBR YTRAN *

8138 CT=0:FORJ%=4TOZ FORKZ=1TOZX

8148 CT=CT+(RAVIKXI*CCKH, JL2) NEXTKX BY(JXO)=CT :CT=0 NEXTJX
€156 RETURN

8lald REM * SUBR MOVCR *

8176 FORIX=4TOZ :FORJX=1TOZ ACIX, JXI)=C{IX, J4L) NEXTJI®, 1%
812868 FETURN

8196 CLS:PRINT"JDTRAN PARAMETER INPUT:" :PRINT

8200 PRINT"UNITS ARE TO BE IM KG-M-SEC SYSTEM. ANGLES ARE";
8218 FPRINT" TO BE" :PRINT"GIVEN IN DEGREES. " :PRINT

8220 PRINT"PARAMETER INFUT " PRINT KFPX=8

8240 PRINT"DISTANCE TO VERTICAL TRARGET PLANE. X8@="; X606
g242 PRINTCGS; : INPUTCS

8243 IFNOTCCS="">ANDNOT (C$="¥Y" >THENEZ42ELSEB244

Ba24dd IFCE=""THENSZSBELSEINPUT " X8@="; X688 :C$=""

8245 KPZ=1:G0TOS240

8258 FRINTVELEVYATION OF TARGET LINE, H=";

8232 PRINTCGE; : INPUTCS

8253 IFNOT(CS=""3ANDNOTC$="Y" >THENSZ25ZELSEB254

8234 IFCH=""THENSZCBELSEINPUT"H="; H:Cg=""

8255 KPx=1:G0OTOSZ50

8268 PRINT"ANGLE. GAMMA SUB S, BETWEEN JET MIDLINE AND “;
8278 PRINT"SPRAYER" :PRINT" CENTERLINE="; GAS*RD .

8272 PRINTCGS: : INPUTCS ‘

827 IFNOTC(CS=""0ANDNOT CC$="¥Y" >THENSZ7VZ2ELSEB274

8274 IFC$=""THENSzZSBELSEINPUT"GAMMA SLIB S="; GRS

8275 GAS=GAS*DR :CH="" KFx=1 GOTO8z&H

8280 PRINT"ANGLE, ALPHA SUB W. BETHEEN WIND YECTOR AND UNIT ";:
8296 PRINT"TRAVEL" :PRINT" VECTOR="; Al=RED
8292 PRINTCGE; : INPUTCS

8293 (FNOTCCH=""rANDNOT(C$="Y" ) THENS2S2Z2ELSES294
8294 (FC#$=""THENSZOGELSEINFUT"ALPHA SUB W="; Al
295 A=AW*DR :C$="" KPxu=1 GOTOSZE0

8386 PRINT"BRSE WIND SPEED, Ubl="; VK

83202 PRINTCGS: : INPUTCS

828X IFNOTCCH=""H2ANDNOT(C$="¥" > THENSZEZELSES364
8284 IFC$=""THENSZLGELSEINPUT"Ul="; Vil:C$=""
8385 KPx=41:GOTOSZ006

8316 PRINT"SPRAYER TRAVEL SPEED, S=";SVY

8312 PRINTCGS; : INPUTCS

8212 IFNOTCCH="">ANDNOT CC$="Y" >THENSZLZELSESZ214
8314 IFC#=""THENEZZ2GELSEINPUT"S="; 5¥ :C$=""
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1l Bad lad bad

p KPZR=1GOTO08316

IFNOT(KPX=1)>THENS22GELSEBZ24

kPrR=8:Cx=2:60T08428

CLS :PRINT"JDTRAN - JET-DEFLECTION TRANSFORM SUBSYSTEM"
PRINT:PRINT"JDTRAM CALL CODES:@"
PRINT"L-DEFLECTION-TRANSFORMATION FPARAMETER INPUT"
PRINT"2-CONSTRUCT CDEFLECTION TRANSFORMATION"
PRINT"Z-DISPLAY TRANSFORMATION-PARAMETER INPUT"
FRINT"4-DISPLAY DERIVED TRANSFORMATION PARAMETERSY
FRINT"S-DISPLAY VYECTORS"

PRINT"&-DISPLAY TRANSFORMATION MATRICES®
FPRINT"7-ENTER JET VECTORS FOR TRANSFORMATION OPERATION"
PRINT"S8-TRANSFORM JET VYECTORS TQ BASE COORDIMATES"
PRINT"9-RETURM TO JETDEFAN CONTROL"

PRINT: INPUT"OPERATION DESIRED": CX
IFC7=20RCH=8THENB422ELSEE4 X0

3 CLS:PRINTE2S6. "EXECUTING JDTRAN CRLL CODE “;C¥; v

26 ONCxGOTOS198, 8446 , 8318 , 9316, 8866 , 8920 . 2788, 9178 , 9416

S432
8432
SdZd
Sebebd
Sdd2
2450
8452
SdEsE
84S
3476
2472
8486
4G
2586
35164
83542
S520
25326
8546
8556
85eE
857

FORIA=ATOZ : CLS :FORJ®=4TOS8 : NEXTJx

FRINTEZEE, "ERROR TRAP " ETX:FORJX=41TOS9

NEXRTJX, I%:RESUMES3ZG

ETH=4
OHERRORGOTOS4Z22 : RO=REBE/SINCGAS Y : PLA=ATN(H/ (XBE+REGA > >
SCLd==SVHCUS LGRS SO2i=-SVHSINCGARS) :S(23=06

ETw=2
R1G=(X08+ROA> ACOSCPLE) - REL=R16-SINCGAS > . KO=REL-RO
FEI=ATHN(HASORCCRELL 2)-CHL 2252
Lo=RE@*COS(P16) : HO=REGG*SINCP18>

ETw=2

FHI=FL13

UL b == C CCOS GRS D COSCAMD D+ CSTINCGRS I *SINCRID 2 5
W22 == Yhi C CSTNCGRS D COSCAMD 2= CCOSCGRS D #STINCAW D 3

UM 2= FORIX=1TOZ WIIXI>=UMCIX)+SCIX (NEXT

Bl =d

WCE0=0 WH=SURCCWIL I 20+ (W20 20 2 PUH=ATNC W20 ACL 3D
SE=5IN(GHAS) : CG=COS (GRS : SF=SINCFHI> : CF=COSC(FHI >

NL=@: UM=1 111, 13=8G" 141, 20=CG:I1{1, Id=NL : I4<2., 1 5=-CG
112, 0=58G: 142, Zd>=NL:ITLC(3E, 10=HL: T1(Z, 2>=NL I1(Z, I3=UN
12¢L, 4o=CF: 121, 2)=NL: 121, H)=-5SF :I12¢2, 1>¥=NL - 12¢2, 2>=IUN
12¢2, Io=Nl: 123, 1=5F: I2(3, 20=NL: I2{(3, 2O=CF
FORIZA=ATOZ . FORJR=4TOZ : IZCIX, JXI=T110J%. 12>

0 P2CIN, JR=120T%, 1720 PRCIX, JHI)=T4 1%, %> NEXTJIX, IX

FORIZ=1LTOZ :FORJAZ=LTOZ :ACIX, JX2=1301%, J%3

Y BCIE, JRa=12¢1H, JH)

NEXTJX, 1¥%:GOSUBBESE :GOSUBSLEE :FORIA=1TOZ:FORJX=1TOX
BCIX, JRY=T13CI% J%) - NEXTJZ, I%:GOSUBS@SE  FORIZ=1TO3Z
FORJZ=1TOZ

IPC I3, J%y=CCI%, %) :NEXTIN, IX:FORIN=1TOZ : AYCIZO =W 12D : NEXT
GOSUBS126 :FORIZ=1TO3:WICIXD>=BY{IX) (NEXT

ETH=5
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8650
8651
8652
8653
8654
sl
887@
8536
8691
8693
8706
87106
8vis
8728
Srz2g
grda
8756
8rea
greZ
gvee
8780
8726
8206
sgle
8829
8830
£846
zesa
8852
8854
88c@
85870
88506
g899
S9Ha
8918
8928
82z
854a
8958
g83c0
B97VE
8988
990
SR66
9816
Seze
J6za
sSa46
8850

WYRZ=WZ (2O /W3CL  PPHI=ATNCWY®Z)

IFWZ2 (1 ><=BTHENSBESZELSEGES2

PPHI=PI+PPHI . GOTOEES54 ,
IFHZ(2>=8THENPPHI=(2%PI »+PFHIELSEBSS4
ALFO=PI-PPHI : SA=SINCALFO>

CAR=COSCALFO) : I4¢1, 10=CA I4<1, 2>=5A:14:4, Ir=NL 14C(2, 1)=-5A
142, 2>=CA:I14¢2, Z>=NL I14CZ, 1o=NL: I4C(32; 2>=NL  I4C(Z2, 2>=UN
FORIA=ATOZ :FORJZ=4ATOZ P4l JEr=14CT%, 14) NEXTIX. 1%
FORIZ=ATOZ :FORJZX=4TO0Z2 RACIZ, JLI=P41x. JxO

BCI®, JXOI=PICIX, Jrd

NEXTJIZ. I%:GOSUBBB8E GOSUBBLsl FORIZ=1TOZ FORJX=1TOZ
BCIX, JRO=P2{1X, J&O NEXTJIX. 1% GOSUBEEEEG FORIXN=1TOZ
FORJ®=14TOZ

PRCIZ, JRd=CC1x, JLO MEXTIX, IX FORIX=1TOX :FORJI®X=41TOZ

RCIH, JHO=IFPCLHE, JRD :BOIX, JX=14( I, JXO | NEXTJIX. IX GOSUBSGS06
FORIZ=ATOZ :FORJ®X=1TOZ IHCIX, JX>=C{IX, JX> NEXTJI®, IX%
FORIXZ=4TOZ :AY(IXO=W{I¥)> NEXT GOSUBS126 FORIX=41TOZ
WaCIZ=BY(IZ) NEXT WD d=ka 1) WDC25=0 :WD(3>=6

UH=CR*WD (L) : ET#=8: ONERRORGOTOS

GOTO82Z8

CLS: INPUT"JET COORDINATE (X. ¥, Z>"; R4C43, ¥K4(2>. X4L3D
INPUTYJET VELOCITY (WX WY, VZ3";5 ¥4Cd5, W4(2). ¥4(3)
GOTO2ZZ20

CLS:PRINT"INFUT PARAMETERS " PRINT
PRINT"REE="; REA : PRINT"X8@="; X6@ :PRINT"H="; H

FPRINT"GAMMA SUB S="; GAS*RD; * DEGREES"

FRINT"ALPHR SUB bk="; AW+RD; " DEGREES"
FRINT"UlW="; Yil: PRINT"ABS(S)="; S¥

FRINT"UaM="; UarM; * MU=";MU; * Ni=";NL; * N2="; N2
PRINT"BG=";B6; * DELTA="; DELTA; * CD=";CD:GOTOS292
CLS:PRINT"SYSTEM VECTORS:" :PRINT

PRINT"S("; S{L2; ", "3 8420 ", "3 5(3d; "0

FRINT"UWCY; UM<0, " UMC22; ", "5 UWCE O "o
PRINT"WC"; WL s "5 W25 " "5 WCZd "o

PRINT"WZC"; WECLY; " "3 W32 ", "3 WICEO; "
PRINT"WAC"; WaCAd; ", "5 W4C25;: ", "3 W4(ZH; "2 - GOTOS298
CLS:PRINT"MATRIX DISPLAY CONTROL:@®

Ag="": IMPUT"LIST MATRIY OR <EN>"; A%: IFA$=""THENEZZ6
FORI®=4TOZ . FORJ®=1TOZ

IFA$="FPLI"THENSG16 ELSES960

IFA$="P21"THENSG26 ELSEIFA$="PZI"THENSG328 ELSEESYS
IFAS="P4I"THEN2G46 EILSEIFA$="P2"THENS2G5E ELSEB320
IFA$="FX"THENSB6D ELSEIFA$="P4"THENZG67G ELSES99G
IFA$="PI"THENSG26G ELSEIFA$="FR"“THENSGE9G ELSES00G
IFAS="PHINV" THENS106 ELSES9320

ACIX, JXO=T4C1IX, J%5 :GOTO9118

ACTE, JEO=12C1I%, JX2 :GOTOS9146

ACTIH, JLO=IZC1, JX :GOTO2418

HO I, JXO=14(1%. J&) :GOTOS110

ACLX, JX=P2{1X, Jx> . GOTOS116
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DEsE ACIA, JXX=P2(IX, Juy GOTO9116

SE@ve ACIX, JXO=P4(1X, JX> GOTO9119

9686 ACIX, JXO=IP(IX, J<> GOTO91106

9896 A 1K, JXO)=PR(IX, J®)> GOTO9116

9186 ROIX JXO>=IH(IX, J%)  GOTOS1106

9116 NEXTJIX, Ix

9428 CLS:PRINT"MATRIX ".A$;: " =" PRINT PRINT

91326 FORIZ=1TOXZ

29148 PRINTTRBC4OR(IX, 10 TAB(24OACIX, 2> TABC44>ACTIX, 2>

9156 FRINT :NEXT

2158 IFKPX=0THENSL16GELSES159

2159 GOSUBS414

S1ed pF=INKEYS$: IFB$=""THENS160 ELSESS926

9178 FORIX=1TOZ :¥TCIX0=Y4{IxZ0+WN4CIH) NEXTIX

9188 FORIX=4ATOZ : AVC(IX)=VT(IZ) :FORJZ=ATOZ :CCIX, JXO=PRCIX, J&>
9196 NEXTJIX., IX:GOSUBS128 FORIZ=LTOZ :V2{IX)=BV{IX> NEXTIX
9208 FORIX=4ATOR:AY(IXI=X4CIX) :NEXTIZ :GOSUES120 FORIX=41TOZ
9216 X2CIX=BY(IX) NEXTIX  X2C10=X210+L B X2(2>=K2(ZI2+HE
921z IFKHX=1THENS2Z14ELSES226

9244 KHz=0:RETURN

Sz26 CLS:PRINT"JET "

S238 PRINT"POSITION-YELOCITY TRANSFORMATION RESULTS:" PRINT
S248 PRINT"X4"; 4405 ", "5 X420 ", " X402 "H"
FRINT"W4C": Y4Cdd; ", " NaC2d; s "3 W4CE; "

0
R
Ui
&

D260 PRINT"WSC": Wa(dd; ", "iW4(20: ", " W4(Z>; "H"
9270 PRIMTUVTOY; WTOL3: ", ";WTC2d: ", "i VT3, "»"
288 PRINT"X2(": ¥2(4i;: ", " X220 ", "3 K203 "o
9290 PRINT"V2C"; ¥a2{4i; ", " V2423 ", " Va3 "H"
9298 IFKPX=0THENSZ0GELSES299

9299 GOSUB2444

23268 p3=INKEYY: IFB$=""THENIZ8E ELSES226

9318 CLS . PRINT"DERIVED PARAMETERS: " :PRINT

9220 PRINT"RO="; RO; " X0="; X0

53238 PRINT"RG="; R18

23468 PRINT"PSI="; PSI®*RD; * PSI SUE @="; PLO*RD
2250 PRINT"PHICLCY="; FHI*RD

Sz5@ PRIMT LG=";L8;" He=";H6

9378 PRINT"RESCWO="; WA

9388 PRINT"PHICUC)="; PUH*RD; * PHI’ (UCH>="; PPHI*RD
9290 PRINT"ALPHA SUB @="; ALFO*RD

9352 PRINT"UH="; UH; * XBN="; XS8N:PRINT"XM="; ¥N; " KP="; XP

2486 GOTO9298

9418 CLS:G0TO25

2411 QxE=15360 . FORGYX=1TO15 : FORAAX=GXZTORXXZ+62

2412 LPRINTCHR$(FPEEK (AR D; (NEXTORX LPRINT" " :QXX=QXX+64
9413 NEXTEYX :RETURN

S415 CLS:END
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APPENDIX II
SAMPLE JET-DEFLECTION PROBLEM SOLUTION WITH THE JETDEFAN SYSTEM

The sample problem presented in this section is to provide a per-
formance test and to clarify application of the system. Table A.II.1
is a listing of the input variables and parameters in appropriate
units, m-kg-sec. Printed input values and output results complete this
section as produced by video display copy. Fig. II.1 is a graphical
display of the jet midline path.

TABLE A,II.1 INPUT LIST FOR SAMPLE JET DEFLECTION

COMPUTATION
1. Jet outlet velocity, Uy, = 57.5 m/sec
2. Jet outlet radius, 159 = 0.635 m

3. Jet outlet half-width, by = 0.162 m

4, Effective outlet boundary layer thickness, §= 0.162 m
5. Sprayer travel speed, S = 1.8 m/sec

6. Distance, sprayer outlet to target plane, X, = 2.44 m
7. Target line elevation, h = 3.66 m

8. Deflection drag coefficient, ¢, = 5

9. Jet slant angle, vy,= 80 (Forward slant)

10, Mean ambient wind, Uy = 4.5 m/sec

11, Mean wind azimuth, oy = 45

12. Nominal jet midline length for problem, XMAX = 8 m

13. Nominal number of analysis points, IMAX = 9
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INFUT PARAMETERS

B &= g6 a0l DEGREES
UB W= 45 DEGREES
L
]

(o

ABSCS= 4,
L= 37, = @
Be= | de2 BiEL.TR= 1

V
on
=
P

]

T Z
Nl;

0w
I:j
{8
4]

DERIVED PRRAMETERS -

RO= . €44796 XO= 4. 265924
Fia= 4, 7863

PSI= 48 9334 FPSI SUB &= 49,
FHICLC)= 4% Sed2

LG= . 4838474 Hé= . 418X
ARS kD= 5. Sid44

PHICLIC)>= 47. 43227 PHI” CUC2>= 33 9587
ALFHA SUB G= 146, 641

Uh==Z%. 53759 Xe@N= . 2597359

sz | Zlv4az wP= 31792

i
o
A3
H
r

SYSTEM YECTORS

S 342566 , -1 77265 , @ >
UWe-3. egedlg , -2 58169 ,» @ D
Mi-X% 99875 , -4 . 2SZPS ., 6 D
Wzi-—-x 59758 , -2 @142 ., 2= 5939
WAl 4, e3348 . 2 SVEe28E-B86 » X3
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MATRIX P1I =

. 984888
~-. 173648&

1z}

MATRIX P2I =

MATRIX P31 =

. 984808
. 173648

[z

=37

. 173648
. 984868

@

-. 17848
. sg48a68

e



PMHTRIX P4l =

-, 7e6Seg
- 642235

@

METRIX P2

MATRIX P2 =

. Sedoug
-, 173848

g
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. 642225
-, 766568

2]

. 173648
. 984868
10

765642

44}

. 6432268



MATEIX P4 =
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FAN JET CONFIGURATION IN DEFLECTION COORDINATES
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FAN-JET CONFIGURATION IN BRSE COORDINARTES
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Deflected
Jet
Centerline

Figure )}, Deflection dynamics of an air-mass element of a fan jet.
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Figure 2. Geometric diagram for air sprayer configuration with slanted fan
jet, target plane, EFHG, and target line FH. Line IJ is the
sprayer centerline, and the curved element ABCD is on the surface
"generated" by the sprayer outlet as it travels parallel to IJ.
The plane OEG is horizontal.
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Figure 3. The coordinate transformation sequence (a) CS[D,] to CS[D;],
(b) €S[Dy] to CS[Dy 1, (c) CS[Dy] to CS[Dz ], and (d) CS[Ds ]
to CS[D,].
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Figure 4. The mean ambient wind vector Uy , the vector of apparent
flow due to travel S, and the resultant flow vector w, shown in

relation to the coordinate systems CS[Dy] and CS[D, ]
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Figure II.l1. Computed graphical display of deflected jet midline.
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