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Computer Programs for Three- Dimensional Cable
Problems in Tethered-Balloon Applications

1. INTRODUCTION

In Reference 1, six computer programs for use in the solution of various
tethered-balloon problems were developed and documented therein., Program No,
76. 006 in Reference 1 provides a means of obtaining the tension, elevation angle,
and space-position of a single tether cable of any size and weight from the balloon
to the ground for any balloon altitude and any two-dimensional wind profile, The
wind profile from the ground up to the balloon may include winds of any magnitude
but all must lie in the same azimuth plane, however, they can have + signs. It was
therefore desirable that a three-dimensional case be developed for use in a similar
type calculator/computer to permit a completely realistic entry of atmospheric wind
conditions and a three-dimensional evaluation of the cable geometry and other
physical parameters,

Program Nos. 77.007 and 77, 007P presented herein, are three~dimensional
programs, They retain many of the features of Program No. 76. 008 including the
option of specifying a cable (cylinder) drag coefficient or calculation of a variable
drag coefficient based on local Reynolds' Numbers at various altitudes, Eniry of
wind magnitude and azimuth at up to twelve different altitudes is permitted, The
programs are longer than No, 76, 006 chiefly due to the complexities of a three-

(Received for publication 15 September 1977)

. Wright, John B. (1976) Com?uter Programs for Tethered-Balloon System
Design and Performance Evaluation, ~-TR-76-0185,
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dimensional solution, the addition of a plotting routine, and the extra "housekeeping"
required in dealing with azimuth values., Program Nos., 77,007 and 77. 007P differ
by (a) the number of optional ways to make repetitive computational runs and (b) the
plotting of parameters in 77, 007P. A third program, No. 77.007B, allows one to
retain a cable length computed with 77, 007, change the winds, and then determine

a new balloon altitude and cable geometry.

2. EQUIPMENT

The program, in three versions, documented herein was developed using a
Hewlett-Packard Model 9810A calculator/computer. All versions require nearly
full use of the 2036 program steps (HP Option 003), 111 storage registers (HP
Option 001), the paper tape printer (HP Option 004), and the MATH ROM (HP No.
11210A). Additional items required are:

Program No. 77, 007 Printer-Alpha ROM (HP No, 11211A),
Program No. 77,007B Printer-Alpha ROM (HP No., 11211A),
Program No. 77.007P Printer-Plotter ROM (HP No. 11261A)

and an HP Model 986 2A Plotter.,

As with those in Reference 1, these programs were written with the idea that they
could be adopted to other less capable machines and they do not nccessarily make
full use of poteuntials of the 9810A.

Table 1 defines the symbols used in the prugram listings, Unlike Reference 1,
the listings (Sections 3.3.6, 3.4.6, and 3.5, 6) are not direct copiea of the output
tape listing where many mnemonics can have two meanings depending on opera-
tional mode. Instead the listings here are program forms showing mecaningful
mnemonics both in and out of the alpha numeric mode, In addition, the mathematics
shown in display register columns x, y, and z on the forms will aid in understand-
ing the operation of the programs,
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Table 1. Program Codes

A. Standard Mode — Computation
In the definitions below, x, y, and z.represent the contents of display registers
X, ¥, and z respec.ively; a and b represent the contents of memory registers a and
b respectively., The mnemonics and their respective functions are shown below.
Mnemonic Function
m [ad ¢
b= x
a-x

Nind y~ memory register which follows

x x~* memory register which follows

1/x 1/x 2 x

IND Used for indirect addressing

x{() Puts the value in the following memory
address into x

x2 xz =X

R+t X?y,y2?z, 27X

{ 2y, y*x% 272

xy Yy, Xy

Tu X2y, y2z, x2x

V7 v+

+ ylx =y

X Xy @y -

- y-x-2y

+ y+x2y

CHG S ~X X

ENT E Used to assign an exponent to a number
being entered into x

CLR Setto0, x, ¥y, 2z, a, and b

0 through 9 0 through § = x

. Used to place a decimal point in a number
being entered into x

CNT (Continue) Used as a null operation in a
program, Used in running of a program,

LABEL Used in conjunction with a following symbol
to indicate a position in the program
memaory,

11




PNT

X<y

x>y

Go To

END

STOP

arc

sin x

cOos X

tan x
TAB, 4
TAB, 9

Prints the value in x, When multiple
PNT's are used, lines are skipped
after x is printed.

If x<y, branch to address indicated by
number in next 4 steps; if not, skip the
next four steps.

If x = y, branch to address indicated by
number in next 4 steps; if not, skip the
next four steps.

If x>y, branch to address indicated by
number in next 4 steps; if not, skip the
next four steps.

Go to the memory location specified in
the next steps.

Used as the last step in a program;

Set point of operation to Step 0000.
Causes program to stop and permit entries,
x) - X
Natural logarithm of x ? x
* = x
Used in conjunction with sin, cos and tan keys

to obtain inverse trigonometric functions,

sin x 2 x

cos X * X

tan x 7 x

Common logarithm of x @ x

Rounds number in y to the power of 10 indicated
by integer value of number in x. Rounded
number = x, y unchanged.

12
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B, Alpha Numeric Mcde - Printing

The alpb ' numeric mode i8 entered by using FMT step twice and is exited by
using FMT once,

A through Z A through Z respectively is printed

0 through 9 0 through 9 respectively is printed

¥ # is printed

- or / /| is printed

CLR This causes a carriage return or move to
next line to be printed.

CNT This causes a blank space in printing,

C. Plotter Commands

The following combinations of key strokes serve to operate the plotter.

FMT, ¢ Lifts pen

FMT, 4 Drops pen

FMT, 1, ¢ Lifts pen, scales coordinates, moves
to coordinates.

FMT, 1, , Scales coordinates, moves to coordinates,
drops pen.

FMT, 1, 1 Symbol scale factor from x

FMT, 1, 2 Scales X-coordinate from x and y

FMT, 1, 3 Scales Y-coordinate from x and y

FMT, 1, 4 Drops pen, draws + at point plotted.

FMT, 1, 5 Draws X-axis.,

FMT, {, 6 Draws Y-axis

FMT, 1, FMT Initiates plotter alpha mode

FMT Terminates plotter alpha mode,

D. Special Commands

FMT, Go To Automatically loads program card(s)

FMT, x- Records data in storage onto card(s)

FMT, x() Automatically loads data card(s)

To POLar Converts rectangular coordinates in x and y

registers to polar coord. with result placing

angle in y and radius in x.

13
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3. PROGRAMS FOR TETHERED-BALLOON CABLE, THREE-DIMENSIONAL

CASFE, VARIABLE WIND PROFILE, OPTION AL INTERNAL VARIABLE
DRAG COEFFICIENT

3.1 General Description

Typical concerns in the design of a tethered-balloon flight system are the
ability: (a) to lift the weight of the cable; (b) to maintain the cable tension below
its working limit; (c) to retain a reasonable cable tension at the winch without the
cable laying on the ground; and (d) to keep the balloon within an acceptable area
overhead under wideiy varying wind conditions.

All of the buoyancy and aerodynamic forces introduced into a cable system by
the balloon can be summed and defined by a single force and its angle. This total
force, Fp, and the angle, 6, can be computed by use of either Program Nos,
76,003, 76.004, or 76.005 in Reference 1. These two parameters are then treated
as inputs into either the two-dimensional cable Program No. 76,006, Reference 1,
or these three-dimensional programs,

The basic forces acting on the cable, in addition to the total balloon force acting
at the top of the cable, are the cable weight, the aerodynamic drag, and tha re-
sultant restraining force at the ground winch, The weight of the cable per ..iousand
feet is gpecified while the force at the winch is part of the problem solution.

The drag of the cable is complex since it is a variable function of the atmos-
pheric density, wind velocity, and cable diameter. Since the programs were in-
tended for use with balloon altitudes of up to 66, 000 ft MSL, the effect of Reynolds
Number on drag coefficient could not be ignored. Reynolds Number is directly
proportional to cable diameter, atmospheric density, and wind speed, and inversely
proportional to atmospheric coefficient of viscosity, It was further assumed that
the cable cross-section would be circular go that, in effect, the cable can be con-
sidered to be a cylinder—or a series of cylinders. Accordingly, the program was
designed to permit the user to specify either a fixed cylinder (cable) CD held con-
stant throughout the altitude range or a program computing CD which varies with
altitude, wind velocity, cable diameter, Reynolds Number, etc.

In concept, the cable is broken into rigid elements of a specified length, K, and
the forces acting on this length evaluated to a net magnitude and angle with which
the next lower element must align and provide equal restraint, Figure 1A. Thereby
a geries of outputs is provided at each of these many points proceeding downward
from the balloon to and including the surface. Some of these outputs are the cable
tension, space-position, elevation and azimuth angles, and length,

Because of the three-dimensional capability of the programs, not only must the
wind velocity be calculated at each of the elements but its direction must similarly
be evaluated. A table of altitude-wind speed-wind azimuth, part of the initial user
entries, is utilized by making straight-line interpolations for each of the two wind
parameters at each of the element altitudes, (See Section 3.2, 8.)

14
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During the downward progression of calculations, the cable tension and pitch
angle are monitored for the condition of zero tenslon or horizontal cable, Under
such conditions, the balloon has not provided sufficient lifting force for the size
and weight of the cable and the cable is said to be unable to reach the ground, For
a given balloon, cable, and atmospheric condition, a lower flight altitude is there-~
fore suggested, If such an event occurs just at the surface, the cable is lying on
the ground. Hauling in some cable would bring the balloon to a lower altitude and
lift the cable off the ground.

When the cable reaches down to the surface where the winch would be located—
or where the tension becomes zero or the cable horizontal ~sufficient details are
presented as a final output to allow construction of the three-dimensional geometry
of the cable as well as the compass azimuths of several components,

Table 2 is useful as an aid in selecting which of the three programs is best
used for a particular problem. Programs 77,007 and 77, 007P, nearly identical
programs except for ending rerun options and a plotting routine in the latter, are
based on golving a cable program where the balloon altitude is fixed at a specified
level, Both will give identical answers to a given problem. Both provide the op-
tion of regtarting the same program or of lowering the balloon to other fixed alti-
tudes specified by the table of winds which was originally entered.

Program 77. 007 offers two additional options; (a) a rerun with a different
cable without having to re-enter a table of winds, and (b) the ability to hold the
cable length just calculated constant, change the winds and find where the balloon
may reach an equilibrium altitude. This latter option requires use of Program
No. 77.007B. While making use of the same mathematics as the other two programs,
itslogic and details are somewhat different. The two programs, 77.007 and 77, 007B,
aredesigned to be used together and therefore each can be usedto call in the other.

Program No. 77.007P makes the following plots on a single piece of paper:

(a) Altitude vs H (Y) Displacement,

(b) Altitude vs I (X) Displacement,

(c) Hvs I (X vs Y),

(d) Altitude vs Tension,

(e) Altitude vs Cable Elev, Angle,

(f) Altitude vs Effective Dynamic Pressure,

As with all programs so far introduced in this series, these three programs
treat the static condition and do not attempt to consider the dynamics of balloon
or cable motion.

15
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Program No, 77, 007

psismsmeny

Requires 3 Qavda =4 Sides

Plua 8 Curds =3 Stdes
Data Cards with Density
and Cp Constanta for
e 0OV Program . oo _—

Roquires 2 Carda—4 Sides

TERIETY

User Entries: Balloon altitude, Surface altitude, Cable Cjy or Internal Combutation of CR;
on

Cable dinmeter, Cable weight, Element length to be usud in solution, Ral
total force and angle, Winds from bialloon to aurface—maghitude and
direction at up to twelve altitudes

Cable Tenaion and Angle along cable and at the wineh, Cable Length, Space
Poaitiana of pointa along the cable and Angles of the elements, Relative
pogitions of the balloon and winch, Sighting Angles and Slant Range of the
balloon from the winch,

Program
Solves for
and Prints:

Plota 8 Curves —Cable Tension, Cable
Elevation Angle, Effective Dynamic
Pressure, X, and Y va Altitude
and X v Y,

Rerun Options after @ach Problem Solution

0 - New Prob, Start over, all entries

required,

No Plotting

Rerun Options after each Problem Selution
0 - New Prob, Stavt over, all entries
required,
1 « New Prob, but only cable parameters,
balloan total force, and angle
entrier —Alt, /Winds held fram
previous problem,

2 - Repeat runs with same cable with
balloon automatically loweread to
each altitude in original wind profile,
Bln force and angle entered at each

2 - Repeat runs with same cable with
balloon automatically lowered to each
altitude in oviginal wind profile,

Bln force and angle entered ot each

PAAIIN N A vt VA NS

M sty ey

lower altitude. lower altitude.

T ™ ¥ THofd Tablé length found 1d orig, Opt.”
0 or 1runs, change winds~? New
balloon altitude. Requires Prog., No.
77.007B. Auto, Read-In Call for
77.0078B Cards when this Opt,

specified.
I

Program No, 77.007B

Requires 2 Cards—4 Sides
Data Cards not required

User Entries: Estimated Balloon total force
and angle at an estimated alt,
to be found by program and
the new wind profile,

Program New balloon altitude, Wind
Solves for magnitude and direction at
and Prints: that altitude, plus same

parameters as 77, 007 for
this new condition

No Plotting

Rerun Options after each Problem Solution
0 - New Prob, Start over, Requires
Prog. No. 77,007, Auto. Read-~In
Call for 77,007 Cards when this Opt.
gpecified.
3 - Continue to hold cable length,
Change winds again,

16
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3.2 Development of Fquations and Programa

The basic formulae nnd description hereunder apply to all three programs.
However, there are somae detajls which apply to 77, 007 and 77. 007 P or are at least
better understood by following the logic in these programs, Any differences in
approach with 77,0078 are explained in Section 3.4, 1,

These tether-cable programs will handle the three-dimensional case where the
azimuth and velocity of the wind may vary with altitude or over the whole cable
length, Thus the balloon, cable, and winch will not neceasarily be located in one
vertical plane., The wind velocity and direction at up to 12 altitude points will be
made a part of the input data required. Straight-line interpolations of both velocity
and azimuth angle will be made part of the program computations for all inter-
mediate altitudes, A wind vector will be calculated for each incremental cable
element by determining the altitude of the bottom-end point of each element, deter-
mining the velocity and azimuth of the wind at that altitude, and assuming that these
conditions are constant over the complete element length.

The objective of the computation is to (starting at the top of the tether-cable
where it is attached to a balloon's confluence~point with a known balloon force vector)
evaluate the cable tension, elevation and azimuth angles, space position, etc.,
moving downward to the earth's surface where the cable terminates onto a winch.
The cable can be considered to be made up of a series of short and rigid cylindrical
elements of length, K, attached by freely pivoting connectors, Figure 1A, Each
element will lie at an angle in line with the tension.vector solved for the element

immediately above it.
3.2.1 TENSION VECTOR

The first cable element below the balloon, Figure 1A, is contained in the ver-
tical plane defined by the wind vector at the balloon since it also contains the balloon
total force, FT. at an elevation angle, 8. The wind vector Vl' acting on the first
element will not lie in the same vertical plane and is shown (looking down from the
balloon) rotated clockwise from the balloon wind vector and initial vertical plane by
an angle, @. Solution of a free-body diagram using only the VC component of the
wind, the element weight, and the tension, FT, would provide a solution whereby
the next element below would lie in the same initial vertical plane., That is essen-
tially how the two-dimensional case—Program No, 78, 006 ~is handled with a single
vertical plane containing all elements of the cable from the balloon to the ground
winch.

However, when the side component of the wind, VS’ is included, the resulting
side force (drag) will rotate the bottom=end tension vector out of the initial vertical
plane. A change in elevation angle will also occur as in the two-dimensional case.

17
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Figure 1A is expanded in Figure 1B to illustrate all of the forces, angles, and
linear dimensions. It also indicates how the total wind vector, Vl‘ must be broken
into components in order to obtain the total aerodynamic drag and then resolve it in
turn into three manageable components. The wind vector can first be divided into
two components: one normal to the cable VN’ which will be considered the total drag
producer, and one parallel to the cable, VA‘ which will be assumed to produce
negligible skin-friction drag.

The value of VN will be used to calculate Reynolds Number in order to select
the drag coefficient from a stored table of cylinder CD ~ R for the option in which
the program calculates a drag coefficient for each element. The CD’ whether com -~
puted in this fashion or entered as a constant, is then used with atmospheric den-
sity and VN2 to calculate the total drag, DT’ of the element.

The total drag can be divided into three components:
(a) Dy, in the vertical direction,
(b) Dy; one of the two horizontal components lying in the vertical
plane containing the cable element,
(c) DS the other horizontal component perpendicular to the
aforementioned vertical plane.
The angle, ¢, is both the angle of the wind vector, VN’ above the horizontal and the
angle of the total drag, DT’ below the horizontal.

Equations can therefore be developed as follows —the numerical subscripts are

deleted at this point for clarity:
Given as known quantities: V, 8, and «a:

VC = V cos a ‘ (1)
VA=VCcos 6=V cos acos f {2)
VN2 = V2 - VAZ = V2 - V2 coss2 a0032 ] {(3)
VN2 = V2 (1~ cos2 a co&z2 8) (4)
N VJ(I - cos2 a cos2 6) = V cos ¢ (5)
cos ¢ =[1 - cos® & cos? 9 (6)
ain¢=VA/v=l£9.sv‘1°_°5_ﬁ=cosacose. 1)
Considering the drag vectors:
gin ¢ = DW/DT-----DW = Dy, sin ¢ (8)
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Therefore

Dy = DT cos (o cos 8 (9)

cos ¢ = DD/DT'—> D= Dy cos ¢ (10)

cos a= DH/DD—-O-—DH= Dy, cos a. (11)
Therefore

Dy = DT cos ¢ cos a (12)

sin a = DS/DD—-l-—DS= DD sin o . (13)
Therefore

Dg = DT cos ¢ sina . (14)

Eq. (5) is used to obtain velocity for the Reynolds Number/(‘.D extraction and in
the solution for total drag in:

B 1 2 - Diarm
DT—CD-Q-pVN A (A = Diam in ft X K) (15)

Egs. (9), (12), and {14) are then used to resolve DT into three components that may
be introduced into the free-body diagram as follows:
Summing the forces (aerodynamic, weight, tension):

(a} Horizontal Direction in Vertical Cable~Element Plane,

Fpocos 8+ Dy= T, cos 6, cos 8, (18)
(b) Horizontal Direction Perpendicular to the Vertical Cable —Element Plane,

DS = T1 cos 91 sin Bl (17)

(¢) Vertical Direction,

FT gin 9= W + DW+ T1 sin 01. (18).

Eqgs. (18), (17), and (18) contain three unknowns: T 91, and 31.

1!
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From Eq. (17)
D

S
T, = . (19)
1 cos 91 sin El

Substituting in Eq. (18)

D
B S
FT cos 6+ DH = Emrml cos 61 cos Bl
Fir. cos 64 Dy = oS (20)
T H tan Bl
BI = arc tan F—CO—IBD%T-D_ (21)
T H

From Eq. (186)
F.cos §+D

I H
Tl " cos 91 cos BI (22)

Substituting in Eq. (18)

FTcos 86+ D
Fp Eﬁng_W"DW=coﬂ1 cos B, sin §,
=F,I,cos£?+DH tan 0
cos B, 1
F..8in 8- W- D
f; = arc tan —p— g cos B, (23)
T H
F,.,.co8 6+ D
T, = —L L (24)

1 cos 61 cos By

Eqs. (21), (23), and (24) are utilized for the solution defining the tension vector
at the bottom end of the cable element with which the next element aligns, In sub-
gequent loops through these equations a value of Ti at the top of an element would
be used instead of FT used for the first element, The particular forms of equations
developed were chosen over other possible forms to avoid indeterminate solutions.
For example, when 8= O~deg, the 8in g8 = 0 and the tension would be infinity if
Eq. (19) was incorporated into the program, It is assumed that 8 will never equal
90° particularly if small K values are selected,

20

HEO TSROl b b S g




——- ’ v_ \I._.wzw..— 40 ! ) *ﬁ

N ,
SIN3WITJ OLNI 374V) \ _#M
40 NMODIVING TWHINIQ-'Y N, |

W«

F %

Pulhs 1




AR RTARE AT

SR A ad Sabia S A

U

N\

'W3TH04J 378V) TYNOISNIWI-3I¥H] V 40
NOILNTOS 3HL NI Q3s)] SINIWIOVIASI( i
ONV “S3TONY S32M04 IHL 40 STIVLI(-'g

*y

\w.

%’3
*ﬂ

* ) THL9NIT 40
SINIW3T] OLNI 378Y)

40 NMOM@IV3Idg TYY3N3g-'V

-Cable Subjected

y of a Balloon Tether

to Winds of Varied Magnitudes and Azimuth Angles

Figure 1, Isometric Views of the Geometr,
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A set of axes i8 defined as shown in Figure 1B which will be the reference axes
during the main body of computations. Since the origin is at the top of the cable at
the confluence point of the balloon, they are annotated as followa: (1) YB axis
positive ahead of balloon in the direction from which the balloon wind is blowing,
and (2) XB axis positive 90° clockwise from the YB axis ~looking down from above
the balloon. The reason for this particular set of axes will be apparent in subse~
quent discussion,

As evident in Figure 1B, the initial element lies in the Y.B-Z vertical plane.
The solution of Bl , 01, and T1 not only establish the conditions at the top end=~point
of the next element below but also define a new vertical plane containing this second
element. This second plane is rotated by the angle Bl clockwise from the YB-Z
plane for the example shown; the figure basically shows the positive sign conven-
tions for angles and distances. This second vertical plane containing the second
element becomes the plane to which its wind vector, V2. is referenced to deter~
mine the associated relative wind angle, o . A repeat of all the above computations
will then provide solutions for By 92, and T, and therefore conditions defining the
third element down,

While the angle g will usually be small, the 'angle a can have any magnitude,

In these programs, a value up to 360° is permitted since the triginometric output

of most calculators will handle a full 360°, In the example shown in Figure 1B, a
lies between 0° and 90°. In this case the vertical component of the total drag is
downward, DH in a direction to cause a decrease in the cable elevation angle, and
DS in a direction to cause a clockwise rotation of the cable, These are all positive
in the sense that they were used as illustrated when writing the free-body cquations,
As the angle « 18 increased to 30° and beyond, the three drag components change
directions and at times some disappear as illustrated in Figure 2, However, as

can be checked by substitution of appropriate trig functions in Egs, (9), (12), and (14),
proper values and signs result for any value of @ as used in these equations.

3.2,2 CABLE GEOMETRY

Returning to Figure 1B, it is apparent that while determining the progression
of cable tension and angles working down the cable, that the linear movement of
the cable must be calculated and both angular and linear data must be properly
summed as computations proceed, As stated previously, the first cable element
below the balloon lies in the vertical YB -Z plane., The position of the bottom end-
point of that element is defined by:

j= Ksing (25)

where ji is the vertical drop
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h, = K cos 8 (26)

1
where h1 is the horizontal displacement from the top of the element inthe Y direction,
However, the next elements move out of the YB -Z plane and as the cable re-
sponds to side loads, the bottom end point of each element is displaced in both the
X and Y directions. Similarly, the vertical plane containing the cable element
moves to a different azimuth than the next element above, Knowledge of this azi-
muth is required with the next wind azimuth in order to define the relative wind

angle, a, acting on the element.

jo=Ksin g, . (27)
gy = Kcos 6, . (28)
h2 = gq cos B, = K cos 61 cos B . (29)
iy = g, sinB, = Kcos §; sin 8, . (30)

At the next or third element, further complications arise since the above solu~

tions would provide displacements along and perpendicular to the € direction,
Figure 3, which is an X ~ Y projection of Figure 1B, will clarify the following:

While

hg' = K cos §, cos 8, : (31)

hy = K cos 6, cos (8, + B,) (32)
or

h; = K cos fi.qc08 (B 4+ Bigt eer + By (33)
and

H=h +h _,+h ,+... h/=Th. (34)
While

ig' = K cos 8, sin 8, (35)

iy = Kcos 02 8in (62 + 8¢} (36)
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or
i=Kcos 6 jsin(B y+Bigt...t 8y (37)
and
Iedp+d, 4 ot dg=Ti (38)
jg = K sin 6, (39)
or
jj= Ksin g, _, (40)
J=ji+ji_1+ji_2+...+j1=}“j. (41)

Eqgs. {(?3), (37), and (40) are thus used to determine the displacement of the
bottom end-point of one element from that of the element immediately above. Eqs,
(34), (38), and (41) provide the summation of these distances to the balloon which
become part of both the element output and the final output when the surface is
reached.

The sum of the 8 angles, as used in Eqs. (33) and (37), when added to the azi~
muth of the wind at the balloon provides the azimuth of the vertical plane containing
the cable element. The relative wind angle, @, to which the element is being sub-
jected must be determined. A positive convention is established whereby a is
always posi*ive with values between 0° and 360°, By definition;

a= Wind AZ — Element AZ ,
As in Program No, 76,008, wind (and density) conditions are found for the altitude

of the bottom end-point of the element but are assumedto exist as a constant over
the whole element length, K. Therefore:;

@ = Wind AZ at: (Zg - ;) = Wind AZ at: Zg (42)
ay = Wind AZ at: [Zp = (§; + 1)) = Wind AZ at: Zy - By (43)
oy = Wind AZ at: [z - (J; + 1§, + 13)] - Wind AZ at: Zg = (B, + B,)  (44)

ar
@ = Wind AZ at: (Zp = J)) - Wind AZ at: Zg « (B, _;+ B g *+ .00 * ;31245)

Expressed {n shorthand symbols used in some figures, this becomes
ap = AZ - (Bg+TR) . (46)
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a oc = 90° d. o = 5180, < 270"

R

b, o= 590 ,<180° e, o = 270°

C. ot= /80° ¥. 0 a D270, < 3607

Figure 2, Resolution of Drag Components for Various Magnitudes of the Relative
wind Angle, «
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Figure 3, Plan View of the Balloon and the Upper Five Cable Elements &
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:\\t‘ 3.2,3 REYNOLDS NUMBER =~ DRAG COEFFICIENT
%’ ﬁeynolds number is computed by: ;
A
g‘( pV.D é
ol Ra—N__, (47) .
& H 3
3 If a constant drag coefficient is not specified, CD is calculated by one of two
? methods that are dependent on the value of R. When R < 1, the Stokes condition is '
assumed and
] Cpy = (10.9/R) / (0.87 = Log R) . (48)
8
When R> 1, a series of straight lines are used to approximate the variation of ‘
cylinder C with R together with
Cp* Cp pase Point T Ky (Log R = Log Ry, o0 poiny) (49) N
The following constants are included in program storage for CD solution when R > 1, :j
The Recall Code Numbers, N~y are explained in Section 3. 2. 8, ; f,
A
!
Recall Code R {
Number R Region Basge D Base KR i
nCD=1 R>» 1<9 1 12.5 - 10.0 «
Nep = 2 R < 900 9 2.98 - L0 ‘
nop =3 R < 4500 900 0,98 0.0 :
Nep = R < 9000 4500 0.98 0.7308
{ = 900 .
; Nep 5 R < 40,000 0 1.2 0.0
1, - B J
Napy ® 8 R < 50,000 40, 000 2 4,54 ;
, nep =7 R < 250,000 50,000 0.76 0.3434 :
{ . 4
; Nep =8 R > 250,000 -250, 000 1.0 0.0
i 3.2.4 COEFFICIENT OF VISCOSITY E
b P
; The Coefficient of Viscosity, i, is required for the calculation of Reynolds p
9 R
3 number in Eq. (47). The values of uin the 1962 Standard Atmosphere can be %
A
defined by two straight lines up to 86, 000 ft within the accuracy needed here, ;
? b
&
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From Z = 0 to 36,500 ft: = 1,205 — 8,841847" " Z Ib/ft-sec (50)

From Z = 36,500 to 66,000 ft: u= 0, 95528'"5 Ib/ft-sec . (51)
3.2,5 DENSITY

The atmospheric density, p, is found as a function of altitude, Z, by use of the
following equation:

2
In p/po =a Z + a, z (62)
where Py is the densgity at sea level

-2.813606°5 ,

i

a
[o]

-0

"

84

These constants were obtained from a fit of the 1962 Standard Atmosphere up
through 70, 000 ft with a precision considered satisfactory for this particular appli-
cation. Additicnal refinements or use of other atmospheres more typical of gea-
sons or locations of a particular balloon flight could be easily adapted by a change of
the two constants.

3.2.6 TERMINATION

The cable element lengths, K, whether entered or automatically made equal to
(ZB-—ZS)/ 100, are sunimed in Storage Register No, 024 at each loop in the calcu-
lation of end position, tension, etc. When an altitude for the bottom end-point of one
cable element is detected below the surface altitude, provision is made to go back
to the altitude of the top end-point of that element, divide K by 10—as well as W
and A-- and then proceed again downward until a bottom end-point goes below ZS
at which time the final printouts occur for the point just above the surface. In effect
this process provides a vernier and a solution closer to an exact value at ZS than
possible if K were left unadjusted.

Therefore when resetting for the optional runs at lower balloon altitudes, K, W,
and A are multiplied by 10 to reestablish their original values. A vernier of 10
followed by another 10 could be incorporated if an extremely precise surface alti-
tude match were desired. Its need would probably only exist for a zero-wind condi-
tion where the cable elevation angle is very large and the error greatest.

Checks are made of both tension and cable elevation angle for positive values
before looping back in the program and adding another cable element. Should either
not be positive, an appropriate message is delivered and the same final printouts
are provided as when a surface condition is reached.
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J. 2.7 END OF CABLE--WINCH

When the altitude of u bottom ond=-po.at of un element reschas the surfucu, the
vun s complete and n final printout {s provided which represents conditions uat the
cable winch, Similarly, if the tension should become »ero and/or the cuble become
horizontal, the final printout would represuont conditions at the cable end ut an alti-
tude sbove the actunl surface altitude, But consider in this digcussion that the cable
has reached the surface winch,

Figure 4 {llustrates u complate ideallived balloon-to-wineh cable plan view, In
working the problem from the balloon downward in altitude, the sign of the ¥ B-uxls
ig + ahend of the balloon und the sign of the X\H-x\xia is + 80° clockwise from the
+ YB-axls. Because of this, a simple transformation of axes to the winch location
allows direct application of u conventional sign designation to the winch axes, Xw
and YW‘ For exumple, the sum of the h-distances, H, is positive aliead of tho
balloon and therefore whan referenced to the winch position, this distance would be
also positive in the example shown, In all but extreme cases, N would always e
positive, However, the distance 1 can be either + or - depending on relative wind
but would also be directly referenced from the winch and its conventional X-Y set
of axes. .

Therefore, the final output data includes the H and I distances which can be
plotted directly ag Y and X distances on the conventional set of winch axes to show
relative winch-balloon positions, ‘The straight-line distance, L is ulso printed, By
use of the equations shown in Figure 4, the uzimuth of the balloon from the winch,
AZB. ig presented. By use of the height, J and the horizontal distance out, L., the
elevation angle and slant-range to the balloon are provided.

In addition to the cable tension, length, and weight, the elevation angle ar pitch
of the cable above the horizontal is also printed. Use of the equation

AZ =TB + B~ 180° (53)

provides the azimuth of the cable leaving the winch.

At this point, machine- or hand-plotted data on tracing paper could he overlaid
on a map of the area with the winch point at its known location and the paper ro-
tated to place the north vector on true north if the exact geographic balloon loca-
tion were desired, To avoid this complexity, a third set of axes was egtablished
with the origin at the winch and the winch axes rotated to place the + Y axis on true
north, As shown on Figure 4, distances X and Y which can be plotted directly on
a map or chart are calculated ard are the last two items printed in the final output.
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Figure 4, Plun View of a Complete Tether-Cable from
Winch to Balloon
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N 3.2,8 HOUSEKEEPING DETAILS

g
. .‘" 3 a, Azimuth Managemeont through 0° to 340¢

i..‘ It was decided to keep all specifiod angles within the 0° to 360° dosignhation
_}' whethar necessary or not in order that no ambiguity exiet particularly on a printout
'!l of data, A foew oxamples of detailed handling follows:

& When caleulating the wind azimuth at a specific altitude, the wind data entered
: l‘ at the nearest altitudes above and below are used to obtain the rate of change of
H azimuth with nltitude (straight-line), As with the wind veloaity, the process ia

s downward 80 that

dA4 Ayower ™ Muppar . Ady o = Ny

E_ Ty “ypper T “lower N7

b

1\ where n @ NW = the point number in wind-~field table starting with NW = | for

sf ) higheat altitude point, Should one azlmuth lie in the 4th quadrant and the other be
‘ﬁ in the lsat quadrant, for example, an impropor value of deltn azimuth would be

( determined (uwzimuth angles are always agsumed to lie within the < 180°* {neluded
) angle batween the two known azimuths).

i 00

M

4 n n'=n+l d A4 60 - 414 - -3h5°

. Z 11,000 4 8000 a2 ' - o0
4 AL 3187 4 800

3 A wind arimuth for 4= 9000 ft
' 270 a0 would improparly be found in

4B the 2nd quadrant at 145°

o 180° inatead of 25°,

Similarly, reveraing the two known points would lead to an lmproper solution

at 8000 ft with 40° inatead of 360°,
To handle this problem, the following checks are included in the program logic

o

e

I

Trisld Azimuth, & AZt = AZ“H - AZ.u
IaAAZ.t< 18002

P
T

i e z
A e o it A g e

o Yes

l

18AAZ < -180°%

W I
# No Yes
: ( 2 |
AAZnAAZt AAY uAAZ‘-t 36Q° AAZ w A;\Z.t - 360°

When the final azimuth ia found, an angle outaide the 0° to 360° limita might
be indicated, l'o prevent any ambiguity, it is converted by the following process;
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la AZ > J60%Y

0 You
I AL> QY o
ﬁn Yas
A =mmm Aé w AL Ads AN = 3600,

A third problem of this nature avises when determining the angle, o, which is
the angle betwaon the wind aslmuth and the naimuth of the vertieul plane containing
the cahle element, The angle, a, ia always delined in the clockwige sense ua
positive.

o« Wind A4 = Mlement AL

s AL~ (V8 +ﬁ“)
wheve

Ji] i Wind A4 at Sf.u or NW = 1,

If the following weve preaent:

YR+ f TR
@ = 200° - 430° = -120° ,
AZ w 200° f

A positive convention and printout {s maintained by:

Trial o, @, = AL - (V8 + 8 H)

Ia (.Vtvs‘ Qe
No Yos
alat a|=ut+360“.

Thus in the above example, «a = 240°,

b, Special Problem - Cable \ artical

In the usual tethered-balloon cable system, cable weight ia sufficiently large,
relative to cable drag, that the cable "sags" ar its alevation angle decreases with
decreasing altitude. A special cage can be found by introducing a large-diameter
and very light-weight cable into a strong wind field which cuuses the cable to
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theranae td elovation angle through B0° at vomae altitudes, When this happens, un
ambiguity In the vquation utillved eausoes & sudden and false reversal to a negative
tonalon und, (O unenrrectad, o rendout that the tenslon i8 seru, o tuke cure of
thin apeelal enav,n subvoutine (LAHEL #) s introduesd which may be examined in
the flow chartue I onsentindly corroots the computed anglo g by udding 180* to 8
whoen the eable gooes through the verticul, ''he phydleul meuning of this correation
is appurent in the horisontal plane (=1 where 8 goes through 80°, the projeation
of the eublo hag a voflex of 180° change of direction, (Sewv Iigura 20),

@ Storage and Reoeall Codes

(1) Drag Cooffleiont

The eight pointa daefinlng the drag coefficlent of u eylinder, when Reynolds
Number is groater than 1, 0, eunch consglata of three constunts g described in Sec
tion 3, 3,3, ‘They are atored in Storage Reglater No, 077 through 100,

Heeull of the paramoters s made by use of Code Number called Ny A
value of 1 i asaigned for the group of parameters defined by the smullest R or
Roegiaters No. 077, 078, and 078 followad by a value of two forthe next group and on
up to eight,  Bach of the parameters are oxteacted when the proper R area {8 found
by the use ol indireet addressing utilizing those formulae:

3 "en + 14 for Ru '

In + 78 far (“l.\u .

ch

3 ep t 18 for l\'R .
() Wind
The wind profile may be detined by as few as two altitude pointa or us many
ag 12, lach point conaists of three user-entered values: altitude, wind velocity,

and sz2imuth, FFor both entry and recall, use iz made of n Code Number called NW,
For storage, use is made of Indirect addressing and the following:

3 NW + 38 for Altitude ,

3 NW + 37 for Wind Velocity ,

3 NW + 38 for Azimuth .,
The value of NW begins at 1 for the first group of entries or highest altitude and
increases by 1 at each lower point down to and including the surface. Following
entry of all poluts {n the wind {ield u value of NW = 1 {8 reassigned since the com-

putation process starts at the highest altitude und works downward.
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Recull of the parameters in Program No, 76, 006 was made by the sume formula
listed above, In these progrums however, the optional rerun cycles with the balloon
ut successively lowor altitudes Msted In the wind table required a modification, A
Repeuter Code Number, r, i3 used herein for several purposes., A value of 0 is
used during the primary runthrough with the balloon at muximum altitude (Run
No, 1), If the option rerun cycles ure called for, r ls indexed + 3 for euch succes-
sive run ut lower altitudes, ‘The printed Run Number is found by:

Run Number = | + 15 .

Recall of the wind purnmeters is8 made by indirect adidressing of the following
formuula;

3 NW + 36 + r for Altitude,
3 NW + 37 + 1 for Wind Velocity,
3 NW + 38 + r for Azimuth ,

3,2,8  WIND PROFILE

The usunl avallable wind data consists of the wind mugnitude in knots and its
azimuth (direction from which the wind is blowing) in degrees from true North at
various altitudes above the surface, IMor u low altitude balloon, the twelve availuble
altitude—wind storage groups in the programs are more than enough to handle the
typical amount of wind data available,

For higher altitudes where more than twelve levels of wind information is
availableysome editing, smoothing, or averaging may be necessary, The magnitude

and azimuth may each be plotted and points defining significant changes in each

pararieter be used to define significant altitude levels, As an example, in Figure §,

i et

the wind magnitude and azimuth are plotted us points, Some points can be usually

ignored as dubious or offering little effect on the total wind picture. Significant

—

points defining the wind magnitude variation with altitude as a series of six straight

e

lines are found at the following altitudes:

248, 000 13,6500
23,000 6500
17, 000 3000

0.
Significant pointg defining the wind azimuth variation with altitude as a series of

geven stralght lines are found at the following altitudes:

A e L T e )

28, 000 9000
25, 000 3000
22,300 0.
17, 000
15, 000
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WIND FIELD TABLE

WIND ALTITUDE  AZ
37a-25 28,000-—163

30,000 : - I

25,000 22.% 25,000 —=230 -
. 2 -—— 23,000 182
K .2 22,500 —+|70 .

PR = = GET

T
.

20,000

4 fﬂ 11,2 «—  [7,000— 170
A o
v 2 15,0001 15,000 —» 195 -
5 ;, 26 <—— 13,500 170
)
i 10,000} -
N 29  9000—+90
i1 .
% 30.6+6500 817
: 5000}~ -

19 +—— 3000+70

el Ol L 1
) 10 20 T35 S ag" 90 180 270

WIND SPEED (knots) WIND AZIMUTH (DEG)

G e 5

Figure 5. Typical Wind Information

R patemborn St

Ty

Since four of these are the sume altitudes defining the wind magnitude, a total
of eleven altitudes are sufficient to define the magnitude and azimuth variation as.
shown by the Table on Figure 5.

The use of straight line interpolations between entered wind magnitudes and
between enfered azimuths for each intermediate altitude is based on the simplicity
of this type of operation and, in effect, the restructuring of the original averaged
wind profile described above. It does not pretend to reflect the best meteorological
technique for precise wind =nalysis. However, if reasonable care and judgement is
used in selecting the input points defining the two parameters, the resulting output
cable position and conditions will be within the acceptable engineering standards

used throughout the program,

As described in Sections 4.1, A and B, two adjacent input wind points should
never include auzimuth angles that are exactly 180° apart. In order to avoid an
ambiguity as to which way a wind field is rotating between altitudes in such rare
cases, altitudes should be selected so that adjacent azimuth angles differ by less
than 180°.
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3.2,10 MAGNETIC PROGRAM AND DATA CARDS

A, Program Cards
Program No, 77.007 and No. 77. 007F each require two HP No., 9162-0012
magnetic program cards utilizing four sides each program. As explained in their
operating instructions, several versions of each program might be desirable, For
example the following three sets of cards for each program have been found useful
in avoiding excessively long rolls of output data when it is not required:
‘ (1) Print no intermediate altitude plus Print final surface data for

data from balloon to surface cable condition at the winch,
(2) Printonly Z, H, I, 8, and T plus  Print final surface data for

values from balloon to surface cable condition at the winch,
(3) Print all intermediate data plus Print final surface data for

from balloon to surface cable condition at the winch.

Program No. 77.007B also requires four-~sides of two program cards, How-

ever, no printing of intermediate altitude data is provided (see Section 3. 4. 1).
B. Data Cards

In order to conserve program steps, inthe development of the programs, twenty-
six drag coefficient and density constants were stored on magnetic data cards., There-
fore, two HP No. 9162-0012 cards (three sides) are required to place the constants
in the registers chosen. As explained in the operating instructions, these cards are
loaded into the machine in the process of loading the program cards and the con-
stants will be retained through any number of problem solutions until the machine is
turned off. One set of data cards can be used interchangeably with Program No,

77. 007 or Program No, 77.007P; Program No. 77.007B receives the constants
through Program No. 77,007,

The two-page listing of the data program, which follows hereunder, inserts the
constants into the proper storage registers and then provides a printout of all stor-
age register numbers and contents for review. Register numbers 000 through 074
and 101 through 108 should contain zeros. After reviewing the contents of register
numbers 075 through 100 for accuracy, the data cards can be recorded by the fol-
lowing key strokes:

END
FMT
X =

Alternately, if data cards are not used,the constants may be loaded into storage
directly by key punch each time the program is loaded, The following step numbers
should be changed as shown to prevent automatic Insert Card light and loading motor

turn-on,
No. 77. 0607 No. 77.007P

Step Nos. Step Nos.
Change contents to CNT: 5013, 1, and 2 .UUZ;, 2, and 3
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3.3 Program No. 77.007

This, the bagic version of the three-dimensional tether-cable program provides
only printed outputs. Therefore the MATII ROM and a PRINTER-ALPHA ROM
only need be installed in the HP 8810A Calculator. If plots are desired, Program
No, 77.007P should be used,

3.3.1 ACCESS TO PROGRAM NO, 77,007B

As explained in Section 3, 3. 2 and under Section 3.4, this program, 77. 007,
must be used as a first step in entering Program No,.77. 007B, Once tied-in, these
two programs can be called back and forth for solution of many detailed problems.

3.3.2 RERUN OPTIONS

When a problem is solved and the cable end conditions printed, the program is
designed to offer the user a choice of methods with which to proceed to the next
problem, A message is printed:

OPT.ENT (OPTION, ENTER)
followed by a choice of four numbers and a STOP,

When a completely new problem requiring reentry of different altitudes, winds,
and cable parameters is next to be run, the number 0 is entered. The program will
clear all but the storage registers loaded from the data cards and cycle back to the
initial printing of the program number and title,

There are situations where a series of problems involve only changes in the
cable specifications, the element length, or the balloon total force and its angle.
For this situation, where the altitudes and the wind tield table remain unchanged
from one problem to another, the entry of the number 1 in the above STOP will save
these parameters unchanged from the previous problem, The program will clear
only summation registers and cycle back to the initial printing of the program num-
ber and title, The STOPS normally used for entry of altitudes and the wind field
will be by-passed although these saved parameters will be printed at their proper
locations.

The normal runs (printed RUN#1 MAX ALT) provide a cable solution; (a) for the
balloon at a specific altitude subjected to the winds specified in the first group of
wind entries, and (b) for the cable subjected to a variety of wind conditions specified
at the lower altitudes down to the surface. One practical and sometimes limiting
problem is concerned with raising or lowering the balloon through the same
specified wind field, Rather than a reentry of all variables required at each of many
lower altitudes, a method is provided to simplify a series of runs at decreasing
altitudes,

If the number 2 is entered at the above STOP, the program will clear the sum-
mation registers and retain the surface altitude, cable specifications, and wind
field, and setup RUN#2 with the bulloon at the second lower altitude in the wind
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11,007

flerd tasle,  Recaune the balloon total fores and angle at this new altitude will ditfer
frow the revious balloan altitude, only one $P0P {a naedad for these two entrloa,

A Rl aslutum 14 then provided tor thia eondition, At s end, the program loops to
HUNAY and placas i ballobn at the thaed lawar altituda in the wind field sable, ‘Cheae
avtomative loape cantinue witil the suvlive 18 reachod, At that polnt the OPT, RND
manaugn 1 printvd but v ehiatee of anlp 8 or 1 is Yun parnittea,

When soustdeving tke ude of taig loweriug altituda oyeln option, it is nevesaury
o initlally enter a wind fiald table whieh apaalilos o wuffleient nuraber ol altitudes
o provida a complete peviormanue analyaise  ARitudes huving pavtioulnely strong
witwlg, of aaneern in batloau perfopmanet, would uf conese he includad n the initial
deflaiton ov the windd field avtiug on the oablo, Similurly, it i revnasary to have
the values of the bulloon tatal fares, 1 po and ita angle, 8, avaitabie for entry wt
edoh allitude ap indicsted in the INPUT OATA FGRM,  Tha use of Pragram No,

Y8, 1038 or No, 76, 008, feforence 1, for euoh of the alttudea in the wing tiald table
vill pravia= the values o o and 0,

Mg effect of a ¢hange in wind oy the halloun auble systpm with the juat-
valowiated oabli Vongty hald tived {4 a practioal problem, VYhiy queation van be
snawet ed by use af the tuinher X sptared ut the above OPT RNT ST0P = unly after
wa ariglhoaly OBT Gy a2 OPT { solutlon. Ax dn inesange indicates, this requites
the use of Mroegram Na, 77, 0071 whosv anrdsa should be ready for louding when
selooving this aption, W this veplaosment by 77, 0078 {4 made, readmission to
1,007 van hv oually mude wccording to the directions contalned iunder 77,0071 (sev
baotion dodde Daty oarda are not vesded {p theae interchangea ag the congtants in-
volved are proteotud by prg gram logio,
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77,007

3.3.3 FLOW CHART

0180

O

PNTL Frogram No.?? 007 4Title.
Hat
| (X)) {y) (&)

8TOE 0001 T.NQ. =» -
PN Pout No.

Load Data.
cavda
L AL

' .
[ PNTRUN #) MAX ALY |

- —————

O

0061,
B}ore NWm] Cunst]

URER ENTRIES: PNT & Store
(x} (y} tx)

MNP 2-2421 0 or K Wt B}

Ne 00199

Yo
o I8 X>0 .ﬂT——
4] 020
| TR §
R 8
K=~
Nald

PNT & Stove D and K in ft i
Wt of KeWe K x (Wt/1000)/1000
Stora W

Front,Aroa of K=A=xK x Diamift)
Store A

T o073
Run No.=l+r/3
IND 3NW+36+r —-U-ZB

092
(D 1, = 3, PR
1663 \\\\\///
0097 L
I oosr

0249

USER ENTRIES: PNT & Store
(x)  (y) ()

STOP 3~3-3: 0 PT ===

025

Is r>0 ? -q>—1'l.
\/ 0417 0
0261

,Massugax WINDS

— Nu Yey
[PNT:RUN NO. & Value 0359 ]
B.ALT/A% & Valuus
— | 0278
USER ENTRIES: PNT & Store
(x) (y) (=)
STOPS 4-4-41 AZ WIND 2
Store using NW (=1,first entry)
. IND 3NW + 36 for 2
PHT:Sicred Valuaal IND 3NW + 37 fax V,Eps
Zy IND 3MW + 38 for AZ
ig V = Wind,knots x 1,6878
n oxr C
D
0161
USER ENTRIES: PNT & Store
{x) y) (2)
STOP l-l-1:n or C 1
b %% 7 | 0350
[ [bw' = N ¥ 1]

42

| ARA—— 1

| P AN} ] e Ry i P




7. 007
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|Go To LABEL, = 1 PLOT| IND 3n' +36 ¢r ~»dp,y
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O - 87
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g AV * VitV
.] dv/ds = Av/ Ay
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Yos No AV= AR, (dv/as)
(::) 13587 Vi Vp av,
) Btore v1
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} K Reducer = 10
g‘ K' = K/10
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i A' = A/10
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) ——
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171, 001

| Vot OPEMATING INSTRUCTIONS AND NOTIS
&

Kiy BTRORIS SNTRUES,
R LLAUN..

) Lunb ]

! B

@ > [g:l sws({Numbar of deaimal places ueairad)
neart Side 1 of Program Carde

o ‘ Coutihue tneerting Siden &, 3, and 4 of Program Carda
B Ingert Side 1 of Duta Carda

1 Ve
: (ENe]
N [N

-‘i‘! (Following hending ia now printed)

o PROG # 77, 007

o 3-DIM, TETHER

a2 THST

(X) (¥) (2)
B | At STOP 0-0-0, Enter: Test No/l, D, ————

A (coNT]

s

W Following printing of the test number or I, D,, Side |
\.{\ of the Data Card will load,

B Continue inserting Sides 2 and 3 of Duta Cards

Note that loading of Program and Data Cards will only be

-‘ required one time until machine is turned off,
g‘\g; (Following is now printed)
g RUN #1 MAX ALT

At 5TOP 1-1-1, Enter; 7 or CD * ZS (ft, MSL) ZB (ft, MSL.)

*Enter 7 to use built-in cylinder Cp variation
or enter Cp value which will be held constant

throughout program run.

ONT
At STOP 2-2-2, Enter: 0 or K* Wt/1000 ft (lbs) Diam (in.)
(Element (Cable) (Cable)
Length)

ZB - ZS
*Enter 0 to get K = 05— °F enter K in ft

CONT

At STOP 3-3-3, Enter: 6 (deg) Fr1 (1b)
{Angle of F (lél;lloon Tot.
to Horizon Force)

CONT
WINDS (Printed)
At STOP 4-4-4, Enter: Azimuth of Wind (knots) Zp (ft MSL)
wind (deg)

This entry must be for conditions at balloon altitude,
CONT
At STOP 4-4-4, Enter: Azimuth Wind Z

Stop 4's will repeat until the last set of entries for the surface condition
at Zg are inserted. A total of 12 sets of wind entries may be made
mcl&ding the balloon and surface conditions

CONT
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The above aets of entrien will be printed out in groups whaen CONT s struek after
Stope 1, 2, 4, and 4, The entored or computed valua will be printed in the case

of K,

The program now begine computation starvting at the balleon and werka downward
ona element at u time to the aurface, The following twenty-three parametars are
printed for the condition at the botton end-point of ench element, NOTH; 'I'v aveid
the printout of any or all of the twenty-three parameters shown below, replace PNT
with CNT at the associated program step numbers,

Stop No.

04088 2 Altitude, ft MSIL,

0480 Bl Vert, Distance, top to bottom of element, ft

0513 h Horiz, Distance, parallel to balloon axis, ft

0524 i Horis, Distance, perpendicular to balloon axis, ft

0532 J Total Vert. Distance, balloon to bottom of element, ft

0536 H Total Horiz, Dist,, Th, balloon to bottom of element, ft

0540/ 1 1 Total Horiz, Dist., Ii, balloon to bottoia of eleraent, ft

0545 TK Total Element (Cable) Length, ft

0555 W Total Element (Cable) Weight, 1b

0656 wd Wind Velocity at bottom of element, knots

0755 AZ Wind Azimuth at bottom of element, deg

0757 B + BB Azimuth of Vert, Plane Containing the Element, deg

0778 a Wind Incidence Angle on the Element, deg

0902 R Reynolds Number

1084 Ch Drag Coefficient

1098 q Dynamic Pressure, Ib/t‘t2

1108 DT Total Element Drag, 1lb

1147 Dy Vertical Drag Component, lb

1158 Dy Horiz, Drag Comp. in Vertical Plane of the element, lb

1173/4 DS Horiz, Drag Comp. to Vertical Plane of the element, lb

1201 B 1 Horiz._ Rotation of Tension Vector at bottom_end or
(I;:grzz. Rotation of the next element's vertical plane,

1235 é 1 Pitch Angle Downward of Tension Vector at bottor: end

1293 ?;' Elevation angle of next element above the horizon,

iggg ; 2 T1 Tensgion at bottom end or at top end of next element, 1b
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Groups of the values of the ubove 33 parameters will continue to be printed for
pointa down the cable until one of the following conditions is ancountered:

(a) The eable reuches the earth's surfuce ut ZS—-the winch location,

{b) The tenaion becomes uoro,

{¢) The cable becomes horizontal,
(In (1), the computational techniques used do not yield a precise Zg condition, The
final Z will be higher than ZS by an amount less than K sin 8 /10, usually no more
than a faw faet),
The final printout includes the abbreviated names and values of the following param-
eters. They describe the conditions at the winch if condition (a) is attained or at
the cable lower-end whaich ig above the surface if conditions (b) or (¢) are indicated.

(a} ON SURFACE or (b) TENSION, 0 or {c} CABLE HOR

ALT Z Altitude, ft

HT J Vertical Height, ft

TENSION T Cable Tenslon, lb

C.ELEV.ANG ] Elovation Angle of Cable above Horizon, deg

LENGTH K Cable Length, ft

wT W Cable Weight, 1b

V.DRAG EDW Total Vertical Drag Component, lb

HIL H Tot, Horiz, Distance along YB or YW axis, [t
1 Tot. Horiz. Distance along Xp or Xy, axis, ft
L Min, Direct Horizontal Dist., to Bulloon, ft

AZ, TO BLN AZB Azimuth Angle to Balloon, deg

B EL. ANG € Elevation Angle to Balloon, deg

S.R SR Slant Range to Balloon, ft

CABLE AZ AZC Azimuth Angle of Cable (Out of Winch), deg

X +BE X X Coordinate to Balloon, ft

Y +N Y Y Coordinate to Balloon, ft

At this point the initial problem entered is solved with printing completed. If this
wag an initial run (RUN #1 MAX, ALT), the following is printed and STOP provided
to permit 3 optional ways to rerun the program.

OPT.ENT

0 - NEW PROB

1 - NEW-SAME ALTS/
WINDS

2 - LOW CYCLES

3 - HOLD C, LENGTH
CHG. WINDS* HAVE
77.007B CARDS
READY

At STOP, Enter: 0, 1, 2, or 3 in (X)
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If 0 is Entered: New Problem—Use for completely new problem. All but the
permanent storage registers containing density and drag coefficient constants will
be cleared, program returns to start with reprint of Number and Title.

If 1 iz Entered: New Problem—but Same Altitudes and Winds—Use when only the
cable diameter, cable weight, element length, or balloon force and angle is to be
changed in next problem. Summary storage registers will be cleared and program
returns to start with reprint of Number and Title, Program proceeds on with only
STOPS 2 and 3 for associated entries. STOPS 1 and 4 are not activated but the
altitude and wind field data will be automatically printed at the proper locations
from storage registers loaded from the previous problem,

If 2 is Entered: Lower Altitude Cycles—Use when analysis is desired with the
balloon lowered to each of the altitudes specified in the wind field table, Summary
storage registers are cleared and the program returns to start with reprint of
Number and Title. Instead of RUN #1 MAX.ALT the following is printed:

RUN #
2
B.ALT/AZ
Zy
By

Program then goes to STOP 3 for entry of balloon total force and angle at this new
altitude ZB
program will then make a complete solution to the surface (or to zero tension or

which is the second altitude originally entered in the wind table, The

horizontal cable) for this new balloon altitude. However at the end of RUN #2, no
option is provided since the program cycles on to the third altitude point in the wind
field table, sets up RUN #3 and goes to STOP 3 again for entry of the two balloon
parameters at this new altitude. Thus a solution is provided for each altitude in
the wind field table except for ZS' When ZS is detected, the program will terminate
to the OPT, ENT printout. In this case however, a choice of only 0 or 1 will be
offered. If 1 is chosen the program will recycle back to the initial maximum alti-
tude and properly retain the complete original wind table.

If 3 is Entered: Hold Cable Length and Change Winds—Use this to find balloon alti-
tude with the cable length determined in a MAX, ALT run held constant and the
system reaction to a different wind profile to be entered in Program No. 77. 007B.
After the 3 is entered, Side 1 of Program No, 77,007B card should be inserted.
When CONT is pressed, the reading of the 4 card sides will then proceed. In this
cage the instructions in Section 3. 4. 4 should then be followed.

1 e o




77.007

Note No. 1 - If incorrect data is believed to have been entered do not press
STOP END to restart program, For correct and safe clearing
of registers press following:

STOP

E’JE]E]EIEI

After OPT ENT message is printed, enter 0, then:
CONT
Note No, 2 - Proof of soluticns can be made by summation of the vertical forces.

Summary of the horizontal forces is not possible because
summations along two fixed horizontal axes could not be handled
within the available space.

Therefore: FT sin =T + TW + D

W gin GW

w

BALLOON

9 W‘VWINCH
TW

Note No. 3 -~ An ambiguity situation is set up when a no-wind condition at all
altitudes is introduced, that is, 8 = 80° at ZB and wind entries
are all 0 knots, In such a case:

(8) The slant range becomes infinity instead of being equal to
the height or cable length and,

(b} The terms AZB and AZc compute as 180° opposite the
azimuths used in the wind-field entries. Since the cable

elevation angle at the winch is 80° for this condition, these
latter terms have no meaning—the balloon is directly over the
winch,

82
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3.3.5 INPUT DATA FORM

L D,

Test No,: Date: —.Notes:
INPUT 77. 007
STOP NO. ITEM VALUE
MAX., BALLOON ALTITUDE ZB Ft. MSL
1-1-1 SURFACE ALTITUDE ZS Ft. MSL
CABLE CD or 7 for Internal Comp.
CABLE DIAMETER D Inches
2-2-2 CABLE WEIGHT per 1000 ft Lb.
CABLE ELEMENT LENGTH, KORO Ft,
forK= (Z, - Z,)/100
B S
3-3-3 BALLOON TOTAL FORCE Fp Lb.
ANGLE OF TOTAL FORCE 2} Deg.
4-4-4 WIND PROFILE
For Stop 3 For Stop 3
Opt. Lower Opt. Lower
Alt. Cycles Alt. Cycles
L Zg Ft. MSL 7. 2 Ft. MSL | F, Lb.
Wind Knots Wind Knots [} Deg.
AZ Deg. AZ Deg.
2, Z Ft, MSL FT Lb, 8. Z Ft, MSL F'I‘ Lb.
Wind Knots ) Deg. Wind Knots 0 Deg.
AZ Deg. AZ Deg.
3. Z Ft. MSL T Lb, N Z Ft. MSL FT Lb.
Wind Knots 6 Deg. Wind Knots ] Deg.
AZ Deg. AZ Deg.,
4, Z Ft, MSL T Lb. 10. Z ¥t, MSL FT Lb.
Wind Knots 0 Deg. Wind Knots 9 Deg.
Az Deg AZ Deg.
5, z Ft, MSL T Lb, 11. Z Ft, MSL | Frp, Lb.
Wind Knots [/ Deg. Wind Knots 8 Deg.
AZ Deg. AZ Deg.
8. Z Ft, MSL p Lb. 12. Z Ft, MSL
Wind Knots ] Deg. Wind Knots
AZ Deg. AZ Deg.

A minimum of two wind points must be specified.

Conditions at ZB must be the

first point. Conditions at ZS must be the last point. A maximum of twelve wind
points may be specified,
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77,007
Storage Reglaters

STORAGE

b [NU Feoe.

- %
) 000 040 | V) 080 | R
o0 |[Fr>T o | AZ, 081 CE: ;:.
002 | © 042 | ZEp 082 | _Ke
: 003 | Eg . 043 | Vi, 083 )
\ 004 | Zs 044 | AZa 084 [Cpa 3|
}!-‘ 005 | & | 045 | 23 085 | Kg - x
:3‘ 006 | I 046 | V3 085 | Rg g
3 v07 [i¢ Rew, 0//0 047 | AZ3 087 Coa t% |
¥ 008 [ON e 048 | Zq 088 | Kg =
i 009 | W 049 | Vg ‘ 089 |_Ra ) 3
b 0o | A oo | AZs_ . | 090 |Cpg 75
! o [ D - 091 ng b
ne |77 Cp 052 | Vs i 092 | Rp 1
: 0y |V 053 | AZs I 093 [Cog v& ] =
; o | AZ 054 | e 094 | Kg.) a
‘ 015 [_oc 055 1o 095 | Rp 3y 3

0ne | Vi 56 | AZe 3 096 {Cpa 7| ©
g 0| Dw 087 | Z7 wo fosr | ked | Y
' e | Py 058 | Yy - 098 | Ka)

o9 | 059 | AZ7 b 099 |Cpg ¢ % l

20 | 7205 6+ Dy 060 | Fg 00| /el '

var | H 061 | g 10 | E£K

022 | I " 062 | AZg Q 102

023 | J W 063 | o P4 103
| 024 [£K o 064 |__ Vo - 104
g 028 [£W | ¢ 065 | AZ9 105
E o2 | £ DWW s 066 | Zre 3 106 |
: 027 z%_f-&__ o) 067 | Vi 107
| 028 | ¥ b 068 ‘_Adé;o 108 N
- 02y | Cos 069 7]
E 030 | Za o70 | Vi
. o | Dr o7y | AZy
3 032 | 2 012 | Ziz
033 | 073 | Via.
| 034 | _ 074 | AZj2 |
035 |[Jen 075 |_ety
E 036 M—-——* 076 | _c2p
i 037 [Zows 077 | A#
‘ 038 | % 078 | Cog ;/
; 039 %/h K} 079 § Kg -
%
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77.007
3.3.7 SAMPLE INPUT/OUT PRINT
The following are copies of the HP printed tape for Test No. 3 in Section 4.

A, No Intermediate
Altitude Print

OM SURFRCE

ALT
4019.508
PROGHTT . BET RT
3-DIN. TETHER 9988.492
TEST TEMSION
JLEEe R , 2951.693
RUN#1 MAK.ALT L-ELE¢-H”58 086
14088, A6 '
4008, 5a8 LENGTH
3,142 18eg0, 008
A, 280
25, BAR 252,089
208, e ¥ (DRAG
Izae. 8o 38.498
85, BRE HrIsL
WINDS '1085,997
14860, 6aa g21.872
25, B 1298.533
156, 54 AZ.TO BLN
39,221
13688, AE B.EL.ANG
25. 086 82.587
225. A6 &R

18B64.611
CRELE AZ

35, BEF 53.198
279, B8 w o +E
821.872
1AEEE, RO T +N
46, A8 1885,997
A8, B ODPT.EHT

H-HEW FROB

gLl 1~HEW -ZAME ALTS
e AUINDS

2-L0OW CYCLES

oo e B-HOLD C.LENGTH

Bga. hag CHG . WINDS *HAYE

215 Bas 77.98768 CARDS

READY
2.000%
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Ry
;f.%
3
3
R

77.007

RUN# |
B.ALT<AZ
13008,

32848,
25.
ON SURFRCE
ALT
4811,
HT
' ga8a.
TEWSTON

2976.53

C.ELEV.ANG

77,
LENGTH
3124,
UT
228
V.DRAG
59,
HsIsL
1378,
S3&,
1472,
2.T0 BLH
56 .
B.EL.ANG
£0.
S.K
51883,
CABLE AZ
e,
W +E
13548
Yo+
588,

RN
0 oo 1T

lkini

ago
geg

— w
w0 i)
e £ o

n
(5]

fox
[y
3

e

<
]
fad

(&4
i3
[xa]

[a Bhacl S 3 §

i
T
=

RLIM#
3. 888
B.ALT~RE
11988, 068
278, @88
32a8. 608
95.@9@
OH SURFRCE
ALT
d815,719
HT
EARd, 2581
TEHSIOH
2826, 242
LELEN . AHG
?E‘ PR .."
LENGTH
FTERE. BEH
WT
177, 94m
VL IRAG
46,3593
Hy sl
1138,483
Yo.543%
1133.625
LT BLH
92,838
E.EL.RHG
=1 P
SR
vATVE, 547
CHELE RZ
W +E
¥+
~Ta,343

76

RUN#
2. 880
B.ALT~AZ
2580, 896
270,800
S2E0. Ga8
23,088
OM SURFACE
ALT
4818, 652
HT

4433, 348
TEHSIOH

2887.,.994
C.ELEY.ANG

g2.274
LEMETH
4520, 680
WT
113,888
Vo DRAG
14,858
HyIsL
319,742
-36,.915
S21.,852
RE.TO BLH
25,927
B.EL.AMG
23,380
S.R
4519, 485
CABLE AZ
21,562
“o+E
519,743
P +H
36,915
OFT.EHT

a~-NEW PROB

1-HEW -SAME ALTS

SWINDE




77.007

B, Full Print of
All Intermediate
Altitude Data

13581, 9483 Z, Altitude, Bottom First

498,897 - j Element
43,578 - h
g.6888 . |
498.897 . g
43.578 - H
g.080 -1
500,000 - IK,Cable Length
12,588 - nW, Cable Weight
23,880 - Wind, knots
282,414 - Azimuth of Wind

PROG#77.007 188,068 - 5g + 84

3-DIM, TETHER LEE 414 -

TEST 4468,246 - R, Reynolds Number

3. 080+ “.988 - Cp ,

RUN#1 MAX.ALT 1.32? - q, Dynamic Pressure
14508, 06 15.':?:_;‘_-_' - DT‘ Total Element Drag
49@@.HBE1 }.283% - Dy, Vert. Drag Component

R ,3'i4:' 14-&!?_1 - DH
8'285 6.851 - Dg
25.008 a2 -
580,061 qi'i'fé - 51
32680, 0040 aymm ems 1
85 . QGG 3187,593 - T,

WINDS - a5 - S ¢ next el ¢

14000, aaa 158@4.ui;4 - Start o next elemen

25 AR 49?.3;; printout
A 46,045
186.0840 G, 945
e oW
13008, 60p e ot
225.189 T
- 1868, 800
11098.208 25,080
278, 506 25,6608
srE 224.819
¢
logea. 8ae 13:1;;3;
Jdo. 808 4532.,719
300,060 9,957
1.418
gk
270,088 11,738
11,195
4800, 080

15,006 2,099
210,800 34,477
3175.19§
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77.007

4@95.81¢6
491, 21¢
94,894
78,456
2904, 184
976, 57T

S8e. 570

16000, 808
258,088
15,319
21,278
233.964
337.313
3432.494
9.988
B.685
7.835
1.34%
.12l
-2, 377

-8, 294
79,658

2955, 245

982

— 0D P D
£ e 0 O o O

ra PO ra O O G~

. BBg

)
wn
T 3

FO O e =] e 0 gt oD O = 0
RO R N RN Nen R ax Ja gl a g AU R
O LR B = S e D0 G D0 T

Qoo
— 0D
feeRwrlas]

2995

78

A T RN TRY

ON SURFACE
ALT
4046,729
HT
9953.275
TENSION
2954,0818
C.ELEY.RANG
v9.040
LEHGTH
10850, 806

251.2580
Y.IRAG
36.435
HalsL
982,201
314,215
127%5.799
RE.TO BLH
39,658
B.EL.AHG
B2,696
5.k
180834,707
CHELE AZ
53.£34

814,215
¥l

982,281
OFT.ENT

g-NEW PROB

1-HEW -SRME ALTS
“WINDS

2=-L0W CYCLES

3-HOLD C.LENGTH
CHG.WINDS*HAVE
77,8878 CRARDS
READY




77. 007

In the printouts above, Case A shows the input data for a balloon at 14, 000 ft,
left side of first page, followed immediately with the surface or winch data on the
right side of the page. At the end, an Option 2 or lower altitude cycle rerun mode
was selected from 4 choices provided. On the next page, Runs 2, 3, and 5 are
shown, Run 4 is ot shown, Run 2, for example, indicates the balloon is at
13, 000 ft with a wind azimuth of 225°, The same values of FT and 8 as in Run 1
were entered — an approximation since FT and @ change with altitude and wind
speed. Computations then commence leading directly to the printing of the surface
or winch conditions. Since an altitude of 8500 ft is the last altitude above the sur-
face in the wind field table (Run 1), the Run 5 for this altitude is the last of the
possible rerun cycles. The program then terminates with a shorter option rerun
mesasage, O or 1,

On the next page, Case B, the same balloon problem is used in the basic form
of the program where all parameters are printed at intermediate altitudes between
the balloon and the surface. The altitudes are determined by the location of the
bottom -end -point of eacl:i cable element and are therefore a function of the element
length selected and the elevation angle of each element. On the right side of the
page, the parameters for an altitude of 13, 501. 903 ft, the bottom of the first ele-
ment, are shown followed by 13, 004, 029 ft, the second element. On the next page,
the last two intermediate altitudes are shown followed by the final surface or winch
printout.

It may be noted that while the same balloon, cable, altitudes, and winds were
specified in the two cases, the element length, K, was 200 ft in Case A and 500 ft
in Case B, As a result, the intercept surface altitudes differ by about 27 ft for
these two specific cases. Because of this and the different averaging over the whole
altitude range, the other surface parameters also differ by small amounts as will
be discussed in Section 4. 1,
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3.4 Program No. 77.007B

This program, unlike 77.007 and 77, 007P, solves a case where the cable length
is known and held fixed, while various wind flelds are introduced and the balloon
permitted to rise or fall to a different equilibrium altitude.

3.4.1 SPECIAL NOTES FOR OPERATION

As indicated in Table 2, this program is entered only after a solution is found
using 77,007 for a fixed balloon altitude, cable, and wind profile. Entry of cards
for 77,007B is called automatically whenever OPT, ENT-3 is selected at the end of
a problem solution in 77, 007 (see Section 3, 3. 2).

With Program 77, 007B entered, the storage registers containing the needed
parameters from the Program 77, 007 solution are left intact, The mathematics
and procedures are only slight variations of those used in Programs 77, 007 and
77.007P,

A complete solution to the surface is made which yields a cable length. An
incremental altitude (AZ = 200 ft is built-in but may be changed in STEPS 0044,
0045, 0046, and 0047) increase is then made followed by the solution to a second
cable length, These cable lengths are compared to determine iftheyare progressing
in the proper '"direction' towards the original cable length, Continued altitude in-
crements, either up or down, are made until the cable length solution nearly equals
the original value. A vernier solution with AZ = 20 ft similar te the K/10 procedures
is then made for more precise conditions, This logic had to be used since unlike a
two-dimensional wind field, an increase in wind magnitude for example, does not
always result in a lower balloon. Wind azimuth changes with higher wind velocities
on the cable could produce a higher balloon condition,

The balloon total force, FT and its angle, §, are needed as inputs into this
program. However, the balloon altitude and the wind at that altitude are unknown
until a solution is found. Therefore, an estimate of FT and § must be made for the,
as yet, unknown balloon altitude, Some repeat runs may be found necessary hefore
the balloon altitude, the wind at that altitude, and the Fp and 8 values are all com-
patible, As experience is gained with one particular balloon and cable, these esti-
mations will become more exact. Repeated runs with Programs Nos. 78,003 or
76,005 for a particular balloon at various altitudes and wind magnitudes can be used
to produce a chart of FT and @ for any particular balloon as an aid in their selection,
Safe balloon operation would dictate that in the original solution under Program
77,007 either; (a) that the altitude selected be the highest allowable —envelope full,
balloonet empty—and that any wind changes permissable hereunder' would only lower
the balloon, or (b) that the proper ballonet-fullness effects be included {n the
original FT and @ used with the problem in 77, 007,

The wind profile {8 entered in the same manner as in Programs 77. 007 or
77.007P except for one additional requirement, Because of the logic used, one
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T7.007B
positive increment always moves the balloon up in altitude from its original value
regardless of whether the eventual solution shows the balloon higher or lower,
Therefore, the first wind entry must be for an altitude higher than the original
ballesn altitude by; (a) an amount sufficient to encompass any probable final balloon
altitude, or (b) by at least 200 ft if it is expected that the final balloon altitude will
be lower than the original value.

No prints of cable parameters at intermediate altitudes between the balloon and
surface are provided for two reasons. Simple print commands would produce ex-
cessively printed tape since many interim solutions from balloon to surface can be
made before the correct solution is found. Logic allowing printing of only the final
solution's intermediate altitude cable parameters requires excessive program steps.
The balloon altitude and cable length (or cable hor. or tension 0 if no solution to the
surface ig possible) are printed for each altitude being tried as a monitoring aid.
When the correct altitude is found, the balloon and surface (winch) conditions are
printed. If the cable space position, shape, and other parameters are needed, the
resulting balloon altitude and other input data can be used in Program No. 77, 007
for print only or in Program No. 77,007P for print and/or plot.

Since incorrect high balloon altitudes are tried in certain cases in the search
before the correct altitude is found, the chances of finding either zero cable tension
or horizontal cable conditions above the ground are much greater in operating this
program. To prevent this condition from improperly stopping the program, special
treatment had to be evolved. When one of these conditions is reached for the first
or second (higher) balloon altitude run, the balloon altitude is dropped by 10 percent
of its original height above ground and the first and higher second balloon altitude
calculations are made again from this point. If either of these runs yield the cable
tension 7ero or horizontal above ground message, another 10 percent dreop is made.
In this way the proper solution is approached by either at least three rising balloon
altitude increments or any number of decreasing balloon altitudes. If no final solu~
tion occurs in this procedure before the tension zero or cable horizontal condition
is signaled on a third or higher altitude loop, it can be properly concluded that no
solution exists and such final message is given on the tape. Also if the large 10
percent decrements in balloon height finally place the balloon at the surface, the
no-golution message ig given,

3.4.2 RERUN OPTIONS

At he conclusion of the printout of the final solution of balloon altitude, wind
magnitude and direction and all of the same surface parameters that are obtained
with Programs 77,007 and 77.007P, a cholce of two rerun options ig provided, The
option numhers 0 and 3 have the same nature of meaning as those in the basic pro-
gram, 77,007,
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77.007B
Option 0 calls for a completely new problem which must be solved in 77, 007,

Hence, if this option i8 chosen the program cards for 77, 007 must be available for
the automatic read-in built into this program.

Option 3 calls for the cable length still to be held fixed and new winds to be
introduced. Use of this option then causes a return to the start of 77, 007B for re~

entry of F_, 8, and winds,
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77.007B
J.4.3 FLOW CHART

®
PNT: Program No.77. /B & Title
=gt
(%) (y) (e}
ATOP 0,BntiT.No, == ==

PNT: Tert No,
gtore A% » 200 ft,

PNT1ORIGina) CONDitions

PN¥1Valuan of :5
(og=.1(3p ~ Bg) 8
v or C
Di
Wt./1000/¢t

x|

Cable Length LK

PNT: ESTimated values o
Py k ANGLE 6 for NEW
aTtltude and winds

0 (yr (x) -10]
8TOP 3-3-3,Ent: 6 F_ == K REDyser =10
" W' =W/10
PNT & 8tore FT 60 A" =A/10 N
PHT:_NEN WINDS >
_IL AR l 0332
(x) (y) (%) Store
HTOPS d~4-~¢,BEnt: AE WIND 3 2y
Store using NW (=1, first entry dy 4
IND INW + 36 for B h, =K 8 0 b +H
IND INW + 37 for V,fps L 7K con € vos if
IND INW + 38 for A} 1) =K cos 0 sin I8  +I
- K += +IK
V = Wind,knots x 1,6878 W+ +IW
Go To SUB/R 1534
~ e ] From SUB/R, V. ,Store
NW ' =NW+ 1 1

No 1‘038_0\\ Yas
0246 = 1™ 257 —
NT: TRIAL ALTITUDES
P "'"'"1 0258

NW = 1 )
PNT: 'B GoTo S8UR/R 1620

From S8UB/R,AZ , Store

Go To S8UB/R 1534 .
Prom 5UB/R,Wind at %,,8tora By = AZ)-(LB+ 8p)

Go Tu SUB/R 1620 sub t =trial value
l:om SUB/R,AD at zn s Store

B3




77.007B

No Yes
B a,< 07

= n +360
a lat a Gt 16
] 0420

Store a 2 3
Store cos ¢ = 1 -~ cos“a cos® ¢

Store VN = Vl cos ¢

 =.95528° i w1,20875 - 11
| 6.84164

l 0499

Store
o fpo from

In p/p, = a %2 + a 2?
For Dragto ,slugs/tt37=.002378 ,/p

Yor R tp ,1bs/et3 = 32.2 p(slug/ftd

R = pVND/u

>- From SUB/R
Cp

q=kp VN2 |
Dp = Cp q A |

Qo— [ osne
Lffore DT

84

! 0598
Ytore Dw-DTcos a cos @

Store D
tor H-DTcoa a cos ¢

DS-DTlin a cos ¢

D,
81- arc tan -.—a——&———...-—
T cos § + Dy

Go To LABEL w ,Loop Corr,

L - @
0659 I %@

Store B)-»+LB, +Ip+ BB
Store el -
Fp sind -W -Dy,

== 08 Bl
FT co8 g + DH

arc tan

F, cos 0 + D,
Store T,= = ———————m e

cos Bl cos By

Go to SUB/R 1687
From SUB/R, LB+ BB /Store

8, =90, D, = 0

Ty =T~W

0731 No
Is T)>>0? >—

Yas

[ eNTiTENSION=0

PNTiCable
HORizontal

Go To 1877 -—-—*—@

-~ o 0286 -(:q)




71,0078

l e A

No 77 Yos a8 E}\\ﬁyﬂg_.
I8 C w0 0847 A 0944 < Is ly |
0867 L,

Un prav“ip-At
A3 A8/10

gtoxe y=) |
O —— 0900
M

Ctwcs+l

PNT: Cable Length,IK
]

BB L Z8 + A3

Store zB' in 003,008

Yas Go'l'o SUB/R 1440

e
0801

\IsyK:>xK ? From SUB/R,Clyd Sum Rog.
|7 Rosst K,K Rod
Go To 0258 = = - - = - —"-b——-@
»- 1 0944
Mengage1ON SURFace with
A APPROXimatoly SAME
| LENGTH OF CABLE OUT
PNT: BaLloon ALTitude zn
PNT: Balloon WIND Wind
PNTt! Ballvon wind AZimuth 8y whl
PNTt Surface ALTitude 4
| [PNT: Helgh? J
- 4 1 | PNTt TENSion T
PNT: Cable ELuvation ANGle [J
PNT: cable LENGTH LK
L. PNT: cable Weight W
PNT: total Vertical Drag LDy
\ PNT: H,I,L H
2, .2 I
0824 Yos L H +1 L
T N\I8IK =LK, ? e § « arc sin H/L

{Used1To Polar for L & )
Atg =B, =90 - §
GoTo SUB/R 1687
From SUB/R, Orjented AzB
PNTt AZimuth to BalLloon AZ

£ = arc tan J/L
PNTt Balloon ELevation ANGle £

os3s | §.R,=L/ co8 ¢

PNT: Slant Range S.R
Chg 3ign A2 . :
A&C =} R +BB-lRO

GoTo SUB/R 1687

0847 1 From SUB/R, Oriented AZC

EK - LK ] * |pNT: CABLE Azimuth Az

prev. c ,
| O Yea 1230 No

Ia zB 90 —
°e£x-90 Refr-lSO

\-- > @ \_\-\\‘\




ey
=

=

71,0078

'\«»\/\ A ki)‘\ v \ \/\,1

y # Refe, = M\u

e loony
¥ u L oainy

PNT: X + Rast = = = n = X
PNT1 Y ¢ North -n? wow oa Y

Ol

1219

Naasage! %M‘wnpﬂ‘“r
HAVE 77,007 CGARBR
HREADY
A=HOLD Cable LENUTH
CHange WINDE

{n) {y) (w)
STOP ,Bnti ONYO oF 3 nws ===
<
Nu,ﬂfi35 Yan
I8 ON=0 — v
1380
A | 3358

do'te SUR/R 1440
From 3UB/R, Clear Sum Reglaters
Reset X Reducer

gtore ¥ = 0
fitore C = 0

gtore NW » 1
@-«»-— go To 0001

R— —m

¢lear Reg.000 = 074

Q-~wa
wens 0 IND &
1 —=+a

S

a

Clear Raqul - 108

101 =a
~ 0~ IND a
1 ~»+a

/‘fh\}_ea

No

T

FNT, GOTO = Card Read
Program No,
77.007 I

v . - AUBROUTINE AAAQ
Qlear Hum huu‘ 08l = Od%

Jrem———s e e -

Rogat R Radugey

/ '
No Yea
v Q S
- &
R Red = 0
Kk sR'10
W osW'l0
) A aA'10 s
WRakurn

LARBL = =« Loop Covvaation

uigq
.lﬂ_.Q PORETTY & LU
I -

~ -~

Ro .o 1103 \\\yuu
-~ Toout ~D"\g -

T T

\
By = By b 180
Ou %o Q658 = w7 oo = -

AﬁHBBQ¥IAN§~
WIND VRLOCITY CONPUYATION NWen
= ane ]

IRD Int ¢ 36 - By

,zfﬁ&}\\\w
li‘figwm .“»‘fl

nun'
_‘ -— -

IND In + 36 o B
Ay "3 - ‘l\'bl
IND In + 17 == V,
IND Jn'+ 37 == Vo4
AV = Vi vV
dv/ds « av/ ARy
Aao iR MU by
AV, = Aao(dvld!)
V‘ " Vn » dvo

Roturn




I AT oS el e WL Ll S P g N e N LR Aol L

i

——

et S e s L T SIS e

M

Nhﬁ@\)i‘mb Ni@

WiND MEINDVH CONPURATION |
TR T B H.M
IETVRET S L I M

Miceiad * “:nﬂ ”n
[y : \Clg\

- Vou
l - \whu\n

ok~
”9—\1\ M 10 o

e o 4F.

— -
AR = BAB, " 380 |
AN = ARRY 4 360

dAB /gl l" s\hlh\h“
Mg A, (AR
My = At AN
do To AULWSR OO

Prom RUB/R, Ovienved M;
[Rovurn

e HHBROUTARE J.ﬁl‘
Offontasion of Angles u‘m 360

’fhh\k—‘m

' "—<15\Aﬂv<°?
N
AgsAng, 4360
AM
2 Au ANGLI6Q 2
~. |
]

Ang . u«\nq v 362
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77.007B
3.4.4 OPERATING INSTRUCTIONS

Four sides of the two Program No, 77,007B cards will have been loaded after
OPT ENT 38 was specified according to Program No. 77.007 instructions —Section
$.3.4,

KEY STROKES ENTRIES PRINTING

[EE] 2, [, --~ (No. of decimal places desired)

| CONT|
PROG#77. 0078
CONST. CABLE

LENGTH
TEST #

(X) () (Z)
STOP 0, Enter: Test No, - -——

[conT]

T. No.
ORIG. COND
Zg
Zg
T or CD
D
Wt/1000
K
{Cable Length) K,
EST. NEW FT/ANGLE

STOP 3, Enter: 6 FT -
(Angle of (Balloon
Fm to Tot.
Horizon, Force to
deg) Horizon,
1bs)
CONT
Fp
8
NEW WINDS
STOP 4, Enter: AZ WIND Z
(Azimuth (Wind, (Altitude,
of Wind, knots) ft MSL)
deg)
CONT
Z
WIND
AZ
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77.007B

See Sections 3.4.1 and 3. 4.5 for notes on first or highest altitude entry. Stop 4's
will repeat until last set of entries of Zg are inserted. A total of 12 sets of entries
may be made. After ZS entry and CONT::

TRIAL ALT

zB

ZK
If no cable-horizontal or tension-zero conditions A
are encountered, the progression of trial altitudes ZK!
and their respective computed cable lengths are
printed as shown: Z!

ZK"

When a condition is met where the computed cable length equals the original length,
the following printout is made including the abbreviated names and values of the
parameters shown,
ON SURF,W,APPROX
SAME LENGTH OF

CABLE OUT
BLN. ALT ZB Balloon Altitude, ft MSL
B. WIND Wind Balloon Wind, knots
B. AZ BB=AZ Balloon Wind Azimuth, Deg. (Also Balloon
Pointing Azimuth)

5. ALT 4 Ending Surface Altitude, ft MSL
HT J Vertical Height, ft
TENS T Cable Tension (Winch), lbs
C. EL. ANG ] Cable Elevation Angle (Winch), lbs
LENGTH K Cable Length, ft
wT TW Cable Weight, lbs
vV.D b DW Total Vertical Drag Comp., lbs
H,I, L H Total H. Distances on YB or YW axis, ft

I Total H. Distance on XB or XW axig, ft

L Min., Direct H. Dist., to balloon
AZ TO BLN AZB Azimuth Angle to Balloon, deg
B.EL, ANG € Elevation Angle to Balloon, deg
S.R SR Slant Range to Balloon, ft
CABLE AZ AZC Azimuth Angle of Cable (out of winch), deg
X+ E X X Coordinate to Balloon, ft
Y+ N Y Y Coordinate to Balloon, ft

R e e - am e e L e L e e e Le e e e et T dm M A e A AR e A A A ek A e o e L b o e A e e e A e e A A e e
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C. HOR 'TENS ¢
If cable-horizontal or tension-zero
conditions are encountered, one of Z* Z*
the two types of printouts shown C.HOR TENS @
will occur in the succession of 7 %! 7%
trial altitudes before the final K T 0
solution is found and printed. v ens
Z*” Z*”
EK” EK”
Z k1 Zkitl
SK!H! TK!

L I T e T L T R R e N L L L

At this point the oroblem is solved. Two optional ways of continuing are now
provided by the following Message and STOP.
OPT END

0-NEW PROR-HAVE
77.007 CARDS
READY

3-HOLD C. LENGTH
CHG. WINDS

STOP, Enter: 0 or 3 in (X)

CONT

If 0 is Entered ~ New Problem-Use this for a completely new problem requiring

use of Program No. 77.007. Insert side 1 of 77. 007 Program card before pressing

the CONT. Continue feeding additional 3 sides of cards and follow instructions in

Section 3.3.4. The permenent storage registers containing density and drag coef-

ficient constants will be rztained so that no read-in of the data cards will be re-

quired—saime retention in either direction bet:veen the two programs.

If- 3 ig Entered - Hold Cable Length, Change Winds--In this case, the original cable

length will be retained, the summary registers will be cleared, and a returnto the

start of 77, 007B will be mad=s, The first trizl balloon altitude will then be the final

balloon altitude solved in the previous problem.

Note No. 1: In order to speed up the process where the final balloon altitude will
be significantly different from tie starting balloon altitude, an altitude
""guess" value may be inserted into Register 003 at the Tesi Number
STOP for an original problem run or at the OPT ENT STOP for other
runs,

Note No. 2: If incorrect data is believed to have been entered do not press STOP
END to restart program. For correct and safe clearing of registers,
press the following:
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77,0078

23

[7]
Lo]

After OPT ENT mu2ssage i8 printed, enter , then:
CONT| -
3.4.5 INPUT DATA FORM
Test No. Date: Notes:
ORIGINAL VALUES
1. Balloon Altitude ft MSL, 4. FT = lbs
2. Wind at Balloon knots 5, 6 = deg
3. Azimuth of W, at Balloon = degree 6. Cable Length= ft
ESTIMATES #1 #2 #3 #4 #5
7. New Balloon Altitude ZB
8. New Wind at Balloon Wind
9. New AZ of W at Balloon AZ
~_H\IPUT
STOP 3 Total Force, FT 1bs
Angle of FT’ 0 deg
STOP 4 NEW WIND PROFILE
1. 2 VA 9, Z
Wind Wind Wind
AZ AZ AZ
2. Z Z 10. Z
Wind Wind Wind
AZ AZ AZ
3. Z Z 11. 2
Wind Wind Wind
AZ AZ AZ
4. Z Z 12, Z
Wind Wind Wind
AZ AZ AZ

Up to 12 wind points may be specified. First point must be a min.mum of 200 ft
above original balloon altitude (1) or above best estimate of higher balloon altitude

(7), whichever is higher.

Last point must be for gurface altitude.
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007 |k Rap, /e 047 | AZs 087 |Coa 1 |
008 [N 05 T 088 | Kg J =
008 | \W/ H 045 | Vi 089 | R ) S
0o | A 050 | A7 090 {Cpp © 5
m | DI 051 |_Fs 091 | Ka J §
02 | 77 er Cp 052 | Vs 092 | Rp 1 X
| ns | Vo 053 | AZs 093 |Cog 56
4 04| AZ 054 | Ze 094 | Kp J a
s | oc 055 | Ve a 095 | _Rp ) Q
! 016 | "V 086 | AZg J 036 |Cpa ¢ 7| ©
3 07 |_Dw 057 |_#Z7 wo {097 _KaJ >
0ve | Dy 058 | _Vr - 096 | Ra )
i 019 059 | AZ7 o 099 |Cog ¢ ¥
X 020 [ 72es 6+1) 060 | Zq 00| et |
§ 021 |_H 061 | Ve | QF
| 22| T | 062 |_AZg a 102 | ZK orie | R
] 023 | J W 063 | %9 z 103 | /F b3
024 [Z K < 064 | Vo - 100 [VarZs | ©
! 025 |[£FWW ; 065 | A% N 105 | Fr J
: 026 | £ DWW s 086 | o s 106 | €K Prev/ | W
027 | 2. 874 2 067 | Vie 107 {& -couwrzr] »
028 | £4 ? Joes |_AZ.e 08| © ¥
029 | CosP 069 | Zy
030 |_/5 070 |V
03 | Pr 01 |_AZu
: 032 | 2 072 | _Zi2
}i 033 Lt 073 | Via.
{ 034 {7 k 078 | AZ 2 )
j 035 [Jamp 075 | ¢ty 4
036 |Zemo 076 | o
037 (Zup | 077 |_Rs
| 038 | 2o 018 | Cog ¢/
030 | 25y 1 0o | Fg
|
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3.4.7 SAMPLE INPUT/OUTPUT PRINT

77.007B

The following are copies of the HP printed tape for a problem following Test

No. 3 in Section 3,3.7,

3.088%
PROGH#77.0Q7B
CONST.CABLE
LENGTH
TEST #

S.186%

ORIG.COND
14660, 060
4000. 00680
3.142
f.286
25,0060
560.000
120508, 000
EST.NEW FT/RANGLE
3408,008
79.00648
NEW WINDS
145008, 0608
50,000
18@.004a

12560, 0008
60,8008
280.000

18508, 68a8
65, 804
235.0048

9806.980
55,004
260.000

4900, 8048
35,006
232.004

TRIAL ALT

140066, 608
115006, 068

14208, 000
11750.9080

14060, 006
11500, 0488

13806, 0080
112580, 668

13608, 0060
118088, 0600608

13400. 060
1897e8.680

132048, 800
18450, 0088

130008.0080
18200, 030

12800, 600
930806.000

12980, 6809
181%a, 008

129680, 000
19150.0080

12940.8908
laled, gae

12920. 008
10100, 000

129500.000
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ON SURF.W.APPROX
SAME LENGTH OF
CABLE OUT

BLN.ALT
12900. 000

B.WIND
S58.008
196.000
4026.110
8873.890

3217.749
C.EL.RANG

51.368
LENGTH
100%50. 868

291,258
572.656

4126.119
1635,081
4438.278

fid. TO BLH
37.617

B.EL.ANG
63.420

9921.997
CRBLE RZ

43,084
2709.052

3518.%587
OPT.ENT

8-NEW PROB-HAVE
77.007 CARDS
READY

3-HOLD C.LENGTH
CHG. WINDS

B.AZ
S.ALT
HT
TENS

v.D
Hy Is b

S.R

X +E
Y +N

Cmguiging ea




77.007B

The problem shown above began with the entry of 3 at the OPT ENT STOP in
Test 3 B, Section 3,3.7. A Test No. = 3.1 was assigned, Note that a cable length
= 10,050 ft, the last item printed under "original conditions', is the same as the
length computed in the original problem in Section 3.3.7. Values of FT = 3400 lbs
and & = 79,0° were estimated values for the new balloon condition,

The first wind point introduced here is at an altitude of 14,500 ft or 500 ft higher
than the original. Since the estimated balloon altitude is predicted to be lower than
the original, a 200 ft increase would have been the minimum allowable, The new
winds introduced are higher in magnitude and have less rotation than the original
case. The higher magnitude affected the choice of values for FT and 6 above,

A series of trial altitudes, first up, then progressing downward 200 ft at a time,
show decreasing lengths to an altitude 12,800 ft. At that point, where the cable length
is less than the original value, the altitude decrement is made to be 20 ft but pro-
ceeds downward from the previous 13, 000 ft altitude, Thus 12, 980, 12, 8680, etc, are
tried until at a balloon altitude of 12, 900 ft, the equality of cable length is established.

The third column shows the wind at the balloon to be 58 knots at 196°, The cable
angle at the winch, 51°, is considerably lower than the 7:9° experienced with the
balloon at 14,000 ft, Greater displacements and other differences can also be noted.

Additional procedures might now be pursued. First the value of F‘T and § could
be further refined (using 76, 003, 4, or 5) now that a "better -than-a-guess'" altitude
is found. Another runthrough with these values would maodify the values of all
parameters computed in the first run, When all are compatible, some of the results
can be used as inputs into 77,007 for print only or 77.07P for print and plot of the
complete cable conditinns and geometry between the balloon and the surface.
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77.007P
3.5 Program No. 77.007P

This version of the three-dimensional tether -cable program provides a printed
and plotted output. It requires the following hardware:

HP Model 9810A Calculator

HP No, 11210A Math ROM

HP No. 11261A Printer-Plotter ROM
HP Model 9862A Plotter

If no plot is desired or no plotter equipment available, the use of Program No,
77,007 (Section 3, 3) is suggested, Program No, 77,007P, however, can be run
without the plotter and with either a Printer-Alpha ROM (HP No. 11211A) or the

'
W
i

%: Printer-Plotter ROM by making tha following substitutions in the program listing,
‘;‘; Section 3, 5, 68
':‘ Step No, Key
) 0344 CNT
y 0345 CNT
03486 CNT

3.6,1 PLOTTING

The use of only 2 rerun options in Program No, 77.007P provides more pro-
gram steps than Program No, 77,007, This permits the plotting of the following
aix curves with symbols as shown on one piece of ~10x15 in, paper.

Ja WL e TR AT s T

Symbol Parameters Symbol Parameters
. (») + Z-H (d) T Z-T
: (b) : z-1 (e) 7 z-6
: (c) . H-1 (f) X Z-q

Bofore computation and plotting of data commence, various events take place
to prepare the plot paper. Axes for curves a, b, and ¢ are drawn as follows;

3
‘.
:

2 -H

d i
& +1

\

{:\

‘ 7 in,

g +4

; fat— 3 |1 -1 8 in, e |y -
£ -H, -1 y +H, +1

:

|
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77.007P

In addition a fifth line is drawn along the top edge of the paper, 3-in. above the
upper [-axis for the tension, d. During the drawing of axes, tick marks are added
at user apecified intervals, No tick-marks for the angle 6 are provided; the scale
for 6 1s always 10° per inch or 90° is 9-in, to the right of the Z-axis, No tick~
marks for q are provided; the scale for q is always 2-lbs/1‘t2 per inch.

Three constants are entered at STOP 5 in order to scale the axes and set tick-
mark spacing, The three constants are:

Y N. The interval in full-scale feet between tick-marks on the
b | Z, H, and I axes, Zg OR SURFACE ALTITUDE is located

R at the origin of the Z-H or Z-I set of axes with Zy located
z‘; at the top of the Z~axis, Since the available length of the
:l Z-axis is 10-in,, the magnitude of the altitude excursion,
, ZB -ZS. will determine the scale of the Z, H, and I axes

' 5 and the tick-mark intervals. Therefore in the case of a
' high altitude balloon with light winds and a small amount of

cable displacement, the H ~I plot may be quite small,

M, The interval in pounds between tick-marks on the tension
axis,
P. A factor used for scaling the tension axis, The value of

the balloon total force, FT‘ rounded to the nearest IOP

pounds is located 6~-in, to the right of the Z axis, Tick-

marks are drawn at M intervals with one at the Z axis where

T=0. The rounding of Fr above is done only for establishing

the scale of the T axis—the computations are unaffected. If

for example, F = 7075, P = 2, and M = 1000 the process

would round FT to 7100 b and divide by 6 to get the scale

factor. Using the scale factor, the 1000-lb intervals

would be converted to the proper linear dimensgion for

marking on the paper. When plotted, the exact FT point

would appear just to the right of the 7000-Ib tick-mark,

The plotting paper will then appear as shown on the following page (without

notations) before any computations or plotting comrmence; the upper axis to the left
of the Z-axis represents imaginary negative values of T and § and can be ignored.
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17, 007P

9 =0 l- -——Fl
. 9-in,
T=0) | 6 90
q=0 | !
1 N
! !
T v T | T T T rT— T "1
Z T 1
B + [ _H
T T T Y T T T -t
T +I ~1
T +H
~H, -1 +H, +1
z ¢ ) 1 | i t 3
S

The plotting of 5 points representing the bottom end conditions of each cable

element is made after the printing of 23 parameters for each element.

then plot cycle continues down the cable until the surface is reached. The com-

pleted plot would then appear as shown below:

A ’ 1=
+ X Z-q T ]
+ WZ—TT o
TR
o X T 4-07% ;
*ts o X T © | H-1
Ol 3 X T D ‘/
- d
z-iaff L « T m
. + X T a
. + X T o
. +X T ©
. X + T o
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77.007P

The spacing of the axes favors conditions of positive H and I values although
negative values of lesser magnitude can be accommodated., The H-I plot is really
a XB - YB plot looking down on the balloon and cable from above, The balloon,
located at the origin of the H and I axes, is pointing down the paper in the positive
H direction the same as in Figure 4, Similarly, the wind at the balloon is pointed
up the paper. Knowing this balloon wind azimuth, it is then simple to draw a North
reference line on the plot with a protractor if desired. Similarly the balloon in the
vertical plane is located at the top of the Z-axis at ZB and is pointing to the right,
If a two dimensional wind problem were plotted, the Z~I curve would be hidden in
the Z-axis (I=0) and the H-I curve would be hidden in the vertical H-axis (I=0).

The number of points plotted for each of the six curves will equal the number
of cable elements required to reach the surface, If any plotted point should be
called that exceeds the 10 X 15-in, boundaries of the paper, it will not be plotted
but the other points will still be plotted. See also Section 3.5.7.

3.5.2 RERUN OPTIONS

When a problem i8 solved, the cable end conditions printed, and the plotter is
stopped, the program is designed to offer the user a choice of methods with which
to proceed to the next problem. A message is printed:

OPT.ENT (OPTION, ENTER)

followed by a choice of two numbers and a STOP,

When a completely new problem requiring reentry of different altitudes, winds,
and cable parameters is next to be run, the number 0 is entered. The program will
clear all but the storage registers loaded from the data cards and cycle back to the
initial printing of the program number and title.

The normal runs (printed RUN#1IMAXALT) provide a cable solution (a) for
the balloon at a specific altitude subjected to the winds specified in the firsat group
of wind entries and (b) for the cable subjected to a variety of wind conditions
gpecified at the lower altitudes down to the surface. One practical and sometimes
limiting problem is concerned with raising or lowering the balloon through the same
specified wind field. Rather than a reentry of all variables required at each of
many lower altitudes, a method is provided to simplify a series of runs at decreas~
ing altitudes.

If the number 2 is entered at the above STOP, the program will clear the sum-~
mation registers and retain the surface altitude, cable specifications, and wind
field, and setup RUN No. 2 with the balloon at the second lower altitude in the wind
field table, Because the balloon lotal force and angle at this new altitude will differ
from the previous balloon altitude, only one STOP is needed for these two entries,
A full solutlon is then provided for this condition, At its end, the program loops
to RUN No. 3 and places the balloon at the third lower altitude in the wind field
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table. These automatic loops continue until the surface is reached. At that point
no OPT, END message is printed. The program cycles back to a restart as if
Option O were selected.

When coneidering the use of this lowering altitude cycle option, it is necessary
to initially enter a wind field table which specifies a sufficient number of altitudes
to provide a complete performance analysis. Altitudes having particularly strong
winds, of concern in balloon performance, would of course be included in the initial
definition of the wind field acting on the cable, Similarly, it is necessary to have
the values of the balloon total force, FT' and its angle, 6, available for entry at
each altitude as indicated in the INPUT DATA FORM. The use of Program No.
76,003 or No. 78,005, Reference 1, for each of the altitudes in the wind field table
will provide the values of FT and 8.

When using the plotter with the OPT 2 mode, it should be noted that no new
axes or tick marks will be drawn for'each of the balloon altitudes, If the original
graph from the maximum balloon altitude solution is left on the plotter and only 2
or 3 lower altitude solutions were involved, pen color changes might help to keep
each set identifiable., All scales except the tension scale remain constant for the
lower altitude runs, The tension scale may or may not remain fixed depending on
the value of the newly entered FT at eachballoon altitude. The original values of
M and P entered at STOP 5 are retained and operate on the new FT’ If FT rounds
to the same number as in the RUN No, 1 for the maximum altitude, then the scale
remains the same and the Z~T curve may be referenced to the tension axis and
tick marks,
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3.5.3 FLOW CHART

7

PNT: Program No.77.007p sTitle-
T

TES
(x) (y) (2)
STOP 000: T.NO. =-=

PNT: Test No.

lPNT:RUN $1
@ 0054

Store NW=1 Const |

r-——— 0090

SLE EARTRTNER RAE oy

LA b XL o Gt

PNTIRUN NO. & Value
B.ALT/AZ & Values
I

T
| 0129
USER ENTRIES: PNT & Store
(») (y) (z)
8TOP l-l-lillor C, 2, 24
STOP 2-2-210 or K Wt D
168
No Yes
1
w 3153
l 0173
7. - 2
B 8
K= =%
-

] 0183
PNT & Store D and K in ft
Wt of K=W= K x (Wt/1000)/1000

Store W
Front.Area of K=A=K x Diam(ft)

Store A

2

0210
USER ENTRIES: PNT & Store
(x) (y) (z)

STOP 3-3-3: 8 FT b

0235

Mesasage: WINDS
USER ENTRIES: PNT & Store
(%) (y) (2z)
F‘S’I‘OPS 4-4-4: AZ WIND Z
Store using NW (=1,first entry)

IND 3NW + 36 for 2z
IND 3NW + 37 for v,fps
IND 3NW + 38 for AZ

V = Wind,knots x 1,6878

No Yes

Is 2 = g 27

0315

!NW'==NW+1,

[ 0324

NW = 1
IND 3NWH38+r =dl+r —m BB

20,

0347 l
K 8in 6 ""*—@

j1=
zluz

Go To LABEL 4 : PLOT

prev™ 31




77.007P

wind Azimuth Computation

1]
IND 3n' + 3B + r —> A2n+l

IND 3n +38+r—>'AZn

0377
K Reducer = 10 bAz, = AZ 4~ Az,
K' = K/10
W' = W/10
A' = A/10
O
Toass
PNT & Store
2
21
hl=K cosb coslB
11=K cos® sinlB
J=1 sAZ= AAJ; - 360
H = Lh
1=1i sAZ= QAZ, + 360
LK e
W d Az/dz = AAZ/AZW
0463 AAZ, = AZo(d AZ/4Z)
Wind Velocity Computation AZ) = Al + AAL,

Note in these boxes,NW = n.

~n' =n + 1
IND 3n' +36 +r =»Z,,.1

0497

:
|

IND 3n + 36 + r —» 2
A%y =2y = 2

t
IND 3n + 37+r—>Vn AZy = AL, ~ 360

IND 3n'+ 37 + r = Vpy1 PNT & Store AZj

AV = Vpiy - Vi

0667
av/dz = av/ AZy
PNT: LB+ BB
AZg= Zq - 23
AV Azo(dv/dz) ay = AZ; -(Lf+Rg)
Vy= Vn + 8V, (sub.t = trial val)

Store vl
Convert~to knots for PNT
T

172
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am ut] P- a, +360

0684

PNT & Store a

cos ¢ = l-coszu c0528

VN = vl cos ¢

u= .95528
p=1.205"5-6.84164 711z

0764

2
o/po from 1n p/oo= a,Z + a2
For Drag: o,slugs/ft3 =,002378 D/Do

For R :p lbs/ft3 =32.2 P slug/fta)

PNT R = OVND/U

No 0831 Yes

0860
Yes 10,0958
18 R>97 =1
‘ fcpm
0874
No,0958
1e8 ¢ s R>9007 >r—
cD
]
Yes No,0958

Is R> 4500

No,0958

Is R>40000

No ,0958

Is R>1 ? ~ 0858

o ] 0836
c = 10.9/R
D .87 - LOG R
1

0958

+
IND 3nCD 74 RB

IND 3nCD + 75 —> CDB

IND 3n + 76 ~dm K

cD R
CD =CDB +KR(LOG R -LOG RB)
(Sub B= Base)

124

PNT: C
PNT: q = %p VN




B T R e D R S T N T e n wyLeR TTHYRATT R Y

7, 007P

ot

AT,

€

] S 1204
r§¢ PNt “ 30
@——ua o
a;% . ™ ) PNT e T - W
i it A
i me’T)TP'] 1222
é"l -~ ~N-°<;n 7, >0 pit,
i e N
B [pNTiTENS fon O
b ~
4 No 71248 Yag
i In 8y >0 Pesrrf10
I . 1 T
i i
2 HQRizonta .
3 dowpenea o
H [FHA g"m%m
5 THETO Aoo]
?,'j -t ey e £ et
K 1 1044 1277
! PNT: Dw“ D‘l‘ QOR « Q0K O Final Printouts of Conditions at
M dottam Knd of Cable
i BRTL Dyw Dy qo# a vos ¢
‘\ PNT1 ALTi tuae -2
4! PNT: Dgw D, @ln a cos ¢ PN Helghy -y
. D, PNT1 T'ENS fon -]
| fy= are tan v PNT1 Cabla RLEV.ANGle b
al Fy cos 6+ Dy PNT: LRNGTH -XR
i PNT1 Woight ~IW
L Go Ta LANBL ® 4 Loap Corv, PNT* vorticul Drag ~In,,
il o - PNT W, I, L N
S Q'j)-»—-‘mm..m- 1 ~1
! e e+ pd I
O |
xf - T 4{ 114 &w are ain(l/n)
.i “PNT N e (URed1To Folar for I, & &)
Foauin 0 - W - A= g - 90 » ¢
si PNT: 01- are tan v—Lm—\-—ﬂuvv\—Ew—- Nnal B n
v E‘Tona B o+ Ly
b ® o+ #1188
| Z GO8 3
; BNTI 1, 4 seoberroerememanetl de Ta A%, 360 Jox
i 17 can b, 008 8, L b
: ALY
. {17 Yo /us} vou
1 ﬁ....?._ 19 T+E»I60 \.’.?L'__‘_ 8 A'u"\ 0?
A o 1196
§ -~
%
\ »--—..-.«._.NL IR
3 AR _u A%~ 360
i . 11 B N | S
3 () - J et — -
¢ : T A A o - — Lau“uha“+ 160‘
: ! e L M
i /( —— ewean — e
; T A h TQ BallooN-At
i . 4 PNT1 AALinut al,looN~
[rﬂ#ﬁ ~ BV -ﬁl\ ) U
SRS Maantssiaiita: ta £ @ arc tan {J1/1)
[P ———" T PNT1 bBalloan Blhevation
} 1181 ANGle =t
i lfﬁiﬁ._ﬁ::ﬁqwﬁ) B L/ qouc
; ~ 1196 PNT1 8lant Rangw -8, R,
E Stayer i+ n [ NN e I N TN e
5 )
:

138

. L - . i p s
N L [N PRI I~ - N s i



N

X 1"-w-|--!".nlw-m\"-wv' Aol A AL A AR AN ALK Lk bt A whALAACAACANE S ol AT LA A AR M M LA R kil YL bbb A G LA M il § i iad Setabbbddnt Mlab ik 2 B b b 4

77.001P
o “
N T ‘-\\1—‘//\‘& — 1 1639
3 hae Ro~ 100 Gleay Aummary Btove
B Mgy B+ fp Regintera 033038
| ,al~ A =
‘g ve oo 0 wga IND A
,ﬁ bk 1 = b4
i
A fod .
AL eAB 360 “ ()
|
NG —m— T O)
¢ ¢lear atornue Roglatera
000 - 074
Q =—ts g
ARaAR 360 ™ —t ND a
| : 1 1 =y 4
PNT1 Cable ABimuth = AR, «u';\
.
%“ ) rrae )
c'/
Ne 18\1‘00 Yos H-W“.L“““m;: — {;)
o Adgs ] TABEL ¥ % Loop COrrsot i *
Rafr =450 Rafr =90 ‘"(
i | In 018y
y » Rafy, = Aau I
X= L coay
Ve, atny /i{’o’
PNTY X + Bpmt = = = X on0w0y > 3o
PRT: ¥ + North - =Y |—<1\\\
ey Y/’fi?} No
‘.._rzagtl:\ijfo ? [»L~, 3 {32
' Go To Llla -————»—--—-@
| 1560 ‘ 1
Nesrage: OPTion ENTer 1720 I e \»4)
0-NRW PRORLem [LARRL = Plat Routine
4=LOW cycLus dosle Nnay Axea fou %~ and
x~x Plats
8TOP ,HKnt, ON-O oy 2 1n (W)

( e 62 ‘o
v ‘ "Q" Bt uo:
NN'O ? . 6?0 L_’
Nove to nwnuiu Positien at
origin

S . 1772

(UHER LENW!W -3
(n} {y) ()

grop 8-5-8:1 P N N

Draw &,H,4X Axaa with Tioks

| Bet Symbol Sive

1806 l"
Plot B-H & 3~
18313

Scale & Axia for o
Plot 8- (8ymboli0)

V’\nl(lf NS St TN

128

|
1) \ , [ pany b B¢ o ezt VAl g fm a0 b e e a N iry d —tdpevm o s ek § 6o 4 inme gy ey de cmod §yaty = aahygdioe s 40 iyae.nes adpatirnts o gpfuron




LRI Ll B 2 20 A a0 L R A R A D D R L L LA Al b it il A it £ A Sam aa b 2l At s de ar s on b il hod b e -

17, 001P

Q
S I '\ 7 Ny
1834
Rowhd v, & doale ¥ Axis tor ¢

',/’rm

QI 6y Dy,
g

ovav T Ande wieh Tloke

1903 o

Plot A=? (dyabal: ©)
1916

Boale & Auin fov q
Plot P=q (Symdol: X)

PR AL
Aokle ® &y Avaa far He§ Ploe

Y

; Wo /‘).\\\Yeu

i -

s Draw H & T Axes with Tioks
v [ —

&.\v aony |

i Plot H =~ T

! ()efao 0 0347

1L

vl L2

R

ey

o R TR AT

1217
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3.5.4 OPERATING INSTRUCTIONS AND NOTES
KEY STROKES ENTRIES
I RUN l
@ @ ~--(Number of decimal places desired)
Insert Side 1 of Program Cards
Continue inserting Sides 2, 3, and 4 of Program Cards
Insert Side 1 of Data Cards
(Following heading is now printed)
PROG # 77.007P
3-DIM. TETHER
TEST
(X) (Y) (Z2)
At STOP 0-0-0, Enter : Test No/l.D.

CONT

Following printing of the test number or I. D., Side 1 of
the Data Card will load.

Continue inserting Sides 2 and 3 of Data Cards

Note that loading of Program and Data Cards will only be
required one time until machine is turned off,.

(Following is now printed)

RUN #1
At STOP 1-1-1, Enter: morcp* Zg (ft, MSL)  Zg (%, MSL)
*Enter 7 to use built-in cylinder C_, variation
or enter Cp, value which will be h]e-)ld constant
throughout program run.
CONT
At STOP 2-2-2, Enter: 0 or K Wt/ 1000 ft Diam. (in.)
’ (Element (lbs) (Cable)
Length) (Cable)
* Zg - Zg
Enter 0 to set K = ~—Typ— °F enter K in ft.
ONT
At STOP 3-3-3, Enter: 6 (deg) Fo (Ib)
(Angle of F (Balloon Tot.
CONT to Horizon Force)
WINDS (Printed)
At STOP 4-4-4, Enter: Azimuth of Wind (knots) ZB (ft, MSL)
Wind (deg)

This entry must be for conditions at balloon altitude.
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(X) (Y) (Z)

CONT
At STOP 4-4-4, Enter: Azimuth Wind Z

Stop 4's will repeat until the last set of entries for the surface
condition at Zg are inserted. A total of 12 sets of wind entries
may be made including the balloon and surface conditions.

The above sets of entries will be printed out in groups when CONT is struck after
STOPS 1, 2, 3, and 4. The entered or computed value will be printed in the case
of K,

S e D e - E  n e = S S Gn R Ge % e B W P B T e e Op e = WR ek e e e e e R e S e S e e e

(If no plot is wanted, see Section 3.5)
The plotter rqutine next becomes operative requiring the following:
Install plot paper with limits set to 10 X 15-in.

At STOP 5-5-5, Enter: P M N
(Rounding Factor (Tension Tick (Spacial Tick
10P-1b, for Mark Mark

Tension Scale) Interval, 1lb) Interval, ft)
CONT

Axes and tick-marks will now be drawn by the plotter per Section 3.5. 1.
Note the scale of § is always 10°/in. with § = 0 at the Z-axis and the scale
of q is always 2 1b/ft2 per in., q = 0 at the Z-axis.

The program now begins computation starting at the balloon and works downward
one element at a time to the surface. Twenty-three parameters are first printed
then the following six points are plotted, all representing the conditions at the
bottom end-point of each element. The six points are plotted with the following
symbols:

+ Z-H
. zZ-1
@ Z-8
T zZ-T
X Z-q

H-I

Note: To avoid the printout of any or ail of the twenty-three parameters shown
below, replace PNT with CNT at the associated program step numbers.

0395 z Altitude, ft MSL

0397 j Vert. Distance, top to bottom of element, ft

0420 h Horiz. Distance, parallel to balloon axis, ft

0431 i Horiz. Distance, perpendicular to baln, axis, ft

0439 J Total Vert. Distance, balloon to bottom of element, ft
0443 H Total Horiz. Dist., 3h, balloon to bottom of element, ft
0447/8 1 Total Horiz. Dist., Ti, balloon to bottom of element, ft
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Step No.

0452 TK Total Element {Cable) Length, ft

0462 W Total Element (Cable) Weight, 1b

0563 wd Wind Velocity at bottom of element, knots

0665 AZ Wind Azimuth at bottom of element, deg

0667 I8 + Bg Azimuth of Vert. Plane Containing the Element, deg

0688 o Wind Incidence Angle on the Element, deg

0812 R Reynolds Number

0994 CD Drag Coefficient 0

1011 q Dynamic Pressure, lb/ft”, Based on Velocity Normal to
Element

1021 DT Total Element Drag, 1b

1060 Dy, Vertical Drag Component, lb

1072 DH Horiz. Drag Comp. in Vertical Plane of the Element, 1b

1086/7 Dg Horiz. Drag Comp. to Vertical Plane of the Element, 1b

1114 B4 Horiz. Rotation of Tension Vector at bottom end or
Horiz. Rotation of the next element's vertical
plane, deg

1148 61 Pitch Angle Downward of Tension Vector at bottpm end or

1206 Elevation Angle of next element above the horizon, deg

i;?é;g T1 Tension at bottom end or at top end of next element, 1b

Groups of the values of the above 23 parameters will continue to be printed for points
down the cable until one of the following conditions is encountered:

(a) The cable reaches the earth's surface at Zg—the winch location,

(b} The tension becomes zero,

{c) The cable becomes horizontal.
(In (a), the computational techniques used do not yield a precise ZS condition. The
final Z will be higher than ZS by an amount less than K sin /10, usually no more
than a few feet.)
The final printout includes the abbreviated names and values of the following param-
eters. They describe the conditions at the winch if condition (a) is attained or at
the cable lower end which is above the surface if conditions (b) or (c) are indicated.

(a) ON SURFACE or (b) TENSION.O0 or {c) CABLE HOR

ALT Altitude, ft

HT J  Vertical Height, ft
TENS T Cable Tension, b
C.ELEV. ANG 8

N

Elevation Angle of Cable above Horizon, deg

LENGTH K Cable Length, ft
wT TW Cable Weight, 1b
v.D EDW Total Vertical Drag Component, 1b
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H,L L H Tot, Horiz. Distance along Yp or YW axis, ft
[ Tot, Horiz. Distance along XB or Xw axis, ft
Min. Direct lorizontal Dist. to Balloon, ft
AZ.TO BLN AZB Azimuth Angle to Balloon, deg

B. EL. ANG € Elevation Angle to Balloon, deg

S.R SR Slant Range to Balloon, ft

C.AZ AZC Azimuth.Angle of Cable (Out of Winch), deg
X+E X X Coordinate to Balloon, ft

Y+ N Y Y Coordinate to Balloon, ft

At this point the initial problem entered is solved with printing and plot completed.
If this was an initial run (RUN #1 MAX ALT), the following is printed and STOP
provided to permit 2 optional ways to rerun the program.
OPT.ENT
0 -NEW PROB
2 -LOW CYCLES
At STOP , Enter: 0 or 2 in (X)
CONT

-t e - v S = e e e e e R i e m e e e e e o e e e S e e e M e S e S e e G e R e e e e M M e O YR e E R e e w0

If 0 is Entered - New Problem—Use for completely new problem. All but the

permanent storage registers containing density and drag coefficient constants will
be cleared, program returns to start with reprint of Number and Title,
If 2 is Entered - Lower Altitude Cycles—Use when analysis is desired with the

balloon lowered to each of the altitudes specified in the wind field table, Summary
storage registers are cleared and the program returns to start with reprint of
Number and Title. Instead of RUN#1 the following is printed:

RUN #
2
B.ALT/AZ
Zy
Py

Program then goes to STOP 3 for entry of balloon total force and angle at this new
altitude ZB which is the second altitude originally entered in the wind table. The
program will then make a complete solution to the surface (or to zero tension or
horizountal cable) for this new balloon altitude. However at the end of RUN #2, no
option is provided since the program cycles on to the third altitude point in the wind
field table, sets up RUN #3 and goes to STOP 3 again for entry of the two balloon
parameters at this new altitude. Thus a solution is provided for each altitude in

the wind field table except for ZS‘ When ZS is detected, the program will terminate
the same as if 0 were entered at OPT ENT and return to the start with a reprint of
Number and Title, Refer to Section 3.5, 1, for plotting notes with this OPT 2,
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Note No. 1 =

Notae No, 2 -

T Sk S Sk TRy TEYPTrTYTITe AR O LTy YT Yy

It Incorvaot duta la believed to have been enteraed, do not preas
STOP KND to restart program, For correct and safe clearing of
registevs preas following:

STOPR

Qo TO

1

8

6

0

After OPT ENT message is printed, enter 0, then:

CONT

Proof of solutions can be made by summation of the vertical forces,
Summary of the horizontal forces is not possible because summation
along two fixed horizontal axes could not be handled within the
avallable spuace.

Therefore; Fop 8in 6 = TW sin ¢ w W +2Dw

BALLOON
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3.5.5 I[INPUT DATA FORM
Test No,: Date: Notes:
INPUT 77, 007P
STOP NO, ITEM VALUE
MAX., BALLOON ALTITUDE Ft. MSL
{el=1 SURFACE ALTITUDE Ft. MSL
CABLE CD or 7 for Internal Comp.
CABLE DIAMETER Inches
2-2-2 CABLE WEIGHT per 1000 ft Lb.
CABLE ELEMENT LENGTH, KORO Ft.
for K = (ZB - ZS)IIOO
§-3-3 BALLOON TOTAL FORCE Lb.
ANGLE OF TOTAL FORE&) Deg.
4-4-4 WIND PROFILE
For Stop 3 For Stop 3 7]
Opt. Lower Opt. Lower
Alt. Cycles Alt. Cycles
1, ZB Ft. MSL 7. Z Ft, MSL FT Lb,
Wind Knots Wind Knotsa @ Deg.
AZ Deg, Az Deg.
2, 2 Ft, MSL FT Lb, 8., Z Ft. MSL FT Lb.

e Wind Knots 0 Deg. Wind Knots 6 Deg.

AZ Deg. Az Deg.

{0

N 3. Z Ft.MSL | F,, Lb. 9, Z Ft.MSL | Fo, Lb.

i Wind Knota 6 Deg. Wind Knots 0 Deg.

Y AZ Deg. AZ Deg.

3 4, 2 Ft, MSL | ¥, Lb. || 10. z Ft.MSL | F,, Lb.

P Wind Knots g Deg. Wind Knots 8 Deg.

AZ Deg AZ Deg.

,,, 5. Z Ft. MSL T Lb. 11, Z Ft, MSL T Lb,

Wind Knots 9 Deg. Wind Knots 8 Deg.

AZ Deg. AZ Deg.

s 6. Z Ft.MSL | F,  Lb, || 12 2 Ft. MSL

i Wind Knots 6 Deg. Wwind Knots

E) AZ Deg. AZ Deg.

b A minimum of two wind points must be specified. Conditions at ZB must be the
first point, Conditions at ZS must be the last point. A maximum of twelve wind
points may be specified.

5-5-5 PLOT CONSTANTS
Spacial Tick-Mark Intervals, N Ft,
Tension Tick-Mark Intervals, M Ft.
Tension Rounding Factor, P
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_S_‘E' KEY [of4]e] 3 X Al < STEP XEY CODE X A
o030 o]l 2 2 o] A~ sine

X 1 XZ() =

2f = 2 sin O

il & 3%{ 7

4 XJ) JETD)

5| /AD 5| 5 = J

6 & 3 e[ X2 Y o =

gk = 1 — =’

8| X¢) 8| b J =/

ol ¢ Zs | & 91 X{)

o[ X=Y 0f &« Zs

) RP Z! | FEs v

2l 3 AX>Y 1 .

3| 2 3l ©

4| & K]

s| -/ / 5| ¢

6| X> 6| 3

7|+ 11 X0)

sl b s| 7 KFepl s | J

9)GoJo 9l XC KRep

o| o of 7

1W 2 11 o /O K RED

o # UAX=Y

3| » 3 |
ogz2a| / Ni=1 a2

5[ X> 5| &

& B s| 7

i 1 X>

sy / 74 8] 7

9 4 [ 9[ X >

of X() o] =

1o £ 41 W G

2| + A4 2[X—>

3SLy-» 3| +

4 a a9

s| X{) 5| X>

6| IND §| &+

7 _a _Ba 7

8| X s| ©

9l = 9|GeTo

of 7 ol 3

1 X> 1 4

2l 3 27

3L o 0393] X-> 4 7
03#4|GoTe a5 £ = =

s(LABE T PLAT ROUDAE s[PAT =

5l = Z {1 J Z | Z
0341 X0 UV s J *

8l 2 =) 8 x>
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STLP KEY cont Ry A STEP KEY CODE Ay Al

o¥d o] 2 o] 2
1| 3 1|+ K
2[X () 2{PNT = /< 2
3L 2 8 3 X ™
alcos X CoS 6O K w N
s| £ o5 6 5| X-> 29
6| X{) 6| + il
0 6 K__|coss 11 2 XY
8[X > s[ 5 N
of + o[ XD L9
o[ 2 o[ 2 X 0
W4 1[5 =W ¥ <
2l X Kewse 2[PNT £W U
HETS) o%é3| b NW N
4 2 4l 4 n* L w
s| ¥ £8 s[ | / » 3
6[cos X cos £8 |Keos & sl + r'n+/ 1N
11X2Y keasB |ces £8 1 3 3 -’ o
s X h a[ X 3n’ 2
o XZY h lkecos© s 3 *
0|PNT h ol &6 36 |37
WX> 1+ 31436
2l + 2{X{)
3L 2 io CIREZIE
at a4+ Wt It
s[ XD 5[gy>
6| & 6l &
7| 8 £0 (X))
8{sw X sINZ 8 | KewosS 8| /IND
9] X =€ 8l & Enes
ol < . o| ZEngs
HPRPNT £ 1 %)
2 X > 2l 5 Z & net
3+ IX>Y
4 R 4l o
St 2 5| 4
61 XD 5[ @
7 2 7 7
8 3 J gl ¢/ 7
o[PNT J o [X>
ot X() o F
"W 2 1 p
2 I H 216w 7o
3|PNT H 36
41 X() s
s 2 A
o[ Z T o F
|PNT I o491 3 3

i 8{ PNT ] 4] K>

i 9 X_() g| ==
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Storage Registers

STORAGE

b
)

N cepé

ING APALS,

000
001
002
003
004
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012
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014
035
016
017
018
019
020

EycLa
2 cyomr

Fr=>T

Fm

Exmw

.0/10

o%g‘::w

o

A

JepER

o
N
O

S

IO RS

Teos @ +LDn

o021
022
023
024
025
026
027
028

SUMMARIES

029
030
o
032
033
034
035
036
037

77,007

080 )2(-; 1

081 [Cpp T2

082 | Kg ./

083 | Kg )

084 [Cpa 3 a
085 | Kp ) o/.
086 | Ra ) S
087 Coa < |
088 | Kg / =

089 | Rg ) S
090 [Cop v 5

091 | Ka %
092 | Rp Y &
093 [Cog 2 6

094 | Ko a
095 { Rp 3
036 |Cpa ¢ 7 | o

097 | Kgr- ~N
098 | Kn)

099 [Cog ¢ & J(

100 | /<’

101 | PueT 4

102 | Pror I~

103 | Peor é g
104 | PuoT > ‘:
105 | PuoT < 8
106 | PoT Q¥
107 | PeoT g

108 | PeeT ¥

038
039

040 Vl

oy | AZ,

042 =y

043 ] Vo

048 | AZ,

045 | Z3

046 | V3

047 | AZs3

048 | Z 4

049 | V4

050 | A%«

051 | s

052 | Vs

053 | AZs

054 | Fe

055 | Vo )
056 | AZ J
057 | Z> W
058 |_V7 -
059 | AZ7 0
060 | Zo

061 | V&

062 | AZq a
063 | Zo z
064 | Vo -
065 | AZ9

066 | o Z
067 | Vie

068 Zio

069 | Zy

070 | Vy

oy | AZy

072 | Zi2

073 | Vi

074 | AZi2 \
075 |_y J
076 | o

077 | K&

078 | Cog v/

079 | Ag
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77.007P

3.5.7 SAMPLE INPUT/OUTPUT PRINT AND PLOT

The following are copies of the HP Printed Tape for Test No. 5 in Section 4.

A. No Intermediate
Altitude Print

PROG#77.0087P
3~-DIM. TETHER
TEST

RUN# 1
lapes. aad
409080, 684
3. 142

S.008+%

1,254a
20,080
168,808

3200, 6p8
a5, paa

WINDS
10600, 000
25,6600
186,860

8566, 060
49,0084
223,008

?060.008
50,6804
27@.0088

6008, 804
£8.0008
300.000

4g08, 600
28,0080
313.006
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OH SURF
ALT
40083,8%6
HT
5996.11@
TENE
3271.459
C.ELEY.RNG
35,932
LENGTH
7290.0008
WwT
145,800
.Vl'n
1122.263
He IsL
1476.213
3808.984
3344.,415
AZ.T0 BLHN
63.807
B.EL.ANG
6@.849
S.R
6865.745
C.RZ
85,548
# +E
3680.,984
¥ +H

1476.213
OPT.ENT

8-NEW FROB
2~L0W CYCLES




RUN&

B.ALT/HE
SIHQ. Gan
225,000

J.aua

3206, 000
L.oed

CHBLE HOR

ALT
8889,653
HT
410,347
TENS

3289, 964
C.ELEVY.RANG

~A, 13&'

LENGTH
2238, 8848
WY
165,680
Y.D
1209.934
HalslL
BERT . RES
2.584
BRETV.REE
RZ.TO EBELM
15,818
B.EL.ANG
2,842
S.R
277 .244
C.RZ
45,874
W +E
Sg47.525
Y O+H

RUN#
3. 00y
B.ALTARE
TR0, 88q
ave.aqe

3200, 400

83.008
ON SURF
ALT
4007, 570
HT
2992.438
TENS

FESIIE
C.ELEV.ANG
56,523

LENGTH
3288.008
WT
65,160
M. D
477637
Hy Il

188,362
B.EL.ANG
68,593
s.
3214.178
L.RE
112,851
X +E
1113, 486
¥ +N

157

7, 007P

RUNW
4,000
B.ALT/AZ
000,000
300,000
3200,000
85,000
ON SURF
ALT
400Y,993
HT
1994.047
TENS
3174,239
C.ELEV.ANG
68,224
LENGTH
297, 000
WY
41,400
Y. D
198,688
Hs In L
920.478
28,0887
S521.23%
ARZ.TO BLN
123,089
B.EL.ANG
79,351
S.R
2061, 046
C.RE
124,851
N +E
436.703
Y +N

-284, 563
PROG#7V,0a7p
3-DIM. TETHER
TEST
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11,0071
I,

ffull Peint of
All Intermadiate
Altitude Data

PRQGAT P, QAR
A=DIN, TETHRR

TESY
RUN#®

WINDS

5,000+

LoD, neo
40040, 0@
3,14

1, 2%
20, a0y
jag, 0Qu

3200, 0w
£%. 000

19@380, Rw
RE-IV Il
1RO, 200

%0, 00w
48, 00
SN WAy

000, a0a
S0, 0an
270, 099

SQQ. 1A
88, o0
200, 000

430848, anu
28, a0a
313,000

3BL0, 688
it
18,088
Q. 000
1?9318
15,688
v, 000
L&0, Que
3,600
S, e

«
=4
-
23

PN
G AL 305D

L.
D G e G
— G D A & T

By S o G A g

* e s e e o

33, 874
0,313

340, Qo
200
28, 584
(ag, 782
180,679
12,073
\l"’l.lt..
L0l
2, @88
46, 244
4,545
45,311
8, 048

1,265
B3, 448
3193,433
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4y Altitude, Hottom 1Mleat
Blement,

K, Cuble Length
5\\' Cable Waignt
Wh\d kants

t\utmuth of Wind

Y‘.ﬁ iy
Reynolds Numbet

Q’ l)vnumiu Pressure

L Total Kleraent Drag
D\\ ’ \ vty Drag Component
DH

Dg

g
0
1

Start of next element
printout




S

ISl A e T I e | e Lo A 5

!
i
E

¢
iy
h

Y.%
i
1
|

- =T e~
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PaPR, 000
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4003, Haa
19,57
lotag
L4528
998,110
1die, 313

Y, a4

2290, 000
1435, Qg
20,078
J14,97)
268, 8530
49,450
LIP3, 023
1,200

@, 830
1,879
f.a41
1,094

1.ave

g, 828
3§, 932

3271.,45¢9
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QH SURF

ALT
S003, 890
HT
S996, 110
TENS
AT 4G
C.ELEV,ANG
KL R
LERGTH
Ta90. QB0
Wy
145, Q0
Vol
L1333
Hylsl,
1476, 213
V00, 984
3344, 418
R2.TQ BLN
&3, 8QP
B EL.RNG
000 84‘:‘
S.R
RREE, T4
C.RA2
8%, 548
N g
000, 984
¥ +N

1476, 213
QFT.ENT
Q-NEW FROB
&=LOW CYCLES

11,0018
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77.007P

In the printouts ahove, Case A shows the input data for a balloon at 10, 000 ft,
left side of the first page which is followed immediately with the surface or winch
data on the right side of the page. At the end, an Option 2 or lower altitude cycle
rerun mode was selected from the two choices provided, On the next page, Runs
2, 3, and 4 are shown. Run 2, for example, indicatea the balloon is at 8500 ft with
a wind azimuth of 225°, The same values of F'I‘ and 8 as in Run ! were entered;
an approximation since F,, and 6 change with altitude and wind speed. Computation
then commences leading directly to the surface or winch conditions. Run 3 auto-
matically follows., Since 6000 ft is the last altitude above the surface in the wind
field table (in Run 1), the Run 4 for this altitude ig the last of the possible rerun
cycles, The program therefore terminates by going back to the start, reprints the
title, and is ready for a new problem.

On the next page, Case B, the same balloon problem is used in the basic form
of the program where all parameters are printed at intermediate altitudes between
the balloon and surface. The altitudes are determined by the location of the bottom
end-point of each cable element and are therefore a function of the element length
gelected and the elevation angle of each element, On the right side of the page, the
parameters for an altitude of 9820. 685 ft, the bottom of the first element, are shown
followed by 9641, 584 ft for the second element. On the next page, the last two
intermediate points are shown before the final surface or winch condition printout.
These final winch figures agree with those in Case A, Run 1, since all input data
for both cases wasg identical.

The plot for this problem is then shown. All notations are added; none are
produced by the program except the point symbols noted in Section 3.5. 1. Tick-
mark intervalg of 500 ft for all spacial dimensions and 500 1b for the tension were
selected as part of the input data, A tension rounding factor of 3 made the initial
FT round from 3200 ib to 3000 1b thereby placing the 3000-1b tick mark in the middle
of the upper (tension axis). The 3200 1b starting value may be seen to lie at the
correct location to the right of the 3000-1b tick.

Because of the unusual cable properties selected to illustrate large cable rota-
tion (cable diam = 1, 25 in., and weighing only 20 lb per 1000 ft), the tension tends
to remain constant and then increases above its starting value as it approaches the
winch, In the more typical heavy cable used in tethered balloon work, the tension
usually decreases with decreasing altitude,

The winds changing from south past westerly moving down from the balloon
produced a large amount of cable turning as may be noted in the H~I plot which is
really an Xg-Y g plot looking vertically down from above the balloon. Due to the
input value of wind azimuth at the balloon, 180°, the north direction is vertical
along the H-axis toward the top of the paper, The balloon, always pointing down
the paper at the intersection of the H-I axes, is "looking'" into a south wind, The
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77.007P

westerly winds on the cable below the balloon, coming from the left, 'turn'' the
cable in that direction. The end of the H-I plot represents the winch location. Final
values of location, azimuth of the balloon from the winch, and cable out azimuth
may be scaled from the plot and seen to agree with the printed figures. The two
vertical projections of the cable position, Z-H and Z-I, can be seen to be consistent
with the H-I plot since all three are at the same scale.

The cable elevation angle, 6, decreases from 85° at the balloon to 35, 9° at the
winch. In the full-gize 10-in, X 15-in. plot, 6 = 90° is 9 in. to the right of the
Z axis. Knowing that the two vertical axes are 8 in, apart on the full scale plot, it
is possible to ascertain the scale of § on any plot reproduced to a smaller size.
Similarly, since the scale of q is 2 lb/ft2 per in. on a 10 in, X 15 in, plot, the
scale on a plot of reduced size may be ascertained by reference to the distance be-
tween the two vertical axes,

Note that the dynamic pressure, g, is based on the wind velocity normal to
each cable element and is therefore a function of the wind velocity squared, the
atmospheric density, the elevation angle, 6, and the wind incidence angle, &. In
this particular example, q reaches a maximum at 6000 ft where the wind is a
maximum. If for example, the cable elevation angle at this point were 20° instead
of an apparent 52°, the dynamic pressure would be reduced due to the smaller wind
vector normal to the cable.

4. PROBLEM SOLUTIONS

Some examples of the solution to various tethered balloon cable problems will
gerve to indicate; (1) the ability to handle some of the intricacies involved in working
with azimuth angles in a three~dimensional solution, and (2) the usefulness in ad-
vanced design efforts, Discuasions here on the use of Program No. 77.007 apply
equally to No. 77.007P,

4.1 Problems for Testing Program 77.007 and 77.007P Operation
4.1.1 180° AZIMUTH AMBIGUITY-TESTS 1 AND 2

A, Testl
A sample problem used in Reference 1, Program No. 76. 006 will be utilized
here as Test No, 1, In this example of a two-dimensional problem, the wind was
reversed 180° in direction between altitudes of 10, 000 and 8000 ft by changing the
sign of the wind magnitude in the wind profile entries in 76,006, In the case of this
type of two-dimensional problem operated in the Program No, 77,007, the same
reversal was first entered by a change in azimuth as shown before.
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User Entries 76. 006 77. 007

Balloon Altitude, ft MSL 14, 000 14, 000
Surface Altitude, ft MSL 4, 000 4,000
Internal C,, Computations 7 {Yes) m(Yes)
Cable Diameter, in, 0.28 0. 28
Cable Weight/100 ft, 1b 25,0 25.0
Element Length (K), ft 500. 0 500. 0
Balloon Total Force, lb 1385.0 1385.0
Total Force Elev, Angle, deg 79.4 79, 4
Wind Field

Z 14, 000 14, 000
Wind, knots 25 25
Azimuth, deg —_— 180
Z 10, 000 10, 000
Wind, knots 60 60
Azimuth, deg —_— ' 180
Z 8, 000 8,000
Wind, knots -15 15
Azimuth, deg —_— 0
Z 5, 000 5, 000
Wind, knots -30 30
Azirmuth, deg —_— 0
Z 4, 000 4,000
Wind, knots -20 20
Azimuth, deg — 0

W The final surface output parameters common to both programs were in agree-
ment except for one particular aspect. In the two-dimensional program, the wind
:_ direction reversal takes place only in the sense that the wind velocity decreases
from positive through zero to negative values. Thus the program retains the single
vertical plane containing the cable, a horizontal plot shows a straight-line projec-
tion of the cable, and while not computed or printed, a value of I equal to zero is
inferred. Figure 6 illustrates the straight line obtained in an X-Y (H-I) plot of
the 76, 006 output,

Also shown is the 77,007 output which has a final value of I equal to -718 ft.,
This is caused by the rotation of the wind azimuth from 180° at an altitude of
10, 000 ft to 0° at an altitude of 8000 ft. Thus the cable experiences a side force in
this region and turns in azimuth, As can be noted in Figure 6, most of the bend is
completed at 8000 ft altitude and no curvature in the horizontal plane occurs from
that point to the surface. This effect is correct for the conditions specified by the
particular way in which the wind was entered, If a south wind diminishing from
680 knots to zero followed by a north wind increasing from zero to 15 knots is the
true condition, then additional points should be specified. If a single point at 8400 ft,
i 0 knots at 180° were specified (this is the zero wind velocity intercept between 10, 000
i and 8000) no bend would occur above 8400 ft, However, a bend would then take
% place between 8400 ft and 8000 ft if an end of a cable element fell within that area.
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Therefore to reduce the probability of any bend, two sets of entries 1 ft apart is
suggested for these cases where all winds are in the same or opposite direction,
For this case, they would be:

Z 8400
Wind 0
Azimuth 180
Z 8309
Wind 0
Azimuth 0

When these are included in the wind table and a run is made, there is exact agree-
ment with the two~-dimensional program; that is, no side displacement occurs.

(Yg)
H
2 1000 -1000 ~2000
OIOO T © T T I(Xg}
1000 1
- Z=]0,000ft
2000 1
Z= 8000 ft
30001
40001
WINCH LOCATION
6000 ; no.o’gfé%OT
G OCA =
WIN Hl&'o.%eﬂ?)g Is-719
H+3130
Ix(0)

Figure 6, Plan View of Csble, Balloon Origin,
XB-YB Axes, Test 1

B, Test 2-180° Azimuth Rotation

In Test 1 the cable moved to a minus value of I when a wind azimuth inter-
polation between 180° and 0° was called for between 10, 000 {t and 8000 ft, This
indicates that counterclockwise rotation of wind azimuth will occur when an exact
180° turn is encountered. To show this, the following problem was established.
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Hulloon Altitude, ft MSL 10, 000

i Surface Altitude, ft MSL 4, 000

A Internal Cp, Computations m(Yes)

b )

A Cable Diameter, in. 0. 28

e Cuble Welght/1000 ft, 1b 25,0

. Element Length (K), ft 500, 0

i Balloon Total ¥orce, lb 2000. 0

_‘: Total Force Elev. Angie, deg 85.0

Wind Field Test 2A Test 2B Test 2C
3 Z 10, 000 10, 000 10, 000
Wind, knots 25 25 25
‘ Azimuth, deg 270 270 270
E: Z 9000 9000 9000
Wind, knots 50 50 50
8 Azimuth, deg 90 89 91
il Z 4000 4000 4000
A Wind, knots 25 25 25
N Azirauth, deg 90 89 91

R The program will always assume a rotation of wind azimuth between specified
input points to the less than 180° direction, In Figure 7, the H-I plot shows that
the cable responds by a move to the right (-I) from balloon to winch indicating a
R wind from the right quadrant for both Tests 2A and Test 2C. Therefore, when an
exact 180° reversal is pregented (2A), the data indicates that the wind rotation

x{' will be counterclockwise the same as in 2C where, between 10, 000 and 9000 ft, a
b

3 179° rotation from 270° through 180° to 91° is known to occur, In Test 2B the
“\ rotation of 179° would proceed from 270° through 0° to 89° or retain winds from
“ the left quadrant in Figuce 7. In thig way, very different winch locations are
\ indicated.

A In summation, this demonstration shows the desirability of never specifying
f, two adjacent wind azimuths exactly 180° apart. If there is any knowledge that

W

R would aid in better defining the direction of rotation an intermediate point should
R . be part of the wind field input.
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TEST 2B TEST 2A ?TEST 2C
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-300
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-200

T

Figure 7. Plan View of Cable
Balloon Origin, XB~YB Axes,

H{ft)
( Test 2

T

=100

I(Xp)

100

i 1 1
20200 100 o] ~-100 -200
I(t)

4.1.2 EFFECT OF SELECTED VALUE OF ELEMENT
LENGTH-TEST 3

Unless a value for the length of the cable element, K, used in the computations
as gpecified, a value equal to 1 percent of the height or difference between the
balloon and surface altitude is program-selected. In order to determine a reason-
able value of K such that the number of program interactions and running time be
minimized, a series of runs was made with K varying between 0.1 of 1 percent to
10 percent of the height, While this was done for only one specific problem—height,
balloon force, cable specifications, and wind field—it does indicate something
about the desirable order of magnitude of the K value.
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Test 3 consisted of the following entries:

Balloon Altitude, ft MSL 14, 000
Surface Altitude, ft MSL 4, 000
Internal CD Computations 7 (Yes)
Cable Diameter, in. 0. 28
Cable Weight/1000 ft, 1b 25,0
Element Length (K), ft Varies, see below
Balloon Total Force, 1b 3,200,0
Total Force Elev. Angle, deg 85.0
Wind Field
Z 14, 000 Z 10, 000
Wind, knots 25 Wind, knots 40
Azimuth, deg 180 Azimuth, deg 300
Z 13, 000 Z 8500
Wind, knots 25 Wind, knots 30
Azimuth, deg 225 Azimuth, deg 270
Z 11, 000 Z 4000
Wind, knots 35 Wind, knots 15
Azimuth, deg 270 Azimuth, deg 210
K Values

ft 1000 500 400 200 100 50 10
% of ZB-ZS 10 5 4 2 1 .1 .1

Each of the K values was used in a run with three different printouts, Mag-
netic program cards were made up in three different forms as follovs:
(a) Print of final output at the surface only,

(b) Print of Z, H, and I at end of each cable element plus
final output at the surface,

(¢) Complete print of program output as written—all parameters
at end of each cable element plua final output at the surface.

The time required to run; (a) each of the 21 combinations without plotting
('77.007), and (b) some combinations with plotting (77. 007P) was also measured.
Table 3 presents the values of several computed parameters, The values for a K
value of 10 ft (0.1 of 1 percent of ZB-ZS) were taken as having zero error and were
used as a base for error determination for other K values. These errors, shown
in Figure 8, indicate that a K value of approximately 3 percent of ZB-ZS would
assure less than 1 percent error in most of the parameters, The lack of smooth-
ness in the error curves can be attributed to the manner in which the final surface
altitude is reached. A function of the K length and cable elevation aungle, the sur-
face intercept can show somewhat random error. This in turn can introduce addi-
tional smaller errors in other parameters.

However, the general trends are indicative of the error in using too large a

K value such as 10 percent of ZB"ZS’
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Table 3, Output Parametera= Toat 3

ooz o ouy

— s i

“i‘.m,,u&ﬁ) ] s T 1 v |y T v

K f R 8D 109 200 Wwe 200 ILEY)
R" Busf ALt Ft| 000,008 | 4000,827 | 4000, 8181 4019, 808 [ 401,181 1 404&, 02N | 4091 .46)
) Pannion  1b| Q950,168 | 2950.404 | 2080.€71 | A9BL, 083 | AURR. PRV [ 9R4.000 ) 268V .uee
) ¢ Rlav,Angln 78,968 18,969 70,819 18,986 19,008 19,0490 ITNST]

o CWaight Ibh| 283,538 283,800 269,800 2R2,000 252,000 #h),2%0 250,800
' Cihength  F[10101,000 [ 10100.000 | 10100,000| 10080.000 &00i0|002 10080.,000 | 10900,000

% V. brag 1h 19,467 39,4 39,142 N, 499 31.3) 16,438 33,480
1. ] Fri 1019,418 1 101,080 | 10X4,348 ] 100%,99) 93,454 942,301 933,089
' I €| B3R, 031 824,942 4,948 821,09y M, E8e 14,2148 03,430
5:’ L 6] L300 443 | 1309447 | LAY 124 RAVR.SII | LROR.00N | La9R. P [ L9M0,7pe
‘] AR to Bln,dg .98 19,034 39,119 9. 04 39,432 19,654 0,639
L B .Rlev Mg, 82,539 B3, 839 83,083 2.89Y 23|2‘? aa.gag 2‘93“
K 81, Rangs € [10085,540 | 10094,540 | 10084,553 | 10064.611 | L0084, 615 | 10034, V0 (TR N1 ]
v C.Animuth dg 52,993 53,02 $3.0N 53,198 53,403 [ §3.630 _1Fi§1033

Fgure 8 alao indlcatea that the optional bwilt in 1 peveent K aeleotor probably
assuran that all parametera are within 1 percent af true valuea, althowgh, ar next
indicated, running times may bo excesaive foy cemtain combinations af apavation,
Figure 8, presenta the proagram running times au a function of the ocahle element

p length, K, If a K value of 3 pevcent of zu~zs were adele..ed from errar cangideras

;! tiona, the following running times would be indicated,

- (a) No Plot, Only ¥inal Peint 2 min

. (b) Ne Plat, 7, H, I Intermediate Alt

‘ Pointa and Final Print 2<3/4 min

(c} No Plot, Camplete Intermediate

'\ Pointa and Iinal Print T min

1 _ (d) Plot, Only Final Print & min

r‘ (e} Plot, Z, H, I Intermediate Alt

L Pointa and final Print 8 min

: (£} Plot, Complete Intermediate

? ! Points and Final Print a-4/4 min

| i 1t should be emphagived that theae errorva and vunning times apply to the pare
ticular problem used in this model, W: l¢ -y differing problema, auch aa mare

l variations in the wind arimuth ar greater wind magnitude producing largey =or
| smaller cable elevation angles at the surface=will have a different et of ervors
i and of courae, running timeas,
i
|
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4,13 SOLUTION CHECK FOR ALL BALLOON POINTING
AZIMUTHS ~LLARGE CABLE-TESTS 4 THROUGH 12

The cablea specified in previcus tests have small diameters, They are typical
of the type of cables selected for tethered balloon operation with a high strength-
to-weight ratio so that small diameters are possible thereby minimizing drag loads
as well as cable weight, With small drag loading, the cable is less sensitive to
winds and in particular, winds from the side will not produce large deflections
easily shown on an X-Y plot, In order to clearly show large movement of the cable
and illustrate that this program can properly handle large cable turns, a peculiar
type of cable will be specified in this group of tests. In addition, the wind field will
include some large wind speeds.

A large cable diameter of 1. 25 in. together with winds of large magnitudes will
produce significant drag. A cable weight of only 20 Ib per 1000 [t insures that cable
weight will not predominate in the calculations of cable deflections. (This is not a
real cable,) Other input data include:

Z]3 10, 000 ft MSL
ZS 4,000 ft MSL
Internal Ch n (Yes)
K 180 ft
FT 3,200 b
8 85 deg
and the . tlowing wind profiles:
Wind Azimuth, deg
.1 ae Speed Test Test Test Test Test Test Test Test Test
(o MsL knots 4 5 6 7 8 9 10 11 12
10, 000 25 180 180 180 270 270 0 0 90 90
8,500 40 180 225 135 315 225 45 315 135 45
7,000 50 180 270 90 0 180 90 270 180 0
6, 000 60 180 300 60 30 150 120 240 210 330
4,000 20 180 315 45 45 135 135 225 225 315

Test 4 is a two-dimensional problem since the complete wind profile shows wind
from the south (180°). The balloon therefore points towards 180° and the winch lies
south of the balloon. Hence the azimuth from the winch to the balloon and the azi-
muth of the cable leaving the winch should be 0° as was computed (see Table 4),
The same problem could be run in Program 76,006 since it is a two-dimensional
condition.
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Table 4, Output Parameters~Tests 4 Through 12

Test Surface Height Tension, Cable El. Cable Cable Tot.Vert. Baln.El, Slant Dlstance
No. Altitude Winch Angle Length Weight Drag Angle Range H
ft £t b deg ft 1b 1b deg ft ft
4 4005.25 5994.75 3124.00 28.89 8046 160.92 1517.72 52.20 7586.43 4649.39
5-12 4003.89 5996.11 3271.11 35.93 7290 145.80 1122.26 60.85 6865.74 1476.21
Distance Distance Azimuth to Cable Out X Y
b3 L Balloon Azimuth + East + North
ft ft deg deg ft ft
4 0 4649.39 0 0 0 4649.39
5 3000.98 3344.42 63.81 85.55 3000.98 1476.21
3 6 =3000.98 3344.42 296.19 274 .45 -3000.98 1476.21
N 7 3000.98 3344.42 153.81 175.55 1476.21 -3000.98
3 8 =3000.98 33#44.42 26,19 4.45 1476.21 3000,98
38 9 3000,98 3344.42 243.81 265.55 -3000.98 -1476.21
- 10 =~3000.98 3344.42 116.19 94 .45 3000.98 ~1476.2)
}\ 11 3000.98 3344.42 333.81 355.55 -1476.21 3000.98
0 12 =-3000.98 3344.42 206.19 184 .45 ~1476.21 ~3000.98

3 %
AR

While the wind speed profiles for Tests 4 through 12 are all the same, the
azimuth profiles of Test 5 through Test 12 indicate winds turning in azimuth as
the altitude decreases. In Tests 5 through 12 there is essentially the same degree
of turning in order to represent the balloon pointing in 4 different directions with
the cable subjected to winds approaching 90° from either side of the cable. The
wind azimuths in Tests 6, 8, 10, and 12 are mirror images of those in Tests 5,

7, 9, and 11 respectively. They were selected in order to show positive and
negative values of the displacement, I, and to produce a wide range of cable and
balloon azimuth angles and X and Y values on the surface. (Section 3.5,7 contains
the tape output for Test 5 only.) Table 4 contains the final output values to illustrate;
(1) parameters such as tension, cable elevation angle, cable length, slant range,
etc., are identical for all tests as they should be; and (2) that balloon and cable
azimuth angles and the geographic-axis displacements X and Y differ as expected.

Figure 10 illustrates the eight H-I or XB-YB plots of these tests to show that
the parameters —azimuth to the balloon from the winch and the azimuth of the cable
leaving the winch—are consistent, and therefore properly handled through the 0°

to 360° boundary.
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Figure 10. Plan Views of Cables, Balloon
Origin, XB-YB Axes, Tests 5 Through 12

4,1,4 TRENDS IN CABLE ROTATION DUE TO WIND AZIMUTH
ROTATION—LARGE CABLE—-TESTS 13 THROUGH 18

The balloon and cable specifications and the magnitude of the wind used in
Tests 4 through 12 were retained in Tests 13 through 18, As shown in Figure 11,
the azimuth angles of the wind on the cable were varied; (a) in Tests 13 through 16
to greater amounts of clockwise rotation than Test 5, and (b) in Tests 17 and 18
through less severe rotation clockwise then counterclockwise.

The H-I (XB -YB) plot in Figure 12 indicates the tightness of the cable turn
produced by very severe wind azimuth rotation, When Figure 12 is transferred in
Figure 13 to a common winch set of axes, XW-YW, a clearer picture of the balloon
movement with variations in wind rotation on the cable is possible, Because the
balloon in these particular tests is pointing exactly south (180° azimuth), the

XW-YW axes in Figure 13 are also the X~Y or geographical axes with North pointing
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up the Y -axes, It can be seen that the greatesat amount ol wind rotation (Test 16)
pluces the balloon closest to the wineh in this horizontal projection of the cable
geometry, The winch/balloons {n Testa 17 and 18 and {n Test 4, the two~dimensional
case, are outside the boundaries of IFigures l2and 13, The length of the cable re-
quired in each of the tests, as shown below, decreages with proximity to the winch
as projected in the horizontal plane,

Horizontal Distance

Test Number Balloon to Winch Length Cable
4 4649 80486
18 4445 7920
17 4285 7812
5 3344 7290
13 2425 6786
14 1192 8300
15 828 6210
18 515 6120

Min Possible C. Length
ZB--ZS 6000

The two-dimengional case, winds all from the same direction (Test 4), produces
the greatest displacement and cable length,

10,000 T T T T T T

9000

:

ALTITUDE (tt)
-~
o
]
o
T—

6000}
5000}
p
18 /17 TEST & 13 a4\ 18
R ] L 1 1 1 L
E: 400005 240  [280 320 } 40 80 | 20 40 60
g WIND AZIMUTH (DES) 360 WIND SPEED (knots)

Figure 11, Wind Profiles, Tests 4, §, and 13 Through 18

173

| s R Sl




I DISTANCE (ft)
3200 2800 2000 2000 1600 1200 800 400

' ! T rest
4

—4
TEST 13 00

~1800

g
o
" 1200 2
o
: =
: TESTS 2
1 [a]
" {1800
"
\,
i'g - ~12000
5 TEST I7 TEST 18 TEST 4
i H + 3385 /H+3808 H+ 4649
. 1+2629, 7/ / I +2292 10
- 1 1 1 ! ! 1 1 Y
i B

TR

Figure 12, Plan View of Cables, Common Ballocn Origin, XB -YB Axes,
Tests 4, 5, and 13 Through 18
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Figure 13, Plan View of Cables, Common Winch Origin, X-Y Axes,
Tests 4, 5, and 13 Through 18
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Figure 14 presents the variation of tension and elevation angle with altitude for
some of these tests, Test 5 maintains the highest level of tension of all the tests.
In this case the tension at the winch is greater than at the balloon, Its elevation
angle at the winch is only 36°. While Test 16 produces a very vertically aligned
cable (at 6000 ft it is nearly vertical) the tension decreagses down the cable to a
minimum at the winch, The more tian 8000 ft of cable in Test ¢ enters the winch
at a very low 29° elevation angle, While these effects are all exaggerated cases
due to the very lightweight large-diameter cable, they illustrate the necessity to
make computations over a wide range of pogsible meteorological conditions, if
precise information on cable behavior is wanted for many different types of flying

days.
10,000 T T 1
8000} - . -
8000} - - -
S
8 7000 - - - -
E
H
a
6000 . b~ m
5000 . - .
aflie i3 \s
L I 1 1
4000 5 3I00 3200 3300 0 20 40 60 80
TENSION, T(Ib) CABLE ELEVATION ANGLE, 8 (DEG)

Figure 14, Cable Tension and Elevation Angle Variation with Altitude,
Tests 4, 5, 13, and 16

4.1.5 EXTREME CABLE ROTATION WITH BALLOON IN
ALL QUADRANTS—LOW ALTITUDE CYCLES-~TEST 19

The following problem is introduced to illustrate; (a) a corkscrew-like cable
geometry which extends through all 4 H-I quadrants, and (b) the use of a lower alti-
tude cycles for static evaluation of the balloon during ascent or decent. Again, a
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large diameter and éxtremely lightweight cable is utilized to obtain the exaggeration
desired and is not an available product.

Max, Balloon Alt, Z 10, 000 ft MSL

B

Surface Alt, ZS 0 ft MSL
CD 1.0
Cable Diameter 2.0 in.
Weight per 1000 ft 10 Ib
Element Length K 250 ft
Balloon Total Force 3200 1b (also used at all lower alts)
Angle of Total Force 85°

Z 10, 000 7000 4000 1000
Wind 25 40 40 40
AZ 180 45 180 315
Z 9000 6000 3000 0
Wind 35 40 40 40
AZ 270 90 225 0
Z 8000 5000 2000
Wind 40 40 40
AZ 0 135 270

Note that the wind magnitude from 8000 ft to the surface is 40 knots and that a con-
stant Cpy = 1. 0 is used in this problem,

Figure 15 isthe H~1 (XB-YB) plot withthe balloonat 10, 000 ft showing that the cable
extends in a spiral through all 4 H-I quadrants. Figure 16 shows the Z-H and Z-1
vertical views of the cable (at a different scale than Figure 15) to show the tightness

of the spiral.

Figure 15 was then converted to an XW-YW plot, Figure 17a, Again, because
the azimuth of the wind at the balloon at 10, 000 ft is 180°, these axes canbe con-
sidered ag X-Y with North up the paper. The cable for ZB = 10, 000 ft is shown
appearing smaller than in Figure 15 due to the reduced scale.

The X and Y values from the lower balloon altitude cycle runs (Option 2) were
then plotted as points on Figure 17a. The wind azimuth at the balloon at each of the
1000 ft levels was used to "aim" the small balloons (drawn thereon) into the wind.
Each is annotated with balloon altitude. As would be expected with the wind field
established for this test, the balloon travels through a spiral path relative to the
winch during ascent from the gurface to 10, 000 ft,

In the interests of clarity in Figure 17, the cable plan views are drawn only
for balloon altitudes of 10, 000, 8000, 6000, and 4000 ft, In spite of the widely
dispersed balloon locations, the cable leaving the winch remains within a 45° to
155°¢ range of azimuths at all balloon altitude, Figure 17b.

This type of exaggerated case also causes the cable tension to increase moving
from balloon to surface, Figure18a, At all lower balloon altitudes, the winch
tension is larger than the starting tension, 3200 lb, The largest tension is at the
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winch except for balloon altitudes of 5000, 6000, and 7000 ft where slightly higher
values exist somewhere along the cable.
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Figure 15. Plan View of Cable, Balloon Origin, XB—YB Axes,
Test 19
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a.GENERAL PLAN VIEW

Vertical Views of Cable,

b DETAIL~CABLE AT WINCH

Plan View of Cable with Balloon at Various Altitudes,

Common Winch Origin, X-Y Axes, Test 19
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0. BALLOON AT IOﬁOOO tt, b. BALLOON AT lNDhI‘CATED ALTITUDE,

CABLE TENSIO WINCH TENSIO
10,000 T T | il T 1
8000 T "“
{MAX TENSION EXCEEDS
\r—WINCH TENSION
£ 6000 1 SOME WHERE iN CABLE_!
3 4000 T ¢ {
/
2000 T / 7
1 1 | 1

L 1
QSIOO 3200 3300 3400 3200 3300 3400 3500
TENSION (1b)

IFigure 18, Tension—Test 1€

4, 1.6 CHANGES WHEN LESS EXTREME CABLES OR AZIMUTH
ROTATIONS ARE INTRODUCED=-TESTS 19 THROUGH 24

The problem In Test 19 used a severely rotating wind field and a large light-
weight cable to {llustrate a spiral rotation of the cable. Tests 20 through 24 retain
the same wind magnitudes as in Test 18 but vary other parameters,

Test 20 uges the saume cable but is 1 two-dimensional cage with the winds at all
levels from the sume direction, In IFigure 19, the effect may be noted as large
increases in downwind displacement und in cable length and a very low cable eleva-
tion angle at the winch,

Testa 23 and 21 are three-dimensional ana two-dimensional repeats of the same
problem as Test 19 and 20 except with a smaller diameter cable (0.5 in.) to reduce
the drag components. While winch tensions show a small decrease over TI'ests 19
and 20, the elevation angles ure increased and the cable length, (in the two-dimen-

sional cage) is greatly reduced,
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Figure 18, Vertical Views of Cable, Tests 19 Through 24

Tests 24 and 22 are three-dimensional and two-dimensional repeats of the
game problemsa except that the cable is brought into a completely realistic specifica-
tion by an increase in weight to 100 lb per 1000 ft with a diameter of 0.5 inches. In
the comparison of two-dimensional cases, the cable length and down range displace-
ment increase, but the winch tension is significantly reduced. In the comparison of
three-dimensional cases, the winch tension js gsimilarly reduced withcut much
change in cable elevation angle.

Tests 23 and 24 both exhibit a different form of cable rotuation in the plan view
than Test 19. The effect of the smaller drag producing cable is similar in both
Tests 23 and 24, therefore Figure 20 includes results for only Test 24, In the H-1
plot—left side—the cable becomes vertical at some altitude and produces the sharp
discontinuity shown thereon., This is the special case, discussed in Section 3. 2, 8b
which required special computational handling within the programs. On the right
gside of Figure 20, a portion of the vertical-plane plots of Z-H and Z-I show that the
cable goes vertical at an altitude of approximately 6600 ft. These comparisons
indicate that a practical tether cable will rarely produce the spiral cable configura-
tion in a wind field showing continuous rotation with changes in altitude. More likely
is the form shown in Figure 20 with, in addition, a decrease in cable tension as
one moves down the cable to the surface, ag with Test 24.
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Figure 30, Plan and Vertical Views of Cable, Test 34

4.2 Problemas for Teating Program 77.007B Operation

When Tast 24 was completed in a Program 77,007 run, Option 3 was selected

to call.in Program 77,007B, This established a fixed cable length of 10, 078 ft
which was found in the Test 24 solution (Col, 1 below), The wind profile for Test
22, a two-dimensional cage—wind all from same direction—with wind magnitudes
. the same as Tests 18 through 24, was introduced nsd an input into Program 77. 007 B,

This test will therefore be designated as Test 24, 22,

? Some of the output is shown in Col. 2 below. 1t indicates that the balloaon has

\\ descended from an altitude of 10, 000 ft (Test 234) to 8980 ft (Teat 44, 23) in the

ik presence of the two-dimensional wind, To indicate consistency within the programs,

; the altitude of 8980 ft war next entered in Program 77, 007 and a solution made again

P with same cable and winds used with 77, 007B. The surface output, Col. 3, exactly

‘:: duplicates the Program 77, 007B output, If a printout and/or plot of cable param-

{ eters vs altitude were required, this is the procedure to follow after a 77, 0078

'.' solution,

]

181

.

B

R




m (2) (3)
Test 24 Test 24, 22 Test 22, 22

77, 007 77,0071 77.007
Program No,:
Input Data
Balloon Alt, 10, 000 —_— 8, 980
Winds 3-dim. 2-dim, 2-dim.
Cable Length — 10,075 -
Fr 3, 200 3, 200 3, 200
0 85 85 85
Output Data
Balloon Alt. _ 8, 980 —-—
Cable Length 10, 075 10. 075 10, 075
Winch Tension 2,219 2,322 2,322
Cable Elev. Angle 82.0 42.8 42,8
Azim, to Baln. 352.0 0 0
Cable Azimuth 48.8 0 0
X -139 0 0
Y 990 4, 054 4, 054

4.3 Practical Problems—High Altitude Tethered Balloon

Since the developments of these programs were predicated on their need in
solving advanced tethered balloon problems, some illustrative cases are pertinent
here. As described in Reference 1, there is an AFGL plan to tether a balloon at
an altitude of 20 km (65,616 ft MSL). Two-dimensional cable problems and their
solutions were presented in Reference 1, Section 5, utilizing Program No. 76. 006.

4.3.1 FIXED BALLOON ALTITUDE

To illustrate the effect of winds having directions that vary with altitude on the
cable design and system performance, one of the aforementioned two-dimensional
problems will be repeated and expanded here into three dimensions. The basic
problem using the design wind magnitude profile, the internai drag coefficient
computations, and the same cable as shown in Reference 1, Table 3, Line 3 was
selected as a typical high-altitude problem., Test 25, with its input shown below,
is a repeat of that problem using wind azimuths at all altitudes equal to 270° to

provide the comparable two~dimensional case in Program 77, 007,
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Input - Test 25

Zy = 65,6181 4 = 65,616 ft 4 = 36,000

g = a4d001t Wd = 25 knots  Wd = 26

Diam = 0.3 in. AZ = 270 deg AZ = 270

Wt = 25.01b/100 ft 4 = 52,500 4 = 29,500

K = looott wd = 15 wd = 18

Fp = 30731 AZ = 270 AZ = 270
8 = 81.6 deg

Z = 42,500 Z = 5500

wd =  27.5 Wd = 9

AZ = 270 AZ = 270

Z = 4400

wd = 8

AZ = 270

The output parameters, shown in the first line of Table 5A agree with those of
Reference 1. Tests 26 through 30 were then run with the same input as Test 25
except for wind azimuth. The azimuths, Figure 21, were widely varied from test
to test; those used in Test 29 represent a greater than 360° continuous azimuth
rotation between the balloon and the surface.

WIND SPEED (knots)

0 10 20 30 40
80,000 T T T T
DESIGN WIND MAGNITUDE /
TESTS 25-30

60,000 TABLE 5Aond B P -
£ ( UPPER ALT.
g |, MAGN.
=] INCREASE
2 40,000+ TABLE 5C
5
L4

—T-25 T-27
20,0001~ .
o‘—SURE ] 1 ] 1
270 0 90 180 270

WIND AZIMUTH (DEG)
kigure 21, Wind Profiles, Tests 25 Through 30

In Table 5A it may be noted that the widely varying azimuth conditions intro-
duced In Tests 26 through 30 produced little change in the tension at the winch but
Increascd the cable clevation angle at the winch seemingly in proportion to the
"geverity' of the azimuth rotation. Cuable length was decreased by small amounts
but the balloon decrcased lis horizontal displacement from the winch by as much
49 50 percent, lor a given fixed profile of wind magnitude, the changes in wind
rirection act principally to Improve (Incrense) cable elevation angle at the winch
and to lmprove (decrease) balloon displucement,
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I'or tha condition of fixed balloon altitude—cable length varied to maintain the
height-and fixed balloon wind magnitude, two conclusions seem to be in order,

. (a) If the cable "reaches’ the surface when any two-dimensional wind profile
teonstant azimuth) type of problem is solved, the tension at the winch will never
be more than u few percent higher than that computed for a zero-wind case, In
Reference 1, for the same balloon and cable, various wind magnitude profiles on

the cable produced the same tension at the winch in spite of widely varying cable
lengths, total cable weights, and drag forces., Therefore, the tension calculated
with the simple no-wind (on the cable) relationship

Ty = ¥ = Wt of Cables Fp, «(Length X Cable Density)
or

'l‘w w FT - (Z.B-ZS) X Cable Density

or

Ty, = 3073 - (85,618 - 4400) X (25/1000) = 1542,6 )b

w
ig within 1 1b of the tension computed in Test 25,

(b) When in any two-dimensional wind profile type of problem the total vertical
drag is found to be less than the total cable weight, a change to any azimuth profile
(three~dimensional with same wind magnitude) will cause little significant change in
the winch tension provided the cable ''reaches' the surface. There are even some
combinations of unusual cables and heights investigated (see Tests 4 and 5, Table 4)
where the vertical drag may exceed the cable weight without the wind azimuth
variations causing excessive adverse tension changes.

Increases in the wind magnitude at the balloon can of course, change the balloon
total force and therefore, the winch tension and modify the above statements; as
will be shown in Section 4. 3. 2b.

4,3.2 FIXED CABLE LENGTH

(a) Effect of Wind Azimuth Change

If the cable length, 62, 600 ft found for the conditions specified in Test 30 above
ig held fixed, the winds (varying only in azimuth) from some of the previous tests
may be introduced through 77, 007B to determine resulting new balloon altitudes
and cable conditions, Test 30,28 in Table 5B, for example, is a8 combination of the
Test 30 cablu length with Test 28 winds. The balloon total force and angle used in
these tests are held fixed at 3073 and 81.6. This i8 admittedly imprecise but
sufficiently close enough to illustrate trends in the system behavior that are due
principally to changes in the wind azimutha.
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Table 5B indicates the results of such runs. As expected, the balloon is moved
down in altitude from the original 65, 616 ft when the degree of rotation of the wind
between the balloon and the surface is less severe than the ''base" wind (Test 30),
For the two~dimensional wind case (Test 30, 25), the balloon drops 2300 ft in alti-
tude. Its downrange displacement nearly doubles; 10,467 to 19,478 ft. The cable
elevation angle at the winch is redured from 70 to 56° with a tension increase of
59 Ib. When a greater amount of rotation is introduced, the talloon rises in altitude
as shown in Test 30. 29; a constant 25 knot wind magnitude was held above the start-
ing altitude of 65,616 ft.

(b) Effect of Wind Magnitude Change

Here the cable length, 62,600 ft, found with T'est 30 conditions is again held
fixed. Wind magnitude changes were made as follows:

Z, ft Wind, knots
Original Test
Tests 25 30. 25
Through 39 30. 30
66, 000 25 35, 36
65,616 25 35. 36
52,500 15 26,72
42,500 27.5 27.5

These increases at 52,500 ft and upward, Figure 21, represent a doubling of the
dynamic pressure and resulting drag of the balloon in comparison to the original
values at 65,616 ft. This change will also affect parts of the cable at these altitudes.
The wind magnitudes below 52, 500 ft and all azimuth values were left unchanged. *

In Table 5C, Test 30. 25 uses the wind magnitudes shown above taken with the
azimuths of Test 25 or two~dimensional case. In this test, the balloon moves from
63,316 down to 538, 260 ft. Ir Test 30. 30 the balloon level changes from 65,616 to
60, 920 ft. In both cases the loss in altitude, between 4700 to 5000 ft, is due prin-
cipally to balloon drag. Both of these tests indicate winch-tension increases of
several hundred pounds coupled with additional decreases in cable elevation angle,

E
In this exercise the balloon total force, Frp, and its angle, 6§, were changed to
3170 1b and 73.5° by the following rationale. With the assumption of a natural-
shape balloon having negligible aerodynamic lift, when the dynamic pressure is
doubled, only the doubling of drag was conasidered. Changes of size and shape with
altitude were considered negligible,

Orig., Condition New Condition
LT F.p=3073 Ib L * Fp=31701b
9 = 81.6° § =173.5°
Drag, D D'= 2D
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It is evident that the increase in the balloon drag (estimated at approximately 450
1b) is felt at the winch. Changes in cable drag at the affected upper aititudes also
add to the winch tension changes. Increases of more than 100 percent in the down
range displacement may also be noted. .

The results above indicate that the cable can be sized principally by considera-
tions of basic balloon forces. The height, and cable density in addition will in most
cages determine winch tension within reasonable working tolerances. Cable eleva-~
tion angle at the winch becomes a good sensor of the collective effects of wind
changes on the cable alone,

The test cases are shown here to illustrate the ease of using the programs to
solve a typical tethered-balloon project's design and flight problems. A great many
more points in a matrix of variables must be evaluated to cover all possible condi-
tions that might be encountered during, for example, a flight of tworweek's duration.
Such a parametric study for the high-altitude tethered balloon would also have to
include the effects of a changing balloon shape and size during ascent. Unlike the
conventional tethered-balloon design having a ballonet, this balloon is a natural-
shape type with factory installed reefing points for confining the excess material at
altitudes below the maximum. As the balloon rigses, one reefing point at a time is
released to permit the gas to expand and maintain a non-flacid shape.. Thus a series
of values of balloon total-force Fp., and its angle, 6, must be evaluated for many
altitudes to provide inputs for ascent studies.
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Appendix A

Symbols and Definitions

o 21 Constants used in Atmosgpheric Density Equation

A Frontal Area of Cable Element, ft2

AZ Azimuth of the Wind, deg

AZB Azimuth of the Balloon from the Winch Posgition, deg

AZq Azimuth of the Cable Leaving the Winch, deg

C Counter in 77, 007B

Cp Drag Coefficient of a Cylinder

DT Total Wind Drag on Cable Element, 1b

DH Horizontal Component of DT in Vertical Plane
of Element, 1b

DS Horizontal Component of D., Perpendicular to
Vertical Plane of Element, "lb

Dy Vertical Component of DT’ 1b

FT Total Balloon Force, 1b

g Horizontal Projection of Element Length, K, ft

h Horizontal Distance along Y axis, ft

H Sum of Horizontal Distances, h, ft

i Horizontal Distance along Xp axis, ft

1 Sum of Horizontal Distances, i, ft

b Vertical Projection of Element Length, K, ft

J -Sum of Vertical Distances, j, or Z ZS' ft

K Incremental Cable Element Length. ft
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L Horizontal Distance from Winch to Balloon, ft

M Tension Tick-Mark Interval, 1lb (Plot)

N Spacial Tick~Mark Interval, ft (Plot)

nep Recall Code Number in CD Computations

NW Recall Code Number in Wind Computations

ON Option Code Number

p Rounding Factor (Plot)

q Dynamic Pressure, 1/2pV2. lb/ff:2

r Repeater Code Number in Optional Lower Altitude
Runs in 77, 007 and 77, 007P or in 77. 007B

R Reynolds Number

T Tension, 1b

A% Wind Velocity, fps

Va Component of Wind Velocity In line with Element, fps

VN Component of Wind Velocity Normal to Element, fps

VC Horizontal Component of Wind Velocity in Vertical
Plane of Element, fps

VS Horizontal (?omponent of Wind Velocity Perpendicular
to The Vertical Plane of the Element, fps

W Weight of Cable Element, lb

wd Wind Velocity, knots

XB X-Axis Centered a!; Balloon.. aligned 90° with_Centerline
of Balloon and Positive to Right of Balloon (View
from Above)

XW X-Axis Centered at Winch, parallel with Xy axis but

Positive Opposite to XB

X X-Axis Centered at Winch, aligned East-West,
Positive East

YB Y -Axis Centered at Balloon, aligned with Centerline
of Balloon and Positive Forward of the Balloon

Yw Y-Axis Centered at Winch, parallel with YB axis, and
Positive Opposite to YB

Y Y-Axis Centered at Winch, aligned North-South,
Positive North

Z Altitude, ft MSL and Vertical Axis

ZB Ballopn Altitude, ft MSL

ZS Surface Altitude, ft MSL
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Greek Symbols

Relative Wind Angle to Vertical Eilement Plane, deg

Angle of Rotation between Adjacent Vertical
Element Planes, deg

Azimuth of the Wind at the Balloon or the Azimuth
to which the Balloon Points, deg

Angle in the X-Y Plane between the X-Axis and the
Straight Line from Winch to Balloon, deg

Angle in the X-Y Plane between the Xw-Axis and the
Straight Line from Winch to Balloon, " deg

Elevation Angle of Balloon from the Winch, deg

Elevation of Element or Tension Vector above the
Horizontal, deg

Atmospheric Coefficient of Viscosity, lb/ft-sec
Atmospheric Density, slug&x/ft3 (For R, 1b/ft3)
Angle between the V and V Vectors, deg

To Call Special Operation-—Computation of Cp
Increment

Sum
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