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: ?‘ Preface

e Equally as important as balloon thermodynamic problems (and perhaps more
F N challenging) are balloon aerodynamic drag problems, and the interrelated prob-
H (:; lems of dynamically determined balloon bubble shapes. A review of the literature )
) reveals that far from being solved, these latter problems have barely been de- ]
: fined. Although we can draw no lasting comfort from knowing that our status is
not unique, e should certainly be encouraged by the fact that others are vigor-
ously (and with some success) pursuing solutions to very similar problems. A
quite concise statement of our mutual difficulty is the follcowing:l
The most basic problem of determining the equilibrium figure of (the
body) also requires a simultaneous evaluation of the flow around (the body), 3
which in turn depends on the shape. It is doubtful that (the body) attains a 1

true equilibrium figure under natural conditions, and the analytical prob-
lems arising from the coupling of the flow and shape are unsolved, even

for the steady case,?®

Quite simply stated, this paper re-evaluates the efforts that have gone into
proaucing practical aerodynamic-thermodynamic, flight performance models. It
has been justified primarily by those programs that require accurate ascent rate
prediction or the ability to account for the effects of balloon motion, insofar as

*In the quotation we have substituted the term "the body' wherever Green used
the term the raindrop.

1. Green, A, W. (1975) An approximation for the shapes of large raindrops, J.
. Appl. Meteorol. 14:1578-1583. -
4 iii
Wi
3 " .
“ M’v
) I“'




they affect data obtained from balloon-borne sensors. Although our findings are
significant, they are not conclusive., However, it is hoped that the results will be
useful from both theoretical and practical perspectives. To the extent that they
are, much of the credit must go to Mrs. Catherine Rice, who is both the work unit
and task scientist, without whose con-tructive criticismn the arguments herein
would not have been as well organized or (we trust) as convincing.
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Factors Affecting the Vertical Motion of a
Zero-Pressure, Polyethylene, Free Balloon

1. INTRODUCTION

1.1 Objoctiver

Knowledyge of the vertical motions of {ree balloon systems is important for
four reasons. Iirst, to cifcet a desived ascent profile, we vred to understand
how a balloon system responds, both to its free-lift ferce and to changes in its
opecrational environment., Sccond, to initiate ascent (or dc scent) or to vary the
rate, we must be able to predict the eifects of both deballasting and gas valving,
Thirdly, to design a balloon-borne experiment, we often need to be able to pre-
dict balloon system motions. Fourth, te reduce certain flight sensor data, we
must be able to account for effects of system motions on scientific ~»~<~ ations,
With these needs clearly established, we vo-present the relevant ..., and
restate the problems with historical comments and fresh insights. In this way,
we seek to bring about better understanding of the problems, greater ease in
modifying them, and improved agreement betwaen observed and predicted system
performance.

{Received for Publication 30 May 1985)
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2 Backgrownd

The first step toward achieving our objoctilves was to review the rather ex-
tensive literature in two of three probtem areas that deal with balloon ascent and
float motions. These first two areas and the move significant works reported
thercunder are:
{n) Ascent Rate Prediction Models
1941 Clarke and Korff’
1952 University of Minnesotn®
1955 Ney and Winkler?
1968 Erickson and li‘roehl.ich5
1974 NelsonG
1976 Kremsex‘"

(b} Comprehensive Flight Performance Models
1949 Smith and Murmy8
1962 1tan®
1952 University of Minmesota
1961 Emslie’!
1963 Dingwell et a
1966 Gm‘melo:;13
1970 H:msen14
1973 Fujii etm?d
1974 Kreith and Krcid(:x'1
1978 Romero ot al“
1972 Dalis Cl‘cmam
1981 Carlson and Horn
1981 Carlson and Hornao

The thivd problem area, Float Altitude Motions, encompasses some of the

10

112

[

19

principal concernzs that compelled this stndy. Because of the scale of thege mo-
tions, and the strictly operational nature of most frec balloon eiforts, it is not-
surprising that literature in this ar a is scarce. However, there is extensive
reporting on related natural motious of the atmosphere,. and on the motions of
floating supel‘pressuh balloons. A chrowological sampling of such works in-
cludes:

———

Because of the large number of references cited above, they will not be listed
here. See References, page 41.
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=z (¢) Floot Altilude Motions

1046 Simith and Mm“ruy8

{

1850 Bwmmong et (\121

1952 University of l\'limwsum22

196G Hirsch and Bookvr23

1968 Nishimura and leos;\wa24

. 1969 Morris and S".otan‘25
1071 Nishimura et :\1""6
1974 chano\\?’?
1976 Levanon and Kushnirza
1977 Jullan et nlm

% 1978 Massmanao

i) i a X ¥ Wk

, We must keep th wind that in the 1ate 19405 there was no one who had any

2 ’ experience with large balloons mude from inextensible plastic fims. In truth,

' balloons having volumes in excess of 10 million 1‘!8 did not become commeon until
1959, and carly balloon cnvelopes were made from cither relatively inextensible
coated fabrivs or the very extensible radiosonde balloon material, We must also
bear in mind that a large-seale digital computer was seldom available in the early

days of the plastic balloon; this both prevented and discouraged atlompts to solve
or even to define rigorously many of the problems.
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21, Ewmmons, G., et al (1950) Oscillations in the stratosphere and high wopo-

sphere. Bull, Am. Meteorol. Boc. 31(No. 4):135-133,

22, University ol Minnesota (1052) Progress Report on Research and Develop-

ment in the Field of High Altitude Balloons, Volume IX,” Contract Nonr-
710(01).

Hivseh, J. I, and Booker, 1. R. (1986) Response of superpressure bal-
loons to vertical air motions, J. Appl. Maetcorol. §:226-229,

Nishimura, J., and Hirosawa, . (1968) The hunting me.hanism of plastic
balloons, ISAS Bull. 4(11):93~-110.

25, Morris, A. L., and Stefan, K. 1. (1969) High Altitude Balloons as Scientific
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26. Nishimura, J., et al (1971) Balloon behavior during level flight, 1SAS Bull.
T{1C):2567-268.
27. Levanon, N., et al (1974) On the behavior of superpressure balloons at
150 mB, J. Appl. Meteorol, ‘L:}‘:-mi-.‘vo-}.
- 28, Levanon, N., and Kushnir, ¥. (1974) On the response of superpressure bal-
- loons to displacements from equilibriwm density level, J. Appl. Metcorol,
) 15:346-349,
B 29, Julian, P., etal (1977) The TWERLE oxperiment, Dull, Am. Meteorol, Soc.
b 58(No. 9):936-948. :
- ‘: 30. Massman, W. J. (1978) On the sature of vertical oscillations of constant
. volume balloons, J. Appl. Mcteorol. 17:1351-1356.
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1.2.1 ASCENT RATE PREDICTION MODELS

Early balloon users sought (and we still seek) mathematically simple models
for predicting balloon ascent rate. Iven now we anticipate that a comprehensive
aerodynamic-thermodynamic flight performarce model will enable us to perform
the types of factor sensitivity analyses necessary for the development of such a
rate prediction model. However, iith the increased capabilities of new micro-
computers we may soon have both the capa-:ity and the speed needed to solve the
comprehensive flight performance model (both interactively and in real-time) on
Jocation at remote balloon launch sites.

The University of Minnesot::\3 developed the most frequently used and studied
ascent rate prediction model. Gildenberg® used this model to analyze many bal-
loon ascents; his objective was to improve the accuracy and applicability of the
model by refining its thermodynamic and aerodynamic cocfficients. Nelson's
efforts were directed along the same lines. 6 He published the resulis of these
efforts to use the model for: (a) balloons with volumes from 1 to 30 million ft3,
{b) balloons carrying payloads weighing between 100 and 10, 000 1bs, and (c) bal~
loons ascending before and after sunset. Like Gildenberg, he had limited success.

Considering what might be learned from using a complete flight performance
model (such as proposed herein), it is possible that the University of Minnesota's
model might be enhanced to serve as o practical ascent rate predictor. Thus, we
reproduce the model so that the reader might appreciate its relative simplicity
(compared to the proposed comprehensive flight performance model). We note
that the originators urged caution in its use, 1

F = CL* (G* [L*v+4%v]eeaf[ Teeg]ye(0. 25)
FC2 % (vEE2) (P % G T)(1/3)

where

F is the frec litt force, normalized by dividing by ihe weight of the dis~
placed air,
C1 is the thermodynamic coefficient, 7.4E-04,

*B. D. Gildenberg reticed as a meteorologist and balloon operations controller at
the AFGL's Holloman AFR balloon facility in New Mexico. His work on this
probiem is contained in unpublished notes and letters to his coworkers.

T Arithmetic nperations in this report are expressed in FORTRAN operator sym -
bols, These symbols are widely recognized, but we include their definitions
here to ensure against misinterpretation: addition (+), subtraction (), multi-
plication {*), division {/), and exponentiation (¥*).
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it the weight of the displaccd air, 1lbs,
is the atmospheric lapse rate, degrees C per 1000 ft,
is the ascent rate, ft per min,
is the air temperature, degrees K,
2 is the aerodynamic coefficien” 6.5E-07,
P is the atmospheric pressure, mB.

0= S KQ

Kremser's ascent rate prediction model7 seems to be the only model that is
at least as sophisticated as that of the University of Minnesota, but it has not
beeil extensively evaluated. Therefore, we believe that a continued effort with
this type of model would be totally unproduc’éive at this time.

1.2.2 COMPREHENSIVE FLIGHT PERIFORMANCE MODELS

As with the ascent prediction models, we find that there are two main prob-
lem areas, namely, aerodynamic drag and thermodynamic drag, now designated
as heat transfer. Smith and Murray8 treated both, but provided limited details
on flight thermodynamics. Their primary thermodynamic concerns were atmos-
pheric temperature lapse rate and the balloon gas superheat,

They treated aerodynamic drag in the conventional manner; they used a
spherical shape ~ the only comnparable shape for which drag data was readily
available. On the other hand, they did note tha!, during th: early part of the as-
cent, balloon shape is characterized by a "flzbby, unfilled portion", which would
uffect the aerodynamic drag. Although this was a significant observation, they
failed to capitalize on it because, perhaps, balloon [loat altitudes at thatl time
were relatively low. Thus, the flabby portion would exist for an insignificant
time during the ascent.

Smith and Murray made a further observation. They noted the inability to
solve the general equaiions of motion using methods then available,

l-la.ll9 recognized aerodynamic and thermodynamic drag problems as two of
the principzl difficulties of his day:

2.

- L
PRI

i
g

The greatest uncertainties in the analytical premises are in the magni-
tude and varijation in the drag coefficient, ... and the mechanism and
rate of heat transfer between the balloon and its environment.

=7 T

Apperently for the same reasons as Smith and Murray, he used the sphere as
his modei for balloon shape. However, he noted that the balloon's "flexibility"
would "certainly’ be a governing factor with respect to the drag coefficient.

Hall appears to have been the first to include in a flight performance model
the heat transfer processes: (a) free and forced convection between air and bal-
’ loon film, (b) free convection between inflation gas and balloon film, (c) solar
energy input, and (d) infrared heat exchange between balloon film and environment.

e . A ; y
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B His work was organized for analysi's rather than for solution by numerical meth-

Y ods; his style is that of University of Minnesota researchers.

o One cannot overemphagize the efforts and contributions of the University of

) Minnesota research team to both the aerodynamics and thermodynamics of free- L
3_,‘;,- flight plastic balloons. Their work, which also included design of both balloons
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and flight instrumentation, is recorded in 16 volumes (with flight data). In these

volumes there are four specific comments3' 10 on aerodynamic drag problems - 3

that are most relevant to our effort to provide an improved, reformatted, com-
prehensive, flight performance model;

Unfortunately in the case of an ascending nonextensible type balloon, the j
shape is not constant with altitude; varying from the shape of a small .
sphere with long depending folds of fabric at take-off to roughly a spher-
ical shape at altitude. It is not possible therefore to use a single func-
tion CD(Rn) io predict the drag at all altitudes.

The difficulty in predicting the value of CD in advance lies in the fact
that the shape of the balloon is not constant with altitude, and thus one g
cannot carry over the results of wind-tunnel experiments on any par-

ticular shape of model,

Ll

7

.-,

s

L ; ,;, .
5P ]
"

A The described dynamic pressure loading on the balloon is such as to X
) make the ballcon more oblate than its original natural shape. E
?— It is not difficu.: to imagine that a balloon free to change shape with t
Y dynamic forces will hav. 1one so appreciably before the velocity of i
LA ‘.

dimpling has been reac od,™

SNGES

Again, the difficulty in solving the drag problem seems to have caused investiga-
tors to ignure it - at least to the extent that they did not attempt to synthesize
their obsecvations wnio a formal statement . he problem. T

¥
£

S

Y ]

-;:} Emslie i was the first person to p- --1an aerodynamic~thermodynamic

-\ flight performance model in a system - -ations for solution on a large- .le 1
_'3\ digital computer. This system of ec.:: s was his means of investigating -ai-

loon dynamiecs. It included: {a* - . perfcc <as law, (b) an equation of vertical

motion, {c) a gas energy equation aud {11y . equation for fabric or film energy
{film is now the preferred ne

Emslie made tvoe '~ .:y . .nt points that relate to our current ef-
fort. First, although he used a wuasiant drag coefficient (again a tecanological
expedient), he noted the gross asymmetries in the folds of the film below the gas

:.. *Dimpling velocity is defined as that veiocity at which the dynamic pressure in-

", duced by the ascent rate equals the internal pressure on the crown of the balloon.

) : :

2 ~ 1¥... ar ‘ther characteristic which unifies science is the ability io ignore prob-~ <
= lems -  hare not yet capable of solution..." !

o 31. Rive ¢, P, J, (1983) A world in which nothing ever happens twice, J. er.

It Rsch. Soc. 3¢(No. 8):681. - .
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Figure 1.
Tailored Natural Shape Balloon, 2.0! Million ft3, Flight
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bubble when the balloon is below its float altitude (Figure 1). k
przssed the mass of the film surrounding‘ the gaus bubble as a function of the en- J
closed volume. Although he understated the mass, basing it on the surface area 1
of a sphere with 2 volume equal to the volume of the enclosed gas bubble, he

B
nevertheless recognized that the mass of the film involved in the heat transfer : .
process was not constant (see Figure 2. "

Representative Configuration of an Ascending

No. H81-012.

gas bubble and folds of undeployed film below the bubble
shortly after launch

Prior to Emslie's work, performance models were used for relatively low
altitude balloon flights and relatively small balloons (with a few exceptions, of
course). His work came at a time when we were beginning to fly routinely at ;
altitudes well above 100,000 ft and on balloons with volumes of 10, 000, 000 ft3 and i

4—

Second, he ex-~

Note the extreme asymmetry of both the

e e Yt e b 8 At i SR il e e B

larger. For such high performance systems, ascent ballast capacity was ata :

premium and ascent times were on the order of hours —~ especially at night.

Thus, models developed to forecast accurately the 2scent profile required even

. AL Nt AL N BT LT AU LA A P e Y s 1.8 o

more accurate formulation. Therefore, it is unfortunate that, in expanding ' ‘
Emslie's work, and in translating it into computer code, Dingwell et al12 restated
the film energy equation, using constant film mass. Instead, they should have .
redefined Eimslie's model of the relationship between shell mass and instantaneous 7
7 .
‘a
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Figure 2. A Large Tailored Natural Shape Balloon, 21.77
Million £t3. Note that the balloon envelope material is not

X concentrated around the gas bubble, but is distributed be-
& tween the gas bubble and the "rope” of film yet to be de-

R4 ployed. Balloon is shown shortly after launch on Flight No.
H78-052

volume, expressing the fact that the actual area of the balloon surface that en-
closes the gas is greater than the surface area of the enclosing shape, but that it
:;" is far less than the constant area of the whole envelope (see Figure 3), except in
. the vicinity of the natural float altitude.
‘ In continuing Emslie's work, Dingwell et al developed a system of nine simul-
S taneous equations to solve for the following dependent variables as functions of
' time:

(1) altitude

(2) vertical velocity

T T

(3) gas temperature

(4) film temperature

(5) gas weight

{8) -instantaneous bailoon volume

ko

2] BATEERG S

{7) aimospheric pressure
(8) atmospheric density , .
(9} payload weight.

.
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Figure 3. Approximate Mass of the Shell
Surrounding the Gas Bubble as a Fraction
of Total Film Mass, in Relation to the
Ratio of Instantaneous Specific Lift to Spe-
cific Lift at Natural Ceiling Altitude. The
approximation based on the simplified par- i
achute shape model is given in subroutine 1
MYBLN. The spherical approximation is

based on the function:

R =0.5% {1 ~cos[m* (V/Vmax)**(1/3)}},

i
where R is the fractional surface area, 1
Vmax is the maximum volume, and V is ;

e A i akitea S0 AN T ekt

i e e A AR sl anal e

the instantaneous volume. Note that for a i
balloon with a ceiling altitude of 100, 000 :
- ft, the fractional surface area at launch is i
nn about 10 percent of the entire envelope .
;e area !
- f
3 i" To solve these equations, one had to determine certain parameters as functions of ;
& time and the above dependent variables. These were the relevant heat transfer ¥
: j coefficients, heat transfer areas, and optical properties. For these they provided ;
=" tebles, graphs, and mathematical models, including those for heat transfer, both ’
-, .
A by forced and free convection, and by radiation. :
i ' Germeles 13 reported extensions and improvements of analyses and computer f
g codes reported by Dingwell et al. Furthermore, he continued the constant film
X mass error. Hansen 4 made use of this work by Germeles, but apparently did not :
coW *
Y modify it.
B
Y 9 .
B .
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In Japan Fujii et all® developed a far less sophisticated routine; it included a

© constant drag coefficient (0.2) and a he  .ansfer model that did not explicitly
contain the film mass term.

Kreith and Kreid(—.-r16 further refined the work of Germeles and Dingwell et al,
but made no reference to Emslie. Although they added a routine to compute CD as
8 function of Reynolds number, and made significant changes in some of the heat
transfer models, they left the computer codes substantially the same as those re-
ported by’Germeles. Their work is now the genarally accepted standard.

Romero et al? referred to thé works of both Germeles, and Kreith and
Kreider, but Balis Crema et a1!® referred to only Kreith and Kreider. Neither
work cited Emslie and both continued to use constant film mass., Romero et al,
however, did define separate values for drag coeificients in turbulent and laminar
flows, 0.45 and 1.35 respectively.

Carlson and Hornw followed the lead of Kreith and Kreider, using a system
of eight roughly "equivalent" equations ~ including the film mass term, still rep-
resented as a constant. However, they modified the assumptions to allow the in-
flatant to absorb and emit energy. This is a significant change that requires
further study before peneral acceptance, especially in light of some of the changes
in this proposed model,

With regard to balloon shape, Carlson and Horn assumed that

.. over much of the flight profile the balloon shape is close to a sphere..

and, accordingly, also used a drag coefficient model based on Reynolds number
ouly. Inaddition, they observed that computed

. . balloon ascent velocities between launch and the tropopause are very
sensitive to the values of CD,

and suggested that the balloon could

2 ., experience significant skin friction drag in addition to the pressure

;}i drag normally found on a sphere.

D

‘.3 Carlson and Hornzo added significantly to their previous observations when
("l

S they commented that the apparent virtual mass coefficient, used in the first equa-
- PP

3 tion, might be inappropriate for "the balloon configuration. "'

\ 1.2.3 FLOAT ALTITUDE MOTIONS

'\ The vertical motions of a zero-pressure balloon at float altitude are complex.
:ﬁ 1f we are to understand them at all, we must also understand the zero-pressure .
Fi balloon's interaction with its use environment. Although we found that very little
:‘:-'; exists on this subject, we did find the following to be both pertinent and interest-
- ing.
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(a) Smith and Murraya noted the influence of vertical winds on vertical bal-
loon motions. They even included these wind models in their flight performance
model, but the effects at today's relatively "high" altitudes may be insignificant.

(b) Nishimura and Hirosawa®® treat a "hunting" motion that relates to the
balloon construction (a subject area not to be ignored with regard to its effects on
balloon performance at natural float altitude).

(c) Massman®® comments that "... the Brunt-Vaisala oscillations of the bal-

loon's EDS (equilibrium density surface) can have a period as short as 5 min in
the stratosphere. "

1.3 Conclusions Based on the Literature Search

Based on findings and observations that appear in the cited literature, we
believe that four areas deserve particular attention in the formulation of any flight
performance model: (a) balloon shape during ascent, (b) n":chanism for heat

transfer between the gas and the film, (c) aerodynamic drag coefticient; and (d)
added mass,

1.3.1 BALLOON SHAPE DURING ASCENT

The shape taken by the partially full balloon (gas bubble), while either as-
cending or floating, governs the effective envelope mass, the gas bubble surface
area, and the areas involved in heat transfer processes (Figure 4). Also during
ascent and descent the shape affects the drag area (Figure §) and the air flow
around the balloon, hence, the acrodynamic drag coefficient. Possibly, as we
shall see; it also affects the added mass.

Clearly ascending (or descending) balloon shapes are far from spherical -
even though the leading surface of the gas bubbles in Figures 6 and 7 appear to be
hemispherical. Factually, a partially full balloon is asymmetrical in every plane,
and this asymmetry is further exaggerated by the gore deployment, which is
governed in turn by the gore pattern. T Figures 1, 2, and 4 show bubble shapes
quite typical of today's large, fully tailored, natural shape balloons; the maximum

*The Brunt-Vaisala period is defined to be; 2 * #/SQRT [g* (Beta + dT/dh)/T)
seconds, with the terms defined in Brunt, 3%

fror a shgrt commentary on the development of balloon gore pattsrns see
Dwyer.

32. Brunt, D. (1927) The period of simple vertical oscillations in the atmosphere,
Quart. J. Roy. Meteorol. Soc. 53:30-32.

33. Dwyer, J. F. (1978) Zero pressure balloon shapes, past, present, and
tuture, Scientific Ballooning (COSPAR), W. Riedler, Ed., Pergamon
Press, pp. 9-19,
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Figure 4. Balloon Ascent Shape, Flight No.
H84-003. The early ascent shape and relative
gas bubble surface area of this tailored natu-
ral shape balloon, model no. SV-017B, differs
considerably from those of the fully tailored
natural shape balloons shown in Figures 1 and
2. Itis an intermediate size heavyload balloon
having a maximum volume of 5. 142 million £t3

horizontal cross section of each of these balloons is far less circular than those of
earlier balloons made with either rectangular or semi-tailored gores (compare the
bubble shares in Figures 1 and 7).

During inflation, the balloons in Iigures 6 and 7 assumed the characteristic
shape shown in Figure 8, Gore pattern types that produce such shapes are shown
in Figure 9 ag patterns, numbers 2 and 3, and (to a lesser degree) pattern num-
ber 4. On the other hand, Figures 10 through 12 are representative of the pre-
launch shapes of balloons, such as those shown during ascent in Figures 1, 2, 4,
and 5. These latter shapes are characteristic of balloons made with fully tailored
gores, pattern number 1, Figure 9, .

In addition to the gas bubble proper, we should also consider the shape and
effects of the trailing undeployed balloon shell. This is the mass of film that (as
we noted) Smith and Murray called the "... flabby unfilled portion..." and r¢-
searchers at the University of Minnesota described as ". .. long depending folds
of fabric.." Emslie also noted the gross asymmetries in the folds of undeployed
material, and Carlson and Horn called attention to the fact that large balloons, in
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: .ﬂ' Figure 5. Ascent Configuration of a Relatively
¢ ',.\. Small, Iully Tailored Balloon, Model No. LTV~
N 019, Having a Maximum Volume of 628,000 ft3,
Db Flight No. H81-006. The highly assymetric
NN ‘ horizontal cross-section is common in a balloon

of this size at liftoff

o the early stages of ascent (when the existence of this surplus is most evident),
-k '3«\": have shapes that are ".. significantly different from that of & sphere.. " Itis
"\.-?) probable that this shape feature plays an important role in determining the drag
‘sf" coefficient, much as in the case of a sphere with a splitter plate. U
] ‘ ‘To better represent overall balloon shape in & computable configuration, we
e selected the existing balloon shape model shown in Figure 13. This contrived
- :‘:z shape has at least two distinct advantages. First, it provides staooth transition
: \\1 from the mcdeled, partially full state to the full, natural shape state, a most im-
‘ x,\: portant consideration in the analysis of veriical motions that occur at ox nenr the
- {1.; natural ceiling altitude. Second, it permits reasonably accurate computation of
{ .‘*" the instantaneous mass of the balloon filim involved in the heat transfer process -
: \'f-, including load cap film, if such is present.
P
AN
_‘ i 34. Hoerner, S. F, (1965) Fluid-Dynamic Drag (published by author).

35. Dwyer, J. F. (1980) The_Problewm: Instantaneously Effecting Controlled Bal-
loon -System Descent from High Altitude, AFGL-TR-80-0277, AD A100255.
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Figure 6, Ascent Counfiguration of an
Early Moby Dick Balloon Having Semi-
Tailored or Rectangular Gores and a
Maximun Volwme Less Than 100, 000
ft3, Flight No. £-149, 27 Novembex.,
1953, The hemispherical erown and
large air pocket are characteristic of
balloons constructed with the afore-
mentioned gore patterns

1.3.2 MECHANISM FOR HEAT TRANSFER DETWEDN THE
GAS AND THE FILM

Praditionally, one has assumed that the mechanism for heat transfer between

. the gas and balloon wall is free convection. We have no direct evidence to support

this assumption; neither do we have knowledge of the scusitivity of the models
based on this assumed mechanism. However, we do have evidence that an ascend-
ing balloon is quite asymmetric (see Figures 1, 2, 5, and 7), and upward looking
cameras have shown how balloons rotate considerably during ascent, These two
facts sugges® that the gas should be in constant motion, agitated by large internal
vanes of the envelope material that arve su'rplus to the instantancous shape. There-
fore, one might ask whether this heat transfer is due to forced, rather than to free
convection. The differences in computed flight performances based on these oppos-
ing assumptions arc not known; should they not be significant, then the more easily
computed model should be used. We do not yet have sufficient reason to break
with convention on this issuc and consequently continue to use free convection.

14




Figure 7. Ascent Configuration of & Semi=Tailored Balloon,
Model No. TTV-001F, Flight No. H73~016. This tapeless,
semi~cylinder balloon, having a volume of 804,000 ft3, has

the same configuration characteristic of the Moby Dick bal-
loon shown in Figure 6

1.3.3 AERODYNAMIC DRAG COEFFICIENT

Drag coefficient models found in the literature have ranged from a single
value, 15 through a five-part, piecewise continuous function of Reynolds number, 16
to the cateporical conclusion that a single function relationship between drag coef-
ficient and Reynolds number i8 not possible. 10 In the literature, three bases for
arguments support the latter conclusion: (a) inconstant shape, (b) shape deform-
ability, and (c) dimensional reasoning. Based on the arguments that follow, we
conclude that any valid model that is to determine aerodynamic drag coefficients
must consider at least two dimensionless variables: Reynolds number and Froude
number. Further, because the shape has no single characteristic length, it is
reasonable to expect that we will need a third dimensionless variable, fractional
volume. This latter variable is defined as the ratio of the instantancous volume
to the maximwm volume; it has the effect of normalizing the shape so that a single

dimension of the balloon might serve as a characteristic length to determine the
effective drag area.
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Figure 3. inflation Configuration of &
Semi-Tailored Balloon, Madel No. TTV -
001F, Flight No. H81-014. During in-
flation the tapeless, semi-cylinder bal-
loon is characterized by highly irvegular
deploymaeint of material excess to the
amount nceded to enclose the gas bubble.
What appear to be load tapes are alumin=
am-backed polyethylcne seam reinforce-
ments; these make the system more
radar veflective

1.3.3.1 Inconstant Shape

B ettt M T VAN RS R S U W ¢ ae ) T e P P G BRT AT M =iy % R LA S

The University of Minnesota study summarizes well the argunient based on

inconstant shape:

Unfortunately in the case of an ascending aon-axtensible type balloon, the
shape is not constant with altitude, varying from the shape of a smali
sphere with long depending folds a€ fabric at t1ke -0l to reaghly & spher-
ical shape at altitude. It is not possible thevefore to uec a single function

CD(Rn) to predict the drag at all altitudes.

(emphasis added]

Schliclltil\g.36 also in this regard, notes that the use of Reynolds number
alone presupposes both the same shape and orientation. When one considers the

36. Schlichting, H. (1968) Boundary~-layer Theory, McGraw-Hill Losk Co., New

York, 6th Edition, n. 16,
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i Figure 9, Gove Pattern Types for Natural Shape Balloons. The patterns
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(1) tapered tangent, Theso respective patterns are used to construct tie
following balloon types: (a) fully tailored bulloons, (b) eylinder balloons,

(c) semi~cylinder (Sometimes called tailored tapeless) balloons, and
{d) tailored balioons
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documented balloon shapes and the differences between the forward surfaces pre-
sented by rising and descending balloons, it is ciear that thesc two presuppositions
aro invalid, Hence, use of Reynolds number alone is insufficient.

i) ¥

(d

P 1.3..3.2 Shape Deformability

We have recognized for & long time that there is & siguificont difference be-
tween the static shapes of free balloohs just prior to launch and the dynamic
shapes taken by the same balloons during ascent. We concluded from this that:

e Ro- " o T ae 0

{n) the ascent shapes of a balloon represented deformations of static shapes,

(b) the perodynamic shapes of the balloons were dependent on nerodynamic dvag,
{c) solutions to the drag problem involved free surface phenomens, and (d) the
Froude number should play a role equally as important ag the Reynolds number.
We are still surprised that the connection between shape deformation, free sur-

face phenomena, Froude number, and aerodynainic drag was not made long ago,
in the earlier motion studies.

e e S BT S

p o

In the literature on bailoons, there are numersus observations that suggest
the applicabilit* of free surface phenomena to the aerodynamic drag problem. +
. Hall implied such in his use of the term "flexibility”, and in his cortainty that
flexibility would be a governing factor in the determination of drag, The Univer- .
b sity of Minnesota study likewise implied the relevance of such phenomenn when it ’
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Figure 10. Inflation Configuration of a
Fully Tailored Balloon, Model No. LTV~
018, Having a Maximum Volume of
355,000 ft°, Flight No. H80-029. From
the top end-fitting outward, the fully
tailored gores are uniformly deployed

described the dynamic pressure acting downward on the top of the balloon, making
it ".. more oblate than its original natural shape.'" It [U. of M.] further rein-
forced our unique and unusual interpretation by the comment, "It is not difficult to
imagine that a balloon free to change shape with dynamic'l‘orces will have done so
appreciably before the velocity of dimpling has been reached. " [ emphasis added)
Interpretation of this deformation as a free surface phenomenon is also strength-
ened by the Carlson and Horn reference to the possibility that the balloon apex
region, during the early stages of ascent, might be "... more oblate than a sphere
aue to pressure differences across the film. "

Where such deformations do occur, Schlichting notes that drag based orly on
Reynolds number is invalid and that the Froude number must be considered. In-
deed, when we re -examined the University of Minnesota's treatment of dimpling
velocity, we found that the ratio of dynamic pressure tc static internal pressure

could be reduced to the Froude number.

We considered three other aerodynamic problem areas to be potentially en~
ightening with respect to free surface phenomena and Froude number, insofar
as they relate to shape deformability: they vere raindrops, parachutes, and

18
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| 3 Figure 11. Inflation Configuration of a
: Fully Tailored Balloon, Model No. LTV -
; 013A, Having a Maximum Volume of
4 ) 2.9 Million ft3, Flight No. H80-039.
Sk From the top end-fitting outward, the
; fully tailored gores are uniformly de-
ployed
Lg b
E ] air-supported structures. Although none of these areas yielded anything directly
applicable to our problem, the review did provide some rewarding insights.
GillaSpy37 commented on the raindrop problem, one which i3 quite analogous
y to ours:
7 ) A sphere falling in a fluid medium will attain a constant or terminal ve-
i b locity. When falling at terminal vclocity, all of the forces on the sphere
b are in equilibrium. If the sphere is composed of solid material, this

s equilibrium is the balance betwecn the weight and the aerodynamic drag
forces on the sphere. However, in a liquid drop the balance is much
‘ more complicated. Other forces arise from the fact that the drop is
I liquid and deformable. [emphasis added]
P F
,z' 4
1 3
’f y
it '
J 37. Gillaspy, P. H. {1981) Experimental Determination of the Effect of Physical
Cp ; Properties on the Drag of Liquid Drops, Ph.D. Dissertation, University o!
oL Nevada (funded under U, S. Army Research Office Contract No. DAAB29-
{ i 77-G-1072). :
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Figure 12. Inflation Configuration of a
Fully Tailored Balloon, Model No. SV~
017B, Having a Maximum Volume of

5. 142 Million ft3, Flight No. H84-003.
From the top end-fitting outward, the
fully tailored gores are uniformly de-
ployed

He developed a model that accounted for influences of Reynolds number and Bond
number. Like the Froude number in our proposed approach o balloon aerody-
namic problems, the Bond number accounts for the effects of gravity.

Perhaps balloon problems are generically closer to parachute problems than
they are to raindrop problems, primarily because the stresses in a balloon sheil
are closer to stresses in a parachute canopy than they are to surface tensions n
a raindrop. On this premise, Von Karman's introduction of the Froude nurmber
into the analysis of parachute opening shock38 provides some additional encour-
agement that the Froude number might indeed be one key to the solution of aero~
dynamic drag problems involving balloons.

38. Von Karman, T. (1845) Note on Analysis of the Opening Shock of Parachutes
at Various Altitudes, A, A. F. Scientific Advisory éroup.
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Figure 13. Simplified Parachute-Shape Model.
In this model, V is the volume of the inflation
gas, A is the apex, Byg is the base of the nat-
ural shape generator, Bpg is the base of the
model, T is the point of tangency between the
lower portion of the model and generator shape,

and the actual halloon gorelength is the distance
between A and Bpg

We found in the recent literature on air-supported structures only limited

references to Froude number; thesc were with respect to large tensioned, pneu-

matic structures. 39,40 We cite them only to indicate that application of free sur-

face phenomena to problems dealing with deformable barrier surfaces has further, ‘
and more recent, precedent.

Clearly balloon deformability justifies our interpretation of balloon aerody-

namic drag a5 a free suriace problem. Furthermore, it supports the conclugion

that we cannot determine aerodynamic drag coefficients by Reynolds number alone;
that we must also consider another dimensionless variable — the Froude number.

39. Tryggvason, B, V., and Isyumov, N. {1978) Similarity requirements for in-
flatable structures, Proceedings of the Third U. S. National Conference

{on Wind Engineering Research), University of Florida, Gainesville, Flor-
ida, pp. 335-338.

40. ‘l‘ryggvason, B. V., (1979) Aeroclastic modelling of pneumatic and tensioned
fabric structures, Proceedings of the Fifth International Conference (on
Wind Engineering), Fort Collins, Colorado, pp. 1061-1072.
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?.' 1.3.3.3 Dimensional Reasoning
A

( Finally, Laodau, 41 on the basis of dimensional reasoning argues:
el
*i#; If the force of gravity has an important effect upon the flow, then the
o latter (drag force) is determined not by three but by four parameters

.. lincluding the acceleration of gravity)... From these parameters
we can construct nct one but two independent dimensionless quantities.
These can be, for instance, the Reynolds number and the Froude
number... (and) ... two flows will be similar only if both these num-
bers have-the-same values. - . -
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1.3.4 ADDED MASS

SR

The conditions under which the added mass term applies are not well defined,
‘and Carlson and Horn20 questioned (as did we) whether the term is applied prop-
erly to the configuration (of the partially full balloon in vertical motion). We as-
sume that thei:r doubt (like ours) applies only under the stated conditions, when

S

R

) : that film, excess to the instantaneous bubble shape, can deploy asymmetrically
{' to form pockets of ambient air (see Figures 6 and 7). This type of deployment
"':’ would have the effect of increasing the volume in the added mass product repre~

sented as CM*BUOY [see Eq. (1) in Section 2. 1]. This seems quite probable only
at low and intermediate altitudes, before the nadir cone angle becomes great

enough to prevent the formation of such air pockets. If adjustment of the added

C mass term is ever deemed necessary, the added mass coefficient CM can prob-
" ably be developed as a function of fractional volume for each specific balloon con-
- ) struction type. This is not thought to be required for the large, fully tailored

-3 balloons that predominate today. Consequently, such a function will not be intro-

duced at this stage in the development of a comprehensive flight performance
o & model.

» 2. A NEW FLIGHT PERFORMANCE MODEL
ij
i
,33’_3 In the following modei, the operator D[ ) represents the first derivative with
¥
! respect to time, The definitions of terms in the equations are given once in the

subsection on each equation, and again in the glossary, where (along with their
dimensions) their FORTRAN namnes are given. Complex model components are

Q37
P S

-

I

. explained separately; otherwise they are clarified by explicit comments included
:: in the program FORTRAN codes or implicitly by references to specific equations
) ,‘.: and/or figures appearing in cited documents.
N,
1:‘

41. Landau, L. D., and Lifshitz, E. M. (1959) Fluid Mechanics, Addison-Wesley
Publishing Co., Inc., p. 63.
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2.1 The Differential Equations

The following eight differential equations define the model when the balloon is
partially full; either when it is floating or when it is moving vertically, upward or
downward. In these cases: (a) the gas volume V is free to expand or contract,
{b) the gas pressure Pg is assumed to follow the ambient pressure, () the tem-

perature of the gas I'g reacts to the gas expansion or contraction, and (d) the gas
weight Wg is constant if the apex valve is closed.

Div] = (BUOY - DRAG - WS)/[ (WS + CM * BUOY)/G]

(1)

D|W] = - DB (2)

D{Z] = v (3)

DITf] = (Q1 + Q2 + Q3 + Q4 - Q5 + Q6 + Q7)/(CF * WE) (4)

DI Wg] = - VV % SWG (5)
DiTgl = (- Q1 - Q7 + Q8 + Q9 - Q10 + Q11 - SW * V % y)/[Wg* (CV + RG)]

) (6)

D{V] = V * {D{Wg}/Wg+ D[Tg}/Tg +v/(RA * Ta)} ("N

D{Pg) = -SW*v (8)

When, however, the volume of the gas bubble equals the maximum volume of
the balloon, and the gas in the balloon is still expanding, either gas must be ex-
pelled through the ducts or the balloon will eventually burst. To model this vent-
ing, new relationships are required; Eqs. (5a) through (8a) { which replace Eqs.
(5) through (8)] provide just such a model. In execution: (a) the gas pressure
changes as the balloon vents gas, (b) the bubble volume remains constant, (c) the
gas temperature reacts to restricted expansion, and (d) the weight of the gas is

rcduced due to the venting process. Equations for this alternate balloon state are:

"

D[Wg| = - (VV + VD) * SWG

(5a)

D[Tg) = (- Q1 - Q7 + QB + Q9 - Q10 + Q11 - Pg * D] Wg) /SWG)/(Wg* CV)
(6a)
pivl = 0" (72)
D{Pgl = Pg* (D{Wg)/Wg + D(Tg}/Tg) . (8a)
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We introduced a simple version of this duct venting model in a paper on bal-
loon (lesign.'12 and modified it herein to work with the dynamic case. It is a major
change from all previous {light performance models. Those models used a routine
called burping; the name (origin unknown) is somewhat inelegant, but the routine is
mathematically effective.

However, for the analysis of vertical motions of full halloons at float, it is
important that performance model outputs represent (as nearly as possible) actual
flight performance; use of the burping model precludes this. Yet, even our more
sophisticaled process does not account for volume increases when balloors change
shape due to venting backpressure. For a venting balloon carrying a payload less
than or equal to its design payload, the balloon shell is fully deployed and taut; the
volume cannot change perceptibly. The same balloon, carrying a significantly
heavier-than-design payload, has excess envelope material and excess potential
volume when it begins to vent. As backpressure is created and rises due to vent-
ing excess gas, gas expands into the potential volume and observed performance
may differ considerably from the model's output. The described performance is
typical of fully tailored, natural shape, free balloons. Cylinder balloon perform-
ance, on the other hand, is considerably different and more complex, but cylinder
balleons arc no longer used routinely. (See Nishimura and Hirosawa. 24’)

2.1.1 THE EQUATION OF MOTION
D{v]) = (BUOY - DRAG ~ WS)/| (WS + CM * BUOY)/G] ,

where

v is the vertical velocity of the system,
BUQY is the weight of the displaced ambient air,
DRAG is the aerodynamic force resisting balloon vertical motion,
WS is the system weight, including the gas,
(M is the coefficient of added or virtual mass,
G is the gravitational constant.
This equation is essentially equivalent to Eq. (1) of Horn and Carlson. 43
However, we have adjusted it to enavle the use of weight in place of mass as a
primary dimension. It contains references to two previously discussed problem

42. Dwyer, J. F. (1982) Polyethylene Free Balloon Design From the Perspectwe
of User and Desipne;, AFGL-TR-82-0350, AD A127503.

43. Horn, W. J., and Carlson, L. A. (1983) THERMTRAJ: A Fortran Program
to Compuie the Trajectory and Gas Film Temperatures of Zero Pressure
.Ballo_gx_g, NASA Contractor Report 168342,
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FHR areas: added mass, expressed by the term CM * BUOY, and aerodynamic drag,
: %’ expressed by the term DRAG. As already stated, we continue with the traditional
approach to added mass, but not, however, to acrodynamic drag.

The term DRAG
can be expanded as:

DRAG = 0.5% RO * CD * HC * v * ABS{v) ,
. where

RO is the density of the ambient air computed by the subroutine VIRON,

CD is the aerodynamic drag coefficient,

HC is the horizontal gas bubble cross section, as defined in subroutine
MYBLN,

We reserve treatment of the term CD to Section 3, where we will provide specific
comments on the problems of modeling it.

' 2.1,2 DEBALLASTING EQUATION
‘,1,;.- The deballasting equation accounts for reductions in the dead weight payload !
% “ on the balloon. It is included as a differential equation (rather than a simple func~
L OERE

tion of time) as a matter of choice, and because a prior version of this perform-

ance model included provisions for a cryogenic ballast system that will be rein<
stituted when sufficient theoretical or practical interest arises.

D{W] = -DB

where W is the weight suspended beneath the balloon and DB is the ballast pouring
rate.

2.1.3 ALTITUDE EQUATION

.

: ) This is identical to Eq. (2) of Horn and Carlson. 43
) D(zZ] = v,

e '

( : where Z is the altitude (above msl) of the system.

' i

2. 1.4 FILM TEMPERATURE MODEL

-
-~

D{Tf] = Q1 +Q2+ Q3+ Q4 - Q5 +Q6 + QN (CF = WE) ,
oy where

LIRS Tf is the balloon film temperature,

Q1 is the rate of free convective heat transfer between the gas and
balloon wall,

—
Va2 oy
Tra® y"'"':"-l“:ﬁ"w

oy
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Q2 is the rate of direct solar energy absorption by the balloon wall,
Q3 is the rate of IR energy absorption by the balloon wall,

Q1 is the rate of free (or forced) convective heat transfer between ‘he
balloon wall and the air,

Qb is the rate of IR energy emission by the balloon wall,

QG is the rate of absorption of reflected solar energy,

Q7 is the rate of vadiative exchange between the gas and balloon wall,
CF is the specific heat of the balloon film,

WE is the gas bubble envelope weight computed from the balloon shape
parameters as determined by subroutines MYBLN and NELSON,

‘This temperature model and Eq. (4) of Horn and Carlson43 are comparable,
but a significant difference exists between our term WE and their term MASSK,
The latter term is a constant; it accounts for the mass of the entire balloon enve -
lope. On the other hand, the term WE refers to only part of the fabricated salloon
envelope: that part which, at a given instant, surrounds the bas bubble. WE de-
pends upon both the balloon envelope construction and the degree of inflation.
Conceptually, WE was developed independently of, and without recourse to, the
work of Emslie. However, it can be viewed and should be viewed, as a more
accuratce version of his model, even though it is a unique development.

As a factorable term in the denominator, WE (like MASSE') significantly af -
fects the valucs computed by this function, most particularly for very large bai-
loons and for small fractional volumes. Onc should wlso note that we have dropped
the product (Tf * D WE] /WE), a second-order term that results from the fact that
WE is not constant.

Terms Q1 through Q7 are treated in more detail in Section 2.2, the section
on heat transfer models. ‘

2.1.5 GAS WEIGHT MODEL (SLACK BA LLOON)
. D[Wg] = ~VV * SWG ,
where

Wg is the balloon gas weight,
VV is the apex gas valve discharge rate,
SWG is the specifie weight of the balloon gas.

This gas weight model is comparable with Eq. (3) of Horn and Carlson.“ but
it incorporates a mathematical model of the EV-13 apex valve discharge rates
based on data in an earlier report. 35




2. 1.6 GAS TEMPERATURE MODEL (SLACK BALLOON)

DITg) = (-Ql - Q7T+ Q8+ QI - Q10 + Q11 - SW * V ¥ v)/[Wg * (CV + RG)} ,
where

Q8 is the rate of absorption of direct solar energy by the gas,
Q9 is the rate of absorption of reflected solar energy by the gas,
. Q10 is the rate of emission of IR energy by the gas,
Q11 is the rate of absorption of IR energy by the gas,
SW is the specific weight of the ambient air computed by subroutine VIRON,
V is the instantaneous volume of the gas bubble,
CV is the specific heat of the gas {at constant volume),

RG is the specilic gas constant for the inflatant.
This gas temperature model is comparable with Eq. (5) of Horn and (‘.1:*11:.0!14‘5

and with Kreith and Krelder. Agmn. terms Q! and Q7 through Q11 are treated
in Section 2.2.

2.1.7 GAS VOLUME MODEL (SLACK BALLOON)
B{V] = V* {D[Wg|/Wg + D[ Tg]/Tg + v/(RA * Ta)}
where
RA is the specific gas constant for air,
Ta is the ambient air temperature, computed by subroutine VIRON,

The gas volume model is included as a dilferential equation, rather than as a

definite function of temperature, pressure, and mass, for previously cited rea-
sons.

2.1.8 BALLOON GAS PRESSURE MODEL (SLACK BALLOON)

The nature of our duct venting model requires that we include balloon gas
pressure as a differential equation fur the case of the full balloon; the differential \
equation is included in the slack balloon case only because it is required by the

symmetry of the solution process.
D{Pg} = ~SW=*v ,

where Pg is the balloon gas pressure.

2. 1.9 GAS WEIGHT MODEL (FULL BALLOON)

This gas weight model differs from Eq. (6) for slack balloons in that it in-
o ‘) cludes the duct venting model previously discussed in Section 2. 1. In this regard
"';:‘; it differs also from Eq. (3) of Horn and Carlson. 43
wi .
}
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S8 D[Wg} = - (VV + VD) * SWG ,
where VD is the duct discharge rate,

2.1.10 GAS TEMPERATURE MODE! (FULL BALLOON)
DT = (- Q1 =~ Q7T + QB + Q0 - QL0 + Q11 « Py * D| Wg} /SWG)/(Wg * CV)

DIV| =0 .

This gas temperature model is comparable to Eq. (5) of Horn and C:\rlson't3
:-\v and with Kreith and Kreider, 16 except that it has been modified to reflect the
B o effoct of venting excess gas. Again, terms QI and Q7 through Q11 are treated in
¢ :»5 Scction 2.2,
CAM )
Y 2.1, 11 GAS VOLUME MODEL (FULL BALLOON)

[AA

The gas volume model is included as a differential equation, rather than as a

S f;s definite tunction of temperature, pressure, and mass, for previously cited rea-
{ N sons.

1

2,1, 12 BALLOON GAS PRESSURE MODEL (FULL BALLOON)

Balloon gas pressure is computed as an essential factor in the model of ducts
venting excess lifting gas when the volume of the inflatant tends to exceed the max-
imum volume of the balloon.

: D{Pg] = Pg* (M Wgl/Wg+ D[ Tg)/Tg) .

o

) : _—
‘.'_‘-&\,h\ 2.2 Heat Transter Models
&> ::1 lleat encrgy added to or lost by the inflatant is a major factor in overall sys-
R

Ly tem performance. Added heat energy decreases the density of the inflatant, there-

Ly increcasing the buoyancy. When heat encrgy is lost the effect is opposite. To re-

iterate, heat teanster models (relative to polyethylene balloon flight analysis) were
introduced by tian® prior to the development of flight performance models for solu-
%I\ tion by large scale digital computers. Over the last 32 years these models have
k\;\\‘ - evolved into 11 clements, the last five of which result from efforts by C::u'l..xon‘M
Dk to correlate theoretical and actual flight performance, Assumptions underlying
f-\"";_ these last five elements must still be validated, for he notes that the absorption
5N P
‘?}:.(’ and emission values deduced for the inflatant are not independent of the balloon
L
,:_:’.-: envelope materials used on the flights from which the data were obtained.
:-,\‘.‘1‘
A
AW 44. Carlson, . A. (1079) A new thermal analysis model for high altitude bal-
Ve loons, Proceedings, Tenth AFGL Scientific Balloon Symposium, Catherine
T L. Rice, kd., pp. 187-206.
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Given our use of FORTRAN notation and nonsubscripted symbols, and in order
-eep our nomenclature and symbols reasonably close to those of Carlson and

llorn, we express convective heat transfer between a gas and some object as fol=-
lows:

Q = CH *dT * Area = [k* Nu/L] * d1'* Area ,
where
k is the thermal conductivity of the gas,

Nu g a Nusselt number,
I

is o length, characteristic of the object's shape (in this application,
the maximum horizontal diameter of the assumed shape),

dT is the difference in their temperatures,
Area is the involved surface area of the object,

CH is the convective heat transfer coefficient, generally covrelated
with the Nusselt number by the relationship: {k * Nu/LJ.

2.2.1 FREE CONVECTIVE HEAT TRANSFER BETWEEN
THE GAS AND THE BALLOON WALL
Ql = CQl* CG* GN1 * Nu * (Tg - Tf) = SA/DM ,

where

CQ1 is a correction coefficient to be established on the basis of exper«
ience (initially, CQ1 = 1),

CG is the gas thermal conductivity coefficient,
GN1 is the Nusselt number correction,

Nu is the Nugselt number,

SA is the surface area of the gas bubble shape comyuted by subroutine

MYBLN,

DM is the diamecter of the bubble model computed by subroutine MYBLN.

Since we still consider this process as free, rather than forced convection,
we represent the Nusselt number in the general form:

Nu = a* [b+ ¢* (Pr* Grp*(d)}

’

where

a is an arbitrary constant (as are b, ¢, and d),
Pr is the Prandtl number for Heliwmnm, 0,67,

Gr is the Grashof number expressed as
G+ [(DM * SWG/VSGP=2] * ABS(T{ -~ Tg)/Tg ,

SWG is the specific weight of the gas,
VSG is the viscosity of the gas,
ABS() is the symbol for absolute value.
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‘The values used for the constants &, b, ¢, and d have not becn consistent
during the evolution of the flight performance models (see ‘Table 1). We use
Carlson's values tn this proposed model, except that we liclude the value of "a"
in "GN1", a zorrection factor. We believe that our yecommended changoy will
require that ethier envpirical constants be changed also, but only tfter there has
been an opportunity t¢ correlate the results with actual flight data.

‘Table 1. Nusselt Number Model Constants for Free Heat Transler
Between the Gas and the Balloon ¥Film, Siow ing Similaritics and
Differences, and Arranged Chronologically. Notes reflect valid
ranges for: (1) 10E9 s (Pr * Gr) = 1012, (2)(Pr* Gr) < 1050,
(3} 1010 < (Pr Gr), (4) {Pr * Gp) < 1,5 101°8, and (5) 1.5 *
10154 < (Pr * Gr)

a b ¢ d Notes
)

Germelests 1 ¢ | 08 | 0.33 1

Fujii et al*? 1 o | o.a8 | o.25

Kreith and Kreider!® 3 o | os50 | 0.2 2
3 ¢ | 013 | o.33 3

Balls Crewa et alld ! o | o1z | o33

Carlson and Hom' ' 3.5 2 4,60 0.25 3

! a5 | o | oz | 0.33 5
2.2.2 DIRECT SOLAK ENERGY AI3ORPTION BY
THE RALLOON WAT,L.
Q2 = Q2™ AV 7RV R e,
where

CQ2 is a correction coelficient tu be established on the basis of
<xperience (initially, CQ2 = ),

AV is the effective UV absorptance of the film,
'V is the effective UV flux.

This model of absorption of UV flux 1s essentially equivalent to that devel-
oped by Germelee and refined by Kreith and Kreider (sce program comment cards
for more detailed references), We belicve that the use of a constant cruss secs
tional shape is adequate for two reasons: (a) due to uncertainties in the actual
shape, and (b) due to availability of the facter CQ2 foy muking necessary, small
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adjustments. lu any event, the shape of the cross section will be reasonably con=
stant for any given shori period of time.
2.2.8 IR ENERQY ABSORPTION BY THF BALLDON WALL
QS = CQI® ARY B % SR & TN
where
CR3 is a coryection coefficient to be established on the busis of
experience (initially, (QY = 1),.
AR is the effective IR absorptance of the {ilm,

RZ is the Stelan<Boltzmann constant,
]

et

R 18 the effective IR receptor surface ared, namely
HC + (HC « SA) » LOG(0. 00626/BE)/ LGTEN,

T'l i8 the cquilibrivin vadiation temperature,
BE is the apecific lift of the inflatant (a2 function of altitude),
- LOG( ) is the natural logarithm,
LGTEN s the natural logarithm of 10 (converted Lo real in program),

This model ig that of florn and (:m‘l.t.*.cm,"3 except for the definition of the ef-
fective suprface aren SR, T'his arcea varies from the entire surface arca surround-
ing the gas bubble (at launch) to only the aren of the horizontal cross-section of
the gas bubble (at altitudes greater than 60, 000 ft, approximately); this is cone
sistent with Kreith and Kreider, 16 IFor ailtitudes up to 60, 000 {t, the foregoing
function defining SR is quite effective,

2,2.4 CONVECTIVE HEAT TRANSFER BETWEEN THE BALLOON
WALL AND THE AIR, FREE AND FORCED

Qt = CQES CA ™ GNi + Nu» (Pa = P * SA/DM
where
CQ1 is & correction coctlicient to be establisticd on the basis of
experience {initinlly, €Q4 = 1),

CA is the air thermal conduetivity coeflicient, computed by sub-
routine VIRON,

GNv is the Nussell number vorrection, # = 2 (free), # = 3 (fovced).

2,24, 1 Pree Convective Heat Transfer Bewween the
Balloon Wall and the Ay

For a balloop at rest (if such a cise ever traly exists) the Nusselt number s
as in Seetion 2,21, of the general formy

Nusa*[bh+c*(Prs Ge)dd] ,

where the Prandt! number for air is 0,72 and the Grashol number is expressed in
this ¢as» as!
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Gr = G* [(DM* SW/VS)**2 ] * ABS (Tf - Ta)/Ta ,
where

SW is the specific weight of air computed by subroutine VIRON,
VS is the viscosity of air computed by subroutine VIRON.

The values used for the constants a, b, ¢, and d, once again have not been
consistent during the evolution of the performance models (see Table 2). As be-

" fure, we use Carlson's consténts in the proposed model; except that the value of

"a" is included in the correction factor "GN2".

Table 2. Nusselt Number Model Constants for Free Heat Transfer
Between the Balloon Film and the Air, Showing Similarities and
Differences, and Arranged Chrouologically

a b . e d
Han® 1 0 0.50 0.25
Germeles!? 1 0 0.13 0.33
Fujii et al!® 1 ¢ 0.65 0.25
Kreith and Kreider!§ 1 2 0.60 0.25
Balis Crema et all® 1 0 0.56 0.25
4 Carlson and !-Iorn19 1 2 0.60 0.25

2.2.4.2 Forced Convective Heat Transfer Between the Balloon
Wall and the Air
For balloouns in motion the Nusselt number is usually expressed in the gen-
eral form:

Nu = b+ ¢ * (Reyr*(ad)

where b is an arbitrary constent (as are c and d) and Re is the Reynolds number.
Here again, the valies of the constants b, ¢, and d, have not been consistent dur-
ing the evolutioh of the performance models {see Table 3). In the proposed model,
we again use Carlson's consiants, except that we make no exception for balloons
with maximum volumes greater than 19 million £t3. We believe that any such
correction should await evaluation of the effects on the model output of other ron-
arbitrary changes.
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Table 3. Nusselt Number Model Constants for ¥orced Heat Transfer
Between the Balloon Film and the Air, Showing Similarities and Dif-
ferences, and Arranged Chronologically. Notes reflect valid ranges

for: (1) laminar flow, (2) turbulent flow, (3) 1.8 * 10E3 = (Re) < o ’
1.4 %1015, (4) 0.4 * 10E5 =< (Re) = 1.4 * J0ES5, and (5) volumes :
. greater than 19 * |0E6 ft3 :
b c d Notes
' : ‘ 13 :
Germeles 0 0. 37 0.60 :
| Fujiietal®® 0 0.52 | o050 | 1. -
4

0 0.03 0.80 2

Kreith and Kreider'® 2 0.30 0.57 3 :
2 0.41 0.55 4
Carlson and Horn'? 0 0. 37 0.60 )
0 0.74 0.60 5
. 2.2.5 IR ENERGY EMISSION BY THE BALLOON WALL j
4 Q5 = CQ5 * ER# BZ % SA * TP ,
¥ ;
R where s
N ;
{ & Q5 is a correction coefficient to be established on the basis of :
' experience (initially, CQ5 = 1),
ER is the effective IR emissivity of the balloon wall film. i
: !
% Except for the fact that SA has been redefined in accordance with our new :
shape model, this is identical to the respective heat transfer model of Horn and i
: Carlson. 43 i
i ]
¢ :

2.2.6 REFLECTED SOLAR ENERGY ABSORPTION BY THE
BALLOON WALL

This equation is based on Eq. (47), Kreith and Kreider. 16

Q6 = QB *AV=(2¥HC) = GS = FI % RL* QA # f (AL,RE) ,

E AL S T M

where !
d

:) Q6 is a correction coefficient to be established on the basis of ex- i

3 perience (initially, CQ6 = 1),
[» AV is the effective UV absorptance of the film according to Carlson, 1
PE GS  is the solar constant, ;
b FF is the directional reflectivity factor according to Figure 15 of :
R Kreith and Kreider, 16 !
Y]
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RL is the reflectance modeled after Figure 10, Kreith and
Kreider, 16

QA is the cosine of the solar zenith angle,
AL is the balloon altitude,
RE is the radius of the earth,
f( ) is the function: |[1. - SQRT (AL/RE/2.)],

SQRT( } is the 'ORTRAN notation for squarc root.

2.2.7 RADIATIVE EXCHANGE BETWEEN THE INFLATANT AND

THE BALLOON WALL
Q7 = CQT * El* BZ* SA % (Tgrk4 - T*4) ,
where

CQT is a correction coefficient to he established on the basis of ex-
perience (initially, CQ7 = 1),

El is the coefficient of radiative exchange between the inflatant and
the balloon wall film.

The relationships expressed in the models of Q7 through Q11 are based on
Carlson, 19 but in the default mode of our propesed model we reject Carlson's
hypothesis; thus, terms Q7 through Q11 are set equal to 0.

2.2.8 DIRECT SOLAR ENERGY ABSORPTION BY THE INFLATANT
Q8 = CQY * AG*+ FV = HC ,
where

Q8 is a correction coefficient to be established on the basis of ex-
perience (initially, CQ8 = 1),

AG is the effective coefficient of absorptivity of the inflatant in the UV.
2.2.9 REFLECTED SOLAR ENERGY ABSORPTION BY THE INFLATANT
QY = CQY ¥ AG* (2 % HC) * G5 * F¥ » RL* QA * { (AL,RE) ,
where

CQRY is a correction coefficient to bhe established on the basis of ex-
perience (initially, CQ9 = 1).

2.2.10 IR ENERGY EMISSION BY THE INFLATANT
Q10 = CQIO*EG * BZ * SA * Tgt*¥4 ,

where

Q10 is a correction coefficient to be established on the basis of ex-
perience (initially, CQ10 = 1),

EG is the effective IR emissivity of the inflatant.
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2.2.11 IR ENERGY ABSORPTION BY THE INFLATANT
Qii = CQl1* EG* BZ * SR * TI**4 ,

where

CQ11 is a correction coefficient to be established on the basis of ex~
perience (initially, CQ11 =

This relationship is taken directly from Carlson, 19 but it is necessary that we

~change his effective surface area term to be consistent with the assuniption that

the IR energy absorbed is dependent upon altitude (see Seétion 2.2.3). ;'

3. MODELING THE AERODYNAMIC DRAG COEFFICIENT

3.1 General Considerations

It is improbahle that one can develop an adequate model of balloon aerody-
namic drag coefficients by statistical means alone. Any reasonably approximate,
mathematical model must account for a number of hard-to~quantify phenomena
and, therefore, miglit become quite complex. For example, the degree to which
balloon envelopes are deformed by dynamic pressure due to vertical motion cer-
tainly depends on shell stresses relative to film yield stresses (which, in turn,

depend on balloon film temperature). However, one might develop adequate ap-

proximations by analyzing separately the flight data for heavily loaded, moderately
loaded, and lightly loaded balloon shells. On the other hand, one also might gain
some important theoretical insights- by studying relevant works on raindrops and

parachutes {for example see Figure 14). In any case, one must always temper

judgement with experience — consider the influence of gore pattern on balloon
ascent configuration, *

We concluded earlier that the drag coefficient must depend on Reynolds num~
ber, Froude number, and, most probably, fractional volume — three dimension~
less parameters. Civen an unambiguous definition of the characteristic length,
and accurate flight data (elapsed time, altitude, atmospheric temperature, and all
initial flight conditions), we can comnpute the average value of cach of these pa-

rameters for each increment of altitude; leaving only the corresponding drag co- ;
efficient to be determined.

*Considerations such as the 4se might have made the statistical analyses of ris
rates by Nolan and Keeney*? more valuable to balloon users. Further, if they
had used dimensionless terms, they could have reduced to 8 minimum the num-

ber of multiple regression analysis (MRA) terms — this would have improved
the quality of tneir predictors,

45. Nolan, G. F., and Keeney, P. L. (1973) Analysis of Factors Influencing Rate
of Rise of Large Scientific Balloons, AFCRL-TR-73-0753, AD 778070.
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Figure 14. A Comparison of Reynolds Number vs Drag
Coefficient for a Water Drop and a Sphere, According to
Gillaspy. 37 By analogy the depicted relationship sug-
gests that, for a given range of relative envelope stresses
and for a given Froude number, the drag coefficient for
an ascending balloon might be expected to increase with
increasing Reynolds number - in some unspecified range.
As in all of Section 3, we assume that the balloons are
constructed from fully tailored gores (at least from gores
that are fully tailored in the apex region)

Given the proposed comprehensive flight performance model (including the
required sub-models, such as the atmosphere model, balloon shape model, and
others), the problem of determining a drag coefficient is straightforward. We
need only to establish an acceptable closure accuracy for the altitude computation,
assume a di‘ag coefficient, and then iteratively solve the model over each corre-
sponding time interval until we find a drag coefficient value for which the altitude
closure accuracy is satisfied. Other things being equal, we will then have a
reasonably equally weighted set of four dimensionless variables for each altitude
increment: a drag coefficient, Reynolds number, Froude number, and fractional

volume. Usually, however, this will not be the case; unless, of course, we are
unusually fortunate, or we have carefully selected flight data tc account for quale
itatively or imprecisely defined phenomena that significantly affect free balloon
ascent rates. '
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3.2 Segregation of Data for Analysis

We have already presented in sufficient detail the effects of gore patterns on
balloon ascent configurations. We are forced to conclude therefrom that fully
tailored balloons and cylinder type balloons will have vastly different drag coef-
ficient models. Thus, because cylinder balloon types (full cylinder and semi-
cylinder) are infrequently used and even more infrequently manufactured for new
programs, only fully tailored balloons should be considered in our present effort

. to model ree-balloon drag coefficients.

Thermodynamic phenomena are covered by sub-models included in the pro-
posed flight performance ir.odel. However, there is some concern about the accu~
racies of the assumptions on which present (and prior) heat transfer processes
are based. Because of this, we seek to make our drag coefficient solutions as
independent as is possible of thermodynamic considerations. The first and obvi-
ous choice is o use only data from flights launched at night. In this way, thermo-
dynamic inaccuracies arise only from assumptions about the infrared, and con-

ductive heat transfer models. Errors in the models dealing with direct and re-

fleeted solar radiation are climinated.

A natural transition point both in the vertical motion of the balloon and in the
dynamic, mechanical responses of the balloon envelope material, occurs near the
tropopause. Both of these results are due to the reversal of the ambient temper-
ature gradient. The former phenomenon, the slowing of the ascent rate, is well
understood, and quite thoroughly documented. The latter phenomenon has gener-
ally been associated with balloon bursts due to cold brittleness of the polyethylene
film; its implications with respect to both subsequent balloon failures, and altered
resistance to ascent shape deformation are not well understood. With respect to
shape deformability, we believe that the noted relaxation of the strain in the en-
velope material in the crown of the balloon“ supports the contention that, for a
halloon ascending above the tropopause, relative stress (actual stress divided by
yield stress) changes. Thus, the shape can deform more easily. Therefore, we
suggest that flight date above and below the tropopause be segregated for the pur-
pose of drag coefficient modeling. The least advantage of this approach will be
the existence of a logically distinct set of data by which a developed model may be
tested. {When the tropopause temperature is different than the minimum temper-
ature, prudent judgement is required.)

Finally, we recommend that flights be separated into two other classes: heav-
ily loaded and light or moderately loaded balloons. To accomplish this, stress

indices such as those used by the NSBF or AFGL (see Dwyer42) should be adequate.

——————

46. Rand, J. L. {1982) Balloon Filmn Strain Measurements, Workshop on Instru-

mentation and Technology for Scientific Ballooning, XX1IV COSPAR Plenary
Meeting, Ottawa, Canada, 16 May - 2 June 1982,
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3.3 Modeling Using Multiple Regrestion Analysis

Those familiar with modeling with MRA concede that it is more an art than a
science, but, having decided to use dimensicnless variables, we have taken the
first and biggest step in our analysis in a sound scientific manner. If we then
segregate the input flight data as suggested, we will be taking the second step in
a sound scientific manner; this will help to minimize variations due to other
factors, as previously noted. Beyond this point (if one is to develop a practical
model using MRA) it appears that one must rely on both mathematical art and sci-
entific insight and, what is equally as importint. care in the specification and
collection of the input data.

4. REFINING THE THERMODYNAMIC COEFFICIENTS

It does not appear that one can easily, if at all, find conditions wherein the
aerodynamic drug may be ignored. Consequently, the aerodynamic drag coeffi-
cient model must be developed before it is possible to introduce refinements of
the models for direct ard reflected solar radiation. As with development of the
model for the aerodynamic drag coefficient, segregation of the input data is de-
sirable if not imperative. However, the solution process does not appear to be
so complicated; the general format of the models cf the heat transfer processes
are fairly well established and all that remains is (hopefully) to correct the coef~
ficients.

5. CONCLUSIONS

We have laid a foundation for the development of a comprehensive flight per-
formance model based on practical and theoretical considerations.

" We have proposed that the aerodynamic drag coefficient model be based on
th -ee dimensionless variables: Reynolds number, Froude number, and fractional
volume.

We have shown that:

(a) there has been a longstanding and widespread error in the definition of
the instantaneous mass of the balloon film involved in the heat transfer processes,

(b) the gas bubble cannot be modeled realistically as a sphere,

(c) the gas bubble is asymmetrical except when it is at or very near its
natural ceiling altitude, ‘

(d) the actual gas bubble shape, and, most probably the added mass, is
directly related to the type of gore pattern,
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(2) theory does not support models of drag coefficient based on Reynolds
number only,

{f) theory does support the use of the Froude number as one of the variables
that uffects the drag coefficient of a free balloon, and

{g) that fractional volume is a reasonable way to accommodate variations in
overall balloon shape, consistent with the need to specify a characteristic length
for use in establishing a reference drag area.

- Finally, we have proposed-a procedure for the-analysis of actual flight data
to enable the development of a practical, but also theoretically sound, model of
the aerodynamic drag coefficient of a zero-pressure, free balloon, and subse-
quent refinement of the heat transfer models for direct and reflected solar energy.
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Appendix A

Software for Developing, Verlfying, and Using
Asrodynamic and Thetmodyhamic Constants antd Mudels

Al PROGRAM FINDCD

Program FINDCD is a8 FORTRAN coded set of routines and models discussoed

in the main text; it is w. it to ran vy an 1BM PC and has a compiled exceutable
version, QUD.EXNE, This program, working on the assumptions that all of the
thermodynamic models are sufficiently accurate, collects for cach point in any
chosen tlight profile the values of drag coefficient €D, Reynolds Number RN,
IProude Number FFRN, and fractional volume VB,

ALL Progeaw Logie

The logic by which the values of the terms CD, RN, FRN, and VB are deter-

mined is shown in Figures Al and A2, Fundamentally, it is an iterative method of

adjusting the value of CD between each successive set of points until the actual and
computed altitudes are satisfactorily vlose for the related elapsed time,

AL2 Strategy

It appears that the accuracy of related acrodynamic torms can be enhanced by
mitially restricting analyses to flights launched and ascending in darkness - 1this

eliminates potential errors due to solar energy input models. Eventunlily one will

have to alter this program to accommodate deballasting sequences « not at all a
difficult task.

This will be required because on most high-altitude night flights
deballasting is required to maintain ascent rates compatible with mission profiles.
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Figure Al. Representative Segment of Vertical Flight Profile

Al.3 An Aerodynamic Drag Coelficient Model

The definition of an adequate drag coefficient model is still to be found. If
physical modeling is an art then mathematical modeling, being one step beyond,
might be considered a black art. There is some discussion - both in the main
text and in the noles imbedded in the program comments — regarding the use of
MRA as a method; doubtlessly the data developed by this program will suggest
more explicit approaches.

AZ. PROGRAM FROUDE

Program FROUDE is also 4 set of FORTRAN coded routines and models dis-
cussed in the main text; it too is written to run on an 1BM PC and has a compiled
executable version, FLITE.EXE. 1t assumes the existence of a drag coefficient
model in the following format:

1=20
Ch = SUM lAi # (FR%C11) * (RN**C2i) F (VB*’:‘CMH
i=1

This model format was seiected by the author as one easily adapted to MRA mod-
eling, one suitable for expressing simple series models, and one with the inherent
capacity to express quite complex relationships. Like FINDCD, this program per-

mits interactive alteration of most of the various model coeffi~ients. Consequently,
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SET ALLOWABLE
ALTITUDE ERROR, DZ

i

FIND Tj,

Tiere Ziy
AND ‘Ziy) |

1 :
ASSUME LIFT-OFF 3
DRAG COEFFICIENT, CD

COMPUTE
NEW ALTITUDE, Zy,
FOR THE TIME, Tj4

»

No ADJUST CD

1Zjay-2xl ¢

FOR i +1,
COMPUTE AND STORE:
DRAG COEFFICIENT,
FROUDE NUMBER,
REYNOLDS NUMBER,

FRACTIONAL VOLUME
SET:
Ti ® Tis
NO
M Tivr " Tia2 — -
Zi® Zjy
YES Zir1 " Zj42

Figure A2. Elementary Logic of Program FINDCD
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it can be used for either flight performance prediction or for analysis of perform-
ance sensitivity to changes in particular coefficients.

A3. INPUT FORMATTING

There are two additicnal FORTRAN programs, CD.EXE and QCDDATA. EXE,

A3.1 CD.EXE

This program supports only FLITE, EXE; it stores the CD model coefficients
and exponents in the required format.

A3.2 QCDDATA.EXE

This input file formatting program supports both FLITE. EXE and QCL. EXE.
It has one particularly interesting feature; it distinguishes between radar flight
data and altitude translated from a staadard altitude table. In the latter case it
provides the altitude corrected for the local atmospheric temperature profile and
launch site pressure.
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FROGRAM FINDCD

EA ISR SRR RS RSN ES LSRRI S R LI i Y ST L T L]

FROGRAM: FINDCD 20 FEER 1985
THE EXECUTABLE VERSION OF THIS PROGRAM IS DESIGNATED AS *QCD”

WHICH HAS BEEN COMFILED UNDER MICRDSOFT FORTRAN77 TO EBE RUN ON
AN TEM £C.

~THIS -PROGRAM - I8- USED- TO DETERMINE-- THE- REYNOLDS -NO,, FROUDE -NO.,
FRACTIONAL VOLUME AND RELATED AERODYNAMIC DRALG COEFFICIENT FOR
WHICH THE MODEL-PREDICTED ASCENT RATE AND ACTUAL FLIBHT ASCENT
RATE ABREE WITHIN A GIVEN TOLERANCE, OVER A REASONABLY LARGE
ALTITUDE SFAN., THE RESULTS ARE INTENDED TO KE USED AS INFUT IN
A MULTIFLE REGRESSION ANALYSIS TO PROVIDE A MODEL OF THE DRAG
COEFFICIENT AS A FUNCTION OF REYNOLDS NO., FROUDE NO., AND THE
FRACTINNAL YOLUME. THE DESIRED OUTPUT VARIABLE VALUES ARE FOUND
RY ITERATIVELY ADJUSTING THE ASSUMED DRAG COEFFICIENT UNTIL
THE BIVEN TOLERANCE 18 ACHIEVED. ENHANCED ACCURACY IS ACHIEVED
BY REDUCIMNG THE VARIABILITY OF FACTORS INFLUENCING THE ASCENT

RATEs FPRIMARILY, THIS IS EFFECTED BY USING NIGHTTIME ASCENT DATA
UNAFFECTED BY SOLAR INPUT.

THE USE OF MRA TO ACHIEVE THE MDDEL 1S ONLY ONE AFFROACH, AND
ONE SHOULD NOTE: 1) THAT THE USE OF MRA 15 VERY MUCH AN ART, AND
2) THAT THE RESULTING MATHEMATICAL. MODEL. MAY BE SIGNIFICANTLY
RIFFERENT THAN THE TRUC PHYSICAL MODEL. CAUTION IS URGED IF THE

RESLL TING FORM OF THE MRA MODEL 1S TO BE USED TO PREDICT OTHER
FHYSICAL RELATIONSHIPS.

FUK COMMENTS ON SPECIFIC LINES OF CODE, $SEE PRDGRAM FROUDE.

TH1S FROGRAM WAS DEVELOFPED AT THE AIR FORCE GEOFHYSICS LARORATORY
A5 FART OF IN-HOUSE WORK UNIT NO. 76591114

**#*#*t*t**#*t**t****t*****#**t**

IR R YL TEL LIRS LIRSS S L2223 E LSS S P XSRS TL LIS ST YL RSN
COMMIN CA,DTI,E(30,2),PE,F0,RO,SW, TI, TIRL, TIRD, TR, TROP, VS
DIMENSION A(S5) ,B(5),0(5),D(8,5),Y(8,6),0(8,6) ,FLY(100,2) ,FR(100,8)
CHARACTER*B2 1 INN, FOUT , FNAME, HEAD1 , HEAD2
DATA

DATA
DATA

A7 5 11592654, .5, . 2920932, 1, 7071068, . 16666666667 ,G5/96, /

B0 200 ey1.,2.7,07.01745329252, .6, , 2928932, 1. 7071068, .5/

BL/%. 6995E~10/,6G/32. 1781/ ,RE/ 20855278, / \RA/S3. 35/, RG/386. 076/

DATA DTM/20.7,DTV/0.5/,DT/8. /7, JF,LL2,LL3/3%1/,LAUNCH, LEAP/ 240/ .
DATA AC3,AC4,DB,DDO,DD1,T,TT, TTT,VD,VT,VW,Q07,08,09,010,Q11/16%0, 7/ ¥
DATA ALF/1.83E-07/,BET/.6682/,6AM/ 18483, / ,CV/586.73/ ,CF/42B. /

DATA AYV/.001/ RYV/. 1147, TYV/ . 885/ AYR/ . 031/ EYR/. 031/ ,RYR/ . 127/

DATA TYR/.B42/ AYRG/ . 0028/ ,WOW/ . 9088/ ,CM/. 5/ ,VL/. 01/

DATA £01,C02,C03,C04,C0%,C06,007,008,C09,C010,C011/11%1,/
DATA GN1,GN2,6N3/3#1. /
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HEAD1=" RN FRD vB
HEAD2=" TIME ALT SPEED
FORMAT (R)
FORMAT (1X,’ENTER NAME OF INPUT FILE; B:filespec.FLY
FORMAT (1X,’AND NAME OF OUTPUT FILE; B:+filespec.JFD
FORMAT (13(E15.8/),E15.8)
FORMAT (2F9.3)
FORMAT (2F8. 0)
FORMAT (1X,4E13.7)
FORMAT (4 (E15.8/),E15.8)
CFORMATCIZY - - -
FORMAT (10(E15.8/),E15.8)
FORMAT (A, 13, A)
FORMAT (6E15. 8)
FORMAT (1X,2E13.7)
FORMAT (2E13.7)
FORMAT (3E13.7)
FORMAT (1X,3E13.7)
FORMAT (2X,A)

CONCBSUN -

- et e b b
MABEUN O

-
o~

CALL INFIRM

OFEN(S,FILE="LPT1" ,FORM:="FORMATTED")

WRITE (#,1)" DEFAULT GAS % FILM VALUES 7 [ 0/1 = N/Y 1°
READ (#,9) 1
IF (I1.EG.0) THEN
I=1
WRITE(#,1)* INSERT APFROPRIATE DATA DISK IN EB-DRIVE AND®
WRITE(%,1)" ENTER GAS % FILM FILE NAME, Bifilespec.GAF’
READ (#, 1)FNAME
OFEN (3, FILE=FNAME, FORM="FORMATTED" )
READ(Z, M) ALF BET, BAM, CV,CF,WOW, £YV, RYY, TYV,AYR, EYR, RYR, TYR,AYRG
CLOSE ()
WRITE (S, 1)FNAME
WRITE(x,1)" *
ENDI¥
IF (I.NE. 1) GOTO 50

WRITE (#,1)" DEFAULT HEAT XFER COEFs., VIRTUAL MASS COSF. AND®
WRITE (%, 1)" EFFECTIVE ZERD ASCENT RATE 2 € 0/1 = N/y 2°
READ (#,9) 1
IF (I.EQ.0) THEN
1=1
WRITE(#, 1) INSERT AFFROPRIATE DATA DISK IN E-DRIVE AND®
WRITE(*,1)" ENTER COEFFICIENT FILE NAME, E:filespec.CMy’
READ (%, 1) FNAME
DFEN (3, FILE =FMAME , FORM=" FORMATTED )
READ (3,100 CR1,C02, CO3, £O4, 005, CRs, CH7, 008, CO9, CO10, 001 1
READ €3, 8)GN1,BN2, BN, CM, VL.
CLOSE (3)
WRITE (5. 1) FNAME
WRITE (%,1)7 °
ENDTF
IF (1.NE.1) GOTO &0
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) WRITE (#,1)" INSERT THE FLIGHT DATA DISK IN B-DRIVE AND’
£ WRITE (%, 2)
gl READ (%, 1)FINN
WRITE(#,1)* *
WRITE (%, )
READ (%, 1)FOUT
WRITE (#,1)° *
- R OPEN(3,FILE=FINN,FORM="FORMATTED? )
o READ (3, 1)FNAME

LR . READ (3, 4)SIG, GL,CLEN, AD, VTM, THK, TCP, WB, WF, WT . FL,DBB, SFD, FO

N~ .. . _READ(3,4)CD,ERR,DUS,DCD, DS, ABAS, ELL,GH, XD, XB, XL, TS, XIN, XINN
.. DO 100 I=1,30
B a0 100 READ(3.SIE(I, 1) ,E(1,2)
: g{ c OPTION: SELEGCTION OF ANALYSIS CUT~OFF POINT
R 110 INN=INT (XINN)
; ﬁq WRITE (#,11)* THERE ARE’,INN,* FLIGHT DATA POINTS.'®
s, WRITE (#,1)" ENTER NUMBER TO BE ANALYZED.’
_ . READ (#,9) INN -
W IF (INN.GT.INT(XINN)) GODTO 110
g PO 120 I=1,INN
e 120 READ(5,&)FLY(1,1) (FLY(I,2)
vy CLOSE (%)

- i;. WRITE (%, 1)’ ENTER DIFFERENTIAL GROWTH LIMITS: ALT. [ $t 1,°

- WRITE (#,1)° ASCENT RATE [ ft/sec 3 AND TEMF. [ deg R 1°
" READ (#, 15)ALIM, VLIM, TLIM
% WRITE(#%,1)" °
7Y% WRITE(#,1)" TD CHANGE DT fmaxl OR DT [ventl ENTER NEW NON-ZER(®
55! WRITE (%, 1)" VALUE, OTHERWISE ZERD. ENTER ZERD OR ONE FOR AGAS.’
39 ' WKITE(*,1)" DTM, DTV, AGAS [ gas absorbs in IR, 0/1 = N/Y 317
N WRITE (%, 14) DTM, DTV, AGAS
‘ READ (%, 15)GG1 L GEZ , AGAY
ay IF (6G1.6T.0.) DTM=GGI
b IF (6B2.6T.0.) DTV=GG2
Q} WRITE (%, 1)7 °
34

-y %)

*Ra C OPTION: ORIGINAL OR REVISED DRAG COEFFICIENT ESTIMATE AND DRAG
i C COEFFICIENT INCREMENT FOR ITERATIVE ADJUSTMENT
¢ WRITE(#,1)" TO CHANGE CD OF DCD ENTER NEW VALUE, OTHERWISE ZERO. '
: P) WRITE (%, 13)CD, DCD
B READ (%, 14)GB1 , 662
R IF (BG1.GT.0.) CD=GGI
i IF (GG2.6T.0.) DCD=GG2
é: WRITE (#,1)° *
9
1y WRITE ¢5, 18)FOUT
;- WRITE(S, 1) *
=l WRITE(S.1)* DTM DTV ABAS ALiM VLIM TLIM®
-5 WRITE (5, 7)DTM, DTV, ABAS, AL TM, VL IM, TLIM
3 WRITE(S, 1) *
n WRITE(S,1)° CR  LOD®
& WRITE (S5, 1) 62, DCD

WRITE(S, 1) 7
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LLGTEN=LOB (10.)
IN=INTC(XIN)
LL1=IN

LLO=IN

EGAS=AGAS

AYRG=AGASHAYREG

AYRG1=1.~AYRG 0
e - R < AVEAYVR H o+ TYV#AYRGL 7 (12 ~RYV#AYRGE) ) : : s

AG=AYRG*TYV/ (1.-RYV*AYRE!)

DBB=DBR/A0.

WTX=0. )

SPD=1, 69#5PD

DD4=FPO

DDS=PO

DO 190 I=2,30 E
TROF = E(I-1,1) :
IF (E(1,2).GE.E(I-1,2)) GOTD 200

190 CONTINUE

200 TIR0=1.8#E(1,2)~5,55
TIRI=, 74%TIRQ
DTI=-.26#TIRO/ (TROFP-E(1,1))

IF (XL.BGE.20.) GOTO 300
RL=-,0025%#X|.+, 15
GOTO 500

JO0 IF (XL.GE.Z0.) BOTO 400
FL=.1
GOTQ 600

{400 IF (XL.GE.40.) GOTO %00
Ri_=, 005#XL—. 04
6OTO 600

500 RL=,0075%XL-., 15

&HOO XD=C (1) #XD
XL=0 (1) XL

CX=00S (XL ) #C0S (XD
SX=BIN(XL)®GIN(XD)

CALL UFSON] ,516,ABL) 3
GB=CLEN/GL. 1
CAl.L NELSON ()0, GR,816G)

WE=U*ABL*WOW* TCF #GL #6L.

DCr 700 J=1,%

D) 700 1=1,8

Y(1,.)=0,
AN QeY, D=0,
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4

¢
gz B,
B S
! *‘;:i\
E a3}
1A
R Y(1,1)=0.
TS Y (2, 1) =WP+WT
. ¢ {3, 1) =ELL
| Rl CALL VIRON(ELL,BF,DD1,DD3,DDS,LLL,LLS,DD7,DD9, T\ 1)
B EE=(1.-.13818%)+5W

VO= (1, +FL) # (WE+WP+WT) /BE
Y(4,1)=TR

-cﬂv“i‘f

Y (8, 1) =VO*FE/TR/RG
B Y&, 1)=TR
} . Y (7, 1)=\0
; 2. Y (3, 1)=FE
%g bbb bbbt bbbttt BEGIN RUNGE-KUTTA ITERAQTION 4ttdrdbbeddtdddtbd bt
2
. B 800 DO 1600 KJ=2,5
Q‘g‘ KK=kJ--1
& CALL VIRON(Y (3,KK),BF,DD1,DD3,DD5,LL1,LLE,DD7,DD?, T, 1)
BE=(1.-.138185#TR/Y (b,KK) ) #SW
% IF (WT.NE.WTX) THEN
CEh X=L0G (1. +WR/ (NT+WP))
M CALL UFSON (2, X,SIGX) ;
L B CALL UPSON (3,S1GX,VU) 3
: g: VT=VURGL# %X
' WTX=WT
h IF (VT.GT.VTM) VT=VTM
) ENDIF
i 2 IF (KK.EQ.1) THEN
Pk VE=Y (7,KK) /VT
B ) AL MYBLN (VE, 6L, 5B, 6N, DH, SB, DM, RM, HC) 3
3 U=LI0 !
IF (GN.LT.CLEN) CALL NELSON(U,G6B,SIG)
WE=SE* (WH-IE ) +WOWHURARL # TCPAGL#GL
SA=SR#ARL *GL*GL
BRHE
> IF (FE.GE.0.00626) SR=HC+ (HC-SA) #1.06 (. 00624/BE) /LGTEN
; Q ENDIF
; e PG=DHIBE
d BWE=Y (5, KK) 7Y (7 ,KK)
) VGG=ALF #Y (&, KF) ##BET
= CG=GAM*VSE
- M SFEED=Y (1,KK)
K IF (LAUNCH.EQ.D) SFEED=SFD
iy SFDSR=GPEED*SPEED
3 RN=DM*SWHARS (SFEED) /VS
Y, EUOY=SW#Y (7, KK)
B WS=Y (2, KK) +Y (5, KK) +WB
A FORCE=RUOY- WG
c b DRAG=. 5*RD«CD#HC*SPEEDHABS (SPEED)
i i
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D(1, KII=G2 (FORCE-DRAG} / (WS+ CH=RUOY)

IF (LAUNGH.ED.O) D(1,KJ) =0, “
D(2,Kd)=~DB

DL KII=Y (1 KK

bt bR bttt - b BEGIN HEAT TRANSFER RATES 44w b4dddtbtttt+t+44+
EYRG=EGAG*3. 42E-06% (VY (6, KK) /1.3) %%, 815"

EYRE1=1. ~EYRG

ER=EYR# (1. +TYR*EVRG1/ (1, -RYR#EYRG1)) f
AR=ER : )
EI=EYRE#EYR/ (1. ~RYR*EYRG1)

EG=EYRG*TYR/ (1, +RYR®EYRG1)

CAaLL. PRGR(GF, . &7,DM, SWGE, Y (4, KK) 4 ¥ (&4, KK) 4 VEE)
IF (GPLTL1GE+Q7) GNU=2, +, &#GF¥%Q, 20
IF (BP.GT.15E+07) GNU=. 13#GP**(1./3.)

D =CRI*GNT #5AX (Y (6, KK) ~Y (4, KK) ) *CE*GNU /DM
DA=SX+CX*COS(C (1) # {GH-XG+T/240.))

ARME= (BF/F0) * (SORT (1228, 6+376750, 444DAXEA) -613 . A*ARS (RA) )
TRIMI =. 5% (EXP (. 65%ARMS) +EXP (-, O95%ARMS) )

FV=GE*CEH* TRML
IF (PA.LT.0.) THEN
F\=0, :
AR=-8QRT (1. (RE/ (RE+Y (3, KK) ) ) #%2)
IF (RR.LT.QRA) THEN 3
Z7=SRRT L. -DARNA) # (RE+Y (5, KK) ) ~RE
CALL. VIRDN(ZZ,FAM,DOO, DD2,DD4,LLO,LLZ,DDG,DDB, TX, 2)
AM=35. 1#PAM/FOQ
TRM2=, GR(EXF (~. &65#AM) +EXF (=, 095#0M) )
FU=(S*CE*TRME*TRMZ/ TRMA
ENDIF i
ENDIF ]

2=CRIRAVAFVEHE
QT=COI*ARBZ#SR*T I % x4

IF  (ABS(SPEED) .LT.VL) THEN
CALL FPRGR(GF,.&67,DM,SW, Y (4,KK) , TR, VS)
GN J=GNZ* (2. + . 6#GF# %0, 25)

ELSE
GNU=. S7RENSHRN##O, &

ENDIF

RA=CRARSAR (TR~Y (4, KK) )} *CA*GNU/DM
OS=-CRGAER*BISSARY (4, KK) #%4
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18=57.29578#ATAN (SQRT ( (1. ~QA%DA) / (DARQA) ) )

FF=1.

IF (25.BT.77.2) FF=,09375%25-5.4375

IF (FF.EQ.1.).AND,. (28.6T.25.}) FF=,Q153%1I8+.4616%

DO=CRL#AVH (2, #HT) #BS#FF#RL# (1, ~SORT (Y3, KK) /RE/2,) ) #QA

IF (EI.NE.Q.) THEN
Q7=CO7REI*BI# (Y (&6, KK) ##4-¥ (4 ,KK) ##4) #5A
Q9=CHB*AGHFVHHC
@9=G@9*AG&(2.*HP)IGS*FF*RL*(1.—S@hT(V(< KK) /RE/2. ) ) #QA
Q10=CR1O#EG*BZ #5ARY (&, KK) #n4d ’ ‘
le-COII*EG#BZ*SR*TI**4

ENDIF

+htbbtb bbbt bbbt bbb+ END HEAT TRANSFER RATES +dtttbbdttbdd bbbttt
D (4,KJ) = (611 +02+Q3+Q4-05+Q46+07) /CF /WE

IF ((WL.ET.0.) CAND(KKLER. 1)) THEN
IF (FG.BE.0.93&6) W=,559-FG/8
IF (PE.LT.0.9356) Vv=.72222#80RT((1.872-FG) #FG)
VV=6. 127 #VVREERT (SW/SWE-1. )

ENDIF

IF(VD.LE.Q.) IVENT=0

IF (IVENT.EQR.Q) THEN
D (5,KJ) ==VV*GWE
D (&6, Kd) = (RB+Q9-Q1 Q7 0+ 1 ~SW*#V (7 KK) #D (3, KJ) ) /Y {5,KKD) / (CV+REB)
DA77 KIP =Y (7KK % (DS, KI) /Y (5, KK) +D (A, KI) 7Y (6, KK) +D(3,KJI) /RA/TR)
D<8, VJ)*"SN*D(u.kJ)

ELSE
IF (LEAF.EQ.0) RT=DTV
UD=AD*EERT (2. #5#ABS (Y (B, KK) -FE} /SWGE)
D (5, kI =—(VW+VD) #SH6G
D6 KI) = (BRI~ -7 -Q10+Q1 1-PE*#D {5, KJ) 78WG) /Y (T, kK) /CV
D{(7,kJ)=0.

DB, KI) =Y (B, KK) (DS KD /Y (G, R +D A, KT) /Y (5, KK) )
ENDIF

DO 1500 KI=1,8
GO=A(KI) # {D KT KI)~BKI) #Q KT, KK))
Y(KILKI) =Y (KT, KED) +DT*E0

1500 QKL KD =0 (KT KK) +T. #Q0~C(KJ) #D (KT KI)
1600 LQNTINUE

44+t tb bbb bbb bbb dd 444+ END RUNGE~EUTTA ITERATION +4+44+4t4++++++++++t++44+44

IF (Y(7,5).6T.VT) THEN
VT=Y(7,1)
FVENT=1
GOTO 8OO

ENDIF
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1700

1800
1900

C

G

1750

ST e TN M I CENCE Y et e
Lo e DT foe D e e

IF (IVENT.EG.0) THEN
IF (ABS(Y (1,5)~Y(1,1)).BT.VLIM) GOTO 1700
IF (ABS(Y (3,5)=Y(3,1)).6T.ALIM) BOTD 1700
IF (ABS(Y (4,5)~Y(4,1)),GT.TLIM) GOTO 1700
IF (ABS(Y(6,5)=Y(6,1)) . LE.TLIM) GOTO 1750
DT=DT/2.
IF (DT.LT.D.5) THEN

WRITE(%,1)* BAD EXIT t DT < 0.5 1°

STOF
_ENDIF
BOTD 800,
DTX=DTM
DO 1800 I=1,7
IF (Y(1,5)%DTX.LT.ALIM) 6OTO 1900
DYX=DTX-2.
CONT INUE
ENDIF

FRE-LAUNCH STARILIZATION CLOCK TIMER
IF (LAUNCH. EQ.0) THEN
TT=TT+DT
DT=DTX
IF (TT.GE.TS) THEN
LAUNCH=1
TT=ANINT (FLY (2, 1) -FLY(1,1))
DAL=ERR#* (FLY (2, 2)~FLY (1,2) )
IF (DAL.GBT.100.) DAL=100.
CALL VIRON(Y(S,S),BF,DD1,DD3,DD5, LL1,LL3,DD7,DD9, TK, 1)
VB=Y (7, KK) /VT
CALL MYBLN(VE, GL.,GB,GN, DH, SR, DM, RM, HE)
WV=SW/Vs
6OTO 2100
ENDIF
60TO 2300
ENDIF

ELAFSED FLIGHT TIMER
T=T+DT

INTEGRATION INCREMENT CONTROL TO ENSURE THAT DT IS LESS THAN DR
EQUAL. TD THE ACTUAL TIME IN CORRESFONDING FLIGHT INCREMENT
IF (LEAF.EQ.Q) THEN
TT=ANINT (TT-DT)
IF (TT.LE.DT} THEN
DF=TT
LEAF=1
GOTO 2300
ENDIF
GOTO ZZ00
ENDIF
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cc BINARY CHOP ROUTINE TO CHECK ALTITUDE CONVERGENCE AND TO CONTROL 3
cc NEW DRAG COEFFICIENT ESTIMATE

c COMPUTES ALTITUDE CLOSURE ’ )
=¥ (3, 5)-FLY(IF+1,2)

c ALTITUDE NOT WITHIN LIMITS j
IF (ABS(X).GT.DAL) THEN _ :
IF (X.6T.0.) THEN
AC3=1, ]
- , . . GGN=p, L 3
GOTO 1950 k
ENDIF 1
ACA=1, :
SBN=-1,
1950 DCD=DCD/ (ACS+ACAH)
CD=CD+SGN#*DCD
RESETS T, TT, DT, LEAF AND RUNGE-KUTTA VARIABLES FOR INTERVAL
* RECOMPUTAT ION
TT=ANINT (FLY (JF+1, 1) ~FLY(IF, 1))
DT=DTM
LEAP=0
T=TTT
DO 2000 I=1,8
YT, i)=Y (1, 4)
2000 R, 11=0(1 &)
GOT0 800
ENDIF

c ALTITUDE WITHIN LIMITS
IFIT=X
ACI=0.
AC4=0.
DCD=. Q96#CD

cc END DOF ROUTINE

cc ROUTINE TO COMPUTE AND STORE QUTPUT

SPEED=ABS { (Y (3,5) -XXAL) 2 (T~TTT))
VB=Y (7,kK) /VT
CALL MYBLN (VB,GL,GB, BN, DK, SB, M, RM,HC)

CALL VIRON(Y (3,5),BF,DD!1,DD3,0DG, LLL,LLS,DD7,DD9, TK, 1)
Wv=5W/Vs

c DETERMINES AVERAGE VALUES IN INTERVAL
XXVB= (XXVBE+VE) /2.
XXHC= (XXHC+HC) /2,
XXRM= (XXRM+RM) /2.
XXWV= (XXWVHWY) /2. #
RN=2. #XXRM#* X XWV*SPEED
FRD= (SFEED##2) / (2. #XXRM#G)
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2000

22200
2300

2400

n

2500

2850

STORES AVERAGE VALUES IN INTERVAL
FR{JF, 1)=RN

FROIF, 2 =FRD

FR{JF,3)=XXVB

ER(JF, 4)=CD

WRITES QUTFUT

WRITE (5, 1) HEADL

WRITE (55, 7) RN FRD, XXVB, CD
WRITE (5, 1)HEAD2
WRITESS, )T Y(3,5),SPEED, ZFIT
WRITE (S, 8 2

END OF ROUTINE
TERMINATION CHECK

JF=JF+1
IF (JF.EQ.INN) GOTO 2500

ROUTINE TG SET INITIAL VALUES FOR NEXT ITERATION INTERVAL

TT=ANINTCFLY (JF+1, 1) =FLYIF, 1))
DAL=ERR#* (FLY GIF+1,2) =FLY (JF , 2))
IF (DAL.GT,100.) DAL=100,
DT=DTM

LEAP:=O

TTT=T

XXAL=Y (3,

XXHC=HC

XXRM=RM

XXVB=yR

XXWV=WY

Do 2200 1=1,8

YI1,6)=Y (T, 5)

UL 6 =0T, %)

DO 2400 1=1,8

YOl )=V (], 5)

B, 1) =0 (],5)

GOT0 800

TERMINATION SEQUENCE: WRITES QUTrUT (FILES AND CLOSES FILES

CLOSE (5) ;

OFEN(A FILE=FOUT,, STATUS="NEW" , FURM="FORNATTER")
WRITE (4, 1)FNAME

INN=TNN-1

WRITE (4,9) INN

DO 3550 I=1,INN

WRITE CH12)FR(L, 1D FR(1,2) FR(1,3),FR(1,4)
Cr.OsE (4)

§TOP

END
mErssmunnmamre=zssesnussneacozesPROGRAM END == == 232
FOR INFORMATION ON SUBROUTINES. SEE PROGRAM FROUDE.
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SURROUT LME PRGR (X0, X1 (X2, X3, X4, X5, X&)
XD=HL A ZANXNLIN IXDRXF/IXE) 442) #ABRG (XA=X5) /XD -
END :
SUBRROUT INE MYDLNIVB, GL, BE, GN, DH, Sk, DM, RM HC) :
Cakl BRALUNCS, VR, 2B) ‘
R : CALL BRAUNCE , 7B, TH) :
CALL BRAUNCZ, 2B, RR) _ .
CALL BRAUN(S, Z1,D0) ;
THRO. D1 7453292528 TH .
BR3¢ -U0+RB/BIN(TH)Y ) 4
GM=GL ¥k . 3
DM=, 5831 26N i
RM=DM/2, i
VE=3 1 415927% C CGNRRB) #03) 750/ TAN (TH) '3
TM=, 4100DN6GN :
DHs=2M - 2B%GN :
D+ 1. -GR
CAl.L BRAUNC,0,00) R
HE=3. 1415927 #RM*#2 ]
Shey, -00 1
END :
i
SURROUUTINE URSON(JI, X, Y) %
DIMENSTION UP (B3} i
DATA UR/ 1, 238004705 | 3RO0QTAS4, -, 040794241, —, I74447088, i
*, 1AS1ARIIIN, 1961 13002, -, 11701717469, 6., 0. .. 375449014941, !
¥, 061 ABAA7I06BR, . 0L 79374540922, ~ 1. 397 2293864E~03, i
*2, HEORLDL7923E 04, ~ 1. 4641787181 4E~05, b, , . 126055086, !
#. 041374109651, =B, 4I907397484E -0, ~. 0PD740353, i
*. 080DH7HOT7IIT, ~ 4. 060022821 7E-0F, . 0101 107457963 .4, / ;
Y=UR (1,0) ]
THESINT (U {8,0)) i
PO 100 I=, 1T !
L1OO Y=Y+UP (148 J)wXuel] i
END i
i
%
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SUBROUTINE NELSON(Y,R, X)
DIMENSION W(7,4)
. DATA W/~-.198390893,~.952989%5, .819023889, . 5681211894,
*#=—1,633B6BTB7, 1. 118915175, -. 248842045, . 19664587, 4. 64442895,
*-3,24841125, -3, 472893627,7. 232507341, ~4. 259334462, . 7859002, .
*3.383282482,-6.630204095,4.076038773,5.5643!556,—!0.053917,
. *5T. 4040912, ~ . B59152769, -2, 3989589, 2, 95271R1 34 -1, 4645782348,
*=7 L TOEIFIBUS, 4, 4990060346, -2, 28485846, . T25235255/
Y=0,
XX={.-R '
—— DD 200 J=1,4
ZX=W(1,d)
DO 100 I=2,7
100 ZX=2X+W(T  J) %X ¥ (]-1)
200 Y=Y +ZXeXX %% (J-1)
¥Y=1,-Y
END

SUEBROUT INE BRAUN(J, X, Y)
DIMENSTION BR(10,15)
DATA BR/S56.151674,34.869415, ~863. 284153, 4340, 60078, ~23751. 1652,
#E0663. 6084, 55452, 3401, 0., 2. ,7.,0.00012929,1.491118,
*#0, 89926756885, —12. 4916446722, 15. 757250787, 10, 1738213142,
F-26. 202606089, 0. .7, 7., 000128, 1.791098667,0.901115015,
L 23 FAI8FTINE, -8.8057025141 , -8, 229592520139,
*O, DL, T =0, O0DTTE0424536T, L 019166414526, 1 .8789T200657,
#0, 1998672057, 1. 9P554475729, 5. 197400948737, 2. 5901953794, 0, 2.,
A7 1 = 0053899018856, ~.246TB3N1TT 00 0. 0. O, . PYP6BE, 8., 0.,
#1175, A7GE2629  ~13.45218504757,0, ,0, .0, ,0.,0.,.998704865,1..2.,
T 70116145, =5, 648903443,0.,0.,0.,0.,0.,.996376,1.,2.,
4 #1754 T 4G, ~ 3 1T2G0BOIOTA O, (O D0 300 (1. 99216, 1.7
' #1G, TIEETALG, 467 (LS 16A5TH, 90, 679194677, ~ I8, TORTTE YT, C S L
HRA GGG WRATINTTET S 1L BIOTHAG0LTT -1 3, BE88229ATA 0. (ul (Ouy
¥, JHIOTNEI16 . 8., 0. TIORGOS IOE, . 27740687576, 2. &TIR09B6 1 INRT,
b w7 A6 11060485459, 8, 483105265 2. 69143362928,
L QHE, T T L TIA0EEE42T3189 - 18492571608, 00,0, ,0, 0., 0., 27218, 1.,
T LTI EBANTGETD AT A14TIATEAS, 1. 02381964247 . -1 . 48464774487,
G LDl L OS0RTES DL, 4. 5. IE9R1T34074,-28, 1122936054,
» 37 0145051127,0,,0,,0..0,,.00824349,9. ,0.,.283179458027
=2 0H7E0408811 0., 0,,0.,0,,0,,.0001% 1., 2.7
[ TF (A9 GUTO 200
L DO Jewy J=515
IF (X.8T.BRE,1)) 5AT0 200
100 CONTINUE
200 LLU=INTIBR(9,0))
MM=INT(ER (1O ,0))
IF (LL.EQ.8) THEN
Y= {-BRA(Z, J)=30RT(BR(2.J)#BR (2, D -4 . #BR(Z, DR BR1,J)-X) )
Y=Y/ (2.%BR (3, 0))
RETURN
ENDIF
Y=BR{1,0)
DO 300 1=2,.MM
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Y=Y+BR(I,J) #x#s(1~-1)
END
SUBROUT INE VIRON (XA, PG, EF,EG,PX,JX,JV,RR. DY, TK, NN}

COMMON CA,DTILE(30,2),PE,PO,RD,SW,TI,TIR1, TIRO, TR, TROP, VS
DATA CC/34.1863195/

X=. 304BOZTRXA
X=6306. 766#X/ (6354766, +X) :
IF (XLLT.E(IX.1)) . 0R. (X.GE.EF)) THE
IF (X.LT.E(IX,1)) THEN
Jv=1
FX=F0
GOTO 200
ENDIF
CIF (ABS(DY).GE.0.01) FX=RX# ((E(JX,2)/EG) %% (CC/RR))

IF (ABS(DY).LT.0.01) FX=PX#EXP(-CC*DX/E(JX,2))
200 JX=JV

JV=Jv+1
EF=E(IV,1}
EG=E(JV, )
DY=EG-E (JX,2)
DX=EF~£ (JX, 1)
RR=DY /DX
IF (X.BE.EF) GOTO 100
ENDIF
DX=X-E(JX, 1)
TR=E (JX, 2) +Ri*DX
IF (ARG (DY) .GE.0.01) PR=RX#*{ (£ (IX,2) /TK) % (CC/RR))
IF (ARS(DY).LT.0.01) PR=PX#EXP (~CO¥DX/E(IX,2)) .
IF (NN.EE.1) THEN
TR=1.8%TK
FE=2. 0BB584FQ
SW-. 02 17484%E0/TY
RO=SW/ 22, 1741
VE=7, JO2IG2TE-07 % (TRE#1.5) 7 (TR+198. 72)
CA=Z. SOS1TE—04% (TEXN1,5) 7 (TH+245. 4% (10%% (~12. /TE)) )
T1=TIK1
IF (X.LT.TROF) TI=TIRO4+DTI#(X-E(1,1))
ENDIF
END
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SUBROUTINE 1NFORM
C T BEF 1984 .
DIMENSION LINE(25)
CHARACTER*72 LINE
CHARACTER*1S FINN, FNAME
FORMAT (13)
FORMAT (A)
FORMAT (4X,A)
FORMAT (A, \)
FINN="QCD.FAX"
L=

OFEN (1, FILE=FINN,FORM="FORMATTED ")

LR R O
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READ (1, 2)FNAME

READ(1, 1) I

IF (1.NE.&678) GO TOD 9
c I1: NUMEER OF LINES OF TEXT UNIT TD BE DISPLAYED
6 READ (1, 1)1

IF (I.EQ.O) GO TO 9

N=0

IF (I.LE.20) N=(24-1)/2

CALL CLEAR(25)

DO 7 K=1,1

7 READ (1, 2) L INE (K)
D0 8 K=1,1

8 WRITE (#,3)LINE(K)
IF (N.GT.0) CALL CLEAR(N)
FAUSE -

IF (L.EQ.1 ) BOTO &
WRITE(#,4) " DISFLAY PROGRAM NOTES ? [ 0/1 = N/Y 1 °
READ (%, 1)L

L ©1IF (L.EQ.1) GUTO &
N 9 CLOSE(1)
b CALL CLEAR(25)
& EMD
,’9 SUBROUTINE CLEAR (J)
; 1 FORMAT (A)

3 DO 2 I=1,J
b 2 WRITE(®, 1) °
o END
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FROGRAM ERUUDE
COMMON ©6,DYT,E(30,2) ,FE,FOL,RO, W, T1, TIRL, TIKO, TR, TROF, VS
DIMENSION A(5),B(5) ,C(5),D(8,5) ,Y(8,5) ,0(8,5) ,RFV(4,20)

CHARALTER*Z2 FINN,FOUT,FNAME , FMOD, FXMOD, HEADER

LR 2SRRI ARSI LESZIR SIS SIS S LIRS SRS SLL SIS SIS LIS ALY

LA X SRR A RS S S SR R R St IE YR e Xl aaltdd R Il s e sl

g ok owm ok ok & ok ok om ow ok ok kR ok kR K kR X

FROGRAM NAME: FROUDE. . 20 FEB 1985

THE EXECUTABELE VERTION OF THIS FPROGRAM 1S DESIGNATED AS ‘FLITE®

WHICH HAS BETN COMFILED UNDER MICROSOFT FORTRAN77 TO BE RUN ON
AN IRM FC.

THE DRAG COEFFICIENT AS A FUNCTION OF REYNCOLDS NO., FROUDE NO.,
AND FRACTIONAL VOLUME I8 AS FOLLOWS:
Ch = SUM [RFV(1,J3)#((RN*RFV(2,.]) ) # (FR¥¥RFV (2, 0)) * (VEe*RFY (4,7)) )
OVER THE RANGE OF J«1 TO JSEG, WHERE !.LE.JSEG.LE.20, AND
WHERE: RN IS THE REYNOLDS NO.
FR IS THE FROUDE NO.
VE 1S THE INSTANTANEOUS FRACTIONAL VOLUME OF THE BALLOON
RFV(I,J) ARE CONSGTANTS DETERMINED RY MULTIFLE REGRESSION
ANALYSIS OF ACTUAL FLIGHT DATA.

THE SHAFE OF THE BALLOON 1S ASSUMED TO EE THAT OF THE SIMFLIFIED
FARACHUTE - GHAPE  MODEL. DESCRIEED IN REFORT NO. AFGL-TR-80-0277.

THIS FROGRAM WAS DEVELOPED AT THE AIR FORCE GEOFHYSICS LABORATORY
AS FART OF IN HOUSE WORK UNIT NO. 746591114.

T304 36 % 3 %o
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B DATE A2, 141592654, . 8, L 20DE932, 1. 7071068, . 16666bbbbs/ 6G5/96. /
; DATA B0 P ala ey 2./,0/. 01745329252, . Sy « 2928932, 1. 7071068, .5/
DATH BZ/7. 6995610/, G/32. 1781/ (RE/20855278. / RA/S3. 35/ RG/386. 076/

o DATA DTM/ 30, 7, DTV/0. 5/, DT /8. 7 LL2,LLE/2#1/, LAUNCH/0/ :
X DATA AT, ACS, DE,DDO, DD, T, TT,TTT, VD, VT, W, 07, 68,09, 810,011/16%0., / 3
B DATA ALF /1. GIE-07/, BET/ . 682/ ,6AM/ 1443, /,CV/ 586473/ ,COF /428 / .
Y DATH AYV/.001/,RYV/ . 1147, TYV/ . 885/, AYR/ . 021/, EYR/ . 031/ ,RYR/. 127/ '
I DATA TYR/.842/ AYRG/ . 0028/, WOW/ . 0048/ ,CM/ .S/ VL7, 01/
7y DATA Cil,COZ, CRI,CO4 , GRS, GG, CO7 ,CA8, CO?, CR10,CR11/11%1, /

DATA £D, GNI, N2, BNZ/4%1, 7 .
e HEADER=" TIME  ALT. SPEED  RAD ) FR REN

ve*

| 1 FORMAT (/)

N 2 FORMAT(1X, ENTER NAME OF INFUT FILE; Bifilespec.FLY *\)

= = FORMAT (1X, AND NAME OF QUTPUT FILE: Etfilespec.FLT *\)
4 FORMAT (1 3(EL5.8/),E15.8)

] ] FORMAT (2F9.3)

'} & FORMAT (2FE. 0)

nt! 7 FORMAT (1%, 6E13.7)

?‘ 8 FORMAT (4 (E15.87) (E15.8)

T 9 FORMAT (T3)

A 10 FORMOT (LO(E1S.8/7) (E15.8)
1 17 FORMAT (E15.8)

ﬁ 14 FORMAT (1X,3E13.7)

< 15 FORMAT (3E13.7)

() 16  FORMAT(1X,F9.1,FB.0,F6.0,F6.1,E9.3,F7.4,,2E9.3)

XH 18 FORMAT (2X,A)

iy C CALIS TO THE SCREEN A SERIES OF FACTS AND NOTES REGARDING THIS
i € FROBRAM. THE F1LE ADDRESSED CAN BE USER AUSMENTED OR UFDATED.

CAaLl. INFORM

OFENS THE FRINTER AS THE QUTFUT FILE
OFEN(S,FILE="LFTY®  FORM=" FORMATTED" )

OFTIONS: VALUES OF SAS ¥ FILM CONSTANTS
S0 WRITE(%,1) DEFAULT BAS % FILM VALUES ? [ 0/1 = N/Y 1°

READ (%,9) 1

IF (1.EQ.0) THEN

1=1

o) : WRITE (#,1)° INSERT AFPROFRIATE DATA DISK IN B-DRIVE AND®
M WRITE (#,1)° ENTER FILM/GAS FILE NAME, E:filespec.BAF®
READ ( #, 1) FNAME
OFEN (%, FILE=FNAME , FORM=" FORMATTED’ )

4y READ (3, 4) ALF , BET, GAM, CV, CF , WOW, AYV, RYV, TYV, AYR, EYR, RYR, TYR, AYRG
. CLOSE (3)

Al WRITE (5, 1) FNAME

< ENDIF

1F (I.NE.1) 60OTO S0

Iy
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A4
{ ﬁ READ (#,9) 1
\

3
' g. WR1TE (#,2)

OPTIONS:

HEAT TRANSFER COEFFFICIENTS, VIRTUAL MASS COEFFICIENT,

AND EFFECTIVE ZERO ASCENT RATE

60 WRITE (#,1)" DEFAULT HEAT XFER COEFs., VIRTUAL MASS COEF. AND'
WRITE (#,1)" EFFECTIVE ZERO ASCENT RATE ? ([ 0/1 = N/Y J°

[
(2]

IF (I.EQ.0) THEN

1=1
WRITE (#,1)° INSERT APPROPRIATE DATA DISK IN B-DRIVE AND'
WRITE (#,1)* ENTER COEFFICIENT FILE NAME, B:filespec.CMV’
. READ { #, 1) FNAME
- : OPEN (3, FILE=FNAME, FORM="FORMATTED" )
)

READ (3, 10) G, CO2, CBS, C64, CES, CRs, CH7, 068, LAY, C10,CR1 ¢
READ {3,8) GN1,GN2, BN S.CM, VL
% CLOSE (3)
B WRITE (5, 1) FNAME
\{ ENDIF
’ IF (1.NE.1) GDTD &0

3; » INPUT: FLIGHT DATA

WRITE(#,1)" INSERT THE FLIGHT DATA DISK IN B-DRIVE AMD*®

READ (%, 1)FINN
WRITE (#,1)° °

‘ WRITE (%,3)
) READ (%, 1)FOUT
4 WRITE (#,1)° °
A OPEN (3, F 1LE=F INN, FORM="FORMATTED" )

READ (3, 1) FNAME

e READ (3, 8)SI6, 6L, CLEN, AD, VTM, THK, TCF . WR, WF' , WT, FL , DER, SFD, PO
. FEAD(1.4)DU1.DU-,DUQ.DU4 nuJ.AGAu.ELL_sH.xD X6, XL, TS.XIN X INN
Y DO 100 I=1,30
& 100 READ G2 SIE(I, 1) E(I,D)
CLOSE (3)

DRAG MODEL COEFFIGIENTS
v WRITE (#,1)° INSERT APFROFRIATE DATA DISK IN B-DRIVE AND*
< WRITE (#,1)° ENTER FILE NAME OF DRAG MODEL® DB:filespec.RFY’
o READ (%, 1)FMOD
. WRITE (%, 1)° °
N OFEN (3, FILE=FMOD, FORM=' FORMATTED®)
READ (3.9 FYMOD
WRITE (%, 1} FXMOD
WRITE (%,1)° *
READ (3, 9)JISEG
DO 110 J=1, JSEG
PO 110 I=1,4
110 FEAD (3, 1T)RFV(I,J)
L.DEE ()

-------
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INPUT: INTERVAL BROWTH LIMITS FOR RUNGE-KUTTA VARIABLES
WRITE(#,1)° ENTER DIFFERENTIAL GROWTH LIMITS: ALT. [ ft 1,°
WRITE(#,1)° ASCENT RATE [ ft/sec 1 AND TEMP. [ deg R 1°
READ (%, 15) ALIM, VLIM, TLIM

WRITE(#,1)7 °

OPTIONS: MAXIMUM INTEGRATION TIME INCREMENT, INTEGRATION TIME
INCREMENT FOR VENTING FROM DUCTS, ENABRLEMENT QF ENERGY
ARSORFTION BY INFLATANT.

WRITE(#,1)* TO CHANGE DT [max] OR DT C[ventl ENTER NEW NDN-ZERO®

- WRITE(%,1)" VALUE, OTHERWISE ZERO., ENTER ZERO OR ONE FOR AGAS. "

WRITE(*#,1)" DTM, DTV, AGAS [ inflatant absorbs, 0/1=N/Y 3°
WRITE (%, 14)DTM, DTV, AGAS

READ (%, 15) GE 1, 662, AGAS

IF (B61.6T.0.) DTM=G6G1

IF (BB2.GT.0.) DTV=6G2

WRITE(*,1)" °

OFTION: PARTIAL FLIGHT PROFILE COMPUTATION
WRITE(#,1)" TO COMFUTE FARTIAL PROFILE,®
WRITE(#, 1) ENTER: TIME [secl & ALT. (£t}
READ (%, 4) TSTOP, ASTOP

OUTFUT TO FRINTER

WRITE(3,18)FOUT

WRITE(G, 1) °

WRITE(S, 18)FMOD

WRITE(S, 1) °©

WRITE(S,1)” DTM DTV AGAS ALIM VLIM 7TLIM®
WRITE(S,7)DTM, DTV, AGAS, AL IM, VLIN, TLIM
WRITE(S, )" *

FRINTING OF PROFILE HEADINSS
WRITE (5, 1) HEADER
WRITE(S, 10" °

INITIALIZATIONS AND NON-RECURRING COMFUTATIONS
LBTEN=LDG (1)

IN=INT(XIN)

LLt=1IN

LLO=IN

EGAS=ABGAS

AYRG=AGAS*AYR.3

AYRG1=1.-AYRG

AV=AYV* (1 +TYVRAYRGI /7 (1 . ~RYV®AYRG1))
AG=AYRE#TYV/ (1. ~RYV*AYRGY)
DiBE=DRR/ &0,

WTX=0,

SFD=1.69+5I'D

DD4=FO

DDS=F0
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190
200

300

400

500

(™
&0O0
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P00
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IR MODEL [ SIMILAR TD REF. 15, FAGE 57 1
DO 190 1=2,30

TROF = E(I-1,1)

IF (E(1,2).GE.E(I-1,2)) GOTO 200

CONT INUE

TIRO=1,84E(1,2)~5.55

TIR1=.74#TIRO

DTI=—.26*TIRO/ (TROF-E(1,1))

ALBEDD MODEL. [ SEE REF. 15, FlG6. 10 )

NOTE: XL IS IN DEGREES IN THIS MODEL.
IF (XL.GE.20.) 60TO 300 °

CRL=-. 00254 XL+. 19

BOTO &00

IF (XL.GE.3Q,) GOTD 400
RL=.1

GOTO 400

IF (XL.GE.40.) S0T0 500
RL=,Q05E# X —, Q3

GOTD 400
RL=.Q07/5%XL—. 15

CONVERSIONS TO RADIANS
AD=C (1) *XL;
XL=C (1 #XL

CX=CO8 X)) #2085 (XD)
GX=GIN(XL) *SIN(XD)

APPROXIMATE CAF WE{GHT ROUTINE
CALL UFSON(1,816,ABL.)
GhR=CLEN/GL

CALL NELSON (U0, B3E,518)
WC=UOXABL s WOWH TCF#GL #5L

RUNGE-KUTTA ZERDING ROUTINE
DO 700 J=1,%

DO 700 I=1,8

Y1, ) =0,

Q1,3 =0,

FOUTINE TO SET INITIAL VALUES OF R-E VARIARLES
v{1,1)=0,

Y2 1) =WF+WY

YOI, 1) =ELL

CAaLL VIRONAEY L BF DDY DD, DRSS, LLE LLE DD7,0DY, THL 1)
BE=(1..13818%) 50

V=0t o+ ) # (WRAWF+WT)S /RE

Y{a,1® «-IF

VS 1 e RFESTR /RG

Y (‘-'.,‘t\:

YT D

v,
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BEGIN RUNGE-RUTTA ITERATIUN +

S B B L e T I R O B e e g s LI

8ocC

DO 1600 KJ=2,5

KK =ka~1

CALL VIROM(Y (3,KK) ,BP,DD1,DD3, DDS,LLE,LLT, DD7,DD9, T, 1)
BE=(1. . 138185xTR/Y (6, KK) ) #5W

ROUTIME 10 ADJUST MAXIMUM BALLOON VOLUME DUE TO DEBALLASTING
IF (WT.NE.WIX) THEN

X=L0OG (1. +WB/ (WT+W*) )

CALL UFSON 2, X STGX)

CALL UPSONC(I,SIGX, VW)

VT=VURGE %23 .

WTX=WT

IF (VT.GT.VTM) VT=VTH
ENDIF -

1F (KK.EQ.1) THEN

FRACTIONAL VOLUME
VR=Y (7 ,KK) /VT

ROUTINE TO DETERMINE AREA OF CAP ENCLOSING THE GAS BURBLE
CALL MYBLNCVE, 6L , GB, GN, DH, SB, DM, RM, HC)

U=U0

IF (BN.LT.CLEN) CALL NELSON(U,BE,SI6)

EFFECTIVE BAS ENVELOPE FILM WEIGHT [ INCLUDING THE CAF FORTION 1
WE=5E% (WH-WE) +WOWRU*ARL # TEF*GL #GL

FFFECTIVE GAS ENVELOPE SURFALE AREA
SA-=SEFAR_*GL.*GL

EFFFCTIVE SURFAGE AREA ABSOREING IR [ SEE REF. 15, PAGE $5 ]
SR=HC

IF {(BE.BE.Q,00463248) SR=HC+ (HE-5A) #L.0G (. 00624 /RE) /LGTEN
ENDIF

FE=DH* BE

SWE=Y (G, KE) 7Y (7 KK)
VGG THY (&, IR ¥ #BET
CG=6GAMVSE

SFPEED=Y (1 KF)

FRE LAUNCH WIND SFEED DURING THERMODYNAMIC STABRILIZATIGN
IF LAUNCH.ER.O) SFEED=SFD

SFEDSO=SFEED*SPEED
RN=DM*SW*AES ( SPEED) VS
BUOY=SW#Y (7, KK)

WS=Y €2y KID +Y (5, KK +WR
FORCE=BUOY-WS
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C AERDDYNAMIL, DRAS ROUTTNE FOR RISING BALLOON .
COIE LAUNCHO L. 1) THEN :
[RIER .
LD woe 9=, JSES :
9o CDECDARFU L, J 0% (RN RREV (D, ) ) % (FRESREV T, 0) ) # (VB#RFV (4, J) ) :
. ENDIF .
DEAEE , SHROSCH*HCASPEED#AES (SPEED) :
D1, 1) =6% (FORCE-DRAG » / (WS+CM*BLIOY) :
C PRE-LAUNCH VERTICAL WMOTIDN INHIBTTOR :
1E CLAUNCH ER. 0 D1 k) =0, H
DR kDY =—DR ?
DOl b =Y (1, EE) §
F o N N B T R A R R s B 3 I L X A A R L R S et S L 3
+ BEGIN HEAT TRANSFER RATES + ;
C SFE REF. 19, ER. 24 3
EYRB=EGASHE. 42E~-06% (Y (&, KE) /1.8) #%,8152 i
EVRGI-1. ~EYRG : }
ER=EYR% (1, +TYR*EYRG1/ (1. -RYR#EYRG1)) 1
AR=ER B
E1-FVYRGH#EYR/ (1. ~-RYR*EVRG1) :
EGTEYRGRTYRY (1. HRYR#EYRE1L) i
Ll
C FMUSSELT NUMBER ROUTINE ( SEE THIS REFORT AND REF. 18 ) :
CaLL FRER(BP, . &7, DM, SWE, Y (4, EK), ¥ (6, KK) ,VE6) i
IF (GP.LE.1SE+O7) GNU=2, +, 6¥GP##0, 2% §
IFE (HFLOET.UISE+07) BNU=. [ S*EP#%01, /3,.) ;
C CONVECTIVE HEAT TRANSFER BETWEEN GAS AND BALLOON ENVELOFE FILM :
ORI RENTESA* (Y (&4, FE) =Y (4, KK) ) #CE*GNLI/ DM :
;
DO=EX+CXRT0S L (1) * (GH=-XG+T/240.)) ;
1

co ROUTINE TO DETERMINE EFFECTIVE SOLAR ENERGY
T SEE REF. 15, ER. 38 ?
ARMSG: (R /FO) # (SORT (1228, 64376750, 44#0A#0A) -613, O+ABS (2A) ) :
!
c SEE REF. 12, ER. 48 :
TRME =, 5% (EXF {~. &5*ARMS ) +EXF (-, 095#ARMS) ) i
1
FV=GS#CG#TRM1 ;
IF (RALLT. 0.7 THEN :
SV :
OF=-SERT (1.~ (RE/ (RE4Y (3, KK) ) ) ##2) !
IF (QE.LT.QA) THEN 1
C OPTICAL AIR MASS ALTITUDE [ SEE REF. 12, EQ. 51 1) 3
27=B0RT (1. ~MAXDA) & (RE+Y (3,KK) } -RE ;
{
. 1
i
i
j
1
|
(Y 4
3
i
i
i
|
i
i
LT A VR T D T P R O T P U S B R A2 DR UL VR AR AR LT R %
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ATHOSFHERIC FRESSURE FOR QPTICAL. AIR MASS ALTITUDE
CALL VIRON(ZZ,FAM,DDO,DD2,DD4,LLOQ,LLZ, DD6,DDE, TX,2)

AM=35, 1%PAM/PO

c SEE REF. 12, EGS. 48 % 52
TRM2=, 5% (EXF (=, 45#AM) +EXF (~. 095%AM) )
FU=GS*CSHTRM2# TRMZ/ TRM1
ENDIF
ENDIF
CE END
c DIRECT SOLAR ENERSY ABSORFTION
HR=CORRAVKEVRHL
c ARSORFTION OF IR ENERGY
RI=COIFARYEZHSRHT I #%4
c NUSSELT NUMBER ROUTINE [ SEE THIS REPORT AND REF. 18 )
IF (ARS(SFEED) .LT.VL) THEN
CALL PRGR (GF ., « &7 DM SW, ¥ (44 KK) o TR, VE)
BNU=GNZ¥ (2. +, &¥GP#*D. 25)
ELSE
BNU=. 37 %GNI*RN* 0. &
ENDIF
C CONVECTIVE HEAT TRANSFER BETWEEN GAS ENVELOPE AND AIR
QA=CRAXSA* (TR-Y (4, KK) ) *CA*ENU /DM
c Ik ENERGY EMISSION
QU=CROERSRZXBARY (4 HK) %4
[ ROUTINE FOR DETERMINING DIRECTIONAL REFLECTIVITY FACTOR € SEE
I REF. 15, FIG. 15 1
28§=57 . 29978*ATAN(S QRT((!.“GA*QA)/(QA*QA)))
FF=1.
IF (IS.BT.77.2) FF=.09375#18-5.4375%
IF ((FF.EQ.1.).AND. (Z5.6T.25.) ) FF=.015#25+,51469
2 ABSORPTION OF REFLECTED SOLAR ENERGY
QOH=CRERAVE (2, #HEL) ¥GSAFFRRL* (1. ~SORT (Y (3. EE) /RE/2. ) ) #0A
CC 07 THROUGH 011 ARE BASED ON A MODEL PERMITTING GAS IMPURITIES AND
e THUS ENERGY ABRSORFTION BY THE INFLATANT £ SEE REFS. 18 & 40 1
IF (ETI.NE,Q.) THEN
c RADIATIVE EXCHANGE BETWEEN INFLATANT AND ENVELOSE FILM

o]

T=OO7#ETRBRIF (Y (4, FH) #%8-Y (F FK) #%4) «5Q

ARSORFTION OF DIRECT SOLAR ENERGY
QB=COB» AGRFVHHC
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c ABSORPTION DF REFLECTED SOLAR ENERGY
QI=COIAGH (2, #HC) #GERFFHRLE (1. ~SORT (Y (3,KK) /RE/2. ) ) #A
C EMISSION OF IR ENERGY BY GAS
G10=CRIOHEGHBZRSARY (&, KK) ##4
c ABSORPTION OF IR ENERBY BY BGAS
@M11=CRL 1 +EGHBZASRETI# %4
ENDIF
CC END
+

END HEAT TRANSKFER RATES +

D{4,KJ) = (Q1 +Q2+QT+O4-Q5+R6+07) /CF /WE

ROUTINE FOR EV-13 APEX BAS VALVE DFERATION

IF ((W.GT. 0.} «AND, (KKJEQW 1)) THEN
IF (FG.GE.0.73&) W= S559-PG/8
IF (PFE.LT.D.938) VW=, 72222%80RT ((1.872-PG) #P3)
VWb 127 #VUREERT (SW/SWE—14 )

ENDIF

IF(UDLLE.O.) IVENT=0
IF {IVENT.ER.Q) THEN

EQUATIONS FOR FRACTIONAL VOLUME LESS THAN 1
D (5, KJ) =-\'V¥5WG
L (h, KI) = (QE409~R1-07~010+01 1-SWrY (7, KK) #D {3, 1)) /Y (5, KK) 7 (CV+RE)
S DT KD =Y (7LKE) (D CE, KT 2Y (5, KD D (6, K3) /Y (5 KK +D (Z.KJ) /RA/TR)
D (8, Kd) =-GH*D (T, K)
ELSE

EQUATIONS FOR FRACTIONN . VOLUME FQUAL TO 1
DT=DTY

VYD=AD*GORT (2. #GxABS (Y (8, LE) ~FE) /50WE)

D (5, KJ) == (VW+VD ¥SUG

D4 kD = (QE+09-0 27 Q10+ 1 =FE®RD (5, L J) /606 /YIS, b)) 7V
DG KIY=0,

DB EID =Y LG, Kk 1 AN IV YIS EED +DRA RV 2Y (h KK )
ENDIF

D0 1500 H1=1,8
QE=AKINH R TG ~BEII RO (FEY)
YORET R =Y A(E T KR +DTRD0

PRI K =0T KK+ 3. 00~C (Fd) #D (kT Lk D)
CONT INUE

A R Rl I R i A R R a2

END RUMGE~FUTTN ITLRATION +
R R R R A R I I e B e R R U 2 2 o I S ST P I S S SO oy SR Py
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ROUTINE TO ADJUST THEORETICAL MAXIMUM BALLOON VOLUME I WARRANTED
ON THE EASIS OF THE ACCURACIES OF ACTUAL. CONSTRUCTION FRACTICES 1
ANOTHER DPTION WOULD BE TO SET VT=Y(7,%), IVENT=1 AND TG CONTINUE.
IF (Y{7,5).GT.VT) THEN

VT=Y (7, 1)

TVENT=1

GOTQ 800
ENDIF

aoan

C ROUTINE TO DETERMINE IF ANY SELEGTED VARIABLE GROWTH RATE IS ~
r EXCESSIVE £ NOT APRLICABLE WHEN RALLOON DUCTS ARE VENTING BAS 1 =
IF (IVEMT.EQ.0Q) THEN
IF (ABS(Y(1,5)~Y (1,1)).GTVLIM) GOTO 1700
IE (ABS(Y (3, 5) =Y (3,1%).BT.ALIM) BOTO 1700
IF (ABSIY (A, 5) =Y {4, 1)) .6T.TILIM GUTO 1700
IF (ARSIY(4,5)-Y(4,1)) LE.TLIM) BOTO 1750

c ROUTINE TO ADJUST INTEGRATION INCREMENT FOR EXCESSIVE GRUWTH
1700 DY=1T/2,
IF CDT.LT.0,5) THEN
WRITE(#,1)" BAD EXIT L DT < 0.5 1°
5T
ENDIF
6OTOD 8O0

C ROUTINE TO ADJUST INTEGRATION INCREMENT TO CONTROL ALTITUDE
C DURING AN ITERATION INTERVAL
1750 DTX=DTM
DD 1800 Is=1,7
IF (VAL S)#DTXLT.ALIM GOTO 1900
1800 DTY=DTX~2.

1900 CONTINUE
ENDIF
C PRE -LAUNCH STARILIZATION CLOCK TIMER
1F C.AUNCH. EQL0) THEN
TT=TT4DT
DT=DTY

1IF (17.GE.TS) THEN
LALIMEH=1
DT=1.
D=0,
GITQ 2200

EMDIF

GOTO 2300

EMDIF

oy
¢‘4’ .

RN

C CLAFSED FLIGHT TIMER
T=T+DT

Y 727

ey RO 2, &
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[ ROUTINE TO GENERATE QUTEUY !
JR00 VREY 2 RKY VT

CALL MYBLN(VER, GL,GB, GN, DH, SR DM, RN HE) :
CALL VIRON(Y (3, KK) (BP,DD1,DD3, D0S, LI, LLE,DD?, DD, Tk, 1)
FR=Y (1, '5) 7 (GRDM) .
RN=DMESNNABS (Y (1(S5)) /VE .
N=60, #Y 11, 5) '

WRITE(S, 160 T, ¥ (3,5) , X, KM, CD, FR, RN, VB, ‘
. ¢ PARTIAL FLIGHT PROFILE TERMINATION CHECK .
- IF (T GE. TSTOR)  OR. (Y{3,5).6F. ASTOR) ) -6OTO 2500 - -
¢ INTEBRATION INCREMENT CONTROL DURING FIRGT 10 SECONDS OF FLIGHT ;
IF (TLRT.10,) DYeDTX :

C KOUTINE TO RE-INITIALIZE RUNGE-KUTTA I1TERATION
2300 DO 2000 J=1,8 ;
YL, =Y (L8 ;
Qg Q1= 5) ;
) GOIO HO0 i
o i
; g 500 CLOSE (5) |
X s10P :
h 1
x % END ;
iR :
: i
: ;
. i
3 '-
N -3
n i
l
¢ i
b j
A |
b 1
- i
Lo 1
o ;
]
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GUERDUIT INE FRGRIXO, X1, X2, XT3, X4, X5, X&)

B ISR LS SR 2 AL SRR LRSI R R LRSSt iRt l gl ad et Slddd sty

* »*
* COMFUTES THE FRODUCT OF THE GRFSHOF NO. AND THE FRANDTL NO. *
* *

R R S A S R R R L S Ly SRR e T e s E R AR R a S TS LS e e R T SR g e i a2 I e s e )
XO=EU0 174#X 18X 24 ((X2HXT/XE) #e2) # ARG (XA-X5) /X5

END

ross i eIz amre eniamTmATAR

SUBRDLITINE NELSON(Y, R, X)
KW AR KK RN A MM NN IR KR IR 0300 A
COMPUTES FRACTIONAL CAF AREA [ IN FULL OR IN FART 1 FOK A GIVEN

[
L3
* SIGHMA AND LENGTH [ A5 A FRACTLON OF THE ACTUAL GORELENGTH 1 AS
* MEASURED FROM THE THEQRET{CAL AFEX POSITION

»

»

w k x ¥ %

XHN NN NIRHA N IR ST M 00006 DR 00 06003000036 060 0 R I NI 0T NN R
DIMENSION W(7,4}

0ATA W/-, 195390893, -, 9529695, .819023889, .50121 1894,

¥ 1L 6TIBANTAT . L LIETIYE, - 240840045, . 19664007 4 4. 64442875,

L 2A0MTT, -TOATTBRDLDT VT RERG07I41 -4, 26950442, L 7859002,

CLERETANABT, <AL 6TNION0TY 4, 0740701773, 5. S6431554, 10, 053917,
G AVAOG LD - BSR1ERTVED UL ITBNRT 2. 9827 1E 136, - 1. 645782344,

2L TOLTAENA AL ATP0060546, -2, 20483046, L T2O2TG205/

Y=0.
=1, K
o A I TO YRS W
JisWet, N
Gl oo 1-2,7
100 IX=ZX4U{f  JYuXN8 (] ~1)
200 Yeo¥rdxwxinn (J-1)
Yeloo Y

EID




SUBROQUTINE MYBLN (VE,GL,GE,GN, DH, SEH. DM, RM,HD)

X2 IS S SRS RS ISR SRS RS S R R s o R ARt AR A ALY SRR Sty
*

*
+  COMPUTES GEOMETRICAL CHARACTERISTICS OF THE SIMFLIFIED FARACHUTE »*
¥ SHAFE BALLOON *
*

*
T I T T N3 36 WA I B I A6 I I B I I A I T A e T W NP B I I N 3 He S I S

c COMPUTES DIMENSIONLESS MEIGHT COORDINATE (ZB) OF THE GENERATOR
C SHAPE [ AT LINE OF INTERSECTION WITH THE EASE CONE 1 AS A FUNCTION
[ OF FRACTIONAL VOLUME (VE)
CALL. BRAUN(5.VE, ZB)
c COMFUTES HALF-ANGLE (TH) AT NADIR AS A FUNCTION OF 2B
CALL BRAUN (1,ZE, TH)
C COMFUTES DIMENSIONLESS MHORIZONTAL RADIUS COORDINATE (RE) OF THE
c GENERATOR SHAPE [ AT HEIGHT ZR 1 AS A FUNCTION OF ZER
CALL BRAUN (2, 7B, RE)
C COMPUTES DIMENSIONLESS GORELENGTH COORDINATE (00) OF THE GENERATOR
C SHAFE [ AT HEIGHT 7B 1 AS A FUNCTION OF ZB
CALL BRAUN (X, ZR, 0O)
c CONVERTS TH FROM DEGREES 10 RADIANG
TH=0, 017455029252 %TH
[n COMFUTES GE, THE RATIO OF THE GENERATOR SHAFE GORELENGTH TO THE
C ACTUAL BAL LOON SORELEMGTH
Gl=1,/1,-00+RE/SINITH) )
[ COMFUTER THE BENEFATOR SHAFF GUORELENGTH
GN=GL*GE
L COMPUTES THE MAXTMUM HORTIONTAL DIAMETER OF THE GENERATOR SHARE
(A { THY DIAMETER OF THE IDEALLZED, FARTINLLY FLLL BALLOON 1}
DM= ( 08371 2w l(3N
[ CONVERTS T DISGMETER T THE RADIUS
RM=Me 2L
Ly COMRUTES THE VOLLIME OF THE TANGENT CONE
V=S, (A9 Ty CIGNAREY # %) 70 STAN(TH)
[ CDMF‘UIE"S THE MELGHT QF THE GENERATOR SHAFE
' IM=, YN RN
COtik Y. vHE TGHE O THE MELTUM FILLED o0 IME
DH= 71 JReGH
[N CoNAE SATES LI MENE e [YFERFUOE BE TWEEN THE g Tosl, el LOON
v GOREL PN QNG THE 1 EANMEOUT GERNEY AT P SHARE GORELENGTH
=1, h

! dle et e

e e




. oA
RSB

s
PR

C COMPUTES FRACTIONAL SURFACE AREA OF ACTUAL BALLOON BELOW THE
C LOCUS OF FOINTS CORRESPONDING TO DIMENSIONLESS LOCAYION (0!
CALL BRAUN(4,0,00}

C COMPUTES FRACTIONAL SURFACE AREA OF THE ACTUAL BALLOON SHELL
C ASSUMED TO APFROXIMATE THE AREA DF THE ENVELOFE SURROLUNDING
C THE GAS EUBELE

Sk=1.-~00
c COHPUTF& AREA OF THE MAXIMUM HORIZONTAL CROSSSECTION NF THF
C - BALLOON

HP—¢.14159“7*&N**7

END

SUBROUTINE UPSOM(J.X,Y)
e Ry E s Y e e e R I s s S e T e st o s

ROUTINE TO COMFUTE CERTAIN CHARACTERISTICS OF THE UFGON NATURAL
GHAFE:D RASED ON TARULAR DATA ORIGTNALLY FREFARED BY &.H.SMALLEY

FOR J=1, OUTFUTS NON DIMENSIONAL SURFACE AREA
A/S*#2 = FCNAISIGMA) , R#%Z = 999999711
FOR J-2  QUTPUTS SIGMA
SIGMA = FUN(G/L), R*2 = 999999998

FOR J=7Z, OUTPUTS NON DIMENSTONAL VOLUME
V/SHRT = FONISIGMA) , Raxl = 909999324

* Wk & W ¥y ¥ ow ok k x ok K

*
*
*
*
*
*
*
»
*
*
| 4
*
*
*

IR SN H 0 IS 335 B DI 2 DE IS 9600 366 30 00 0 0036 06 N
DIMENSTON UF (8.3

pate Uk ”35984785..3889874254,—.048794261.".37464€865.
2 JA514697 AR IEBOY - 1170171769, 4., 0., 3275469014941,
*=, V6T ABAAT QAT L 01 T79IT7AK 409270 1, 87 9/??9 TREAF-OZ,
AT, DNERTITY =0, 1, dsd 1 7TR7ZIGLAE -0, ba . . 1 THOSTO0H,
#, 06 TR OWES (e, 8 AP TS -0 0, - )Qnﬁan".
O THO Y A0, A, BRI TE-O L~ n!ulmm-./‘fb..,éa /

[V SR W
TEY=INTUF "3, J))
[ RIS NRTICNND Rl S i I}

T rrYRI oLl Jreves]

EHD
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SUBRDUTINE BRAUNCJ, X, Y)

I 62T BTS2 D D 3 T P 0 3 I B 00N

* »
: * MATHEMATICAL MODELS OF FUNCTIONS USED IN THE SUBROUTINE MYBLN *
: *

*
T N N B2 I3 e 3D D6 B S SENE JHEHIEIIB BE A IE0E N IE I

Iy

DIMENSION BR(10,15)

- . DATA BR/56.1%514674,36.869415,~-847.384153,4340, 60078, 215751, 14652,
*60A63. 6084, -55452. 3401, u..z..7..o 0001”9”9 1.491118,
*#0, B99267546885, ~12. 49164467~‘. 15, 759250787, 10.1748“14142.
i~Lb 202606089,0.,2..7.,.000128,1. 791n99667 D.901115015
*~1 387922389.22.70189732?,—9;80 7024141.~9. 29525 ’039,
*Q, ,~.,7.,—0 ODOZT79942465363, 0. 019166414526, 1.B7B93200657,
%0, 10698678257, 1.599554475729, 5. 19740094837, 2. 5981953799,0., 2.,
K74 0 1o = ONS3IEFIBBEA, ~. 2463871 77,0, 40,0, , 0., ,799685,8. ,0.,
FUELATSIDETY 13 ASTLIG0437, 0, 0. 400 (0. 0., . 998704865, 1., 2.,
*¥5.70116145, a.66390”443.0..ﬁ..ﬂ..0 . PPETT7EGLL 2
*T, 17395699766, -3, 1 3250803076, 0. VO 00 0L 99216, 1. 22,
#1%5. 73057415, -67 . 659164535, 90. 6791946J7,~_? 7“677639”.n LO.,.0.,
!.95_.h.,4.,.?“4!7377876.1 BIO7549046737, ~ 13, 85882 94*4.“ .0..
0., .8 5916, B. 40, . ILOFIBOSI08, . 2 774ﬂb82536.*° : =
*7,8051732484 -11,05448%699,8. 48105245334, ~ ..6014”'6“9“8
*.488.7..7.,.3408584231897, ~. 1849T521608 Doy Ou gt 0.,0 .~.~7 ‘18,1,
W2 L ERPRCTEETS . -~ AZTRIETATLE . H"I6!954°b7.*1 44453774489,
B0, 00 e D5OB76F, D0 o Fa o 5. FIP2134074,~28. 1122836054,
#37.0345051127,00,00 00,04, ., 005248469,8.,0., . 383179458027,
*-2, SB7Z0408811. 0. 0 0.0, 0. 00015 1.2,/

I+ (Jul o) GOTR 200
; DO 100 J=5,15
. IF {X.GT.BR(8,J)) GOTH 200
100 CONMT INUE
200 LL=TNT(ER(F,0))
MM=INTI(BR(10,J))
IF HL.ER.8) THEN
YRR (2, ) ~SO0RT(BR(2 . D *BR (3 ..J) =4 wBRI3, I ®{BR(L,JY-X)))
Y=Y O B 05,000
RETURN
ENDIF
v=BRR{),J)
DO TO0 I=Z.MM
306 r=Y RO, I eXex(1-1:

ERND
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SUBRDUTINE VIRON(XA, PR EF EG,PXyIX IV, RR, DY, TK,NN)

IR NI BN U000 3 IR I 30000 300030 30 03U 0 O 20 0003630 36 00 30000000 00000 30 2
* *
* ATMOSFHERIT MODEL EASED ON 19462 U.5. STANDARD ATMOSPHERE; *
* WHEN NN = 2, COMPUTES ONLY FRESSURE FOR AIR MASS ALTITUDE * .
»

! #
* B LRI IS R S AL TSI SR SIS SR LTISTLTI SIS LILTELLL LT L LL L ARNCL D

COMMON CA,DTI,E(30,2) FE,FO,R0,SW, T1, TIR1, TIRO, TR, TROP, VS
DATA CC/33.163195/

X=.304803I7%XA
N=b6356. 766X/ (61567 bb. +X)
IF ((X.LT.E(JIX,1)).0R. (X.GE.EF)) THEN
IF (X.LT.E(JX,1)) THEN
av=1
PYX=FD
BOTO 200
ENDIF
100 IF {ABS(DY) . GE.0.01) FX=FX#{ (E(JX,2) /EG} ## (CC/RR) )
IF (ABS(DY) . LT.0.01) FXSPX#EXF (=CC*DX/E (JX42))
200 JX=JV
IV=IV+1
EF=E ¢V, 1)
EB=E (JV, 2)
DY=EG—E (JX, 2)
DYX=EF~E(JX, 1)
RR=DY /DX
IF (4.6E.EF) GITO 100
FNDTF
DX=X~E (JX, 1)
TH=E(IX, 2) +RR*DX
IF (ABS (DY) .BE.0.0.) PQ=FX#((E(JX,2)/TK) #% (CC/RR) )
I (ARS(DY).LT.0.01) FR=FX*EXP (-CC*DX/E (JX,2))
IF (NN.EG.1) THEN

f TEMFERATURE, RANKINE
TR=1 . 8#Tk

C ATMOSFHERIC PRESSURE, LBS/FT##2
FE=2Z. OBRI0#FR
C SFECIFIC WEIGHT OF AIR, LES/FT#el
. Sl Q217484 %P0/ TE .
C AIR DENSITY, SLUGS/FT®#3
RO=5W/ 3. 1741
C VISCOSITY OF AIR, LBS/FT/SEC

VG=T7 . ITIGR7E-O7 R (TR*%1 , 8) /7 (TR+198.72)




NN

" 0 haat ulEa i St ol Y Rat at bl ot aaa 18,0 Lo R T gk 08 cliv dae fae da€isn Nl ety daa gav (gl Eav 843 ga) gdav dan dry (a0 o
i $

RPN

, r THERMAL CONDUCTIVITY OF AIR, LES/SEC/DEGREE RANKINE ;
P CA=D. TOGEZE 0% (T #1.5) 7 (TKE2A%5. 4% C1O#R% (-12, 7TE) ) ?
i C RADIATION TEMFERATURE OF AIR, RANKINE :
TI=TIRL i
iF AXLT.TROR) TI=TIRO+DTI¥(X~E(1,1)) 1
ENDIF
. END 3
1
3
!
=imaoean R NN A RN A IR B I N T N =31 :-1--1-1- 41 4% ;1.1

SUBROUTINE INFORM

L2 IR S X SR R 2 R AR IR R s s sl R s LELE LSRRI Sl e 2y L)

* ¥
»* ACCESSES PROGRAM NOTES € AUTHOR'S STANDARD ROUTINE 1 *
»

*
AL AT RRTIES IS ETE ST SR AT 2SRRI SRS IR AL S S SRR S L Rl BT LYY

DIMENS.L O L INE(Z5)

CHARACTER®72 LUINE
CHARACTER* LS FInN, FNAME

e L st S it o et AR L8 S e

1 FORMAT (I3)
2 FOURMAT {A)
K EORMAT (AKX A)
a. FORMAT (A, \)
FIMN="FLITE.FAX®
] i
OFEN (1, FILE=FINN, FORM:=® FORMATTED ") ]
READ (1,2) FNAME ]
READ (1,17
IF (1.NE.&78) GD TO % l
C I: NUMBER OF LLINES OF TEXT UNIT TQ RFE DISPLAYED :
& READ (1,1} 1 j
IF (1.EQ.O) 60O 7O 9 1
N=0O
IF (T.LE.20) N=(2A--1)/2
TALL CLEAR(25) 3
LD 7 k=1,1 i
7 READ (1,2) LINE (K)
DO 8 K=1,1 . i
2] WRITE (#,3) LINE (K} ]
IF (N.GT.O) CALI. CLEAR(N)
FAUSE
IF (L.EQ.1 ) GUTD &
WRITE (#,4) " DISFLAY PROGRAN NOTES ? [ 0/1 = N/Y ) ’
KEAD (%, 1)L
IF (L.EQL Y1) 5070 6 |
] CLOSE (1)
CoLL CLEAR (2%)
END
) 81 .
)
"::r:
b
Fai
ke
b
3 |
i'(-.":--\n-,. ER L T PO L X VL I N VN S S ) 3 " A -




SURK{IUTIMNE CLEAR(J)

05k B2 396 5B 36 F0 IR 2 I BT BT AU T 00 I 3BT I 30 0 I 2 339 S99 60 9 3 26 6 N
M .

%
»  CALLED OMLY BY GUEROUTINE INFORM TO CLEAR SCREEN OF PREVIOUS .
) *  NOTE [ AUTHOR'S STANDARD ROUTINE i *
* »*
3T T RIS REISL LIS RILL T LIS SLASLSYS LSS SSE LSS 2SS SSI LRI LSS 2 X 2L T
1 FORMAT(A)
DO 2 I=1,5
2 WRITE (%,1)° °
END

kDo’ BRI

2, bl k.
A
Ty Ay my ©

-

LT heG .
205

[
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FROGRAM CDMODEL

NI NI BN T3 I N 0 3 3 NI I b6 36 I IO N

FROGRAM: CDMODEL 30 APRIL 19&¢
THE EXECUTABLE VERSION OF THIS PROGRAM 15 DESIGMNATED AS “CD°

WHICH HAS BEEN COMFILED UNDER MICROSOFT FORTRAN 77 TO BE RUN
ON AN IBM PC.

* *
* *
* *
* *
* #*
* *
. * *
* THIS FROGRAM FORMATS DRAG COEFFICIENT MODELS OR USE WITH THE *
* EXECUTAMLE PROGRAM “FLITE" . *
* . . *
* THIS PROGRAM WAS DEVELOFED AT AND FOR THE AIR FORCE GEOPHYSILS *
* LABORATORY AS FART OF IN-HOUSE WORKE UNIT NO. 746591114. * K
* *
(2223 R IR SIS LIS SRR R RS R AR IR LRSS ISR SRRt AL Rl ol Ll Lk

DIMENSIOM REV (4,20)
CHARACTER®*1S FMOD

i
i
2 FORMAT (A,” ", \) $
3 FORMAT (13) .
11 FORMAT (A)
T FORMAT(ENS.®)
19 FORMAT(1X," COBF. FOR TERM °,13,7:7,\) i
20 FORMAT (1X,' REYNOLDS NUMBER EXFONEMT *,°: " ,\) i
2 FORMAT (1X,” FROUDE NUMBER EXPONENT *,°: "o\ 3
{
i
i
i
i
1
i

=2 FORMAT (11X, FROCTIONAL VOLUME EXPONENT °,' 2% ,\)
CALL INFORM

100 WRITE (#,0)° ENTER NUMBER JOF TERMS IN MODEL:
READ (%, 3) JSEB
IF (JSEG.GT.20.0R.JSEG.LT. 1} GOTO 100
WRETE (e, 1) °
DO 110 J=1,ISEG
WRITE (%, 19) 4
READ (%, 13)RFV (1, D) :
WRIVE (#,11)° *
WRITE {%,20)
READ (%, 17)RFV(2,J)
WRITE (%, 21)
READ (%, 13)RFV(3,J)
WRITE (#,22)

i LLE.20 77

-f."

MR

ep ot L0
o¥a 0

LY READ (4, 13)RFV (4. )
1 %J 110 WRITE(%.11)° ~ .
L WIRITE (#,11)° INSERT PROFER DISL IN B~DRIVE. AND" '
D WRITE (%,237 ENTER NEW MODEL NAME: E:f1lespec.RFY -
% READ (%, 11) FMOD
oy OFEN (o FILESFMOD STATUS:* NEW® , FORM= " FORMATTED ) ,
e WRITE (T4 112 FMOD ;
o WKITE .5, %) JSEG {
re |
: K
X l
i xﬁ "
v
"':' !
L |
. 83
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o |
X
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B
o 1
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120

PR e

o~

. R
RSSO R S AR R

DO 120 J=1,JSEG

DO 170 1=1,4

WRITE (3, 13)VRFVCE, D)
CLOSE (3)

END

SUBROUTINE INFORM
3 GEP 1984
DIMENSION LINKE(25)
CHARACTERN T2 LIME
CHARACTER* 13 FINN, FNAME
FORMAT(1X)

FORMAT (&)

FORMAT (4X, A)
FORMAT (A, \)
FINN="CD.FAX"

L=O

OPEN (1,FILE=FINN,FORM:="FORMATTED")

READ (1, 2) FNAME
READ(1,1) I
IF (1.NE.478) GO 0 %

I: NUMEBER OF LINES OF TwXT UNIT TO BE DISFLAYED

READ (1,1) I

IF (1.EQ.O0) 60 TO @9

N=0

IF (1ULE.20) N=(24-1)/2
CALl. CLEAR (Z5)

D0 7 K=1,1

READ (1 HLINEUD

DG 8§ b=1.1
WRYTE (%, 3) LINE (1)

1B (INLHT,0OY DALL O FARIN,
FAUSE ’

I¥ (L.EQ.1 ) GOTOQ &

WRITE (#,4) " DISFLAY PROGRAM NITES

READ (#, 1)L
IF (L.EGL1)Y BOTD &

CLOSE (1)
CALL. CLEAR (2%)
END

SLEROUTINE CLEAR D)
FURMAT ()

0O = I=1,4J

WRITE(H, §) " °

END

84
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\
FROGRAM DATAFORM
c THIG 1S A FORTRAN PROGRAM TO FORMAT INFUT DATA FUR ‘QCD.EXE’ i,
: AND FOR *FLITE.EXE®. L
DIMENSION X(26),E(9,2),Y(30,2), Z(100,4) i
CHARACTER®44 FINN, FMAT cl
i
: . DATA E/O. 11, 2" 132..47.,52.,61.,79.,88.7,288. 15, 216. 65, 214. 65, i
NTZB. 65, 2700 65427 65, 252, 45, 160, b5, 1B0. 65/, IR/0/, AR/ ] . / ;
DATA ACS, ACA.E1/5%0, /,CT/34.163195/,0D, JIFF /B, 1/, H1 /1013, 25/ -

1
1 FORMAT (" ENTER NAME OF OUTFUT FILE; E:filespec.FLY RN
2 FORMAT (A, * . \) _ ;
i FORMAT (1:%) .
4 FORMAT (1X,F8.0, 1X,F8.0, 1X,E15.8)
5 FORMAT (LX,FB. 0, 1X, F8, 0)
& FORMAT (" NEW FLIGHT DATA FILE [N/Y = 0/11 2 *,\)
7 FORMAT (7 NEW GAS/FILM COEFFICTENT FILE IN/Y = 0/13 7 *,\)
8 FORMAT (* NEW HEAT XFER COEFFICIENT FILE CN/Y = 0711 2 T\
9 FORMAT (" ENTER NAME OF OUTFUT FILE: B:filespec.GAF )
10 FORMAT("  ENTER NAME OF OUTFUT FILE; B:filespec.CMY o\
11 FORNAT (A)

12 FORMAT (" I8 INFUT FOR FROGRAM "FROUDE" [N/Y = 0/13 9 PRY

¢

T CALL INFORM

34 c CREATES E:filespec.FLY
o7 WRITE (#, &)

ol READ (#,3) 1AM

IF {(YAM.ED. 1Y THEN
WRITE (#,1)
READ (&, 11)F INN
FMAT=* (E15.68)°
S0 WRITE (#,12)
READ (%, ) JIFD
IF ((IFD.NE.O) . OR. (JFD.NE. 1)) G070 %O
WRITE (#,2v"  SIGMA®
READ (% JFMAT) X (1)
WRITE(%,2)" GORELENGTH CFTI®
READ (%, EMATI X ()
WRITE (%,2)°  ©alr LENGTH (FT3°
READ {5 JFMATI X ()
WRITE (%.2)'  TOTAL DUCT AKEA (se FyY)*

3% zl
! o
)

o
22,
n

I‘

N e a0 H A0 A B M ek M i 4 shmd s LM 1K A bk ok o 2 8 | L

.‘,-" ~;
R
v E

e\

e

.

ity READ (% FMAT ) X (4)
-ﬁl WRLTE (#,2) " MAXIMUM BALLOON VOLUME LCY FT)?
=y

READ (% ,FMAT) X (5)
WRITE (#,2)°  FILM THICKNESE Lnils]®
READ (# ,FMAT) X (&)

A

T

o WRITE (#,2)"  ©CAF THICKNESS (mils]®

pe READ (% ,FMAT)Y X (7)

ARS WRITE (#,2) " BALLOON WEIGHT CLES]”

iy READ (% ENAT) X (8)

b i WRITE (#,2)"  IRREDUCIBLE FAYLOAD WEIGHT [LBS)*®

85

L ".-';'.'
BLS ERER

PERES
W, ".‘..‘..'-\. '.;I AALN X A
AL VRCEATT AR




DR RTRET MITFITRIVION W RTE RS AT RPURY B VAT AL FATY TR RZTRFLRUE G TR YR P ML T R

1

READ (%, FMAT) X (5)
WIRETE (%, 2} BALLAST WEIGHT L[LEBS3® !
REND (6, FMATY X (10) :
WRITE (#,2) ' FRACTIONAL FREE LIFT® :
READ (X FMAT)IX (1 1) :
WRITE(%, )" BALLAST FOUR RATE L[LRS/HMINI? : o
READ (%, FMATIX 115) :
WRETE (%,2) " GROUND WIND SPEED (knoksl® :
READ (R FMATY X (173 : i
WRITE (6,20 LAUNCH SITE ATM. PRESSURE [mbsl® .
READ G FMAT) X ( L4) 3
X(l8)=1., 3
X {lar=l, :
XUy, k
X1, 3
Xi19y 21, ;
1F (IFDLER. 0y THEN %
WIRLIE ¢, )" EGTIMATED DRAG COEFF INIENT (0.81° i
READ (x  FMAT) X ¢1%5) 1
WRETE (%,72)"  MaX. REL. ERR. IN ALTITUDE CLDSURE [0.01]° 3
READ (%, FMAT) X (14) 3

WRITE (%, 2)°  DRAG COEFFICIENT ADJUSTMENTY ICD/7413°
READ (%, FMAT) X (18)
WRITE (%,2)" ENABLE GAS ARSORFTION [N/Y = 0./1.F )
READ (%, FMAT) X (20) ) 3
FMDIF ;
WRETE(#,2)° LAUNCH S1TE ELEVATION [FT)?
HEARD LR FIIBTYX (21)
WIHITE (%, )7 GREENWICH HOUR ANGLE [degrees]”
READ Oy (FMAT) X (2D
WIRLHE € 22 DECLINATION ldegreesl”
READ (N JFMAT) X (D3
W LTE cw 0y LUNGITUDE fdegroes)d’
HEAD (o FMAT) x (04)
WhITE v @y L ATTTULE Ldegreesd’
READR (»  FMAT) X (M)
WHTITE (h ¢ TEMPERATURE STARILIZATION TIME [secl”
READ G FMAT)HY X (28)
WRITE (N, )" NMUMRBER OF LOCal. AQTMOSPHERE POINTS (30 max.]?
READ (& FMAT) G2 .
WRITE (%, 2"  NUMBER OF FLIGHT PROFILE FOINTS [100Q max]?
READ (e JE=MATY X (26D

FEAOTRT YT J YRR

PERR 2T IS ST PR SOt

IM=INT{X(27)) b
INN=INT (X (28))

DO 100 1=1,30
YL, =0,
100 Y<I,2)=q,

DO 200 I=t,INN
¢, 1Y =0,
20, =0,
2¢1,1 =0,

00 71,4520,

86
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¢ INFUT LOCAL ALTITUDE-TEMPERATURE FROFILE
WRITE(#,11)° LOCAL ATMUSPHERE: ALT. [Bkml - TEMP, (Kelvinl® ;
WRITE(#,2)" IF RANKINE ENTER 1.8} IF KELVIN ENTER {.0° o
READ (#,EMAT) TCON
FMAT=" (F9.3)°

. , DO 300 I=3,IN :
WRITE(#,2)" ALTITUDE [GKm3® .
READ (#,FMATIY (14 1)
WRITE (#,2) " ABSOLUTE TEMFERATURE®

. READ (*,FMAT) TARS

300 Y(I,2)=TARS/TCON

WRITE(®,11)* FLIGHT FROFILE: ALT. [$t} & ELAPSED TIME [seal’
J50 WRITE(#,2)°> ENTER ALT. SOURCE ND.: 1 = PRESS5URE, 2 = RADAR ?°
READ (#,3) ITEM

IF COITEMLLT. D) CORV(ITEM.GT.2D)Y GOTO 350

C COMPUTES STH. ATM. PRESSURE FOR INDICATED FLIGHT ALTITUDE
FMAT=" (FB. Q) °
DO 400 I=1, INN
WRITE(#,2)* ALTITUDE [¢t)°
READ (¥ ,FMAT) 2 (1, 2)
WRITE(#,2)* TIME (secl’
READ (%, FMAT) 2 (1, 1)
IF {(ITEM.EQ. 1) THEN
==, T048037%2 (1, )
Q=46354 . 76640/ CHIHHTHL, +Q)
IF (0L GE.EWD, 1)) AND. (BLWLT.EL) Y GOTO H00
100 ID=TIEF
JIFF=JIFF+1
E1=E(JIFF, 1)
ER2=E(JIFF, D)
IN=E2-E 0D, D)
CPXEET~E CIDL DD
R=TH/ X
IF (CLLY.ELY GOTD 8500
IF RS CTIMH L BE O 00y HIsHI# R QD D 7ED = (CCrRY )Y
IF (QBSCTD)YLLT.0.01) HI=HINEXF (~CCHDX/ECID,T))
GOT0 400
S0 DX=(-E(ID, 1)
Th=F I, D) +REDX
TF (ABS(TDY.BE.O.O1) Z{] ¢ aH)I# (EID DY THEY % {CLARY)

IF (ARS{TD) .LT.0.01) Z{T D=HI*EXP (~CC*DX/EID, 20
ENDLE

aund WRITE (%, 42 Z2(F, 1) 201 0V 201,

AL

»
-y
M

)
‘ Y

.l'}‘:

IF (HIEMLEO. Y GOIO 2100

El
Els=s~%ane,

Iy AN

i AT

ror,
P~

o C CORREC S ALTITUDE FOR LOCAL ATHMOSFHERIC PRESSURE
" o RO ens 1 =1, INN
\ P" AL=Z 11,0
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700

809

Q00

¢
PED

~

1 OO0

1100

DAL=B0Q,

DZI=0 00NN T F)

0=, SOOI 7HAL

126356 . 764/ (6358786, +0)

IF (IR GR. Y GID, 1)) AND, (R LT ED) GDTO 900

IF (Q.GE.E1} GOTO 800

JIFF=t

Hi1=X (14)

JD=)IFF

SIFF=JIFF+1

EleY(JIFF, 1)

ER=Y (I IFF 2)

TD=EZ=Y (JD, 2)

DX=E1-Y(IDy 1)

R=TD/DX

1+ (Q.LT.E1) GOTO 900

IF (ARS(TD) JBE. 0. Q1) Hi=H1% ({(Y{ID,2) /E2) % (CC/R))
IF (ARS(TD) (LT.0.01) Hi=HI#EXP (=CORDX/Y(ID,2))

' GOT BOO

DX=CY (IDy 1)

Thev (D, 2) +R*DX .

IF (ARS(TD) (BE.0.01) BP=H1#((Y(ID. D) /TK) ##(CC/R))
IF (AB3(TD).LT,0.01) BRaHi*EXF (=CO#DX/Y(ID,2))

PRESSURE CONVERGENCE CHECK
O=AIE*(BF-2 (1,3

CORRECTS MONQTONIC ASSUMPTION 1F, REQUIRED
1F (IQ.LT.2) THEN
IQ=1Q+1
IF (1G,EQ.2) THEN
IF Q00 BT 0, ) L AND. (ARS (PR .GT.ARSB(Q)Y ) ) THEN
ATR=-1{,
ACI=0.
ACA=0,
AL=Z (1,3
DAL:=800,
GOTO 700
FNDIF
GATO 950
FNIMF
DURQR
EMDIF

LIMIT CHECH
1IE (ARS) .GT.DIT) THEN

NOT WITHIN LIMITS

IF ¢ L Too0) GOTD 1000
AC3=] .

SGN=1.

GHDTD 1100

UL TS I8

SGN=~1

DAL =DAL/ (ACT+ACK)

i
\
#
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2000

2100
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AL=AL+SGN#DAL
Garto 700
ENDIF

WITHIN LIMITS
AL3I=0,

ACA=0,
I{L.=2(1.2)
2{1,2)=AL

WRITE(#,%)212,2),2(1,4)

FMAT=" (E15,.8)°
WRITE(S,2)"  aLF®
READ(® FMAT)IX (1) ;
WRITE(«, D) RET® !
READ(#, FHAT) X (D)

WRITE(H, M GAN®

OPEN(S, FILESF INN, STATUSS * NEN® , FORM= FORMATTED ) T
WRITE(S, 1DFINN :
FMAT=" (E15,0)°
DO 2200 1=1,28 ;
WRITE(R, FMATI X () i
FMAT=" (2F9.3)* ;
DG 2I00 Imf, X0 !
WRITE (I, FMATI V1, 1) YT, ) :
TEMATE (2FR, 0 i
DO 2900 1=1, INN ;
WRITE(I FMAT)IZ(I,1),2(1, D) :
CL.OBE(S)
END1E :
CREATES B! filespec,GAF !
WRITE(#,7) :
READ (#,3) 1AM
IF C1AMJER. 1) THEN !
WRITE(%.9)
READ I+, $ 1FINN

READ (%, FMAT) X () ]
WRITE (e, 2 Qv° i
READ(F  FMATIX (4) : ;
WHITE(» )" CQF°
READ (% FMAT) X (5) 1
WRITE(#,2)°  WOW® %
READ (# (FMATY X&) !
WRLIE(G D" avw 1
READ® (FMAT) X (™ i
WRITE N Y RYY® i
READS FMHMAT) X () .
WRLTE (62" 1y :
REOD (%, FMATY X () 1
WRELIFE (e 0V Ay .
READIN ,FMATIX LD :
WRITE (=, T EYRS i
RESD O TMATIN L] ]
{
{
:
89
1
i

, . - A - - agt e o -
B T SR UL Tl 30 S S e IR T TR A |
[ R e N R A Atatatet v _




|

el

2

L oM
2
)

ET

2600

EN

Ciz
W
RE
IE

WRITE(#,2)  RYR’
READ (%, FMAT) X (12)
WRITE (%,2)°  TYR
READ (%, FMAT} X (13)
WRITE (%,7)°  AYRG®

READ (# ,FMAT) X (14) ‘ :

OFEN (2, FILE=F INN, STATUS="NEW" , FORM="FORMATTED" )
WRITE (S, 11 FINN

DO 2600 I1=1,14

WRITE
CLOSE ()
DIF

EATES Bifilespec.CMV
ITE (%, 8)
B0 (%, 3) 1AM
(IAM.EQ. 1) THEN
WRITE (%, 10)
READ (%, 1 1) TNN
FMAT=" (E14%.8) "
WRITE(#,2)° C@1°
READ (%, FMAT)Y X (1)
WRITE(*,2)" £02°
READ (* FMAT) X (2)
WRITE(%,2)"  CO3°
READ (% FMAT) X (3)
WRITE(#,2)"  (CR4T
READ (#,FMAT) X (4)
WRITE (%, 2)* COS*°
READ (%, FMAT) X ()
WRITE(«, )" COL®
READ (%, FHMAT) X (6)
WRITE(*, 2"  CO7°
READ(x*, FMAT) X(7)
WRITE(#,2)"  ©Cog’
READ (%, FMAT) X (8)
WRITE(#,2)* C0O9°
READ (%, FMAT) X (%)
WRTTE(%,2) " ~ COLO”
READ (%, FMAT) X (10)
WRITE(# ., COLET
READ (X FMATYX (11)
WRITE (#,2)"  GN1T
READ (x, FMAT) X (12)
WRITE (#,2)° GN2°
HEAD (% FMAT) X (13)
WRITE(#,2)"  GBNZ°
READ (%, FMAT) X (14)
WRITE(%,2)" VIRTUAL MASS COEFFICIENT”
READ (%, FiIAT)Y X (15)
WRITE(#, 2  EFFECTIVELY--ZERO VELOCITY®
READ (# ,FMATY X (148)
OFEN(Z, F ILE=F INN,STATUS="NEW" ,FORM="FORMATTED")
WRITE(S, 11)F 1NN
DO 28O0 I=1,16
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CEN W T C3 FMATY X L
ULGE %)
LD

R

CURROUT INE  [NFORM

' % GEFR 1984
DIMENSION LINE (25)
CHARACTER* 72 L INE
CHARACTER® 1% FINN, FNAME

) FORMAT (173)

o FORMAT (D)

; FORMAT (AX , A)

4 FORMAT (A, \)
FINN="0OCDDATA. FAX"
L;:i_]
OEENCTF (L E=FINM, FORM=" FORMATTED" )
FLAD (1,20 FRANE
READ (L, 1)1
IF (1LNE.&78) (30 TO 9

1: NUMEER OF LINES OF TEXT UNIT TO BE DISFLAYED
& READ (1,1) 1

IF (1.EQ.0) 5O TO ?
M=
IV (IULEL20) N=(24-Y) /2
ALl CLEAR (2D
Doy 7 ok=1,1
7 READ (1, 2L INE (E)
po 8 k=11
3 Wiv) TE (%, 3) LLINE (1)
I INLGT L 0) CALL CLEARINY
FALISE
IF (L.ER.1 )Y GOTO &
WRITE (%, 4)° DISFLAY FROGRAM NIOTES 7 € 0/1 = N/Y 1]
READ (5, 1)L
IF (L.EDLT)Y 6OTO 6
? CLOSE(1)
THLL CLEAR(2S)
END

(]

SUBROUTINE CLEAR()
t FORMAT (A)

DO 2 1=1,.

WRTTE (#,1)°

END

]
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N3 R 1) (2 W B On RO

RUSSTANBS e o

GLOSSARY OF PROGRAMS

*FIMDCD?

&

*FROUDE*

PRI VE ] AL B T AT 8Ol Uhto iR S

sy
-'JI

¥
,éfli=

S REFERENCE DIMENSION DESCRIFTION 1

‘ﬁ AN} constant hadadtaind RUNGE-KUTTA AND OTHER CONSTANTS >
, .§ ARL UFSON  —=mm- BALLOON SURFACE AREA / GL##2

-] AC3 default ————— CONVERGENNCE ROUTIME PARAMETER ( O or 1 )

%3 ACA default —eee— CONVERGENCE ROUTINE FARAMETER ( 0 or 1 )

; AD input Franl DUCT AREA, TOTAL

o AG Model ~ = @ —e-e- EFFECTIVE UV ABSORPTANCE OF GAS

2% AGAS input e IR RESPONSE CONTROL, GAS [ O or 1 3

3 ALF def/inp lbm/ft/sec VISCOSITY COEFFICIEMT, GAS

<, ALLIM input ft ALTITUDE GROWTH LIMIT IN TIME DT

ML AM Model mass wnits OFTICAL AIR MASS .

i AR e EFFECTIVE IR ABSORPTANCE, FILM ( = ER )

& ARMG Model mass units OFTICAL AIR MASS '
. . ASTOR input ft ALTITUDE, COMPUTATION AEDRTY (see notes) 3
e AV Model - = EFFECTIVE UV AESORFTANCE OF FILM
‘ ﬁi AYR def/inp == COEFF. OF ARSIRFTIVITY, IR

‘5 AYREG def/inp - - COEFF. OF ARSORFTIVITY, SOLAR (gas)

fﬁ AYRG1 formula e (1-AYRG)
: }{ AYV def/inp —w——— COEFF. OF ARSORFTIVITY, SOLAR
. B (N constant = —eee— RUNGE-KUTTA AND OTHER CONSTANTS

21 BE formula Ib/ €t SFECIFIC LIFT

it RET def/inp e VISCOSITY EXFONENT, BAS

i BF YIRON mb PRESSURE, ATMOSPHERTC (not used)

BLUOY b BUOYANCY, TOTAL

ad BZ constant lb/ft/sec/Rend STEFAN-EOLTZMAN CONST. (3.6999E-10)

ﬁb C N constant —eeee RUNGE-KUTTA AND OTHER CONSTANTS

ég (o) VIROMN 1b/sec/R COEFFICYENT, THERMAL CONDUCTIVITY OF AIR

L3 e constant BEm/selvin VALUE (34.163195)

ce e COEFFICIENTY, DRAG

| CF def/inp ft/Rankine SFECIFIC HEA! OF BALLOON FII_M

[{\ CG formula ib/sec/R COEFFICIENT, THERMAL CONDUCTIVITY OF GAS

3 CLEN 1nput £t LENGTH, CAF

.\ M def/inp e CUEFFICIENT, VIRTUAL MASS

gi [ED def /inp —————— CORRECTION FACTOR FOR Q1

!f ceo def/inp —ee—e CORRECTION FACTOR FOR Q10

:) [WERDY def inp =mee— CORRECTION FACTOR FDR 011

ol oo def /inp e CORRECTION FACTDOR FOR @2

! Covs defsainp  —e—e— CORRECTION FACTOR FOR &3

- cQa ‘def /inp e CORRECTION FACTOR FOR Q4

ﬁ' [ 11 def/inp v CORRECTION FACTOR FOR Q5

‘J Chre det/anp - —— CORRECTION FACTOR FOR Q%

A\ o def/inp  =oeee- CORRECTION FACTOR FOR 7

'g: o defsinp mmeee CORRECTION FACTOR FOR 0

w; ‘ Cee deffinp  ————= CORRECTION FACTOR FOR Q9

{EC cs defaunlt ——-—— SOLAR RADIATION FACTOR

Y (MY detf Sinp ft/Rankine SP. HEAT AT CONST. VvOL., GAS

N ox tormuta  —meee COS (XL) #COS (XD)

e DM, N formulag  —-=-—-- TIME DERIVATIVE OF Y(M,.N)

S DAL ft ALLOWARLE AL TITUDE CLOSUFRE
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L; PP P N

>

=

bTV

FLY (N, D)
FLY (N, 2)
FRRCE
YR

FRD
FRIN, 1)
FRIN, D)
FR(N,T)
FR (N, )
Fy

B

6aM

Bk

8k

561

default

input
input
VIRON
VIRON
VIRON
VIRON
VIRON
VIRON
VIRON
VIRON
VIRON
VIRON
MYBLN
formula
default
Model
def/inp
def/inp

input
input
input
input
input
input
input
Model

Model
1nput:
Model
itnput
def/Zinp
Model
formal a
formul as
Model
input
input
input

output
vatput
catput
output
Mode1l
const ant
def /3y
const ant
MYBLN
1nput.

1b/sec
lb/sec
1b/min

Kelvin

Kelrin

mb

mb

Kelvin/Gkm
Kalvin/GKm

Kelvin

Walvin

ft

1b

s8C

Rankine/GKm

s6c

s e o

GKin

o -

- o o
]

Ih/it/sec
£t fooCeald
it Ibh/Thm/R

(variablm)

‘asatcn w LAY S e 1 W T TS T TR VS LA Pl d¥a anas

ACTAL DERALLASTING RATE (default is O)
MAXIMUM DERALLASTING RATE (converted)
MAX IMUM DERALLASTING RATE

CD ADJUSTMENT

STORAGE L EF 1 for altitude IZ
STORAGE [ EF 1

STDRAGE L EG 1 for altitude 72
STORAGE [ EG 1 .

STORAGE € PX 1 for altitude 22
STORAGE [ PX 1]

STORAGE € RR ) for altitrde 22
STORAGE [ RR 1

STDRAGE [ DY 3 for altitude 22
STORAGE [ DY 1

DIAMETER OF BALLOON

DRAG, AERODYNAMIC

TIME, INTEGRATION INCREMENT

TEMPERATURE GRADIENT, IR

TIME, MAX, INTEGRATION INCREMENT 20.)
TIME, VENTING INTEGRATION INCREMENT { O.
INTERMEDIATE VALUE OF DT

DUMMY {unused)

DUMMY (unused)

_DUMMY  (unused)

DUMMY  (unused)

DUMMY (unused)

ALTITUDE

TEMPERATURE, ATMOSFHERIC FROFILE
EFFECTIVE IR EMISSIVITY OF GAS

IR RESFONSE CONTROL, GAS [ = ABAS 1]
RADIATIVE EXCHANGE COEFF., BAS & WAlL
ELEVATION, LAUNCH S11E

EFFECTIVE IR EMISSIVITY 0OF WALL
ALLOWABLE R.E. IN COMFUTED ALTIYUDE
CQEFF. OF EMISSIVITY, IR

COEFF. OF EMISSIVITY (gas)

(1 -~ EYRG )

{locally defined)

DIRECTIONAL. HEMISFHERICAL REFLECTIVITY
FREE LIFT. FRACTIONAL

TIME

ALTITUDE

LIFT, NET

FROUDE NUMRBER

FROUDE NUMBLER

REYNOLDS NUMBER

FROUDE NUMRER

FRACTTONAL VOLUME

DRAG COEFFICTIENT

UV FLUX

GRAVITATIONAL CONSTANT (32.1741)
THFRMAL CONDUCTIVITY COFFF., GAS

¢ CLEN/GL )@ used once as DUMMY

( GN/GL )

DUMMY ( locally defined )
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S e,
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e

IR ATL) -

ST

L

2,
o

&

ok,

A

pocS?
5

G2
5H

Gl-
GLN1O
GN
GN1
BN2
BGN3
BN
GP
39
HC

IN
INN
TNN
IVENT
JSEG
KI

L
b
LAUNCH
LEAF
LLo
Ll

FG
(M, NY
e
010
011
o
o3
&4
s
(&
07
oe
0
fA
OB
o0
Fifd
RE
BEV M, D
RG
=
RN
N
)
RYR
RYV

input
1nput
input
constant
MYEUN
def/inp
def/inp
def/inp
Model
PRGR
constant
MYBL.N

input

1nput

default
default
VIRON
YIRON
VIRON
V1RON
input
VIRON
VIRON
formala
formulas
Mudel
Mode)
Mociel
tlode!
Model
Model
Model
Model
Model
Mode]
Model
formul a
‘ormula

 formla

constant
constant,
1nput
constant
Made)

PIY RN
formula
VIRON
defanp
def . inp

(vari able)
dearees

ft

ft
1b/ft/sec
EXX 2 3

mb

mh .
lh/7#t#x2

1h, fL#%2

ivarieble?
i 1bh/sec
+tt Ih/sec
ft 1b/sec
ft lb/sec
+t lb/sec
ft tb/sec
ft 1b/sec
ft lb/sec
ft lb/sec
tt 1b/sec
ft lbh/sec

tvariable)
ft/Rankine
tt
ft/Rankine
¢t
alug/fLens

DUMMY ( locally defined )

GREENWICH HOUR ANGL.E

GORELENGTH, BALLOON

NATURAL LOG OF 10

GORELENGTH, BENERATOR SHAFPE
CORRECTION FACTOR :

CORRECTION FACTOR

CORRECTION FACTDR

NUSSELT NUMBER

GRASHOF NO. * FRANDTL NO.

SOLAR CONSTANT (8&)

ARTA, UV ARSDRFPTION

INT(KIND

INT(XINNY . subiect to option

NO. OF FLIBHT DATA FOINTS TG BE ANALYZED
STATUR OF DUCT VENTING ¢ Y/N = 1/0 )
NUMBER OF DRAG MODEL SEGMENTS

INDEX. RUNGE-KUTTA

ITNDEX. RUNGE-EWUTTA

INDEX. RUNGE-~EUTTA

STATUS OF LAUNCH ( Y/N = 170 )
STATUS ¢ TT.GT.DT 7/ TT.LE.DT = O /7 1)
STORAGE L JIX 1 for altatude 22
STORAGE L JX 1

STORABE L JV ) for altitude 72
STORABE [ JV 1

PRESHURE, ATMOSFHERIC AT LAUNCH SITE
PRESSURE., ATMNSPHERIC (at alt., 22)
FRESBURE. ATMODSPHERIC

PRESBURE DIFFERENTIAL, BALLOON APEX
VARTABLES, RUNGE--EUTTA

CONVECTIVE HEAT TRANSFER, GAS & wWatl.
INFRARED EMISSION, GAS

INFRARED ABSORFTION, GAS

DIRECT SOLAR EMERGY ARSORFTION
INFRARED ARSORPTION

CONVECTIVE HEAT TRANSFER, WALL & AIR
INFRARED EMISSION

REFLECTED SOLAR ENERGY AESORFTION
RADIATIVE EXCHANGE, GAS & WALL
DIRECT SOLAR ENERGY ARSORFTIDN, GAS
REFILECTED SOLAR ENERGY ARSORFTION, GAS
COS{SOLAR ZENITH ANGLE)

CasS cfontal tatudel)

DUMMY ., RUNGE-EUTTA

GihS CONETANT, AIR (853,.352)

RADIUS OF EARTH (20,855,278)
EXPONENTS AND COEFFICIENTS, DRAG MODEL
GAS CONMSTANT, HELIUM (386,076)
REFL.LECTANCE

RADIVUG, GAS BURELE

REYNOL DS MUMBER

DENS1TY, NAIR

COEFF. OF REFLECTIVITY, IR

COEFF. OF REFLECTIVITY, SOLAR

».
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e

e oA ;
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¥

v A vt

NE

A

Yo X
33

AR
et

"ol

sSn
Sk
816
SHEX
8FD
SPNSE
SREED
oR
SN
SWG
8X

1
Twe
THF
T1
TIR1
TIRO
TH
TLEM
™
TRM1
TRNZ
TROF
T8
THIOF
T
TT
111
w
TYR
Tyv
t!
L
i
VR
vD
V0
VL IM
us
S
YT
UTH
i1
wW
v
WM, A
W
we
WE
Wow
WP
We
WY
Wix
WV

Modiel
MYRLN
input
UFSON
1nput

Model
VIRON
forala
formula

input
input
VIRON
Madel
Model
\IRON
input
VTRON
Mode)
Madel
Mode)

o input

1nput

V1IRON
det/1np
defsinp
MELSON
WEL SON

formula
daf/ing
input
VIRON
faormula

1input
UFSON
Model
formul a
NELSON
input
formudi a
formura
det/inp
input

input

knots
(ft/amc) #22
ft/5ecC
fFLe]
1/ fE%nX
1 .) AR 2 s
sec

mils
mils
Rankine
Rankine
Rankinhe
Eelvin
Rankine
Rankine

Glm
S
sGC
nee
saC
Sen
Felvin

ttakiigec
ft/sec
tt/sec
1h/fl/sec
1b ft/sec
el

(3 4 2 3
ftewi/qec
b

b

1t
th/ftex/ml
Y &)

b

1b

1b
ser/ftas?

TSSO N LRI IO S T RO DD CE 0"I.

C o
.
<
-
o

0 0y,

EFFECTIVE SURFACE AREA OF GAS RUBRLE
AREA OF BALLDON BURBLE, FRACTIGONAL
SIGMA, BALLODM SHARE FACTOR

BIGMA, IN FLIGHT

LAUNCHK WIND SPEED {converted to ft/sec)
( not used )

ASCENT RATE ( or launch winhd speed )
EFFECTIVE IR SURFACE AREA

SPECIFIC WEIGHT, ALR

SPECIFIC WEIGHT, GAS

RINIXLY # SINCXD)

TIME, TOTAL ELAPSED

THICKNESS OF CAFS {(sum)

THICKNESS, BALLODN WALL

TEMPERATURE, EQUILIBRIUM RADIATION

"TEMPERATURE, (R t at tropopause )

TEMPERATURE, IR ¢ at insl )
TEMPERATURE, ATMDSPHERIC

TEMPERATURE GROWTH LIMIT

TEMFERATURE, ATHOSFHERTEC
TRANSMITTANCE,, ATHOSPHERIC (solar)
TRANBMITTANCE, ATMOSFHERIC (solar)
HEIGHT. TROFOFAUSE

TIME. TEMPERATURE STARILIZATION

TIME, COMPUTATION ABDRT (se» notes:
FIME, ELAPSED PRIOR TO STARILIZATION
TIMNE, REMAINING IN INTERVAL

STORAGE € T 2

TEMFERATURE AT ALTITUDE ZI (not used)
COEFF. OF TRANSMIGSIVITY, IR

COEFF. OF TRANSMISSIVITY, SOLAR

FRACT LONAL PART OF LD

RATIO: CAR AREA ¢ BALLDON SURFACE AREA
VOLUME OF GAS. FRELAUNCH ¢(no superheat)
VOLUME OF RALLOON, FRACTIONAL

VOLUME FLOW RATE THROUGH DUCTS
EFFECTIVE ZERO VELODCITY

VELOCITY GROWTH LIMIT

VISCOSITY, AIR

VISCOS1ITY., BAS

VOLUME, AT CEILING ALTITUDE

VOLUME OF BALLODN, THEORETICAL MAX IMUM
RATIO: INSTANTANEOUS VOLUME 7 GL##X
DISCHARGE COEFFICIENT, EV-13

VOLUME FLOW RATE THRDUGH EV-173
COEFFICIENTS. AP AREA

WETGHT, BALLOON

EFFECTIVE WEIGHT, CAPS

EFFECTIVE WEIGHT, RUBELE ENVELOFE
UNIT WEIGHT ( FOLYETHYLENE = 0.0048 )
WEIGHT, IRREDUCIERLE PAYLOADR

WEIGHT. SYSTEM

WEIGHT. BALLAST

STORAGE [ WY 1]

STORAGE [ SW/VS 2

il
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X

tearable) DUMMY tlacally dodined)
Xn 1nput. deqrees DECLINATION, L AUNCH
: XG ynput deyr res LONGITUDE . U AUNCH
[ XIN 1nput 0 e NG. OF L.OCAL ATMOSFHERE FOINTS (MAX=30)
' h XINN innut e m— N OF FLIGHT DATA FOINTS  (MANX=100)
P X\ 1nput deqrees LATUTUDE, L AUNCH
XXAL ft STORAGE [ Y(3,5) 1]
XXHC Flaw? STORABGE { HC )
‘ X XRM ft STORAGE [ RN 1
; ¢ XXvg e STORAGE € Vi ]
: 4 XXW\ spe/fLead STORAGE € Wy 1
Y {variabla) DUMMY (locally defined)
Y1, ) tormul as ft/mec VELLCT Y, ASCENT
Y2 M) fara] a Ib WEIGHT, FAYLOAD
Y3, N} formula ft ALTITUDE
Y{4,N) tormula Rankine TEMPERATURE, FILM
Y (5, N +ornul s lb WEIGHT, G6GAS
Y (6, ) formul as Rankine TEMPERATURE, GAS
Y74 N formu! as tEanl VOLUME, GRS
Y8, M) forml as Ih74ter? PRESSURE, BAS
IF1Y £t AL TITUDE Ci OSURE
28 Model deqgrees SOLAR 2ENITH ANGLE
22 Model +t ALSITUDE, OFTICAL AIR MASS
MNOTES: ‘def/inp® tndicates defawll value can be changed interactively.
References to "Madel ", "furmil oa® and “formulas® can be found 1n
program “FROUDE® listing.
Required definitions of subrouline terms can also he found in
prougram ‘FROUDE® listinag.
Terms "ASTOR' and “THTOF ased 1n program ‘FROUDE® have no default
values: select reasonabl e values based on expacted flhight profile.
i
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