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THERMTRAJ: A FORTRAN PROGRAM TO COMPUTE THE
TRAJECTORY AMD GAS AND FILM TEMPERATURES
OF ZERO PRESSURE BALLOONS

By
Walter J. Horn
and

Leland A. Carlson
Texas A&M University

SUMMARY

A FORTRAN computer program called THERMTRAJ is presented which
can be used to compute the trajectory of high altitude scientific zero
prassure balloons from launch through all subsequent phases of the
balloon flight. In addition, balloon gas and film temperatures can be
computed at every point of the flight. The program has the ability to
account for ballasting, changes in cloud cover, variable atmospheric
temperature profiles, and both unconditional valving and scheduled valv-
ing of the balloon gas. The program has been verified for an extensive
range of balloon sizes (from 0.5-41.47 million cubic feet). Instructions
on program usage, listing of the program source deck, input data deck and

printed and plotted output for a verification case are included.

INTRODUCTION
The program described in this report was developed under NASA
Contract NAS6-3072 to accurately compute the trajectory of high altitude
scientific zero pressure balloons, and to compute the balloon film and

gas temperature. A set of five ordinary differential equations based



upon the dynamics and thermodynamics of the balloon system have been
formulated. These equations are solved using a fourth order Runge-
Kutta solution scheme with a variable time step. The program allows
the user to specify a ballast schedule, to select from five atmospheric
models (or supply his own) to adjust for changes in cloud cover and
to account for balloon gas valving.

The background analysis for the computer program is contained in
the reference, "A Unified Thermal and Trajectory Model for the Prediction of
High Altitude Balloon Performance." The purpose of this report is to
detail the use of the computer program. The following section is a
presentation of the governing ordinary differential equations and the
details of the options available to the user of the program. Subsequent
sections will deal with the input data requirements and formats, the
output format (both printed and plotted), a program listing, and the results

of a verification study conducted during the development of the program.

PROBLEM DESCRIPTION

The trajectory of a balloon system is depend~»* upon the dynamics of
the system and the thermal contributions from its atmospheric environment.
Figure 1 contains a schematic of a typica: zero-pressure balloon system
indicating the source of thermal loading on the system. The results of
the analyses are reported in the Reference. They show that the vertical mo-
tion of the balloon is governed by the following set of five ordinary

differential equations:
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Figure 1. Schematic of typical balloon system

with the thermal inputs to the balloon.
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where; t = time
v = vertical velocity of the balloon system
g = acceleration due to gravity
Py = density of air
Vg = volume of the balloon
me = mass of the balloon film
mg = mass of gas
mp = mass of the payload = mass of the balloon system - (mf +m
CD = coefficient of drag
A = effective balloon cross-sectional area = 1.2089 V92/3
z = balloon altitude

(1)

(2)

(3)

(4)

(5)



n

[

balloon gas pressure ORIGINAL PAG
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molecular weight of balloon gas O0R QUALITY

universal gas constant

temperature of the balloon gas

volume flow rate of gas exhausted at entry into float

mass flow rate of balfoon gas during controlled valving operation
temperature of balloon film

net heat flux to film

specific heat of balloon film

specific heat of balloon gas

net heat fiux to balloon gas
molecular weight of air

temperature of the ajr

and the radiative heat transfer to the balloon film can be expressed as

while the radiative heat transfer to the balloon gas can be expressed as

= Bo_ T4
Q "[:§/4 Goy off ¥ 1/26 "e%w,eff * eint"(Tg Te') +

| . i (6)
Cr (Tg = Tg) + CHea(Ty = Tg) - e opp alTy” TBB] s
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Where the effective coefficient of absorptivity of the balloon film, the
effective coefficient of infrared interchange between the balloon film

and gas, the effective coefficient of emissivity of the balloon film, the
effective coefficient of absorptivity of the balloon gas, and the effective
coefficient of emissivity of the balloon gas are expressed in terms of

the gas and film radiative properties as:

Tw?so1 (l-ag)

o = q 1+
w,eff “w 1- "w, 501 (1-ag) (8)
- € Ew
Cint - T - o (l-eg) (9)
i T (1-¢ ) ]
Cw,eff N th+ 1 . 1 __{ (10)
’ - T, ( -eg)
. _ % "w,sol (11)
€ T
- 9w (12)
€
,eff - -
g 1 r‘w (1 eg)
where G = solar constant
re = earth reflectivity (albedo)
o = Stefan-Boltzman constant
CHgf= convective heat transfer coefficient between the balloon film

and gas

CH,..= convective heat transfer coefficient between the balloon film
f and air .

TBB= black ball temperature

S balloon surface area = 4.835976 ng/B

coefficient of absorptivity of the balloon film in the infrared
spectrum

o
w

6
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= coefficient of transmissivity of the balloon film in the solar

T,
W,sol spectrum

o_= coefficient of absorptivity of the balloon gas

coefficient of reflectivity of the balloon film in the solar
spectrum

g .= coefficient of emissivity of the balloon gas
g = coefficient of emissivity of the balloon film i

r = coefficient; of reflectivity of the balloon film in the infrared i
W spectirum '

T = coefficient of transmissivity of the balloon film in the infrared
spectrum

Differential equations 1 through 5, along with the defining equations
6 through 12, are solved using a Kutta-Simpson, one-third rule, fourth order
Runge-Kutta solution technique.

The atmnspheric properties are computed using any of five "standard" i
atmosphere models or a user supplied model. The five standard models are
the 1962 Standard Atmosphere model and four models based upon NSBF temper-
ature-altitude profiles measured during the winter, spring, summer and fall
of the year.

Ballasting is accomplished by providing a ballast rate-time schedule
corresponding to the actual ballast schedule of the balloon flight being
simulated. This schedule represents the ballasting rate at all times
during the flight; therefore, each ballasting operation is represented with
an entry at both the beginning and the end of the ballast drop.

Controlled balloon gas valving operations are modelled in a manner
similar to that for ballast drops. That is, a valving mass flow rate-time
schedule is provided for every point of the flight. Therefore, every val-

ving operation is represented by two entries in the valving schedule; one



at the beginning of the valving operation and one at the end. Valving of
the balloon gas at the entry into float is handled automatically by the
program by monitoring the volume of the balloon. ¥hen the balloon volume
exceeds the maximum volume of the balloon during a time step in the solution,
a sufficient volume of gas is expelled to prevent the volume of the balloon
from exceeding the maximum volume of the balloon and » smaller time step is
used in the solution.

Cloud cover conditions are specified by a time schedule of albedo values
and black-ball temperature prc¢file adjustments at every point in the flight.
Therefore, if accurate cloud cover information is available for the balloon
flight being simulated it can be modellad within the program.

A variable time step solution of the governing differential equations
was developed to economize the solution scheme. Basically, the procedure fol~-
Towed was to double the time step if the computed values of the increment of
the balloon altitude, velocity, and film temperature and gas temperature were
less than some user provided tolerance for the previous three steps in the
solutjon. In a similar manner, the time step was reduced by a factor of 0.5
if the comput:zd values of the same increments mentioned above exceed the user
provided tolerance during any step of the solution and that solution step was

repeated.

PROGRAM USAGE
The computer program is written in FORTRAN IV programming language and
is operational on the Texas A&M Amdahl 470 V/6 and Amdahl 470 V/7B computers.
The program uses plotting subroutines developed by California Computer Products,

Int. (Cal=-Comp) which are available on the Texas A8M computer gzystem.



This section gives an outline of the procedure for using the
THERMTRAJ program for solving the equations, developed in Reference 1
and summarized in the previous section of this report, governing the
vertical motion of the balloon system. Table 1 contains a summary of
the input data cards necessary to run a flight simulation and Table 2
contains a summary of the units of the input data. Table 3 contains a
Tist of the default values of the input variables for the program. Only
those variables that are to be modified need to be assigned values on
the data card associated with the READ (5, FIPUT) statement of line 91
of the source program listing of Appendix A. Table 4 contains a list of
the FORTRAN variable names used in the program and their definitions.
Table § contains a summary of the output of the program.

Figure 2 contains a typical four segment atmospheric temperature-
altitude profile used to define the atmospheric properties at each point
in the balloon flight and Figure 3 contains a summary plot of the five
optional profiles that are contained in the THERMTRAJ program. A typical
three segment black-ball temperature-altitude profile is presented in Figure
4 indicating the FORTRAN symbolic names of the coordinates of each of the
break-points on the profile,

The user may begin the balloon simulation at any point of the balloon
flight. The following input data in the NAMELIST FIPUT must be modified to
correspond to the conditions which exist at the point the simulation is
initialized:

TIMOL ~ Time of initialization of simulation (hrs)

CUTDT - Length of flight from the point the simulation was initiated

(hrs)



ASCRT an¢ HFLIT ~ Must be adjusted so that

HFLIT - BALT
ASCRT

yields either the time from initial start to the estimated
time of float ur the time when TBBC(I) is to be used instead
of the three segment TBB profile

MGAS - Mass of gas at the start of the simulation (g)

MPAYI- Mass of payload, including remaining ballast at the start of

the simulation (g)
A1l other NAMELIST variables are as if the computations were started at the
original launch time and altitude.

The variables of the ballast drop schedule, the cloud cover schedule
and the valving schedule must also be modified to correspond to the initial
s-ur* time of the simulation. Specifically, the times in the arrays TBORP(I),
fCLDC(I), and TVALVE(I) must be times measured from the time of the initial-
jzatijon of the flight simulation, not from the launch time of the balloon.

A1l input experimental data (EMB, EAIRT, EFILMT, EGAST) must be for
times which occur after the time of the start of the simulation.

Finally, the value of four variables within the body of the main pro-
gram must be altered to correspond to the actual beginning of the simulation.
The initial values of TR, TS, Z1, and Z2 (see lines 281-284 of the source
deck of Appendix A) must be balloon gas temperature, film temperature, al-

titude, and velocity at the time of the beginning of the simulation.

10 |
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Order
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11

ORIGINAL PACE (8

Table 1. Summary of Input Cards OF POOR QUALITY
Variables Format:
NTITLE 20A4
NAMEL IST/F IPUT/TIMOL,CUTDT,BALT,ASCRT,HFLIT, Namelist

PASL ,MASSF,MGAS ,MPAY I, VOLMAX, DAYL , TWILT ,ALBED,
FLSOD,PTINC,DTMAX, SPHTW,SPHTG,MOLA,MOLG,ALFRES,
EG,ALFS0O, TWSOL ,RWSOL ,EW,RW, TAUW, TASL , HTROP , TATROs
HTROP2,TATRO2,HTROP3, TATRO3,HFLOT, TAFLO,HBB2,HBB3,
T2T,T3T,T4T,DPLT, IATMS

NBDRP

TBDRP(I) and BRATE(I); I=1,NBDRP 2F10.2
(omitted if NBDRP=0)

NCLDC 15
TCLDC(1),ALBC(I) and TBBC{I) 3F10.2
(omitted if NCLDC=0)

NVALVE

TVALVE(I) and VALYRT(I) 2F10.2
'(omitted if NVALVE=Q)

NEX I3
ELN1,ELN2,ELN3 3F3.0

(omitted if NEX=0)
TT(J),0=1,3; EMB(I),EAIRT(I),EFILMT(I),EGAST(I) 3F3.0,1X,
(omitted if NEX=0) 4F10.4

14



Table 2 Summary of Units of Input Data

ORIGINAL PACE 19’

TIMOL -  hrs, HTROP3 - m
SUTOT - hrs. OF POOR QUALITY TATROPS -  °K
BALT - m HFLOT - m
ASCRT -  m/min., TAFLO u °K
HFLIT - m HBB2 - m
PASL - millibars HBB3 - m
NAS - WL ok
MPAYI - g TAT - oK
VOLMAX - m3 DPLT -  dimensionless
DAYL -~  hrs, IATMS - dimensionless
TWILT ~  hrs, NBDRP - dimensionless
étggg - diqgng}o?1ess ggR&g - m}n:i
- cal/m&e/min, T - g/min,
P¥IN§ - hgs. #gtgg - d;mension]ess
DTMAX -  min, - min.
SPS¥N - ca}fg?i& #Egg - gémension1ess
SPHTG - cal/g -
MOLA -~  dimensionless NVALVE - dimensionless
MOLG - dimensionless TVALVE - min,
ALFRES - dimensionless VALVRT =~ a/sec.
EG - dimensionless NEX - dimensionless
ALFSO - dimensionless ELN1 - hrs,
TWSOL -  dimensionless ELN2 - min.
RWSOL - dimensionless ELN3 - sec.
EW - dimensionless TT(1 - hrs.
RW - dimensionless TT(2 - min.
TAUW - gimensfon1ess ET 3 - S??iib
TASL - - m ars
HTROP -~ m EAIRT - °C
TATRO -  °K EFILMT - °C
HTROP2 - m EGAST - °C
TATROP2 ~ °K

15



TIMOL = 18.0
CUTDT = 24.0
BALT = 120.0
ASCRT = 304.8
HFLIT = 36700.0
PASL = 1013.3
MASSF = 1.842E5

MGAS = 6.9221E4

MPAYI = 1.9682E5
VOLMAX = 6.6375E4
DAYL = 12.0

TWILT = 0.75
ALBED = 0.18
FLSOD = 1.9892E4
PTINC = 0.01666
DTMAX = 5.0
SPHTW = 0.55
SPHTG = 1.24119

MOLA = 28.9644
MOLG = 4.0026
ALFRES = 0.0026
EG = 0.000312

ALFSO = 0.001

Table 3.

Surmary of Input Default Values

16

TWSOL = 0.885

RWSOL = 0.114
EW = 0.031

RW = 0.127

TAUW = 0.842
TASL = 288.15
HTROP = 11000.0
TATROP = 215.65
HTROP2 =20000.0
TATRO2 = 216.65
HTROP3 = 32000.0

TATRO3 = 228.65
HFLOT = 47000.0

TAFLO = 270.65
11000.0
20000.0

214 .4

T3T = 214 .4

T4T = 214.4

DPLT = -1.0

HBB2
HBB3
T2T

IATMS = 5§
RGAS = 8.31432E7
EDOTG = 0.0



FORTRAN
Variable

ABAL
AG
AGEF
ALBC(I)
ALBED
ALFRES
ALFSO

BALT
BRATE(I)
C

CD

CFH

ca
CH

Table4. List of FORTRAN variable names
used within the program ORIGINAL PACE rc
ACE [$

OF PCOR QUALITY
Description

Surface area of balloon (mz)

Acceleration due to gravity (m/minz)

E€fective infrared absorptance of balloon gas

Array of Albedo factors corresponding to times TCLDC(I)

Current Albedo factor (0.18 for clear skies; 0.57 maximum)

Absorptance of balloon gas

Absorptance of balloon film

Estimated balloon ascent rate (m/min)

Subroutine to compute balloon altitude in meters when
the altitude is given in millibars of pressure

Effective irfrared absorptance of balloon film

Plotting subroutine (plots axes)(Local)

Launch altitude (m)

Array of ballast rates corresponding to times TBDRP(I) (g/min.)

Thermal conductivity of air (calorie/min/m/°K )

Coefficient of drag

Function subprogram to compute the heat transfer coefficient
between the balloon film and air

Thermal conductivity of helium

Heat transfer coefficient between balloon film and air

17



FORTRAN
Variable

CHF
CHN
CHR
CHRES

CIT

cuTDT
DAYL
DINCH
DPLT
DTIME
DTIMEN
DTMAX
DTMIN
DX1
EAIRT(I)

EALT(I)

EDOTG

EDOTV(I)

Description 8:_-{ lgg\ﬁé% PAGE .ES‘
QUALITY
Forced convection coefficient between balloon film and air
Natural convection coefficient between the balloon film and air
Heat transfer coefficient between the balloon film and gas
Function subprogram to compute the heat transfer coefficient
between the balloon film and gas
Parameter used to determine relationship of the sun to the
balloon (day/night)
Length of flight to be simulated (hrs.)
Length of daylight (hrs.input; converted to min. within program)
Time of day (hrs.)
Positive value of DPLT generates plotted output
Time incremen. (min.)
Minimum time increment (min.)
Maximum time increment (min.)
Plotting time scale increment (min./inch of plot)
Plotting time scale increment (min./inch of plot)
Array of measured ambient air temperature (°C) corresponding
to the array of times ETIME(I)
Array of measured altitudes (m) corresponding to the array
of times ETIME(I)
Gas volume flow rate for "burping" of gas when float altitude

is exceeded (m3/sec)

Array of gas mass flow rate during valving operation (g/sec.)

corresponding to the array of time TVALVE(I)

18



FORTRAN
Variable

EFILMT(I)

EG
EGAST(1)

EGEF
EINT

ELANCH
ELN1
ELN2
ELN3
EMB(I)

EMB1(I)
ETIME(I)

EW
ENEF
EXPO

EXPT

EXP2

1

i

H

3

Array of measured balloon film temperature (°C) corresponding
to the array of times ETIME(I)
Emissivity of the balloon gas
Array of measured balloon gas temperature (°C) corresponding
to the array of times ETIME(I)
Effective emissivity of the balloon gas
Effective interchange emissivity between the balloon gas
and film
Launch time (sec.) = 3600,*ELNI+60.%*ELN2+ELN3
See ELANCH (hrs.)
See ELANCH (min.)
See ELANCH (sec.)
Array of measured altitude (millibars) corresponding to the
array of times ETIME(I)
Array of In (pressure at launch site/EMB(I)); plotting parameter
Array of times for which measured temperature and altitude
data have been input (sec) = 3600.*TT(1)+60.*TT(2)+T(3)~-

ELAUNCH
Emissivity of the balloon film

Effective emissivity of the balloon film

Exponent used in computing the pressure, density and tewper-
ature as a function of balloon altitude

Exponent used in computing the pressure, density and temper-
ature as a function of balloon altitude

Exponent used in computing the pressure, density and temper-

ature as a function of balloon altitude

19



FORTRAN Description GINAL PAGE 18
Variable 8‘:‘ FOOR QU ALITY

EXP3 - Exponent used in computing the pressure, density and temper-
ature as a function of balloon altitude
FK1,FK2,FK3,FK4 ,FL1,FL2,FL3,FL4,FM1,FM2,FM3,FM4 ,FN1,FN2,FN3,FN4,F01,F02,

FO3,F04 ~ Runge Kutta parameters of the general form:

yi(t+dt)=yi(t)+l/6 (Fil+2Fi2+2F13+Fi4)
fOY‘ i = K,L:M’N!O

FLIFT - Free 1ift on the balloon (kg)

FLSOD - Solar radiation constant (1.9892 10" cal/mz/min)

FLXSD ~ Solar radiation flux adjusted for the time of day
FMTOT - Total mass of balloon system minus the mass of gas (kg)

F1 )

F2

F3 >> - Right hand sides of the five governing first order ordinary
differential equations.

F4

FS/

GR - Grashof Number
GY - Acceleration due to gravity (m/sec?)in Subroutine ATMOS2
H - Parameter in subroutine ATMOS2 to designate altitude (m)

20



FORTRAN
Variable

HB

HBAL
HBB2

iBB3

HFLIT

HFLOT
HMGAS

HTR

HTROP

HTROP2

HTROP3

HTS

HVOLG

ORIGINAL PAGE ig
Description OF POOR QUALITY
Parameter in subroutine ATMOS2 to designate the base altitude
of the various layers of the standard atmosphere (mj
Altitude of balloon (m)
Black ball altitude corresponding to black ball temperature T2T
in a black ball temperature-altitude three segment profile (m)
Black kall altitude corresponding to black ball temperature T3T
in a black ball temperature-altitude three segment profile (m)
Estimated float altitude (m) used to determine TIMFL. When time
exceeds TIMFL, TBBC(I) used instead of three segment TBB profile.
Nominal float altitude (m)
Duplicate storage Yocation for the mass of gas during each time
increment (g)
Duplicate storage location for the balloon gas temperature during
each time increment (°K)
Altitude corresponding to the atmosphere temperature TATRO in a
four segment temperature-altitude profile (m)
Altitude corresponding to the atmosphere temperature TATRO2 in a
four segment temperature-altitude profile (m)
Altitude corresponding to the atmosphere temperature TATRO3 1in a
four segment temperature-altitude profile (m)
Duplicate storage location for the balloon fiim temperature
during each time increment (°K)
Duplicate storage location for the balloon volume during each

time increment (m3)

21



FORTRAN Description

Variable
HZ1 - Balloon altitude during each time increment (m)
HZ2 - Balloon velocity during each time increment (m/sec)

IATMS - Parameter to chouse atmospheric model, i.e.,
IATMS = 1 NSBF Winter Atmosphere
2 NSBF Spring Atmosphere
3 NSBF Summer Atmosphere
4 NSBF Fall Atmosphere
5 1962 Standard Atmosphere
6 User supplied atmosphere
IPC - Printer control character
ITC - Parameter used in varying the tim@ ‘ncrement of the
solution of the governing differential equations
IVOL - Parameter used to identify regions of the flight that
"burping" of balloon gas is reouired
VT - Parameter used to adjust the volume flow rate of the
gas during the "burping" process
KUTTA - Parameter used to direct the Runge-Kutta solution of
the governing orainary differential equations
LINE - Local system subroutine used in the plot portion of the program
LP - Lapse rate of the layers of the 1962 standard atmosphere
as contained in subroutine ATM0S2
MA - Molecular weight of air (Subroutine ATMOS2 parameter)
MASSF - Mass of balloon film (g)

22



FORTRAN
Variable

MGAS
MGASD

MOLA
MOLG
MPAY
MPAYI
MPD(I)

NBDRP

NCLDC

NEX -
NEX1
NEX2
NPC -
NPSUN

NSUN

NTITLE(I)
NVALVE

NYC -
NYCP1
NYCP2
PA -

i

]

4

Description ORIGINAL PAGE IS
OF POOR QUALITY

Mass of gas(g)

Increment of the mass of gas for each time step of the
solution

Molecular weight of air (main program)

Molecular weight of balloon gas

Mass of the balloon payload (g)

Mass of the balloon payload at launch including ballast (g)
Array of mass of balloon payload associated with time of
ballast drops TBDRP(I)

(Number of ballast drops + 1) * 23 input number of ballast
drops required

(Number of cloud cover and/or black ball regions in the flight
simulation) + 1; input number of cloud cover or black ball
regions required for the simulation

Number of measured data peints input

NEX + 1

NEX + 2

Printer control character

Parameter to eliminate the influence of the sun during the
night portion of the flight simulation

Parameter to eliminate the influence of the sun during the
night portion of the flight simulation

Array for storage of an 80 chararfer title

(Number of gas valvings during the flight +1) * 2; input number
of valvings required for the flight simulation

Number of data points collected for plotting

NYC + 1

NYC + 2

Atmospheric pressure in subroutine ATMOS2 (millibars)
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FORTRAN
Variable

PASL
PATRO
PATRO2
PATRO3
PB
PB1(I)

PLOT
PLOTS
PR
PTIMH
PTINC
QF

QG

REY
RGAS
RHOB

RRES
RW
RWSOL
SIGMA
SPHTG

i

Description

Ambient air pressure at the launch site (mb)

Ambient air pressure at HTROP (mb)

Ambient air pressure at HTROP2 (mb)

Ambient air pressure at HTROP3 (mb)

Balloon gas pressure (mb)

Array of pressure altitude parameters corresponding to the array
of times XPTT(I). PB1 = In (PASL/PB)

System subroutine used in plotting phase of program

System subroutine used in plotting phase of program

Prandtl Number

Time of day in hours Data are printed and saved for

Time increment in hours { plotting in time increments of PTINC

Rate of heat transfer to the balloun film

Rate of heat transfer to the balloon gas

Radius of balloon (Main program and subprograms CFH and CHRES)
Univ;rsal gas constan{ {subprogram ATM0S2)

Reynold's number

UniveF;a1 gas constant

Air density at the base of the layers of the 1962 Standard
Altitude in subprogram ATMOS2

Diameter“of the balloon (subprogram CHRES)

Infrared reflectivity of the balloon film

Ultraviolet reflectivity of the balloon film

Stefan-Boltzmann constant

Specific heat of the balloon gaE
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FORTRAN
Variable

SPHTW
STOR
TA
TAFLO
TAK
TASL
TATRO
TATROZ

TATRO3

TAUW
T8

TBB

TBBC(I)

TBDRP(I)

TCLDC(I)

TIME

1

Description

Specific heat of the balloon film

Temporary storage location for the balloon gas viscosity

Ambient air temperature (°K)

Air temperature corresponding to altitude HFLOT in the four
segment air temperature profile (°K)

Ambient air temperature (°C)

Air temperature at launch (°K)

Air temperature corresponding to altitude HTROP 1in a four
segment air temperature profile (°K)

Air temperature corresponding to altitude HTROP2 in a four
segment air temperature profile (°K)

Air temperature corresponding to altitude HTROP3 in a four
segment air temperature profile (°K)

Infrared transmittance of the balloon film

Air temperature at the base of the atmospheric layer of the
1962 Standard Atmosphere in subprogram ATMOS2

Black ball temperature (°K)

Array of black ball temperatures corresponding to the cloud
cover array ALBC(I) and the array of times TCLDC(I). Used
when time exceeds TIMFL. (%K)

Array of times associated with the ballast drops of the
simulated f1ight (min.)

Array of times associated with the cloud cover factors ALBC(I)
and TBBC(I) (min.)

Time of day at each point of the flight simulation (min)
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FORTRAN

Variable Description

TIMFL -~ Estimated time to float. Computed from ASCRT and HFLIT.

TIMH - Time of day at each point of the flight simulation (hrs)

TIMH1 = Time from launch at each point of the flight simulation
(min)

TIMIO - Temporary storage of time of launch (min)

TIMM - Time fromlaunch of each point of the flight simulation
(min)

TIMOL - ﬁggﬁhggglgygﬁyn(5¢§Erggfa1 standard time 1input; converted to

TIMSR - Time of sunrise (min)

TIMSS - Time of sunset (min)

TOHIGH - A parameter in subroutine ATMOS2 which indicates when the
atmospheric pressure input is less than the capability
of the subroutine and thus corresponds to an altitude
that is too high to be accurately modeled by the sub-
routine

TR - Temperature of the balloon gas (°K)

TRDEL - Increment of the gas temperature during each step of the
Runge-Kutta solution of the governing ordinary dif-
ferential equations (°K)

TRK - Temperature of the balloon gas (°C)

TS - Temperature of the balloon film (°K)

TSDEL - Increment of the film temperature during each step of the

Runge-Kutta solution of the governing ordinary differ-

ential equations (°K)
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FORTRAN
Variable

TSK
TSL

TT(I)
TTIME
TTMIN
TTS
TVALVE(I)

TWILT
TWSGL

T1
T1T

T2T

T3T

T4T

uMu
VALVRT(I)

Description

Temperature of the balloon film (°C)

Maximum allowable change in balloon film temperature during
each solution step

See ETIME(I)

Time from sunset or sunrise (min.)

Plotting parameter. Minimun temperature to be plotted (°C)

Time associated with starting conditions (min.)

An array of times corresponding to changes in valving rates
(min)

Length of twitight (hrs)

Ultraviolet transmittance of the balloon film

Temperature of the air in subprogram CFH (°K)

Black ball temperature corresponding to altitude BALT in
the black ball temperature profile (°K)

Black ball temperature corresponding to altitude HBBz
the black ball temperature profile (°K)

Black ball temperature corresponding to altitude HBB3 in
the black ball temperature profile (°K)

Black ball temperature corresponding to altitude HFLOTin
the black ball temperature profile (°K). uUsed for altitudes
above HFLOT

Viscosity of the balloon gas or ambient air, as appropriate

Array of valving mass flow rates corresponding to the times

TVALVE(I) (g/sec)

27



FORTRAN Description

Variable

VOLG - Volume of the balloon (m®)

VOLMAX = Maximum volume of the balloon (m®)

X - Intermediate value in the computation of both the heat
transfer coefficient between the film and gas
(subprogram CHRES) and the heat transfer coefficient
between the film and air (subprogram CFH)

XLT - Physical length of the time axis on all plots (in)

XLT1 - Physical spacing between sets of axes in the plotting (in)

XLT2 - Physical spacing between sets of axes in the plotting (in)

XPTT(I) =~ Array of times corresponding to the arrays of computed
values of gas temperature, YPT3; air temperature,
YPT1; film temperature, YPT2; balloon altitude, YPH;
and the pressure altitude parameter, PB1 (min)

YPH(I) - Array of balloon altitudes, corresponding to the array
of times XPTT(I), to be plotted(m)

YPT1(I) =~ Array of air temperatures, corresponding to the array of
times XPTT(I), to be plotted (°C)

YPT2(I) =~ Array of balloon film temperatures, corresponding to the
array of times XPTT(I), to be plotted (°C)

YPT3(I) - Array of balloon gas temperatures, corresponding to the
array of times XPTT(I), to be plotted (°C)

ZSL - Maximum allowable change in balloon altitude during each
time step of the sotution (m)

A - Balloon altitude (m)
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FORTRAN Description

Variable
21DEL - Ingrement of balloon altitude during each time step of
the solution (m)
22 = Balloon vertical velocity (m/min)
Z2DEL = Increment of balloon vertical velocity during each time

step of the solution (m/min)
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Tabie 5. Summary of Program OQutput

Printed Output

1.)
2.)
3.)

5.)

7.)

8.)

Heading
Listing of input data in namelist FIPUT
Tabular 1isting of the input ballast drop schedule:

Time of ballast drop (sec) Ballast rate (g/min)

(NBDRP values printed)
Tabular 1isting of the input cloud cover details:

Time of cloud cover (sec) Albedo Blackball Temp. (°K)

(NCLDC values printed)
Tabular listing of the input valving schedule:

Time of the valving (sec) Valve rate (g/min)

(NVALVE values printed)

Tabular 1isting of the input measured data from the balloon

flight being simulated:

Time(sec.) Altitude(m) Air Temp.(°C) Film Temp.(°€) Gas Temp.(°C)

(NEX values printed)

The computed values of the effective emissivity of the balloon

gas, the effective emissivity of the balloon film, and the effective
interchange emissivity between the balloon gas and film.

The computed values of the effective infrared absorptance of the
balloon gas and the effective infrared absorptance of the balloon

film.
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9.)

10.)

Plotted

ORIGINAL Pagr i
Tabular 1isting of the computed results: F POOR QuALITY

Time(min), Altitude(m), Velocity(m/min), Air Temp. (°C),

3
Film Temp. (°C), Balloon volume{m )}, Solar Flux, Blackball

Temp. (°K), Free 1ift (kgq), Pressure altitude (millibars),
Mass of gas (g), Reynold's number, Coefficient of Drag,

Payload mass (g)

The total number of data points saved for plotting (NYC).

Qutput (Requires local subroutines equivalent to AXIS1, PLOT, PLOTS, LINE)

1.)

2.)

A plot of the computed balloon altitude-time history and a plot of

the measured balloon altitude-time history (if NEX is not 0), on a

single set of axes.

Plots of the computed balloon film and gas temperature and the ambient

air temperature as functions of flight time. Also plots of measured values
of film, gas and air temperature if NEX is not 0.

A plot of the computed balloon pressure altitude parameter,

n (P as a function of time, and a similar plnt of

Taunch site/Pa1titude)’

the measured pressure altitude parameter if NEX is not 0.
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Carison, L.A. and Horn, W.J., “A Unified Thermal and Vertical Trajectory
Model for the Prediction of High Altitude Balloon Performance," Texas
Engineering Experiment Station Report TAMRF-4217-81-02, June, 1981.
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PROGRAM LISTING
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APPENDIX B
SAMPLE CASE

The input and output for a sample case is presented on the following
pages. The 167N flight launched from Palestine, Texas on July 24, 1980,
wac chosen because it involves most of the features of the THERMTRAJ
program with the exception of programmed valving. The plotted output
should provide a good indication of the accuracy of the program in terms

of predicted altitude as well as balloon gas and film temperature.
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*

Table 1.B. THERMTRAJ input data for the 167N flight
(* Designates the column numbers of the data cards)

335557599123‘567590127‘567599123‘567890[23.567890123‘567590123‘557890!23‘567390
FLIGHT 167«N NUMBER 12 WITH NDCUBLE CO CN CESCENT AND HIGH CIRUS
LFIPUTY TI*DL:IO.SB-CUYDTBlB-50.ASCRT-2¢1-3.PFLth35500..DASL!I’O”..
“QSSF"05‘2EsoNGAslﬁoQZZIE‘D“pAY!.l09652!5|VCLWAXW6.637SE.0cAYL.lﬁao
ALBEQ‘1.Z77507A5L=30‘-SS.HTRDPIlZSOOn.TATRO‘?ZO.G5-HTROPQ'|5300-'
TATROZSZQ\lJﬁnHYF°P3=ZOOOOO’TATRDQIEIl152QPFLQTIJSGOO.o?"LO'ZAEa’JO
Haqa'ISQQO-oHFqslzcoooonTZYizegt‘0737.200t‘QY‘T.2Q9|4'DPLT-|tDo
IAT:$-6.55ND
047 29
673 T257 0446
138550 A : a2 1
. T oY Tidnd 4 b SRR
: e ORIGINAL PAGE 18
0.0 0. 277 209+.4
170+ 0:2775 20444 OR QUALITY
54540 D18 214.4 OF PO Q
|?095 %.18 2t4.4
83
16¢40.00.
1654806000 100040 Jled 314 314 1.4 314
1546070, 782,
1651 0% 670, 240 =85 11.3
16.5840%s 827
17.03.,02. 428,
17037144 362
1711612 301, 3440 w475 «31.0 28,0
1716s72%¢ 233, whd,
17194206 20665
17,2328, 17049
172790, 134, w67 €0 w535 52,0
1763034, 11649
176354000 9640 ~ETeS w6040 =«58.5 @575
17:40000¢ 750 =54.0 wT78.0 53,0 =49.0
17644457, 59,0
1751013, 45,7 =%3e9 48,7 wSlal w449 =a2,7
18,0085 298 “3Tel =451 =501 505 =355
19.08.49¢ 20.2 “A%B.3 43,9 »49.2 w8727 w3545
18204494 118 w375 =393 49,3 =501 w%2.9
193¢32+49s 703 =30.9 w364 LLY-T}! =44,5 “lq3,7
19.42+49, SeN4 =29.:5 34,0 “3Ceh «37.7 wAQ.4
19:.50448, 4,85 2848 =3t o7 w2E.9 =277 w255
19.04,43, 4.78 2945 w304 #2040 »21 4 wlée8
19:106494 4079 =285 “3l1.5 wlGe5 =20.8 L3873 ]
19:20649¢ 4,91 2642 w32 =179 =19s2 =]1S.1
19.,32+,48¢ 4486 =270 “31.2 =186 w19.6 w174
1944249« 4497 w270 =312 wiBel “19.6 wiCel
19.560480 S018 24,5 w3l e3 =l€e8 wl8el widob
204786489 5458 =24.9 w3le8 wl&e2 1764 =1S,3
27429450 5485 w268 w33.,0 w]G? =19.0 ={Ne?
29445028, 620 28,3 =34,8 -]842 ®=18,.1 w]Se6
2106048, 532 w3l.7 «l% .3 2202 «21.8 wFUed
2114508 Sa61 =J48:8 w3541 24,1 w2326 ©w23,0
21.32.,48. 5452 “32.7 “34.7 w217 =2ie4 =213
214854040 Sed2 =39 & LL XY -] =1Se? w195 alB.9
22.04.37¢ S.88 =32.7 =34,8 203 =]{G,6 wiGab
2215036 536 =335 w32 =212 =210 =-2C.8
22,30439. 6+22 =30.6 =34, 18,9 mgQe€ -]8,2
22+85.04¢ 65024 @329 =33.8 =1G.8 LI XY w187
234N03452s 619 «l2.7 iyl =210 =21e2 =19.2
23.15.52a 6406 «33.1 34,6 2262 =236 =215
2327 e51e Gola =315 =360 @212 u22e& ulGe€
23+46¢160 6437 =30.8 w34.8 w20.1 «21.8 18,8
24,3182 5486 =30.2 =3Se7 =13.2 =196 «l4,8
244150360 6497 =34,.1 «37.2 =1G,6 w21e9 =1&,3
28,30.47« T428 35,6 w37.7 =202 =221 «16.6
24+4424A8. 7.70 «34,.,8 «39,2 w20e6 =223 =17.C
25.,0N <480 6069 =35.8 «39,.1 =215 w2le6 w]€,3
25.16e390¢ 6469 =362 LS T w22.8 «22e4 =175
25:30047s 870 =378 =39.7 w237 2244 w]8eS
25,4559 94€0 =35:3 =4l,2 =230 =21.8 wlBel
2601274 1045 =367 =446 =291 =252 =272
26¢30+55¢ 15,5 d2.8 wd7 .G 34,49 =199 =4l.5
264527 1847 wAd3e5 =i8.4 =370 2.9 4% .6
2790531 2045 =465 =48,.3 =38.€ =27.C L YI-ET)
27410474 2249 47,3 =48,8 =41.4 302 i 7,4
27304230 2549 49,1 “4943 =437 w3604 =4E3
2Te4TeS1e 29,3 »5Q0.4 4949 =A6a0 wi2.4 46,3
28.02e51¢ 2641 49,4 =E0e8 =4 848 w4 G2 4G el
28:15451« P61 =497 wS1leS -4Ge2 LLETY:] =4Ge?
28,29+%51» 26.1 “839,7 52.6 4 Ge? =50 «4 w5Cel
284060460 2645 «50.2 w203 =4SG5 «50.7 w504
26,6047 2€43 4G, 1 L2 WY ] =4G.8 508 =50.0
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29430647 279 «A9al 51,2 CEX-X% =*AGeB -4Ge1
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30¢37.58. /6948 “49, 4 «52.0 “4SaT w50e% «S50el
30 +448.56 2847 “348,3 =€lek 4Gl «50 0 =4G.8
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