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List of Symbois

A - e

Atank -~ surfacs area of fuel tank

] - acceleration |

8 - semimajor axis

Smax - maximum acceleration

min - minimum accaleration

F - force

g - value of acceler-ation due to gravity at earth's surface

(V) - gravitational constant

h - height

h - altitude from surface of the earth

hvapor - heat of vaporization of fuel

P - ISP of engine

Kinsul - conductivity of insulation

] - length

m - mass

Mair - mass of air in the cabin

mprnout = mass of vehicle at burnout |

Mcabin = mass of cabin

Mcargo module ~ Mass of cargo module

Merew - mass of crew members

Mgot fuel = mass flow rate of propellents

Meyap <~ mass of fuel that evaporates

Mfyel - mass of fuel required for given aV

Minsyl - mass of insulation

2
ft°2
ft /sec® 2
ft
ft /sec* 2
ft/sec"2
Ibf
ft/sec” 2

lbm/1bf ft/sec2
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ft
BTU/1bm
Sec
BTU in./ft"2 rankine
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lbm
lom
bm
lbm
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lbm/sec
lbm
bm
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Minitial =

mass of vehicle at bagining of burn

miife support mass of.life support.systems

Mpey - mass of payioad
Mehiglding =  mass of meteorite shieldinq |
| Mstructure = Mass of structure of the cabin
Msupport structurs - mass of the support structure for the fuel tanks E
Miank - mass of fuel tank "
Mtotal - total mass of vehicle including fuel
n - number of crew members
o - stress
omax - maximum allowable stress in a material
Pbottom - pressure at bottom of tank
Pfuel - vapor pressure of fusl’
Pvapor - vepor pressure of fuel
Qut - rate of heat leak into fuel tank
Qtotal - total heat lesk into fuel tank
R - mass ratio
r - altitude from earth’s center
r - density
ffuel -~ density of fuel
Finsul = density of insulation
Fmetal - density of metal in structure

rmetal in m - density of metal in tank

Ftank -
( -
t -

tinsul -

radius of fuel tank
time

time of burn

thickness of insulation

Ve

lbm

" lbm
" tbm

bm
lbm
lbm
bm
1bm

psi

psi

psi

psi

psi
BTU/hour
BTU

ft
Ibm/ft°3
lbm/ft"3
Ibm/ft*3
lbm/ft*3
Ibm/ft*3
ft:

hr, min, sec
seconds |
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Ted =~  endurancsof mission | ' hour's
~ Thrust - -~ enginethrust . SRR
Th <  insidetempersturecffueltk . . renkine
Tout - | outsids temperaturs of fuel tank » ~ ronkine
Y - yelely | | | ft/sec
VYmetal in tank - volume of metal in fusl tank E 3
ik -  volumaof fusl tank " 3
Vexhaust = effécﬁve exhaust velocity ft/sec
a¥y - change in velocity ft/sec
Booo- gravitational mess parameter for earth ft°3/sec’2
VAl



INTRODUCTION

This document contains reference materials, calculations, and trade studies used in the
analysts and selection of YSTAR components. The document is organized by each major YSTAR
system each of which contains material pertinant to that system. Many sections contain simple
graphs and tables used to make qualitative comparisons of various YSTAR component candidates.
Equations and/or calculations used for 8 particuler analysis are also included whers spplicable.
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aY ANALYSIS

SLR Mission

This analysis determines the impuise meneuvers required for executing LEO to GEO
Hohmann transfers for the SLR mission. Two possible methods of transfer are considered for
this orbit change. The first aY calculation applies to the LEO-GEOD transfer involving the
transfer from LEO to a high-eerth orbit followed by a plane change to place the vehicle in
geosynchronous orbit. The total a¥Y requirgd for the method | transfer is found to be
approximately 18,040 ft/sec. The seccqw calculation 15 fo- 8 LEO-GEO transfer in which the
Aorbital plane chenge is executed by a two-impulse meneuver within the altitude change. The
totql aY required for the method 2 transfer is found to be approximately 14,271 ft/sec.

(YA Mission

This analysts determines the impulse maneuvers required for executing the $3.27°
plane change in low-eerth orbit (28.5® Space Station inclination plus 23.27° Earth inclination
relative to the eclliptic plene). The total aY required for the constent orbit plane change is
approximately 22,504 ft/sec.

The calculations associsted with this analysis assume a low-earth orbit altitude of 230
miles and a high~eerth orbit altitude of 22,000 miles. Derivation of equations used in aV

calculations is given in (Ref. ).
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Table ! - Electric Propulsion System Comparisons (2.¢. 19)

simpiicity w— e high lsp
Adv: high Jep mw energy efficient  high thrust
Dis: slectrode-erosion temp. limited  power efficency  high cument
low thrust energy losses
inatabilites
it oun power osses

Table 2 - Liquid Chemical Rocket Engine Comparisons (£, 28)

Rocietdyne Advanced Orbital Transier Vehicle Engine: - '
isp= 482 secs Emlum(mwd)d ozm

Propeliant= LH2, LOX .91 m
Thrust: mass88750 N Nazzbdmvssm

o Mine2225 N .. Area ratiom1300:1

MR (OF)= 6.0:1 Endnomlu-lsehg

M“MMWTNVMM

Isp=488 secs Engine length (retracted)e1.02 m
Propeliant=LH2, LOX (extended)w3.05 m
7 Thrust max=88750 N Nozzie exit diameter=1.63 m
mine222% Area ration840:1
MR(OF)= 8.0:1 Engine mass=204 kg
Aarojet Advancad Orbital Transfer Vehicle Engine: -
Iap=482 secs Engine length (retracted)=0.98 m
Propeliars=LH2, LOX {extendied)=1.96 m
Thrust max=13350 N Nozzie exit diameter=0.78 m
mined45 N Area ratios1200:1
MR(OF)= 8.0:1 Engine masse57 kg
m“%mwmmcmlv:
Isp=470 secs Engine length (retracted)=1.45 m
Propellant=LH2,LOX (extended)=2.90 m
Thrust: max=66750 N Nozzie exit diameterst.68 m
mine18688 N Area ratiom401:125
MR (OF)= 8.0:1 Engine mass=193 kg
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Table 3 - Dual Fuel / Mised Mode Rocket Engine Characteristics (< <)

et v o o o st 4 M s o ——

Both Mode 2

Parameter Mode 1
(LOX/RP-1/LH,) Modes (LOX/LH,)
Vacuum Thrust (1bf) 20,000. 9915.
Vacuum Delivered
Specific Impulse (sec.) 418.6 460.6
Chamber Pressure (psia) 2000. 1007.
Total Propellant Flowrate
(1b/sec) 47.8 . 21.5
Mixture Ratio 4,25 7.0
Nozzle Area Ratio 400.
Nozzle Exfit Diameter (in.) 49.3
Engine Length (in.) 6:.2/95.2*
Total Engine Weight (1b.) : 557.
3 ’
Op:M, MIXTURE RATIO R T O VS . 0,-COOLED ENGIXE;
DEPLOY P/L = mL: s 1B . %78 LB
. & "y !
A oL,
DRY WT. = 5061 LR DRY WT. = 4744 |B
DUAL-FUEL EM3. ﬂzlﬂll otV
NOM. DEPLOY PAYLOAD
7926 LB 0,-CO0LED ENGINE
6093 LB
S 7=
DRY WT, = 3925 LB DRY WT, « 3491 LB

FTR o S R RtV ok, 080 s

10

Figure | - Single Us. Mized Moade OTU Comparisons (Ref. 6)
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Thermal Protection

The selection of the type of radiator was based on survivability, and the membrane area
per Btu/h output. Typically the higher the srea required tne.higher the weight of the device. The
estimated survivability was based on research. For YSTAR the heat pipes are to be used as thermal
buses between fluid systems and the choice of these based on the same characteristics as the
radiator. The data used to determine the ft*2/Btu/h comes from several sources. The Btu/h is
converted from Watts and this wattage is the maximum output of the device under choked flow
conditions. As can be seen in Table , the best heat pipe for the thermal bus is the axially grooved
verisble-conductance hest pipe, but as a radiator, it's survivability is far to low. As for the
radiator, the rotating bubble membrane radfator is the superior choice s ii is highly survivable
and does not weste liquid. (Ref. 4, V6 & 31)

Table *v. Radiator and Heat Pump Data

Ivpe ft2/8tu/h Survivahility
Osmotic Hest Pipe ~0.00293 medium-low
Heat Pipe Sandwich Panel 0.00007 medium
Double Walled Artery Heat Pipe 3.264E-7 | medium-low
Axially Grooved Variable-

Conductance Heat Pipe 1.310€-8 medfum
RBMR 0.00019 high
Liquid Droplet Radiator NA * medium-high
Heat P1pe as Radiator (ave) - 0.00075 medium to low

* this device sprays the hot liquid directly into space but would weigh the same as the RMBR
before the liquid was used up.

12



Mater fal Selection

Teble Sshows the stress allowable and density of each materfal that was considered. The
exact cost of each mater-tal produced is not known, however, besad on research estimated relative
costs have been determined. Compatibility is known and is accounted for in the design. The
materfal with the smallest density/stress is the strongest per unit mass. Metals withstand debris
snd micrometeoroid impact much better than do composites with epaxy bases, because metals tend
to buckle before they are punctured and epaxys tend to shatter.
Therefore a metal is preferred for debris protection. Careful consideration of this data with the
micrometeoroid protection results in the choices mads for the vehicle components.(Ref. 171& 2'9

13



4130 Steel
2024 Aluminum

Boron Epoxy

Grephite Epoxy
Aluminum Oxide/

Aluminum

Boron Aluminum

2024

Boron Aluminum

Graphite Aluminum

GY70

Graphite Aluminum

6061

2024

¥60054 2024

Graphite Aluminum

TS0

2024

Table'S. Material Properties (Ref. 229

allowsblestress  gensity ~ gensitv/stress

(pst)
70000
42000
85333
100000

42222

100000

96889
37911
43156

31

(1bm/in*3)

0.283

0.100

0.072

0.057

0.100

0.100

0.100

0.100

0.100

0.100

4.0428E-6

2.3809E-6

8.4961E-7

S.7000E-7

2.3684E-6

1.00E-6

1.032E-6

2.638E-6

2.317E-6

3.214E-6

low

very low
medium

medium

low

high

high

high

high

high



Debris and Micrometeoroid Protection

BUMPER is a program provided to us by NASA/Marshél to determine the chance of
penetration of a vessel. BUMFER uses the equations based on some simplifying assumptions and
your inputs. There are two modes corresponding to single wall and double wall vessels. For double
wall, inputs are surface area, sheild thickness, sheild stand-off distance, vessel thickness, and
whether or not MLI is being used. For the single wal l» surface area, vessel thickness and MLI use is
inputted. The program then returns the percented chance of debris or micrometeoroid protection,

(Ref. 22,

1S



LIFE SUPPORT
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Table 6 - EC/LSS System Functions (- 10)

ECLSS FUNCTION

. MAJOR EQUIPMENT

9 ATMOSPHERE PRESSUNE & COMPOSITION CONTROL
« TOTAL B PARTIAL PRESSURE CONTAGL & MONITORING
-  PINE DETECTION & SUPPRESSION

PRESIUNE REGULA TION
PORTAGLE OXYGEN SYSTEM
SMOKE/sing DETECTORS
FIRE SUPPRESIION SYSTEM

® MOOULE TEMPERATURE & MUMIDITY CONTROL

B ——
OEMUMIOIFICATION VENTILATION FANS
AIR COOLING MEAT EXCHANGERS

© ATMOSPHERE AEVITALIZATION
e GO CONTROL/REMOVAL/REOUCTION
- 078 N3 MAKEUP
= TRACE GAS MONITOANG & CONTROL

CARSON DIOXIOE REMOVAL AND OXVYGEN GENEAATION
COLLECTION EMEAGENCY OXYGEN AND

CAABON 010X108 ATOUCTION MITROGEN STORAGE

CONTAMINATION CONTAROL

QOO CONTAGL

ATMOSPHERS MONITOA NG

® WATER WIHM
- wWASTEwaTER COLLECTIONSROCESBING
« WATER QUALITY MONITONING
= STORATE & OISTRIBUTION OF AZCOVERED WATER

SVAPORATION PURIFICA TION
WATER QUALITY MONITORING
WATER STORAGE

€ WASTS M“NT .
-  COLLECTANCTESS URME

WASTE COLLECTION AND STORAGE
SMENRGENCY WASTE COLLECTION

« COLLECT/STORE FECAL MATTER HOT/COLD WATEA SUPPLY
@ VA RUFPORT * -
- SUITS AND BACKPACKS
PROVIOE SXPENOASLES/SUPPOAT TQ SMU & MM RECIARGE STATIONS
- PROVIOL LIFE SUPPOAT SEAVICES TO AIR LOCK SUMORT

AIRLOCK/MYPEABARIC FACILITY

Table - EC/LSS Performance Requirements (Ra¢. 10)

(& ] MINIMUM, -
(2 1N NO CASE SMALL THE

PRESSURE.
(13 CFU - COLONY FORMING UNITS.

ARE AVAILABLE.

L 1] SASED ON NMS 8060. 18, (JS40000),

PARAMETER UNITS OPERATIONAL OEGGRADED (1!
[ PARTIAL PRESS MG 3.0 MAX 7.6 MAX
TerERATURE 0€G # &7 0045
OEW POINT {2) ' 0eG ¢ 40-40 3%-70
POTABLE WATER LB/MAN=DAY 6.8-8.1 883
HYGIENS WATER LO/MAN-DAY 1212 ¢
WASH WATER LEMAN=DAY 31D 143
VENTILATION 37 1840 10-100
PARTIAL (7Y 2.7-32 2.4-33
Prassuat @
TOTAL PRESSUAE (B) rFRA 1020R 147 102 0R 14.7
DILUTE GAS ——
TRACE CONTAMINANTS (30 T
MICAC=ORGANISMS crune? (g) $00 (7) 750 (N
NOTES:

mn DEGRADED LEVELS MEET “FAIL OPERATIONAL” CRITERIA,
(23 RELATIVE HUMIDITY SHALL B8 WITHIN THE RANGE OF 2373 PERCENT.

PARTIAL PRESSURE BC BELOW 2.3 PSIA, OR
THE O9 CONCENTRATION EXCEED 259 PERCENT OF THE TOTAL PRESSURE AT
4.7 OR 30 PERCINT OF THME TOTAL PRESSURE AT 102,

(s} ALL SYSTEMS SHALL 88 COMPATISLE WITH BOTH 10.2 AND 14.7 PSIA TOTAL

n THESE VALUES REFLECT A LIMITED BASE. NO WIDELY SANCTIONED STANDARDS

17
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Table 8 - FC/LSS Querage Design Loads (Rt 19)

« METASOLIC 154 LE/MAN DAY
« LEAKAGE AIR £.00 LB/DAY TOTAL
- §VAOy - 122 L8/B HR EVA
- EVA 1.48 LB/8 MR EVA
« METASGLIC COq 2.20 LE/MAN DAY
- DRMNK 4.00 LEMAN DAY
- POOD PREPARATION 1.58 LA/MAN DAY
« METASOLIC H0 PR on 0.78 LB/MAN DAY
~ CLOTHSW 27.50 LE/MAN DAY
« MAND WASH 4.00 LB/MAN DAY
« SHOWER M0 .00 LR/AMAN DAY
= Ivamo - 9.88 LB/8 HR EVA
- P TION ANO RESPIRATION H20  4.02 LA/MAN DAY
« URINAL FLUSH H20 1.08 LB/MAN OAY
- URING 331 LB/MAN DAY
- FOO00 SOL108 180 LE/MAN DAY
= £990120 .00 LB/MAN DAY
« POOD PACKAGING 1.00 LBAMAN DAY
« URING S0LI0S 0.13 LB/MAN OAY
« PECAL SOLIOS 0.07 LBAMAN OAY
= SWEAT SOLIOS LB/MAN DAY
« VA WASTEWATER 2.00 LB/S HA EVA
= CMARCOAL AEQUINED « 013 LBMAN DAY
= METASOLIC SENSISLE MEAT STU/MAN DAY
- WYGIENE LATENT 430 0.96 LB/MAN DAY
= POOD PREPARATION LATENT M0 0.08 LB/MAN DAY
= LAUNORY LATENT M0 0.13 LE/MAN DAY
« WASH H20 SOLIDS 0.44%

- SHOWE WASH H20 SOLI08 0.12%

= AIR LOCK GAS LOSS : 1.33 LES/USE

- TRASH 150 OAY
~ TRASH VOLUME 0.30 FT3/MAN DAY

Table @ - EC/LSS Technology Requiremenfs (Rek. 10)

= PBECAL WASTE MANAGEMENT
=  TRASWPOOD MANAGEMENT
= SENSOR OEVELOPMENT

S MASE GAUGING
O TRACE GAS
GAIRMATER QUALITY

= WATER RECLAMATION/PROCESSING SYSTEMS
= REGENERATIVE COq REMOVAL/REDUCTION SYSTEM

= MARS ATMOSPHERE PROCESSING SYSTEM FOR OXYGEN,
NITROGEMN & WATER .

.
27
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There are several equations required in cost analysis. These equations are given below for
each of the subsections, vehicle costs and program management costs. Yehicle costs are ip 1_978 dollers
which must be muitipled by 2 to approximate 1988 dollars. The management cosis are functions of the
vehicle costs. (Ret. 2.1)

Yehicle Costs

DOT&E

Structural Cost = (2)( 1.8531)(Structural Weight)0.491

Electrical System Cost = ( 2)(0.6000)(Electrical System Weight)0-584
Propulsion System Cost = (2)(0.107S)(Propulsion System Weight)o'876

FH
Structural Cost = (2)(0.4445)( Structural Weight)0.440
Electrical System Cost = ( 2)(0.0422)( Electrical System Waight)0- 784
. Propulsion System Cost = (2)(0.1158)( Propulsion System Waight)0-SS0

Management Costs

Integration, Assembly & Checkout
DDT&E = 9.1208(STE)0.461
FH = (Total FH)0-832

System Test and Evaluation

DDT&E = 13.101(Total FH)9-672

FH iszero. It is accounted for in cost of operation.

22



Systems Engineering & Integration
DDT&E = 0.4519(Dise)0-876
FH = 0.3750( Total FH)0-855

Program Management
DDT&E = 0.6952(Disas)0- 73!
FH = 0.3146(F15)0- 798

Suplementary Equations

STE = 11.232( Total FH)0-672 |
DISG = Total DDTA&E + Integ., Assem. & Check ( DDT&E) + Sys. Test & Eval. (DDT&E)

' DISGS = STE + Total DDT&E + Integ., Assem. & Check (DDT&E) + Sys. Eng. & Integ. (DOT&E)

FIS = Total FH + Integ., Assem. & Check (FH) + Sys. Eng. & Eval. (FH)

23
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Optimization Methods

The following describes the derivation and assumptions made for each of the mathematical
expressions describing the caiculated parameters. The analysis is based on a division of the

configuration into the components shown in figure 3.
The mass of components in many cases are thy .Jm of the masses of the subcomponents.

Their derivations are discussed under the appropriate sections and are not repeated here.
Calculation of meahin : The mass of the cabin is constant and not dependent on the

acceleration loads during flight. This is justified by assuming that it will be launched in one piece
from the space shuttle and will necessarily encounter higher accelerations during launch than
those experienced for a typical mission.

Mcabin = Merew * Mair *+ Mstructurs * Mshielding * Mother
=600+ 150+ 1140 + 157 + 200
= 2247

Calculation for myife support : The mess of the life support system includes the mass of

the power supply system and is equal to a base mass plus the mass of the consumables ( breathing
oxygen, water, etc) usaed per hour by the crew.

Miife support * f(*of crew, Tend)
= 1075 + 1.39 n Tong

Calculation of Meargo mogule: The mass of the cargo module is dependent upon the mass of

structures abave it which it will have to accelerate during thrusting periods, as shown in figure §

25
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Mcsrgo modute = f (Mcabin. Miife support: Mpay: Smax)
An approximate function for the mass can be developed by considering figure #.
Let A be the cross sectional area of a column of density, r, and maximum allowable stress,

0, and length 1. The material must withstand the stress gener-ated from mass m and acceleration a

The force exerted on the column is:
F=ma

and 1S oqual :
F=Ao

Equating and solving for A gives:
A=ma/o

The mass of the column is then :

Meolumn =A1r

=rimas/o .. (1"

This equation is based on the assumption that the mass of the column does not contribute

any to the stresses in it. This is a reasonable assumption if m > Megjumn -
An extrapolation can be mads from the column of Figure 6 to the proposed truss structure

of the cargo module in Figure s if the additional assumptions are made :

27
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Figure 4 - Stress in a Column
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Figure S - Two Possible Tank Configurations
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1) The cross sectional arsa is equal to the sum of the cross sectional areas of the

constituent members of the structure.

2) The meximum allowsble stress fn the supporting members s much lower than the
compression yield stress to account for lower buckling stresses in a slender column.

3).The effective density is higher than the actual density to account for the presence of
cross beams and disgonal members which do not besr the compressive locads.

Typical r/o values for steel and aluminum are 3.8 x 10~6.and 2.9x 10~6 [1bm in /1bf],
respectively. For Aluminum with the maximum allowable stress to be 1/10 the compressive
7ield stress, the effective density to be 3 times the actual density, and a length of 20 feet, the

following expression results:
Msypport structure = 0.017 M amax

Including an approximate value for the mass of the metiorite shielding gives:

Msypport structure * 150 + 0.017 m 3max
Where:

m = Meabin + Mlife support * Mpay

Calculation of myank : Two possible configurations for the arrangement of the fuel tanks
are shown in figure S.

The tanks in FigureSA are of equal radif, but because of different volume requirements
they are of different lengths. They employ a monocoque structure which resists internal pressure

and the forces due to acceleration and the mass above it. Figure 78shows two spherical tanks with
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8 seperate support structue for resisting the acceleration loads. The tanks in Figure 74 are
efficient in thet they provide a dual role in resisting the internal pressure and the loads due to
acceleration. However, the nonsherical geometry is inefficient in providing a light tank fora

given volume. Additionally, the monocoque skirt between the two tanks will provide an excellent
path for heat conduction between the two tanks at different temperatures, which if carrying LO2

and LH2 will be over 100 degrees rankine difference. This will complicate thermai control of the
two tenks and increass boiloff losses. The arrangement of Figure 78 was chosen because it allows

the use of spherfcal tanks which weigh less for 8 given tank voiume, and since they are not actively
involved in resisting the acceleration loads, thgy can be more completiey thermally isolated.
The mass of the tank can be expressed in the following form :
Miank =  ( Mfyel. Ffuel. Mevap Pruel: 8min. "metal)
The required volume is given by :
Vtank = (Mfyg] * Meyap ) / Ffygl
The radius is given by :

Pank =( 3 Viank / 4 pi) /3

From fluid statics the pressure of a liguid of density, r, under an acceleration, a, at a
depthof h is:

p=pg+rah
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‘Applying this to & spherical fuel tank.:
Pbottom = Pvapor * 2 Mfugl Amin Mtank

It can be shown that for a constant thrust, the greatest pressure will occur at the bottom
of the fully filled fusl tank even though the acceleration is at a minimum. Assuming a thin walled
pressurs vessel the thickness required is:

Ytank = Pbottom Mank / 20
Theareais:

Atank = 4 T Ptank 2
The volume of metal in the tank is:

Vmetal n tank = Atank tiank
And the mass of the tank is:

Mtank = Ymetal in tank "metal

Calculation of Mevap: The fuels ars cryogenic and are assumed to be continually receiving
a heat input which holds them at the boiling point for a given pressure. Any hest input is used in
vaporizing the 1iquid into its gaseous state, which is immediatly vented, thus keeping the pressure

constant.
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The perticular fnsulation chosen conducts heat thirty times faster in the direction parailel
to the layers then in the direction perpendicular to the layers. it will be assumed that the hest

received from radiation on the illuminated side of the tank will be conducted to the unilluminated
side allowing an average surface temperature Tyt to be used in the below equations. ‘

It is essumed that this is the only source of heat input into the tanks for the entire
mission. This is not true however since there will be a radiated and conducted heat transfer during
the firing of the engines due to the fuel tanks being in close proximity to the hot engine and exhaust
plume. These caiculations may be dependent on many varfables, but only the heat due to the
radistion on the illuminated side of the tank is considered in the following calcuiation.

The hest lesk rate into the tank is given by :
Qgot = Kinsul Atank (tout ~tin )/ tinsul
Then the total heat lesk is simply :
Qtotal = Odot Tend
And the mass evaporated is :
Mevap = Qtotal / Nvapor

Calculation of mipgy : The insulation is assumed constant thickness and covers the entire

spherical tank.

Minsul = Minsul Atank tinsul
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Calculation of Meypport structurs: The equation for the mass of the support structure is
developed along the sama 1ines 8s Mcargo module- !t 1S 8ssumed to be of the form :

Msypport structure = 200 + 0.017 m &max
Where :

m = Mcabin * Miife support + Mpay * Mtank
200 - approximate mass of meteroite shielding

Caiculation of Mengine : The mass of the engines are assumed to be known for a given

configuration and are taken from the avaliable literature.
Caiculation of Mppnout 30d Migtaj : The burnout mass is simply the sum of all the masses

caiculated above. The total mass is the sum of the burnout mass and the mass of the fuel.
Calculation of amax 3nd 8mip : The thrust is assumed constant over the burn time. By

assuming specific thrust vs. time profiles, the maximum accelerations could be reduced while still
sllowing relatively short burn times, however, here it is assumed they are constant.

The accelerations then are simply :

8max = Thrust / mprnout

3min = Thrust / mygta)

Calculation of mass ratio: It is assumed their will be no losses due to gravitational and

drag effects. The mass ratio required then for agiven aV and ISP is:
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R=ga¥Y/ gISP
Calculation of mfye) :
From the definition of mess ratio:
R =( mpppout + mfuel ) / Mppnout
Solving for meye) gives:
Myl = Mprnout ( R= 1)
There is one other assumption made in the program that needs to be pointed out. The boiloff occurs

before the engines ignite. This results in a higher mass ratio than actuaily needed since in reality
the boiloff would occur continually and some of the fuel mess would not be imparted the full

29,000 ft/sec av.
Calculation of burn times:
For agiven aV:

mfinal = Minittal 6~4Y/9ISP

The mass of the fuel used is:

Mfuel = Minitial = Mfinal
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The thrust can be expressad as:
Thrust = mdot fuel Yexhaust
Since the values in the above equation are constant:

Thrust = mfyel g ISP/ ¢

Solving for t:

t = mfye) g ISP / Thrust

Correctina for units:

t = mfye} g ISP / Thrust ge
t = mfye] ISP / Thrust

The program listing and program runs ars included below. Following this are graphs
showing data on the liquid hydrogen and 1iguid oxygen as used in the program.
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OXYGEN/HYDROGEN RATIO

OXYGEN/RPJ RATIO

ISP

ACCELERATION - MAX.
ACCELERATION - MIN.
DELTA V - OBTAINABLE
MASS RATIO

STUCTUAL COQEFF.
PAYLOAD COEFFICIENT
TIME, ENDURANCE
THRUST

MASSES OF COMPONENTS
CABIN
LIFE SUPPORT MODULe
CARGO MODULE
CARGO
SUPPORT STRUCTURE
HYDROGEN TANK
OXYGEN TANK
RPJ TANK
ENGINE
TOTAL BURNOUT MASS
MASS OF FUEL
TOTAL MASS

TANK

PROP.

SURFACE

MASS

MAX. STRESS

METAL DNSTY
PRESS., BQT.

RADIUS

SURFACE AREA

THICKNESS
VOLUNME

VOLUME, MTL

VAPOR PRS
DENSITY
MASS
TENP.

HEAT. VAPRZ
TEMPERATUE
INSULATION - RHO (lbm/ft*2-inl

- MASS

- THCKNS (inl
-K (btu-in/hr-£t~2]:

HEAT LEAK - RATE

- TOT

MASS EVAPORATED

{g’sl
{g’'s]
{ft/mec]
.1

£.1

[.1
{hours]
{1bf]

:
[lbml
[1lbm]
{lbm]
{1lbm]}
(lbml
[1lbm]
{lbml
(lbml
[1lbm]
[1lbml
Clbml
(lbm]

(lbm] H
{lhf/in*21:
{lbm/£t~3]:
(1lbf/in*21:
[£t] :
[(££+21
[in]
(££+31
[£++31
(lbf/in*21
[1lbm/£t+31
[1bml
(rankine]
(btu/lbm]
{rankine]l

(lbm]

{btu/hourl:
{btul
{1bm]

W
. O

7

4.23
420
2.42
0.28
29000
8. 3536368
0.0733
0. 0496
72
30000

2247
1376. 86
S04. 8966
S000

- 642. 4102

936. 6639
448. 6059
74. 83677
1000

12392. 82
93396. 84
105789.7

HYDROGEN

936. 66
33000. 00
489. 00
20. 14
8.09
822.78
0. 0279
2219. 22
1.92
20. 00
4. 38
9681. 38
38.38
188. 16
600. 00
0.20
41.14
0.25

0. 0000S6e
103. 51
7452. S4
39.61

OXYGEN
448.61
335000. 00
489. 00
21.67
6.18
479. 635
0. 0230
987. 80
0.92
20.00
68. 64
67769. 66
166. 41
91.62
600. 00
0.20
23.98
0.2S

0. 000056
46. 59
3354. 22
36.61

RPJ

74. 84
35000. 00
489. 00
21.28
3. 42
147.12
0.0125
167.79
0.15
20.00
9S.11
15945. 80
58. 33
100. 00
600. 00
0.20
7.36
0.25
0. 000056
17.85
1288. 23
12.8S



OXYGEN/HYDROGEN RATIO (.1
Isp .1

7

460

2. 45
0.335
29000
7.084234
0. 0887
0.0611
72
30000

2247
1376. 86
S508. 9224
S000
641.6741
902. 9388
438.6012
1000
12253.81
74535. 06

]

s

ACCELERATION - MAX. {g’s] H
ACCELERATION - MIN. [g’s] :
DELTA V - OBTAINABLE (ft/secl :
MASS RATIO .1 ]
STUCTUAL COEFF. .1 ]
PAYLOAD COEFFICIENT .1 H
TIME, ENDURANCE {hoursl :
THRUST (1bf] s

MASSES QF COMPONENTS :

CABIN [1lbm] H
LIFE SUPPORT MODULE ([lbml s
CARGO MODULE Clbm] s
CARGQO (lbml 3
SUPPORT STRUCTURE {lbm] H
HYDROGEN TANK {1lbm] ]
OXYGEN TANK [lbm] H
ENGINE [1lbm] H
TOTAL BURNOUT MASS (lbml H
MASS OF FUEL Clbm] ]
TOTAL MASS Clbm] 3

TANK - MASS [1lbm] :

- MAX. STRESS [lbf/in*21:

- METAL DNSTY [(lbm/£t~31:

- PRESS., BOT. [1bf/in*2]:

- RADIUS [£t1 :

- SURFACE AREA [ft+2] :

- THICKNESS {inl H

- VOLUME (££~3] H

- VOLUME, MTL (£t~31} 3

PROP. -~ VAPOR PRS [1bf/in*21:

- DENSITY [1lbm/£tA3]:

- MASS {lbm] :

- TEMP. {rankinel :

- HEAT.VAPRZ (btu/lbm] :

SURFACE TEMPERATUE (rankinel :

INSULATION - RHO {lbm/ft~2-inl:

- MASS {1lbml :

- THCKNS [(in] s

-K [btu-in/hr-£ft+21]:

HEAT LEAK - RATE (btu/hourl:

- TOT [btul H

MASS EVAPORATED [1lbm] :
37

86808. 88

HYDROGEN
902. 96
35000. 00
489. 00
20.17
7.99
802.17
0. 0276
2136. 36
1.85
20.00
4,38
9319. 38
38.38
'188. 16
600. 00
0.20
40. 11
0.25
0. 000056
100.91
72635. 84
38.62

OXYGEN
438. 60
35000. 00
489. 00
22.01

- 6.10
467.62
0. 0230
S350. 87

0. 90

20. 00
68. 64
635235. 68
166. 41
S1.62
600. 00
0.20

23. 38
0.25

0. 000056
45. 42
3270.10
3S5.69



OXYGEN/HYDROGEN RATIO (.1

ISP .1
ACCELERATION - MAX. (g’s]
ACCELERATION - MIN. (g’'s]
DELTA V - OBTAINABLE (ft/sec]
MASS RATIO .1
STUCTUAL COEFF. .]
PAYLOAD COEFFICIENT .1
TIME, ENDURANCE (hours]
THRUST (1bf)
MASSES OF COMPONENTS
CABIN (lbm]
LIFE SUPPORT MODULE (1lbm])
CARGO MODULE C(lbml
CARGO (lbml
SUPPORT STRUCTURE {lbm]
HYDROGEN TANK {lbm]
OXYGEN TANK Clbm]
RPJ TANK (lbm]
ENGINE (lbml
TOTAL BURNOUT MASS (lbml
MASS OF FUEL (lbm)
TOTAL MASS (lbml
TANK - MASS {1bm] :
- MAX. STRESS [1lbf/in*2):

- METAL DNSTY (lbm/£t~31:

- PRESS- » BOT.

(l1bf/in*21]:

- RADIUS [£tl 3
- SURFACE AREA (ft~2] H
- THICKNESS {in] :
- VOLUME {(££+31 s

- VOLUME, MTL [£ft~3]
PROP. - VAPOR PRS

[1bf/in*21:

- DENSITY (lbm/£t+31:

- MASS C(lbm]

- TEMP. (rankinel
HEAT. VAPRZ [btu/lbm]

SURFACE TEMPERATUE
INSULATION - RHO [lbm/ft*2-in]

HEAT LEAK

MASS EVAPORATED

[rankinel

%0 20 00 se 00 es se e S0 00 B0

- MASS {1lbm]

-~ THCKNS [inl

-K [(btu-in/hr-£ft+21]

- RATE (btu/hourl

- TQT [btul
{1bml

00 e 40 S0 60 0 0e G0 00 20 06 oo

- 38

6

470

2.44

0. 36
28999. 99
6.795188
0.0930
0. 0636
72

* 30000

2247

1376. 86
S507.1932
3000

641.9901
S88. 1334
411.80S3

3. 70943E-08

1000

12313. 14
71356.95
83670. 09

HYDRQGEN
988.13
35000. 00
489. 00
20.18
8.23
851. 83
0. 0283
2336. 53
2.02

20. 00

4. 38
10193. 85
38.38
188.16
600. 00
0. 20
42.58
0.25

0. 000056
107.12
7712.90
40. 99

OXYGEN
411.81
35000. 00
489. 00
22.04
S5.97
447. 96
0. 0226
891.52
0. 84

20. 00
68.64
61163. 10
166. 41
91.62
600. Q0
0. 20

22. 40
0.25

0. 000056
43. 51
3132.57
34.19



OXYGEN/HYDROGEN RATIO (.1

ISP
ACCELERATION - MAX.
ACCELERATION - MIN.
DELTA V - OBTAINABLE
MASS RATIO

STUCTUAL COEFF.
PAYLOAD COEFFICIENT
TIME, ENDURANCE
THRUST

MASSES OF COMPONENTS
CABIN

LIFE SUPPORT MODULE
CARGO MODULE

CARGO

SUPPORT STRUCTURE
HYDROGEN TANK
OXYGEN TANK

ENGINE

TOTAL BURNOUT MASS
MASS OF FUEL

TOTAL MASS

TANK MASS
MAX. STRESS
METAL DNSTY

PRQP.

SURFACE

PRESS. , BOT.

RADIUS

SURFACE AREA [ft*2)

THICKNESS
VOLUME

VOLUME, MTL

VAPOR PRS
DENSITY
MASS
TEMP.

HEAT. VAPR2
TEMPERATUE
INSULATION - RHO (lbm/ft~2-inl

- MASS

= THCKNS (inl
=K (btu-in/hr-£ft+2]

HEAT LEAK - RATE

- TQT

MASS EVAPQRATED

.1
[g’s]
[g’s]
(ft/sec]
.1

.1

[.]
Lhours]
(1bf]

H
(lbm]
[lbml
{lbm]
(lbm]
(lbml
[lbml
{lbm]
{lbm]
{1lbm]
Clbml
Clbml

(1lbml H
[lbf/in*21]:
C(lbm/£t431:
{lbhf/in*21:
(&4

finl
[££+31
(££+31
(lb£f/in*21
(lbm/£t~+31
Clbml
[rankine]
{btu/lbml
(rankinel

{1lbm]

S 90 06 92 00 SO PO OGP 00 0 SO S0 0F PG 06 0 W OO

(btu/hour]l
(btul
(lbml

- 39

00 00 00 00 90 S0 0 0 B0

6

486

2. 46
0.39
29000
6.379734
0. 0s88
0. 0687
72
30000

2247

1376. 86
S10. 5695
3000

641.3731
909. 1804
380. 309
1000

12197.84
635621. 38
77819. 22

HYDROGEN
909. 18
33000. 00
489. 00
20.19
8.01
80S. 32
0.0277
2148.97
1.86
20.00
4. 38
9374. 48
38. 38
188.16
600. 00
0.20
40. 27
0.25
0. 000056
101.31
7294. 41
38.77

OXYGEN
380.31
35000. 00
489. 00
22.13
S.81
423.62
0. 0220
819. 87
Q.78

20. 00
68. 64
56246. 90
166. 41
91.62
600. 00
0.20
21.18
0.25

0. 0000S6
41.14
2962. 40
32.33



VSTAR Opriwmasdon Program

10 GOSUB 1000 *INITIALIZE VARIABLES

.20 CLS:INPUT®OPTION 1 OR 2 *;1J0B ~ '~ .
30 ON 1JOB GOTO-40,210 ~ . .. . ST
.. 40 OPEN"Q", #1, "ROCKET1.DAT® . - =~ - ° = .. -

S0 FOR CONFIG=1 TO 6
60 READ OXH, OXRP, ISP

70 TEND=72

80 THRUST=30000

90 TINSUL(1)=.25

100 TINSUL(2)=.2S

110 TINSUL(3)=.2S

120 PVAPOR(1)=20

130 PVAPOR(2)=20

140 PVAPOR(3)=20

150 GOSUB 2000

160 GOSUB 3000 ‘GET MFUEL )

170 PRINT#1, OXH, OXRP, ISP, TEND, THRUST, TINSUL(1), TINSUL(2), TINSUL(3), PVYAPOR(1),
POR(2), PYAPOR(3), MFUEL

175 PRINT OXH, OXRP, ISP, TEND, THRUST, TINSUL(1), TINSUL(2), TINSUL(3), PVAPOR(1), PV
R(2), PYAPOR(3) ™FUEL

180 NEXT CONFIG

190 CLOSE#1 , .

200 STOP '

210 GOSUB 7000 ‘ SORT DATA

220 OPEN"Q", #1, "ROCKET3. DAT”

230 .0PEN"I", #2, "ROCKET2. DAT"®

240 INPUT#2, OXH, OXRP, ISP, TEND, THRUST, TINSUL (1), TINSUL(2), TINSUL(3), PVAPOR(1)
POR(2), PYAPOR(3), NFUEL :

250 GOSUB 2000 ’ GET FUEL PROPERTIES

260 GOSUB 3000 *° GET PARAMETERS

270 GOSUB 4000 ° PRINT PARAMETERS

280 IF EOF(2)=0 THEN 240

290 CLOSE

300 sTOP
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1000 ’ eevccssencossenceces INITIALIZE CONSTANTS

1003

1030
1040
1080
1090
1100

1110

1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
12350
1260
1270
1280
1290
1300

3,10)

1310
1320
1330
1340
1350
1360
1370

DIM AREA(3), HVAPOR(3), MEVAP(3), MAXSTRS(3), MTANK(3), PA(3), PTEHP(S) PVAPOR'

. 3?007(3) OTOT(S) RADIUS(S) RFUEL(S) RINSUL(3) RHETAL(a) TANKO(S) TINSUL(Q) TOL
1 1010
- 1020

DELTAVO=29000f -~ =~ - ST
KINSUL(1)=, 0000S6 ' - '
KINSUL(2)s, 000056

KINSUL(3) =, 000056

MAXSTRS(1)=3%5000! _

MAXSTRS (252350001 . . .
MAXSTRS(3) =35000¢

MPAY=S0Q0

PI=3,1415927#

RMETAL(1)=2489

RMETAL(2)=489 .
RMETAL(3)=489

RINSUL(1)=,2

RINSUL(2)s.2

RINSUL(3)s=.2

TANKS(1)="HYDROGEN"®
TANKS(2)=*0XYGEN"

TANKS¢3)="RPJ"

TOUT(1) =600

TOUT(2) =600

TQUT(3) =600

DIM N(3,3)

FOR X=1 TQ 3:FOR v-x TO 3:READ N(X, Y):NEXT Y:NEXT X
DATA 8,10,6

DATA 10,3,2

DATA 3,3,2
DIM THVAPOR(3, 6), HVAPORL1(3,6), PFUEL(3, 10), TPFUEL(3, 10), RFUEL1(3, 10), TRFUE

FOR Xs1. TO 3

FOR Y=l TO N(X, 1):READ PFUEL(X, Y), TPFUEL(X, Y) :NEXT Y -
FOR Y=! TQO N(X, 2):READ RFUEL1(X, Y), TRFUEL(X, Y)sNEXT Y ;
FOR Y=1 TO N(X,3):READ THYAPOR(X, Y), HYAPOR1 (X, Y) :NEXT Y ’
NEXT X

RETURN
DATA 1.044,25.07,1.102, 25. 27, 2. 959, 28.67, 6. 689, 32. 27, 13. 066, 3S. 87 22,992,

« 47, 29, 446, 41. 27, 33. 903, 42. 37
1380 DATA 4.71,26.87,4.61, 30.47, 4. 48, 34. 07, 4. 43, 37.67, 4. 18, 41. 27, 3. 99, 45%. 27, 3.

1390 DATA 32.27,898. 83, 35. 87, 860. 16, 39.79, 804. 12, 43. 4, 744. 19, 47,674. 61, S0. 6, S¢

22
1400

DATA .027,98.67,.035, 116.67, 2. 102, 134. 67, 8. 228, 152.67, 23. 655, 170.67, 78. 7¢

197.67, 196. 692, 224. 67, 322. 342, 242. 67, S01. 725, 260. 87, 611. 814,255 67

1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510

DATA 85.65,97.77,71.2,162.77,.2766, 263. 67
DATA 10, 91.62, S00, 91.62

DATA 10,35,11,3S, 12,35

DATA 73, 38,75, 42, 73, 46

DATA 20, 100, 70, 100

DATA 7, 2.2}, 46Q

DATA 7, 100000000000000000Q0, 460
DATA 7, 4.2S, 420 -

DATA 6, 1000000000000000000, 492
DATA 6, 1000000000000000000, 486
DATA 6, 1000000000000000Q000, 470

41



‘2030 IF PVAPOR(X)<PFUEL(X.Y) THEN 2050 I PR

2000 '0000000.900000000.. GET FUEL DENSITIES
2010 FOR X=1 TQ 3 - -.\. S .
2020 FOR Ysi TO N(X,1) - S - .' S ) s

2040 NEXT Y ’
2030 PTEHP(X)-TPFUEL(X,Y I)O(TPFUEL(X,Y)-TPFUEL(X,Y 1))D(PVAPOR(X)-PFUEL(X,Y 1)

/(PFUEL(X, Y)-PFUEL(X, Y-1))
2060 FOR Y=1 TO N(X, 2)

2070 IF PTEHP(X)< TRFUEL(X.Y) THEN 2090

»

2080 NEXT Y
2090 RFUEL(X)=RFUEL1(X, Y- I)O(RFUELL(X,Y)-RFUELl(x,Y 1))*(PTEMP(X)-TRFUEL(X, Y-1)

/(TRFUEL (X, Y) -TRFUEL (X, Y-1))
2100 FOR ¥=1 TO N(X,3)
2110 IF PTEMP(X)< THVAPOR(X,Y) THEN 2130

2120 NEXT Y
2130 HVAPOR(X)=HVAPORL1 (X, Y- 1)¢(HVAPOR1(X,Y)-HVAPORI(X,Y 1))=(PTEMP(X)-THVAPOR (X

Y-1))/(THVAPOR(X, Y)-THVAPOR(X, Y-1))

2140 NEXT X
2150 HVAPOR(1)=HVAPQOR(1)/RFUEL(1)

2160 RETURN
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3000 ’0009900009090000000 FIND CABIN MASS
3010 MBRNOUT=OQ
3020 MCABIN=600+150+157+1140+100+100

3030 MBRNGOUT=MCABIN
3040 ‘sesesscsnsesssscense FIND LIFE SUPPORT SYSTEM MASS

30S0 MLIFSUP=107S+(33.34/24)+3«TEND

3060 MBRNOUT=MBRNQUT+MLIFSUP+MPAY .
3070 ’'secssscessecsceneses FIND CARGO MODULE MASS e
3080 MCRGMOD=1S50+.017+*MBRNOUT*AMAX . , :

3090 MBRNOUT=MBRNQUT+MCRGMOD R

3100 ‘seesessvressenceeons FIND TANK MASSES

3110 MFUEL(1)=MFUEL/(1+0XH~OXH/OXRP)

3120 MFUEL(2)sMFUEL (1) *0XH

3130 MFUEL(3)=MFUEL(2)/0XRP

3140 FOR X=1 TO 3

3180 MEVAPsQ

3160 VTANK(X)=(MFUEL(X)+MEVAP(X))/RFUEL(X)

3170 RADIUS(X)=(3=*VTANK(X)/PX/74)~(1/3)

3180 AREA(X)=4<PI»RADIUS(X)*2

3190 PA(X)*PYAPOR(X)+(RFUEL(X)/71243)2AMIN»(2RADIUS(X)*12)
3200 TA(X)=PA(X)*RADIUS(X)*12/2/MAXSTRS(X)

3210 T(X)sTA(X)

3220 VMETAL(X)=AREA(X)eT(X)/12

3230 MTANK(X)=sVMETAL(X)*RMETAL(X)

3240 QDAT(X)sKINSUL(X)*AREA(X)*(TOQUT(X)~-PTEMP(X))/TINSUL(X)
3230 QTOT(X)=QDOT(X)*TEND

325Q ’PRINT USINGT ####. ###8" ;MEVAP, MEVAP (X)

3280 MEVAP(X)=QTOT(X)/HVAPOR(X)

3290 IF ABS(MEVAP-MEVAP(X))>.01L THEN MEVAP=MEVAP(X):GOTQ 3160
3300 MINSUL(X)=RINSUL(X)*AREA(X)*TINSUL(X)

3310 MBRNQUT=MBRNOUT+NTANK(X)*MINSUL(X)*MEVAP(X)

3320 NEXT X
333Q ’‘evvsscscvcosessnsces FIND SUPPORT STRUCTURE MASS

3340 MSUPSTR=200+.017+MBRNOUT*AMAX

3350 MBRNOUT=MBRNOUT+MSUPSTR

3360 ’%eesssssncrnsesssese FIND ENGINE MASS

3370 MENGINE=1000

3380 ’‘escsccssescensencsecsese FIND BURNOUT MASS

3390 MBRNOUTsMBRNQUT+-MENGINE

3400 MTOTALsMBRNQUT+MFUEL

3410 AMAX=THRUST/MBRNQUT

3420 AMIN=THRUST/NMTOTAL

3430 ’‘PRINT USING " ####8.  #98#° ; AMAX, AMIN, AC

3440 IF ABS(AMAX~-AC)>.01 THEN AC=AMAX:GOTO 3000

3450 MRATIO=2.7182818#~(DELTAV0O/J2.2/1ISP)

3460 MFUEL1=MBRNOUTe*(MRATIO-1)

3470 ’PRINT USING " ####8884084. 88" ;MFUEL1; MFUEL; HRATIO

3480 IF ABS(MFUEL1-MFUEL)>.01 THEN MFUELsMFUEL!:G0TO 3000
3430 MRATIO=MTOTAL/MBRNQOUT

3S00 DELTAV=32, 2ISP+LOG(MRATIO)

3310 EPSILON=(MBRNQUT-MPAY)/ (MTOTAL-MPAY)
3520 LAMBDA=MPAY/ (MTOTAL-MPAY)

3530 RETURN

43



HE G I & D S G B 1:::) A N & S llll!.llll L] II!I [

. 4010
. 4020
_ * 4030

. 4040
4030

4060
4070
4080
4090
4100
4110
4120
4130
4140
41350
4160
4170
4180
4190
4200
4210
4220
4230

annrox.-oxYGEN/uvnaaazu RATIO t/J .
PRINT#1, "OXYGEN/RPJ RATIO =
PRINT#1,°ISP =~ = c 1

PRINT#1, "ACCELERATION - HAX.. Lg’s)
PRINT#4, "ACCELERATION ~ MIN. (g’s])
PRINT#1, "DELTA V = OBTAINABLE (ft/sec)
PRINT#1, "MASS RATIO (.1
PRINT#1, "STUCTUAL COEFF. €ed

PRINT#1!"PAYLOAD COEFFICIENT €.
PRINT#1, "TIME, ENDURANCE (hourel
PRINT#1, "THRUST (lbz]

PRINT#1, "MASSES OF COMPONENTS :1°
PRINT#1, * CABIN C(lbm)
PRINT#1," LIFE SUPPORT MODULE (lbwm)
PRINT#1, " CARGO NODULE (ibm]
PRINT#1, ®* CARGO (lbm]
PRINT#1, " SUPPORT STRUCTURE (lbm] ~
PRINT#1l, * HYUDROGEN TANR (ibm)
PRINT#1, * OXYGEN TANK (lbm)
PRINT#1, * RPJ TANK (ibmi]
PRINT#1, ® ENGINE {lbml
PRINT#1, "TOTAL BURNOQUT NASS Clbml
PRINT#1, "NASS OF FUEL Clbm)
PRINT#l, "TOTAL MASS Clbml

':'aOXH :
. .3"30XRP
t*; ISP

’3:PRINTOL,USING'01.v#'-AHAx
$®31PRINT#1,USING *##. ##" ; AMIN

1 "3 DELTAY .
:';HRATIO

t ;SPRINTII,USING'O#.0###';=PSIL1
t*;PRINT#L, USINb'#v.ooo#';LAﬂBDA
t*; TEND

s * 3 THRUST

$";MCABIN
1*; MLIFSUP
1 " ; HCRGMOD
3 *; MPAY

3" ; MSUPSTR
s"3MTANK(1l)
$*;MTANK(2)
$";MTANK(3)
$*; MENGINE
s * 3 MBRNOUT
1 *;MFUEL -
s *;MTOTAL

ORIGINAL PAGE IS
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N

S000 PRINT#L, TAB(25);°TANK # »;TANKS{1), TANKS(2), TANKS(3)

. 3010 PRINT#1, "TANK . - MASS . ¢ibwl tf}tPRIuTOL.USIHG !0#######00.0#'
,ARK(&),HTANK!ZI.HTANK(a).~‘ e - B S " _
8020 PRINT#1, " - MAX. STRESS tLbi/in‘ZJz'i:PRINTﬁl,USING'##OO##O###.##';
STRS(I).HAXSTRS(Z).HAXSTRS(S) S R o
s030 PRINT#1," - METAL DNSTY tlbul;t“alz';zPRINTGL.USING‘O####OO##'.##';
TAL(l).RHETAL(Z).RHETAL(Q)
5040 PRINT#1, " - PRESS., BQT. (lbi/in“ZJ:';:PRINT#&,USING'O#########.#t';
x),PA(Z),PA(S) . ' _ ' ‘
S0S0 PRINT#1," - RADIUS (£e) :';sPRINTOL,USING'###J##O###.'v'r
IUS(&).RADIUS(Z),RADIUS(a) ' ’
8060 PRINT#L, " - SURFACE AREA (f£t+2] :';:PRINTOL.USING'###.;#:###.'#';
A(l),AREA(Z).ARSA(S) .
5070 PRINT#L, " - THICKNESS fanl 8'}8PRINT#1.USING'#'##.O##.#"'”
(1), T(2), T(I) .
%080 PRINT#L," - VOLUMNE [£e~31 . t';sPRIHT#L,USING'#vv"cccr#.88';
NK(I),VTANK(Z),VTANK(S;
%090 PRINT#i, " - YOLUME, MTL (£t~3) a';:PRIHTil,USING'wavaqccv;v.t#”{

TAL(L),VHETAL(Z),VHETAL(S)
5100 PRINT#1, " PROP.- YAPOR PRS CLb:/in“ZJt';aPRINT'l.USING'vvvov'ocvw.wc';i

POR(l),PVAPOR(Z).PVAPOK(S)

$110 PRINT#L, " - DENSITY tlbultt‘SJs's:PRIHT#I,USING'vichcO###.c#';i
EL(l).RFUEL(Z).RFUEL(S) ' .

5120 PRINT#L, " - MASS (ilbm) :':zPRINT’l,uszue‘voaav;:ov#.ct';r
EL(l),HFU&L\Z).HFUEL(B)

%5130 PRINT#1," - TENMP. irankanel s';:PRINTO&,USING'Oc#dcvo'v#.04';5
HP (1), PTENF (2), PTENF(S)

%140 PRINT#., " - HEAT.VYAPRZ {btus/lbml :”;:PRINT'l.USING'###vcavva.cr';i

PQR(L),HVA?OR(Z),HVAPOK(&)
3130 PRINT#1, "SURFACE TEMFERATUE (rankainel :';:PRINT#l,US;NG'vvv;'vta'v.wc';i

Ttl),TOUT(Z),TOUT(S)
3160 PRINT#L, "INSULATIUN - k0 tlbml:t“z-xnlz';:PhiNTrl.USING':::»:::::#.;;';r

SUL(ll,RiNSUL(Z:,RINSULi&)

5170 PRINT#1,"” - MASS ilomi :';-HRINTOL.USINB'¢w:¢wc¢'w1.;a’{i
SULtl),HINSUL(Z»,HIHSUL&J: .

8180 PRINT#1,"* - THCRNS (inl z';:PRIHTOL,USING'dwcovlv'v#.tc';l
SUL(l),TINSUL(Z),TINSUL\B)

5190 PRINT#L, " - Cbtu-zn/hr-it“zlz's:PkINTOL.USING'##vvrc.v#!#gc";h

SUL(1), KINSUL(2), KINSUL(3)
2200 PRINT#Ll, " HEAT LEAR - RATE Cbtu/hourl:';:PRINT#l.USING":#;!;;»&%#.:;”;u

T(1),GD0OT(2),WDOT(3)
8210 PRINT#L," - TOT tbtul :';:PRINTOL,USING'##wcccocvv.rc';u
T(1),Q@TOT(2),aTAT(3)
8220 PRINT#1, " MASS EVArURATED (ibmi :';:PRINTOL.USING'#vrtvcc#a#.cv";n

AP(l),HEVAP(Z),HEVAP(S)
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6000 MANVS(1)=*INJECT HOMMAN TRANSFER/®

6010 MANVS(2)=*CIRCULARIZE - ‘*.. . " -
6020 MANVS(3)="DE-CIRCULARIZE @~ '~ Y= [ ~. Sy

6030 MANVS(4)=*CIRCULARIZE R kT e
6040 DELTAV(1)=8329.87 ~ : A R
6030 DELTAV(2)=5741.18
6060 DELTAV(3)=5741.15

+ 6070 DELTAV(4)=8529.87
6080 T=MFUEL+*ISP/THRUST/60 .

6090 PRINT#1i, "TIME OF BURN (minutesl] ";T
6100 MINITsMTOTAL

6110 PRINT:FOR X=1 TO 4

6120 NMFINAL=MINIT*2.724(-DELTAV(X)/32.2/1ISP)
6130 MFUEL=MINIT-MFINAL

6140 TsMFUEL*ISP/THRUST/60

6150 PRINT#L,"° - ;MANYVS$(X);*1"; T, DELTAV(X)
6160 MINITSMINIT-MFUEL . )
6170 NEXT X

6180 FOR X=1 TO 1S:FRINT#l, "":NEXT X

6190 RETURN

ORIGINAL PAGE IS
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. +:7000 N=600

7010

. 7020
{ 7030

- 7040

" 70380
72080

¢ 7070

.. 7080

7090
7100
~7110

ORIGINAL PAGE
IS
OF POOR QUALITY

e

pIM A(u).acu),c<n>,ocu»,z«u:,scu&.scn),atn;.x«u».:cu;,x;u;.utu)

-qesn-;';ox.naocxsrz.nArtl, _ ,
QPEN*0", #2, "ROCKET2. DAT” CT L
NN+l

INPUT#L.A(R).B(K).C(N),D(N);E(N).F(K).G(N),H(N),I(ﬂ),JﬁN),K(N).L(N)
IF_EOF(L)-O THEN 7050

AsQsFOR X=H TO N

IF D(X) > A THEN AsL(X)3Y=X

NEXT X , -
AL-A(H)taL-B(H):cxnC(H):DL-D(H);ELOS(H):FL-F(H)xGL-G(u):HL-H(H):IL-I(H)z

J(H):Kl'K(ﬂ)iLl'L(ﬂ)

7120

A(H)lA(Y)zB(H)'B(Y)sc‘HJ'C(Y)tD(ﬂ)'D(Y)SE(H)'EQXJlFKH)-F(Y)sG(H)'G(Y)iH(

H(Y)zl(ﬂ)'l(?)zJ(H)'J(Y)SK(H)-K(Y):L(H)'L(Y)

7130

A(Y)iAlSB(Y)'BLsC(Y)'CLSD(Y)-DLSE(Y)‘ELSF(Y)ﬂFLSG(Y)‘Gl:H(Yf'Hl:I(Y)'IlL

)iJLSK(Y)-KI:L(Y)sLL

7140
7150
7160
7170
7180
7490

*PRINT A(H),B\Hi,C(H).D(HI.E(H:
PRINT'Z.A(H),B(ﬂ),C(H),D(H),E(H),F‘H).G(ﬂ),ﬂ(ﬂ),I(H),J(H).K(H),L(H)
M=+l

IF n<=N THEN 7080

CLUOSE "

RETURN
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: GOOO OPEN"Q",
. 8010 FOR X=}

8020 FOR Ysi
8030 FOR Y=1
£040 FOR Y=l
8030 NEXT X
8060 CLOSE#L

-

ORIGINAL PAGE Js
‘OF POOR QUALn'y

'.1' *FUEL. DAT' T . / cE

T0 3 - T )

TO: N(X,L):PRI&TO&.PFUEL(X Y) TPFUEL(X.Y)CNEXT Y
TO N(x,z)sPﬂlﬂfﬁl.RFUELl(X.Y) TRFUEL(X.Y):NSKT Y
TO N(x,a)xPRINT'l,THVAPOR(x,Y’ HVAPQE-.X.Y)SNEXT Y
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