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1.0 INTRODUCTION

The ELES-1984 computer code is a landmark development in the preliminary
systems analysis of liquid rocket vehicles. It is capable of revealing subsystem inter-
actions and design choice impacts on total vehicle performance. Its use enables very
rapid determinations of optimum vehicle designs.

The liquid propulsion system models in ELES have been developed by Aerojet
TechSystems Company under the auspices of AFRPL during the past few years (1980-
1984). The main purpose of ELES is to find optimum vehicle designs for specified mission
requirements. Toward that end it is eapable of evaluating the size, weight, and perform-
ance of system components over a range of design configurations, materials of construc-
tion, and operating points. These capabilities allow the code to act as an excellent pro-

pulsion system preliminary design traihing tool.

The objective of this manual is to explain the internal structure of the
ELES-1984 computer code. Main topics to be covered are the logic flowchart, internal
variable definitions, data files, and numerical techniques used.

The non-liquid portions of ELES (solid stage design, trajectory simulation,
method of multipliers optimization, ete.) are documented by other sources available
through AFRPL.

There are four manuals which deseribe the operation of the ELES-1984 Computer
Program.

Taylor, C. E.
Expanded Liquid Engine Simulation Computer Program
New Users Guide, Aerojet TechSystems Company, 1984

Taylor, C. E.
Expanded Liquid Engine Simulation Computer Program
Technical Information Manual, Aerojet TechSystems Company, 1984

Taylor, C. E.
Expanded Liquid Engine Simulation Computer Program
Programmers Manual, Aerojet TechSystems Company, 1984

Taylor, C. E.
Expanded Liquid Engine Simulation Computer Program
Advanced Users Manual, Aerojet TechSystems Company, 1984
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Introduction (cont.)

Both users guides are concerned with proper formulation and input of a problem
statement. The new users guide does so in a more basic manner than the advanced users
guide. The technical information manual desecribes the mathematical algorithms used in
ELES to model the various propulsion subsystems. The programmers manual deals with

the internal structure of the FORTRAN ecode, its file structure, and internal communica-
tion.

For more information regarding the ELES-1984 computer program contact

Charles E. Taylor

Aerojet TechSystems Company
P.O. Box 13222

Sacramento, CA 95813

(916) 355-2773



</ 2.0 LIQUID STAGE DESIGN PROCEDURE

The general procedure used for caleulating the size/weight/performance of liquid
stages is described in Figure 2.1. It begins with the initialization of propellant feed
circuit parameters (temperature, pressure, flowrate). The remainder of the procedure

refines those initial estimates.

Refinements to the feed schedules include calculating the engine's barrier mixture
ratio, engine performance, regenerative cooling jacket properties, turbo pump assembly
(TPA) design, propellant tank pressurization requirements, and tankage heat transfer.
Iterative procedures are used for some of the parameters.

When the propellant feed schedules are finalized, the final calculations of size,
weight, and performance of the TPA, engine, and tankage can take place. A stage sum-
mary of those parameters and related parameters can then be made.
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1)
2)
3)

4)

5)
6)

7

8)

9)

10)
11)
12)

Initialize temperature schedule
Calculate engine barrier mixture ratio

Initialize flowrate schedule (using some rough estimates)

3.1) Estimate tank sizes
3.1.1 Estimate tank heat transfer
3.1.2 Estimate pressurization requirements
Calculate feed system pressure schedule
4.1) Calculate engine performance
4.2) Perform regen cooling analysis (if required)

Perform non-conventional nozzle modifications

Calculate flowrate schedule (using improved estimates)

6.1) Caleculate tank sizes
6.1.1) Calculate tank heat transfer
6.1.2) Calculate pressurization requirements.

Design TPA (if required)

(iterate, if not power balanced)

Update propellant temperature schedule
(iterate on temperature schedule, if required)
Calculate TPA size/weight (if required)
Calculate engine size/weight

Calculate tankage size/weight

Calculate stage summary size/weight/performance

Figure 2.1. Liquid Stage Design Procedure
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3.0 ELES FLOW CHART

The overall flowchart of ELES is shown in Figure 3.1. The main program is named
MODEC. The column to the right of MODEC shows each subroutine called by MODEC.
The column below and to the right of each subroutine shows the subroutines which it

calls.

In the intertest of reducing the overall length of the flowchart, some entries have
been abbreviated (FLUCON, FLUCP, FLUDEN, FLUPRO, FLUVIS, and RUNIT). The fluid
property routines are abbreviated in all instances. The major subroutine RUNIT is abbre-
viated where it is called by the optimizer. The flowchart indicates abbreviated listings by

parentheses following the subroutine name.

A brief description of each subroutine in ELES appears in Figure 3.2..The flow-
chart and subroutine description list should be used together.
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FLUCP (heat capacity)
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FLUVIS(viscosity)
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ELES Flowchart (Sheet 1 of 10)
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CMBGPR

FLUPRO(fluid properties)
ACQUID

GASH
RADENG
QUART
. CUBROT
MACH
ERISP
MAKODE
: DBINT
MAKODE
. DBINT
LVPRES
FLUDEN(density)
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TNKEST
THWALL
' MPROP
TNDVOL
' FLUPRO(fluid properties)
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! " MPROP
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' " . FLUFRO(fluid properties)
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! " . FLUCP(heat capacity)
t " . FREECN
! " . CAL.CON
! " . COMPHX
! " ORBHX
H " PSYCHO
! " . DBINT
! PRESS
! " AUTOGN
! " . TSAT
' " . FLUDEN(density)
! " . FLUFRO(fluid properties)
! " FLUCP(heat capacity)
H " . FREECN
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' " . EPSTN
¢ " SOLGE
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! " EPSTN
NCTVOL
)
'

Figure 3.1. ELES Flowchart (Sheet 2 of 10)



'\\\\/1‘

PSCHED

LRERF

ANNEPS

ERISP

MAKODE
MAKCSR

ERCSR

" BLADR

“ BLADWT

" HEDATA

" FREECN

GOTOER

FLUPRO(fluid properties)
FLUDEN(density)
FLUCP(heat capacity)
FREECN

CALCON

COMPHX

DBINT

TSAT

FLUDEN(density)
FLUPRO(fluid properties)
FLUCP (heat capacity)
FREECN

MPROP

EPSTN

DBINT

1

)

'

' TSAT

! HVAPVT

! FLUCP(heat capacity)

! SAT4HX

! " MPROP

! TANKHX

! " MPROP

t " COMPHX

' " CNSTBT

3 "

t H

\ u

1 n

i n

; .

! “ ORBHX

! " PSYCHO

1 "

! PRESS

! " AUTOGN

] "

1} ”"

§ "

) ”"

] "

1] ”

i " .

H " SOLGE

! " CGPRES

! " TSAT

! " MPROP

1

]

%

' " EPSTN
MAKODE

¢ DBINT
MAKCSR

! DBINT
ERISP

! MAKODE

! " DBINT
ERCSR

! MAKCSR

! " DBINT
RAOCON
MAKODE

! DBINT
DBINT
DBINT

Figure 3.1. ELES Flowchart ( Sheet 3 of 10)
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" CMBGPR
b REGEN

" LVPRES
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" NOZZEX
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NOZZEX
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Figure 3.1.
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ELES Flowchart (Sheet 4 of 10)
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Figure 3.1. ELES Flowchart (Sheet 5 of 10)
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" LVPRES

" FLUPRO(#luid properties)
" TPAGG
" . PUMP
" . : HEADCO
» : PMPEFF
" : BPHDCO
" : BPEFF
" . TRBEFF
" SPOUT
" . TURBIN
" . BLADE
" . PARTAD
" : TRBEFF
" ALL.OW
" MAXRPM
" . : TURBIN
" . : BLADE
" : PARTAD
" : ! TRBEFF
" : PUMP
" : ! HEADCO
" . : ! PMPEFF
" ‘ : ' BPHDCO
" . ! BPEFF
* TPaOTH
" PUMP
" : HEADCO
" . : PMPEFF
" . : BPHDCO
" : BPEFF
" . HEADCO
" PMPEFH
" . TRBEFF
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" . TURBIN
" . BLADE
" . PARTAD
" . : TRBEFF
" ALL.OW
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" . : TURBIN
" . : BLADE
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" . : ' TRBEFF
" : PUMP
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" . : ! PMPEFF
" . : ' BPHDCO
" ¢ BPEFF
» MAKDODE
" DBINT
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" FILUDEN(density)
" MAKODE
" . DBINT
" MAKCSR
" DBINT
" FLUCP(heat capacity)
" TSAT

Figure 3.1. ELES Flowchart (Sheet 6 of 10)
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Figure 3.1.
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ELES Flowchart (Sheet 7 of 10)
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Figure 3.1. ELES Flowchart (Sheet 8 of 10)
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ELES Flowchart (Sheet 9 of 10)
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Figure 3.1. ELES Flowchart (Sheet 10 of 10)
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1

2)

3)

4)

5)

6)

7

8)

9)

10)

ACQUID - calculates the displacement volume and weight of propellant acquisi-
tion devices and propellant residual volumes in tanks.

AEROF - computes axial and normal aerodynamic forces acting on missile as a
function of mach number, altitude and angle of attack.

ALLOW - calculates the design blade root centrifugal stress limit for turbine

blades assuming 20% overspeed, 5% centrifugal bending stress, and 10% gas
bending stress.

ANNEPS - calculates the area ratio of annular engines based on engine combustion

performance, geometry, and thrust requirement.

ANULAR - calculates the performance of an annular engine. Detailed perfor-

mance analysis in subroutine LPERF is required prior to this routine.

ATMOSD - computes ambient atmospheric pressure and speed of sound for a given
altitude based on 1962 standard atmosphere.

AUTOGN - calculates propellant tank autogenous pressurization requirements.
Assumes pressurant properties of pure oxidizer or pure fuel when pressurizing the

oxidizer or fuel tank respectively.

BARMIX - calculates the combustion chamber barrier mixture ratio required for
the cooling option under consideration.

BLADE - calculates the turbine blade height based on flowrate, velocity, and

turbine exhaust gas density.
BLADR - calculates the positive expulsion bladder pressure differential, expulsion

efficiency, and (for some configurations) thickness.

Figure 3.2. ELES Subroutine List (Sheet 1 of 15)
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11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

BLADWT - calculates the weight of positive expulsion bladders.

BPEFF - calculates the efficiency of boost pumps based on specific speed and
impeller diameter.

BPHDCO - calculates boost pump head coefficient based on specific speed.

BTINT - called by subroutine BURNTM to set up time intervals in the array TBRN
for interfacing liquid vehieles with the trajectory routines.

BURNTM - sets up the arrays FT, WDOT, and TBRN for interfacing liquid vehicles
with the trajectory routines.

CALCON - calculates thermal conductivities of spray on foam insulation (SOFI)

and multi layer insulation (MLI) under various operating conditions.
CARDS - saves intermediate values of optimization run.

CAVE - draws elliptical tank heads to the pseudo-Tektronix screen for vertical
tank axes.

CAVHOR - draws elliptical tank heads to the pseudo-Tektronix screen for hori-
zontal tank axes.

CETSQR - error trdpping routine for negative square root calls.

CFVAC - computes theoretical vacuum thrust coefficient from nozzle expansion

ratio and effective propellant ratio of specific heats.
CGPRES - calculates the helium pressurant requirements for a storable propellant

tank.

Figure 3.2. ELES Subroutine List (Sheet 2 of 15)
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23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

CHRSIZ - a Tektronix graphies command. Has no function in the line-printer
pseudo-Tektronix mode of ELES.

CMBGPR - returns combustion gas properties for combustion chamber cooling
routines. (At present it provides only a fixed set of default values. This routine is

targeted for future improvement).

CNSTBT - calculates temperatures at all tank wall interfaces and the heat flux
for a constant temperature external boundary on the propellant tank.

COMPHX - calculates interface temperatures in a composite one dimensional heat
transfer problem.

CONELL - used to calculate geometry of non-conventional tankage. Calculates
the vertical difference in positions of an interfering conical frostrum and ellipse.
(Returns zero if frustrum and ellipse do not touch.)

CSETNK - calculates the size and weight of a eylindrical-spherical-elliptical tank.
CUBROT - solves for the real roots of a cubie equation.

DBINT - double interpolates a two dimensional array of data.

DRAWA - simulates the Tektronix DRAWA command for making plots on line
printer.

DRAWR - simulates the Tektronix DRAWR command for making plots on line

printer.
DWINDO - simulates the Tektronix DWINDO command for making plots on line

printer.

Figure 3.2. ELES Subroutine List (Sheet 3 of 15)
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34)

35)

36)

37

38)

39)

40)

41)

42)

43)

44)

45)

ELLELL - used to calculate geometry of non-conventional tankage. Calculates the

difference in vertical positions of two interfering ellipses. (Returns zero if they do
not touch.)

ENGSUM - prints a page of engine size/weight/performance summary data.

EPSTN - calculates the pressurant requirements for a cryogenic propellant tank
using the Epstein equation.

ERASE - simulates the Tektronix ERASE command for making plots on line
printer.

ERCSR - approximates the C* of a user defined propellant using the equivalence
ratio method.

ERISP - approximates the Isp of a user defined propellant using the equivalence
ratio method.

EXTRAZ - calculates the compressibility factor of supereritical fluids.

FFACTR - calculates the Weisbach-Darey friction factor as a function of

Reynolds number, absolute surface roughness, and hydraulic dimater.
FILCLS - closes all open files prior to a normal termination of program execution.
FILOPN - opens many of the files used during program execution.

FINITT - simulates the Tektronix FINITT command. (Performs no function in the
line-printer mode.)

FLUCON - calculates the thermal conduetivity of a fluid at any given tempera-

ture and pressure.

Figure 3.2. ELES Subroutine List (Sheet 4 of 15)
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46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

FLUCP - calculates the heat capacity of a fluid at a given temperature and pres-
sure based on the Webb-Rubin equation of state.

FLUDEN - calculates the density of a fluid at a given temperature and pressure.

FLUPRO - calculates fluid density, viscosity, and thermal conductivity at a given
temperature and pressure. (Calls routines FLUDEN, FLUVIS, and FLUCON.)

FLUVIS - calculates fluid viscosity at a given temperature and pressure.

FLYPAR - adjusts the thrust, burn time, and flowrate arrays in order to allow for
parallel burns of integrated stages.

FREECN - calculates the fluid heat transfer coefficient due to free convection.
FUNC - evaluates the method of multipliers augmented Lagrangian funetion.
FUNCT - manipulates the internal arrays related to optimization.

GASDCP - calculates the difference in heat capacity between a real gas and an
ideal gas.

GASH - calculates combustion chamber gas side heat transfer coefficient using
Bartz correlation.

GASZ - calculates the compressibility factor of subecritical gases. (Called by
FLUDEN.)

GENTRP - general interpolator for bivariate data.
GOTOER - an error trapping routine related to computed GO TO statements.
GRAPH - used by subroutine SSTAGE to design solid stage.

Figure 3.2. ELES Subroutine List (Sheet 5 of 15)
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60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

GUIDE - checks input flight profiles and exercises the corresponding guidance
laws for trajectory calculations.

H2DATA - calculates density, thermal conductivity, viscosity, and heat capacity
for para-hydrogen.

HDCOPY - simulates the Tektronix HDCOPY ecommand for making plots on the
line-printer.

HEADCO - calculates main pump head coefficient based on specific speed.

HEDATA - calculates density, thermal conductivity, viscosity, and heat capacity
for helium.

HVAPVT - calculates liquid heat of vaporization vs. temperature.

HXHCV - for regenerative cooling model this routine calculates the coolant heat
transfer coefficient if given velocity or velocity if given coolant heat transfer
coefficient.

HXLIB - library of liquid propellant heat transfer data.

INITER - initialization routine for the equivalence ratio method of calculating

performance of user defined propellants.

INITLQ - initialization routine for liquid stages. Provides fluid property constants

and restructures input data structure.

INITMP - initializes the propellant temperature schedule throughout the feed

system. Temperature estimates are improved as analysis continues.

INITT - simulates the Tektronix INITT command for making plots on the line-
printer. (Performs form feed and erases the printing sereen.)

Figure 3.2. ELES Subroutine List (Sheet 6 of 15)
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12)

73)

74)

75)

76)

7

78)

79)

80)

81)

82)

83)

INITWD - initializes the propellant flow rate schedule throughout the feed

system. Flowrate estimates are improved as analysis continues.

INPROP - initializes propellant eritical properties based on reference data and the
method of corresponding states.

INTEG - integrates missile trajectory using either a 4th order Runge-Kutta or a
4th order Adams-Moulton predictor corrector procedure.

INTERM - checks for fatal input errors and terminates execution if discovered.

INTSAT - initializes the data arrays used in subroutine TSAT which calculates
fluid saturation temperature.

KEPLER - examines orbital injeetion conditions, burnout radius, burnout flight
path angle, and burnout velocity in order to calculate the orbital parameters

described by that energy state.

LAYERV - calculates volumes of concentric eylindrical volumes with elliptical

ends (i.e., insulation layers on a propellant tank).

LINDIA - calculates diameter of fluid feed lines with various bends, valves, etec.
LINFIX - used to format lines in the non-conventional tank summary output page.
LINI - linear interpolation routine.

LIQDCP - calculates the difference in heat capacity of a real liquid and an ideal
gas.

LIQZ - Calculates the compressibility factor of a liquid at a given temperature

and pressure.

Figure 3.2. ELES Subroutine List (Sheet 7 of 15)
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84)

85)

86)

87)

88)

89)

90)

91)

92)

93)

94)

LPERF - calculates the delivered performance of a liquid rocket engine.

LQTANK - calculates the size and weight of tandem tankage.

LQWARN - prints a listing of warning messages for the liquid stage under consid-
eration. Messages relate to inputs outside of normal design range, components

critical design constraints, and designs with potential problems.

LSTAGE - supervisory routine for caleulating the size, weight, and performance of
liquid stages.

LVPRES - calculates liquid vapor pressure based on the Riedel-Plank-Miller vapor

. pressure correlation.

MACH - calculates mach number in a combustion chamber in both the subsonic
and supersonic regimes.

MAKCAS - loads internal data arrays for propellant combination performance.

Reads values for specific impulse, characteristic velocity, and combustion temp-
erature from the file "PROPLIB".

MAKCSR - interpolates characteristic velocity at a given chamber pressure and
mixture ratio from the data arrays read by MAKCAS.

MAKODE - interpolates equilibrium specific impulse at a given chamber pressure,

mixture ratio, and area ratio from the data arrays read by MAKCAS.
MAKODK - interpolates kinetic specific impulse at a given chamber pressure,
mixture ratio, area ratio, and throat radius from the data arrays read by

MAKCAS.

MAXRPM - checks the turbine blade root stress and if necessary causes the turbo-
pump assembly.

Figure 3.2. ELES Subroutine List (Sheet 8 of 15)
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95)

96)

97)

98)

99)

100)

101)

102)

103)

104)

105)

106)

MODEC - the overall executive program. Initializes variables, sets namelist
definitions, ete.

MOVEA - simulates the Tektronix MOVEA command for making plots on line
printer.

MPROP - the material properties library. Provides yield strength, modulus of
elasticity, density, minimum gauge, heat capacity, and thermal conductivity.

NCTLIN - calculates propellant feed line weights for non-conventional tankage
designs.

NCTPAR - prints a summary page of non-conventional tankage parameters.

NCTVOL - calculates tank volumes and pressures for non-conventional tankage
designs.

NEWNLP - supervisory routine for the optimizer.

NLPIN - performs namelist input and input error checking for the optimizer

routines.

NLPPEN - driver routine for the optimizer. Direets control of individual elements
of the algorithm.

NOZZEX - calculates the pressure ratio, exit mach number, and Prandtl-Meyer
angle of a nozzle.

ORBHX - caleulates the external boundary temperature of an orbiting tank

exposed to radiant heat flux.
PARCOE - gives coefficients for a parabolic curve fit.

Figure 3.2. ELES Subroutine List (Sheet 9 of 15)
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107)

108)

109)

110)

111)

112)

113)

114)

115)

116)

117)

118)

PARSEL - selects approrpriate parameters to be placed into the optimization list.

PARTAD - changes turbine design to partial admission if turbine blades become
too small.

PENSET - updates the Lagrange multipliers and penalty constants between uncon-
trained funetion minimizations.

PICTND - creates a scaled schematic drawing of a tandem tank design on the line
printer.

PICVEH - creates a scaled schematic drawing at a non-conventional tank design
on the line printer.

PLUG - calculates the size and performance of a plug cluster engine.

PMPEFF - calculates the efficieney of a main pump using specific speed and

impeller diameter.

PRESS - administrates the calculation of propellant tank pressurization require-

ments for storable or cryogenic propellants.
PROLIB - holds propellant properties data for library propellants.

PROSUM - prints a page of propellant property data over the operating tempera-

ture range of each propellant.
PSCHED - calculates the majority of the propellant feed pi'essure schedule.

PSYCHO - frorﬁ a psychrometric chart this routine looks up the molar concentra-

tion of water in air as a function of relative humidity and ambient temperature.

Figure 3.2. ELES Subroutine List (Sheet 10 of 15)
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119)

120)

121)

122)

123)

124)

125)

126)

127)

128)

129)

130)

PUMP - designs pumps for diameter, efficieney, number of stages, specific speed,
and horse power requirements.

PVTFNC - checks the Benedict-Webb-Rubin equation of state to see if it is satis-
fied with input values of reduced temperature, reduced pressure, and reduced

- volume.

QUART - solves for the real roots of a quartie equation.

RADENG - calculates the gas side temperature required to maintain a radiation
cooled TCA at the maximum allowable material temperature.

RAOCON - approximates the contour of a Rao nozzle with hyperbolic curve fits
of Rao data.

READ3 - sets up position pointers prior to reading optimizer input namelist.

REGEN - calculates the pressure drop and temperature rise across a regenerative
cooling jacket.

REGSUM - prints a one page summary of the regenerative cooling jacket analysis.

RESET - simulates the Tektronix RESET command for making plots on line

printer. (Issues form feed for line printer.)

RINIT - initializes penalty constants for both equality and inequality constraints
prior to start of Methods of Multipliers optimization algorithm.

RUNIT - administrates calls to solid and liquid stage design and trajectory model.
SAT4HX - calculates the surface area and average wall thickness of propellant
tanks for use in heat transfer calculations.

Figure 3.2. ELES Subroutine List (Sheet 11 of 15)
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131)

132)

133)

134)

135)

136)

137)

138)

139)

140)

141)

142)

143)

SCALE - performs all the scaling and unscaling of control variables, objective
funetion, and constraints for the optimizer.

SECOND - system specific routine used to determine run-time violations.

SELOPT - driver to select the method of unconstrained funetion minimization for
the optimizer.

SHRTLD - computes the size, position, and weight of non-conventional tankage
designs.

SIMEQ - solves a set of simultaneous linear equations.

SOLGG - calculates the solid gas generator pressurization requirements of a
storable propellant tank including condensibles.

SPOUT - caleulates the isentropic spouting velocity of a turbine configuration.
SPRINT - prints a summary of solid stage designs.
SSTAGE - calculates the size, weight, and performance of a solid stage.

SUPDCP - calculates the difference in heat capacity of a real fluid and an ideal

fluid at supercritical pressures.
SUPERZ - calculates the compressibility factor of supereritical fluids.
SURTEN - calculates surface tension based on the Hakim equation.

TANKHX - calculates propellant tank heat flux for several different heat flux

scenarios.

Figure 3.2. ELES Subroutine List (Sheet 12 of 15)
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145)

146)

147)

148)

149)

150)

151)

152)

153)

154)

155)

156)

TBVSMR - calculates a propellant mixture ratio which corresponds to a desired
combustion temperature.

TEKAXS - labels the plotting axes for the line-printer output plots.
TEKCHR - selects the character to be plotted on the line printer output.

THROTT - calculates the throttled chamber pressure and throttling efficiencies
for liquid rocket engines.

THRUST - computes and integrates delivered thrust and propellant flow rate as a
function of burn time.

THWALL - calculates the thickness of propellant tank walls for tandem tank
designs.

TLTANG - calculates the required tilt angle for plug cluster modules.
TNDSUM - prints a one page summary of the tankage in a tandem design.
TNDVOL - calculates the volumes and pressures for tandem tank routines.
TNKAGE - administrates routines for the tankage design routines.

TNKEST - administrates routines which estimate the tank volumes for preliminary
calculations.

TORPNT - used in non-conventional tankage geometry calculations to find the
point on a torus to use as an effective ellipse in subroutine ELLELL.

TORUS - calculates the geometry of a toroidal tank and its associated weight.

Figure 3.2. ELES Subroutine List (Sheet 13 of 15)
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158)

159)

160)

161)

162)

163)

164)

165)

166)

167)

168)

TPAGG - designs the turbopump assesmbly (TPA) for gas generator bleed power
cycles.

TPAOTH - designs the turbopump assembly (TPA) for staged combustion, staged
reaction, and expander power cycles.

TPASUM - prints a one page summary of the turbopump assembly design.

TPASYS - administrates the turbopump assembly system design for all power
cycles.

TPWSUM - prints a one page summary of the propellant feed system temperature,
pressure, and flowrate schedules.

TRANSP - calculates the required mass flux of coolant required by a transpiration
cooled chamber section.

TRBEFF - calculates the efficiency of a single stage turbine over a range of
admission fractions.

TRJIPRN - prints trajectory information at designated time steps.
TSAT - calculates fluid saturation temperature at 2 given pressure.
TSCHED - calculates the propellant feed system temperature schedule.
TURBIN - sizes the turbine and stages if réquired.

VA1PA - performs unconstrained function minimization by a quasi-Newton vari-

able-metric technique.

Figure 3.2. ELES Subroutine List (Sheet 14 of 15)
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170)

171)

172)

173)

174)

175)

176)

VAPCON - calculates propellant vaporization constants which are used in the
performance routine (LPERF) to determine the vaporization efficiency of the
engine.

VEHSUM - prints a summary of non-conventional tankage.

VPRINT - prints a one page summary of the vehicle (one to four stages).

WSCHED - calculates the flowrate schedule for the propellant feed system.

WTPA - ecalculates the weight of the turbopump assembly (TPA) and related

hardware.

WTRANZ - calculates the weight of spring actuated translating nozzles and gas
deployed skirts.

WTSUM - prints a one page summary of the weight items of a stage.

WTTCA - calculates the weight of a liquid thrust chamber assembly (TCA)

Figure 3.2. ELES Subroutine List (Sheet 15 of 15)
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4.0 NUMERICAL TECHNIQUES

There are a number of different numerical techniques used within ELES-1984. The
choice of technique is based on accuracy requirements, implementation effort, code
complexity, applicability, and impact on other components of ELES. Small weight items,
for example, can tolerate high degrees of error in their weight calculations without
appreciably affecting stage or vehicle weight. A simple curve fit would suffice in those
instances. When high accuracy is required, an iteration scheme can sometimes work well.
If it terminates based on an accuracy criteria, however, it can adversely affect deriva-
tive calculations made in the optimizer.

One of the most preferred techniques for use in ELES-1984 is physical modeling.
When a component's dimensions, thicknesses, etc. can be caleculated, the weights calcu-
lated from those dimensions tend to be more accurate and to seale more accurately.
Examples of physical modeling in ELES include the thrust chamber, positive expulsion

bladder, translating nozzles, and tank weights.

Another method for insuring the accuracy of a model over a wide range of applic-
ability is the use of mechanistic models. These models represent major mechanisms of a
process. The engine performance model, for example, starts with ideal performance and
mechanistically approaches each loss component by calculating injector characteristics,
propellant drop sizes, vaporization rates, element type, stream tube geometry, ete.
Other models which utilize a mechanistic approach are the ablative thickness model,

regenerative cooling, and transpiration cooling models.

Analytical solutions are another preferred approach. A typical problem with
analytical solutions is that a number of simplifying assumptions are required. These
assumptions can reduce the accuracy and applicability of the model. When these assump-
tions are reasonable, ELES employs analytical solutions. Examples include radiation
cooling model, heat transfer through tank insulation, physical interference of non-

conventional tankage, and solutions of cubic and quartie equations.
When physical modeling is too complex, a physically based scaling approach can be

taken. Using only the major dimensions of a component, scaling equations can still

reflect a great deal of reality and do not tend to "blow up" outside a narrow range of
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4.0, Numerical Techniques (cont.)

applicability. Some component weights are calculated by this approach such as the
pumps, turbines, valves, and injectors.

Another reliable method for obtaining good accuracy over a wide range of applica-
tion is table look-up. For example, the ideal performance of the library propellant com-
binations, fluid properties of both hydrogen and helium, and the efficiencies of both
pumps and turbines are looked up in tables. Potential draw-backs to this approach are
that the generation of tabular data can be time consuming, erroneous table entries can
be easily overlooked, tables take up a lot of computer memory, and table look-ups can

take a lot of computer time (especially bivariate or trivariate data).

Curve fits are an extremely common method of representing the variation of a
parameter. Depending on the form of the curve fit and the behavior of the data as the
independent variables go to extreme values, curve fits can be very accurate and very
well behaved. Because the reverse can also be true, extreme care must be taken with the
use of curve fits. ELES uses curve fit methods to calculate gimbal system weight, thrust
mount weight, expulsion efficiency, heat transfer through tank lines, cryogenic pressuri-
zation requirements, nozzle contours, non-optimum tank weight factors, heat transfer

coefficients, bladder pressure differentials, fluid properties, and many other parameters.

A less common numerical technique used in ELES is scaling by analogy. Scaling by
analogy involves using a model, which is normally used to calculate a parameter, as a
way of scaling a known data point. The method of corresponding states, for example, is a
method for predieting fluid properties based on eritical temperatures and pressures,
normal boiling points, molecular weights, ete. ELES uses this method to scale known

reference values of those properties. (The accuracy of the predictive method is increased

by its use as a scaling procedure.)

Another less common technique is inverse interpolation from curve fits. ELES uses
this approach to calculate fluid saturation temperatures as a function of pressure. The
method consists of an initialization phase and a subsequent usage phase. During initiali-
zation, ELES generates a data table of temperature vs. vapor pressure using the Riedel-

Plank-Miller equation for vapor pressure.
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4.0, Numerical Techniques (cont.)
-G 2 3
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During the usage phase ELES interpolates the data table to obtain saturation
temperature as a function of pressure. The interpolation is made using the form of a
Clapeyron vapor pressure equation in order to enhance interpolation accuracy.

ln(Pv) =A-B/T

In general, inverse interpolation from curve fits is used to provide more execution
speed than an iterative solution can provide. The more calls there are to the routine the
faster it is compared to iteration. This approach will also provide a better derivative
than iterative methods especially if care is taken in the interpolation.

As implied above, iteratioh is a common method of obtaining the solution of a
variable with a non-linear relationship to other known variables. There are a number of
different methods of iteration, each of which has its advantages and disadvantages in the
areas of convergence speed, convergence assurance, convergence detection, and ease of
implementation.

For finding the mixture ratio of a propellant combination which corresponds to a
desired combustion temperature, ELES uses the "brute force" halving the interval
method. Although this method converges slowly, convergence is guaranteed and an itera-
tion limit assures a known accuracy. Newton-Raphson and secant type methods were
avoided in order to assure good program behavior even when the optimizer drives the

program into regimes where non-convergence is more likely.

Some of the other iterations in ELES use a Gauss-Siedel or modified Gauss-Siedel
technique. The overall area ratio of an annular engine is one of the simpler examples of
this. The overall area ratio is a function of the Isp, and the Isp is a function of the overall
area ratio. By starting with an initial guess of area ratio and calculating Isp, one can use
this Isp value to calculate a better value of area ratio, from which a better value of Isp
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4.0, Numerical Techniques (cont.)

can be obtained, and so on. A typical termination eriteria is an accuracy criteria. How-
ever, ELES uses a constant number of iterations in an attempt to provide a more reliable
derivative.

Some of the more complicated Gauss-Siedel iterations include the overall propel-
lant feed system temperature schedule and the TPA power balance routine. Due to the
numerous computations involved in even a single iteration for both of those solutions, the

termination criteria is for +3% accuracy.

A final numerical technique, which is actually more of a programmer's technique,
is the implementation of dummy routines to provide required data. The routine in ELES
which provides combustion gas fluid properties, for example, merely returns a constant
value for each of its outputs. Its function is to hold a place in the code and allow for
future improvements in a modular manner. A second example is the material properties
library, which currently has several materials in it but could easily be enlarged to incor-

porate many other materials.
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4.1 WARNING FLAGS

There are many possible inputs to ELES which would create unreasonable designs
or designs contrary to good engineering judgement. Because the optimizer may pass
through such a design while searching for an optimum, ELES can not halt operation when
this happens but must output information which the user and the optimizer can both use.
The mechanism which informs the user is warning flags. The mechanism which informs

the optimizer is constraint parameters.

The subroutine LQWARN (see flowchart in Figure 3.1) checks all warning flags at
output time and issues appropriate messages to the user. Warning flags are set in the
various design routines of ELES at the point where the potential error is detected. The
format for setting the warning flag IWARN) is:

IWARN (NS, ) =0
If (econdition) INARN (NS, I) = 1

where: NS = stage number
I = identification number of warning

condition = condition under which warning should occur

The warning flag is first set to zero (no error) and then checked for the error
condition so that only the last pass through that portion of code can set the warning flag.
If the optimizer strays into a "bad" area, warnings will only occur if it does not return to

a more accepted design before program termination.

A list of the current warning flags in ELES-1984 is listed in "Expanded Liquid
Engine Simulation Computer Program Technical Information Manual", Aerojet

TechSystems Company, 1984, section 13.0.



5.0 COMMON BLOCK VARIABLES

™~
| C} All of the variables which appear in common blocks are presented in Figure 5.1.
The variables are given in alphabetical order and include a definition, the engineering
units of the variable, its default value, the namelist in which it appears (if any), and the
name of the labeled common bloeck in which it appears. See the key at the top of the

figure to interpret the format of the information.
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CITITIITIIIIIIIIIIII ELES COMMON BLOCK VARIABLES TIIIIIIIIIIIIIII:IIIX

CI
CI
CI
CI
Cl
CI
CI
CI
CI
CI
CI
Ci
Ci
CI
Ci
CI
Ci
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
Cl
CI
CI
CI
CI
CI
CI
CI
CI
C1
Ci
CI
CI
CI
Cl
CI
CI
CI
CI
CI
CI
CI
CI
CI
C1

AAA

AATT
ABAPGG

ABATGE

ACAMAX

ACLAPF

ACLAPO

ADHPFL
ADHPOX
AE

AEPLUG

AFBSR

ALFDIV

ALFMIX

ALFNOZ

ALFPRT

ALFSTG
ALFTH

ALFTRN

ALPH

ALPHA

ALPHAC

( UNITS DEFAULT $NAMELIST /COMMON/ )

ENEC WEIGHT

¢ LBM —~— $———- /85COM/ )

NO AVAILABLE DEFINITION { /788COM/
MAXIMUM BURN AREA TO THROAT AREA RATIO

{ = e Fom— /GASGEN/ )
BURN TO THROAT AREA RATID IN .SOLID GG
{ == e F-—~ /BABGEN/ )

MAXIMUM ALLOWABLE AXIAL ACCELERATION DURING FLISHT
{ 6’S 50 $INTRAJ /MOTOR/ )

CORRELATION COEFFICIENT USED IN CALCULATING FUEL
SATURATION TEMPERATURE

( wmm mee G JCLAP/ )

CORRELATION COEFFICIENT USED IN CALCULATING OX
SATURATION TEMPERATURE

{ —m— e $-—— /CLAP/ )

NO AVAILABLE DEFINITION  ( /TPOUT2/ )

NO AVAILABLE DEFINITION  ( /TPOUTZ2/ )

FIBER AREA

{ IN##2/END ©. 000135 $FILMNT /MOTOR/

EXIT AREA OF PLUG CLUSTER

( IN##2 ——— g——— /PLUGCL/ )

CRUSS SECTIONAL AREA OF ENGINE SHROUD STIFFENING
RING

( IN®#2 0. 152 $LTANK /TANKS/ )

EXIT AREA OF NOZILE

( IN®¥#2 1.0 $THVBT /PERF/ )

FUEL FLOW AREA IN INJECTOR FACE

{ IN##Z2 ——— g—-—— /LIQUID/ )

CROSS SECTIONAL AREA OF FORWARD SHROUD STIFFENING
RING

{ IN##2 0.295 $LTANK /TANKS/ )

EFFECTIVE HALF ANGLE

( DEG ——— $——— /58COM/

BARRIER MIXING ANGLE IN CHAMBER

( DEG 0.286 $INJECT /LIQUID/ )

NOZZLE DIVERGENCE ANGLE OF CONICAL NOZZLES OR Ex:T
ANGLE OF CONTOURED NOZZLES

( DEG 15. $NOZILE ///EQ/// )

EXIT HALF ANGLE

( DEG -—— $——— /SSCOM/ )

NO AVAILABLE DEFINITION  ( /AERG/ )

TURN BACK ANGLE

( DEG —~— $——— /GSCOM/

INITIAL FLOW TURNING ANGLE FOR CONTOURED NOZZLES
(FOR BELL(1)} = 1 ONLY)

( DEG 27 $MATER /MDTOR/ )

ANGLE OF ATTACKS FOR WHICH AERODYNAMIC
COEFFICIENTS ARE INPUT

¢ DEG O. $AEROD /AEROD/ )

INITIAL ANGLE OF ATTACK

( DEG 0. $INTRAJ ///EQ/// )

COMMANDED CONSTANT ANGLE 0OF ATTACK: INPUT FOR
TRAJECTORY GUIDANCE SECTIONS UTILIZING GUIDANCE
OPTION i

( DEG O $GUIDA ///EQ/// )

Figure 5.1. Common Blcck Variables (Sheet 1 of 46)
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N

[

AL MAX

ALPMLD

AL T

ALT
ALTBOM
ALTI

APATAY
APATGE

APQOGEE
AREA
AREF

ARFFAY
AREN

ASTGMX
AT

P

i

H
[

T
W T

1

o
L]
AU

-
¥y

AUTWTO
B

BALPAR
BCLAPF

BCLARPD

x5
iT
-~

RO AVAILABLE DEFINITION  ( /TRALS )
ANGLE OF ATTACKS PRODUCING MAXIMUM LIFT-TO-DNAG
INPUT AS A FUNCTION OF MACH NUMBER FOR TRAJEC -
TORIES UTILIZING SUIDANCE 6OPTION ©
¢ DEG O, SQUIDA /AERO,
CONVERGENCE TOLERANCE FOR LC-RHA TTERATION FOi
ANGLE OF ATTACK, ALPHA
( —-= 000001 $AEROD /TRAJ/ 1
NO AVAILABLE DEFINITION ¢ /TRAJ/ 3
NO AVAILABLE DEFINITION ¢ TR v )
INTTIAL MISSILE ALTITUDE
FT 0.0 $INTRAJ ///EQ//)
ALTITUDE TO BEGIN RE-ENTRY CALCULATIONS
( FT 3.ES $INTRAJ /TRAJ/
ALTITUDES FOR WHICH SKIN FRICTION COEFFICTENTG
ARE INPUT
FT 0. $AEROD /AERDS
NO AVATLABLE DEFINITION ¢ /TRAJ/
ALTITUDE OF TARGET
C FT 0.0 $INTRAJ /TRAJ/
MACH NUMBERS FOR WHICH AERODYNAMIC COEFEICIENTS
ARE INPUT :
{ === 0. BAEROD /AERG/
NOZZLE LENGTH RATIO
{ =mm mee e /GSECOMS )
NO AVAILABLE DEFINITION  ( /S8COM/ )
OXIDIZER FLOW ARFA IN INJGECTOR FACE
{ IN##2 - Gem— /LTGUID,
SEMIMAJOR AXIS OF PARKING ORBIT
C FT 0.0 $ORE ///EG/// )
MO AVAILABLE DEFINITION ¢ ///EG//7 )
MINIMUM PORT TO THROAT AREA RATIO
( ~—= 3.0 $S0LDGG /GAGGEN/ )
NO AVAILABLE DEFINITION  { </7/E0//7
NO AVAILABLE DEFINITION ¢ /AERG/ O

MISSILE AERODYNAMIC REFERENCE AREA INPUT FOR Ea -

STAGE

( FT##2 0.0 $THVST /AERQ/

NO AVAILABLE DEFINITION ¢ /AERQ/ )
CORRELATION COEFFICIENT USED IN CALCULATING
REGEN COOLANT SATURATION TEMPERATUKE

{ = mme e JCLAP/ )

NO AVAILABLE DEFINITION  ( /AERD/ )

NOMINAL THROAT AREA FOR EACH STAGQE

¢ IN®#Z 100, SINPGEN ///EQ///

NG AVAILABLE DEFINITION ¢ /PLUGCL/

TOTAL FUEL AUTOGENOUS PRESSURANT WEIGHT

i LB === $-—— /TANKSZ/

TOTAL OXIDIZER AUTOGENOUS PRESSURANT WEIGHT

{ LB ==~ $-—— /TANKS2/ )

NO AVAILABLE DEFINITION ¢ /S5C0OM/

NO AVAILABLE DEFINITION ¢ /TROUTZ/ )
CORRELATION COEFFICIENT USED IN UALCULATING FUE.
SATURATION TEMPERATURE

T $mm JCLAP/ )

CORRELATION COEFFICIENT USED IN CALCULATING 00X
SATURATION TEMPERATURE

(e e G JCLAPS )

TOLERANCE TO TEST FOR PENALTY CINGTANT INOPLAGE
( === 0.29 $NLP /WARN/ )

Figure 5.1. Common Block Variables (Sheet 2 of 45)
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N

CI BHPBPF MO AVAILABLE DEFINITION ¢ /TPAOUT, )

cI BHPBPO NO AVAILABLE DEFINITION ¢ /TPAQUT/ )
CI BHPFL FUEL PUMP BRAKE HORSE POWER
Cl UHE e e STPADUTY/ )
Ci BHPOX UXIDIZER PUMP BRAKE HORSE POWER
CI { HP =~ $—— TPAOUT/
CI  BLSPCA SPACE BETWEEN TRANSVERSE BLADDER AND AFT TANK
C1 WaLL (KBLAT = 1)
CI ¢ IN 0.01 $-—— /TANKES/
CI BLBPCF SPACE BETWEEN TRANSVERSE BiADDER AND FORWARD ¥/
CI WALL (KBLFT = 1)
CI O IN 0.01 $——~ /TANKE/ )
Ci BLSPFL FUEL TANK TRANSVERSE COLLAPSING ELADDER SPACEL
CcI ( IN .01 $BLADER /TANKSZ2/ )
(o1 BLSPOX OXIDIZER TANK TRANSVERSE COLLAPSING BLADDER Gia <
C1 ¢ IN O1 $BLADER /TANKEZ2/ )
CI BPFRFL FUEL BOOST PUMP FRACTION OF TOTAL HEAD RISE
CI ( === 0.0464 $PUMP /PRESCH/
o BPFROX OUXIDIZER BOOST PUMP FRACTION OF TOTAL HEAD FISE
cI ( === 0. 0464 $PUMF /PRESCH/
CI BRGN CORRELATION COEFFICIENT USED IN CALCULATING
CI REGEN CODLANT SATURATION TEMPERATURE
cI {ovmm e e /CLAP/ )
I BRRGG RATIO OF MAXIMUM TO MINIMUM BURN RATE IN SOLID .o¢
CI ( === ——= $em /GASGEN/ )
CI BTEQGEG RATIO OF EQUILIBRIUM TEMPERATURE IN PROPELLANT
CI TANK TO MINIMUM OPERATING TEMPERATURE (TMIn
CI vommm 109 SBOLDGE JGASREN,
CI BULK COMPOSITE MOTOR CASE MATERIAL BULK FACTOR FOR
o EACH STAGE
ci { ~-— 1. $MATER /MOTOR/ )
cI BURNR & GRAIN BURN RATE FOR START CARTRIDGE (ISTART=3)
CI ( IN/SEC 0. 14 SPUMP /TPAIN/ )
CI BYPREG REGEN JACKET BYPASS FLOW FRACTION
cI === 0.0 $INREGN /SCHEDW, .
CI BYPTUR TURBINE BYPASS FLOW FRACTION
oF ( —=— 0.0 $INREGN /SCHEDW/ )
cI C NO AVAILABLE DEFINITION ¢ /ATMDS/
CI of AERODYNAMIC aXIAL FORCE COEFFICIENTS INPUT AS
CI FUNCTIONS OF MACH NUMBER AND ANGLE OF ATTACK
c1 CACI,J) CORRESPONDS TO AMACH(I)
CI I i $AEROD /AERD/ ) A
ok | CAB BASE DRAG CORRECTION FACTOR; DECREASE IN CA FOR
CI POWER~-ON
o ( === 0. $AERQU /AERO/
(o CALPH NGO AVAILABLE DEFINITION ¢ /TR )
CI CBM CRITICAL BENDING MOMENT
CI { INJLBF 0.0 $LTANK /TANKS/
cI CBMLT BASE PRESSURE THRUST MULTIPLIER ON PLUEG CLUSTER
CI AND ANNULAR ENGINES
o ( === 0.7 $NOZZLE /PLUGCL/ )
CI CBRGG BURNM RATE COEFFICIENT OF SOLID GRAIN
CI ¢ IN/JBEC 0. 095 $S0LDEG /GASSEN/
CI CCHIP NO AVAILABLE DEFINITION ( /TRAU/
CI CCHIR NO AVAILABLE DEFINITION ( /TRAJ/ )
CI CCLEN CHAMBER LENGTH
CI O IN m—— G J//EQ7// )
CI CCRIT CRITICAL THERMAL CONDUCTIVITY OF REGEN CODLANT
Ci { BTU/IN®##Z/8EC/DEGR/IN —-~ $~—— /COOLNT/
cI CCRITF FUEL CRITICAL THERMAL CONDUCTIVITY

Figure 5.1. Common 3lock Variables (Sheet 3 of 46)
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&
=4

(@]
g

YO
-

ClI
C1
Ci
CI
CrI
CI
CI

e

‘LJ.

(V

COVLVF
covi.vo
CFTCAB
CFTNAB
CFTTAD
CFVLS

CEaMA
CHIDOT

CHIP
CHIPO

CHIPC

CHIR
CHMULT

CHPOPC
CHRPIX

CHRPIY

CLOVOL
CLRAF

CLRFP

CLRNGZ

CLRTNK

oM

CHAX

Ch

( BTU/IN/SEC/DEGR ——— §~—— /PROPRG/ )
OX CRITICAL THERMAL CONDUCTIVITY

{ BTU/IN/SEC/DEGR ~~— &w—— /PROPR/ 3

DESIGN ”WM“IFX’TV MULTIPLIER ON CAY GENFRATOR
{ === 1.25 2500060 /CASQEN, }

FUEL INJECTOR DISCHARGE COEFFICIENT

O == 0. 77 SINJECT /LIGUIDs

OXIDIZER INJECTOR LDISCHARGE COEFFICIENT
{72 $INJECT ZLIQUID/ )

MO AVAILABLE DEFINITION ( /TCAS

- NG AVATLABLE DEFIMNITION ¢ STCAS

ABLATIVE THICKNESS COEFFICIENT FDR CHAMBER

¢ -== Q. $ABLATE /TCA/ )

ABLATIVE THICKNESS COEFFICIENT FOR NOZZLE

{ == 0. $ABLATE /TCA/

ABLATIVE THICKNESS COEFFICIENT FUR THROAT

{ = O $ABLH7& /le—v/ )

NGO AVAILABLE DEFINMITION { /88¢0M7

NO AVATLABLE DEFINITION ( /TRAJ/ )

COMMAND CONSTANT INERTIAL PITCH RATE: INPUT FOR
TRAJECTORY GQUIDANCE SECTIONS UTILIZING GUIDANCE
OPTION 5

{ DEG/BEC ——— $QUIDA //7/EQ//F )

NG aVAILABLE DEFINITION { /TRAJS

INITIAL VALUE OF INERTIAL ATTITUDE

{ DEG ——— SINTRAJ /TRAJ/

COMMANDED CONSTANT INERTIAL ATTITUDE: INPUT FOR
TRAJECTORY GUIDANCE SECTIONS UTILIZING GUIDANCE
OPTICN 2

{ DEG ~—— $GUIDA ///EQ/ 7/ j

NO AVAILABLE DEFINITION ( /TRAJI/ }

COOLING CHANNEL MULTIPLIER IN REGEN COOLING LOGIC

{ === 1.0 $INREGN /WTREGN/

NO AVAILABLE DEFINITION ¢ ZLIQUIDSA )
CHARACTERS PER INCH OUTPUT BY THE LINE PRIMTER
IN THE HORIZONTAL DIRECTION

{(USED BY PSEUDO-TEKTRONIX ROUTINES)

{ CHAR/IN 10 SNCTINP /PSUTEK, )

CHARACTERS PER INCH IN THE Y DIRECTION QUTFUT

BY THE LINE PRINTER (FOR PSEUDO-TEATRONIX ROUTINE

( CHAR/IN & $NCTINP /PSUTEK/

CLOSEQUT VOLUME OF REGENERATIVELY COOLED CHAMBES

( IN#*#3 ——- §eww /WTREGN/ )
SPACE BETWEEN AFT AND FORWARD TANK HEADS
CIN 0.0 SLTANK /TANKS/ )

SPACE BETWEEN FORWARD TANK HEAD AND PRESSURE Tank

HEAD
€ IN 0.0 SLTANK /TANKS,
{NOT USED)
¢ IN 0.0 $NOZZLE ///EQ/77 )
CLEARANCE BETWEEN NON-CONVENTIONAL TANKS WHEN
LOADING THEM INTO STAGE EMVELOFE
COIN 2 0 SNCTINP ANCTINS )
MOTOR EFFICIENCY FOR EACH STAGE: AFFECTS THRUST
OnNL Y
{ == 0.9 $PROPEL /MOTOR/
MAXIMUM CARRY MOMENT
O IN/LBF 0.0 $LTANK /TANKS/ )
AERGDYNAMIC NORMAL. FORCE COEFFICIENTS INPUT 4B
FUNCTIONS OF MACH NUMBER AND ANGLE OF ATTACK.

Figure 5.1. Common Block Variables (Sheet 4 of 46)

40

L.qn-qr—~4:»-<Hr—ei—«*,z-~HHHHHHHHHi—4HH.H}-«:HHH'-‘.i—-‘.HHH!—-{%JHHHHHHP-iHHE-(N#—!HHH!—-—:F—:h—(!——eé-w’b—d.)—eb-és-«ii-—i'r-‘w«



- \\)

yReEsNeNeNsNe
— et

ot b et e e

QG
g

-~

CI

9
—

<

]
[

-

IS NONGNONS Ny e NeleleWay
Pt bt et et et

ot et i el B g

a0
4

CI
CI
ClI
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Cl
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CI
CI
CI
CI
CI

ol o N
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OO0 O0n
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OO0
o

~

O
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3

[
[

CNMLL T
NEOF I
CMNETRN

LN
CONDCT

CONTOL

CPUNAF
CPONAD
CPQNBF
CPCNBDO
CPCNCF
CPCMCO
CPONDF
CPCNDO

CPCONA

CPCONB

CRCONC

CRCOND

CPFACT

CN<1,J) CORRESPONDS TO AMACH(IY AND ALPH(J}
e —e= SAEROD /AERG/ )

EFFE&TIVE THERMAL CONDUCTIVITY OF MULTILAYER

INSULATION (MLI)

( BTU/IN-SEC-DEGR 4. E~9 $TANKHX /INSLHY/

EFFECTIVE THERMAL CONDUCTIVITY OF SPRAY ON FOamM

INSULATION (S0OFI)

- BTU/IN-SEC-DEGR 3. SE-7 $TANKKYX S INSLHX/

VALUE OF CONSTRAINT

{ m== == SINPOPT /OPTIM/

NO AVAILABLE DEFINITION ¢ /MOTOR,
MATERIAL THERMAL CDNDUCTIVITY TABLE

( BTU/IN-SEC-DEGR . 00023, . 0001, 8%0 $LIGMAT SATPRCR

CUONDENSATION LOSS MULTIPLIER FOR S0OLID &G
{ == e $mw~ SGASGEN/ )
NOZZLE EXTENSION THERMAL CONDUCTIVITY AT TNENOM
{ BTU/IN/SEC/DEGR . 000555 $LIQENG /COOLNT/ :
FRODUCT OF EuUIVALENCE RATIO AND MIXTURE RATIO
FOR USBER DEFINED PROPELLANT (IPROP=0)
{ —-= 2. 249 @LPROP /EQUIVR/ )
PRODUCT OF EGUIVALENCE RATIO AND MIXTURE RATIO
FOR THE LIBRARY PROPELLANT
{ =m= === fee— JEQUIVR/ )
TOLERANCE FOR CONSTRAINT
{ ——= ——— FINPOPT Z0PTIM/
CONSTANT IN EQUATION OF IDEAL GAS HEAT CAPACITY
FOR FUEL
{( e SLFUEL /PROPRO/ )
CONSTANT IN EQUATION OF IDEAL GAS HEAT CAPACTTY
FOR OX
( === ——— $.0XID /PROPROD/ )
CONETANT IN EQUATION OF IDEAL GAS HEAT CAPACITY
FDR FUEL

== == ®LFUEL /PROPRO/
CDNbTANT IN EQUATION OF IDEAL GAS HEAT CAPACTTY
FOR 0OX
{ ——= $LOXID /PROPRO/ )
CONSTANT IN EQUATION OF IDEAL GAS HEAT CAPACITY
FOR FUEL
{ ==— ——— & FUEL /PROPR0O/ )
CONSTANT IN EQUATION OF IDEAL GAE HEAT CAPACITY
FOR OX
( === ——— $.0XID /PROPRO/ )
CONSTANT IN EQUATION OF IDEAL GAS HEAT CAPACITY
FOR FUEL
{ === === | FUEL /PROPRO/ )
CONSTANT IN EQUATION OF IDEAL GAS HEAT CAPACITY
FOR 0OX
{ e $L.OXID /PROPRO/ )
IDEAL HEAT CAPACITY CONSTANT

{ =—- 3.8B9 sLPROP /COOLNT/
IDEAL HEAT CAPACITY CONSTANT

{ === 23.2 $LPROP /COOLNT/ )
IDEAL HEAT CAPACITY CONSTANT

( ——— —=2.818 $LPROP /COOLNT/ )
IDEAL HEAT CAPACITY CONSTANT

( === 1. 666 $LPROP /COOLNT/ 3

HEAT CAPACITY CORRECTION FACTOR TO REFERENCE
HEAT CAPACITY (CPREF)
( =-« === $e—— /COOLNT/

Figure 5.1. Common Block Variables (Sheet 5 of 46)
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C C
eI

cI
CI
CI
CI
CI
ClI
CI
ClI
CI
CI
CI
CI
CI
CI
CI
1
C1
C1
Ci
Cr
CI
CI

\C1
/CI

CI

C1
CI
Cl
CI
CI
Cl
1
Cl
CI
Ci

i~

(O
CI

i ¢
Lo I ot 1]

TGO O00N

;
/

P T S e B o B e B B B e T )

£

)

LR
CRFCTO
CPGGPB
CRLINF

CRLING

CPRREF

CPREFD

CPVLVF

CRVLAVG

~ R
‘\-‘

CGREFF

CBRMX

CHRODE

Cs5MMX

CETAR

CHETARL

CETODE

CTOL
g

L

CVACUM

cVMAax

CVMIN

CWMLTF

Nu AVATLABLE DEFINITION ¢ /PROFPRO/
NO AVAILABLE DEFINITION O /PROPRO/ )

HEAT CAPACITY OF GAS GENERATOR /PREBURNER
COMBUSTION GaAS

¢ BTU/LB/DEGR . 721 $PUMP /TPAIN/
FRACTION OF FACE P ACROSS FUEL LINE

( === 0 172 $LIQUID /LIQUID/
FRACTION DF FACE P ACRDSS OXIDIZER LINE
C == 0207 $LIQUID /LIQUIDS )

CREFERENC HEAT CAPACITY FOR COOLANT
C BTU/LBM/DEGR 0. 725 $LPROP /COOLNT,
FUEL REFERENCE HEAT CAPACITY
{ BTU/LB/DEGR -—— $LFUEL /PROPRO/ )
UX REFERENCE HEAT CAPACITY
¢ BTU/LB/DEGR ——— $LOXID /PROPROS
FRACTION OF FACE P ACROSS FUEL VALVE
(o 00409 2L IQUID ALIQUIDR/ )
FRACTION OF FACE P ACROSS OXIDIZER VALVE
{ === 0 28 3LIQUID /LIQUID/ 3
CONTRACTION RATIO OF LIQUID ENGINE
{ == 2. 54 sLIGENG ///EQ/// )
REFERENCE THERMAL CONDUCTIVITY FOR COOLANT
 BTU/IN/SEC/DEGR 3. 85E-& $LPROP /COOLNT/
FUEL REFEREMCE THERMAL CONDUCTIVITY

( BTU/IN/SEC/DEGR =--- $LFUEL /PROPRO/ )
0X REFERENCE THERMAL CONDUCTIVITY
( BTU/INFEEC/DEQR - $LDXID /FQCPRD/ )

{ Ff!“EC JQJE *SHLDGG /GALGEN/ 3
CBTAR EFFICIENCY
l

)

mee e Fme /L TQUIDS )
C?TAP FOR USER PROPELLANT AT PC=500 AND QFRMX
{ FT/SEC 5689, $L.PROP /EQUIVR/ )

IDFAL ONE DIMENSIONAL EQUILIBRIUH CETAR

o

FT/BEC

e e SLIQUIDS

CST4R OF LIBRARY PROPELLANT AT MAX 18P FOR
PC"HOO E=20

( FT/8EC —== $-—— /EQUIVR/ )

PROPELLANT CHARACTERISTIC VELOCITY INPUT AS A

FUNCTION OF CHAMBER PRESSURE; CSTAR(J, 1) CORRES-

FONDS T3 PCR(J) FOR THE I-TH STAGE
¢ FT/8EC O. $PROPEL /MOTOR/
DELIVERED CSTAR FOR TCA  (KPERF=0)

{ FT/8EC 552

SLAPERF /LIQUID/s

IDEAL CHARACTERISTIC VELOCITY TABLES
¢ FT/8EC

MULTIPLIER ON THRUST COEFFICIENT FOR PLUG CLUST:EF

e CORCOND £

AND ANNULAR ENGINES

¢ == 0099 $NOTZLE /PLUBCL/ )

N AVAILABLE DEFIMITION  7CUT/ 3
START VALVE COMPLEXITY MULTIPLIER
1.0 $PUMP JTPAIN/ )

{ e

ACCUMULATOR VALVE COMPLEXITY MULTIPLIER

{ ———

MAXIMUM VALUES FOR CONTROL VECTOR

1.0 $PUMP /TPAIN/

{ === ——— $INPOPT /CVYBOND/ )

MINIMUM VALUE FOR CONTROL. VECTOR (IOFPT) ELEMENTS

! G

FINPOPT /CVBOND/ )

CUPtHDL VALVE PRES EUR& DROF MULTIPLIER USED
CALCULATE PRESSURE DRUOP FROM PUMP DISCHARGE TO

Figure 5.1.

Common Block Variables (Sheet 6 of 46)
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oI
cl
CI
CI
CI
CI
Ci
)
CI
C1
Cl
€I
ci
CI
CI
Ci
CI
LI
CI
CI
CI
CI
CI
CI

T
e d

CI
CI
Cl
CI
CI
CI
€I
CI
CI
CI
CI
CI
CI
CI
C1
CI
CI

RS ES!
fird beed g

CXHTCF

CXHTCO

CXING

CAVALY
CXWATL
CAXWATN
CEWCHM
CXWDUC
CXWENG
CXWFLT
CXWFTL
CRWFTN
CXWGIM

CXWIGGE

CXWLIN

CXWNCT
CXWNZE

CXWOXT
CRWPCH
CXWPTL
CXWPTN
CHUWETR
CXWTHM

CXWTNK

CXWTPA
CYLLAT
CYLLFT

CYLLPT

GAS GENERATOR/PRE~BURNER INJECTOR INLET
{ === 0.&5 sPUMP /PRESCH/ )

HEAT TRANSFER COEFFICIENT MULTIPLIER FOR HEAT
EXCHANGER ON FUEL SIDE

{ === 38073 $-— /TPAIN/

HEAT TRANSFER COEFFICIENT MULTIPLIER FOR HEAT
EXCHANGER ON OXIDIZER SIDE

{ —=— 0. 23435 $--~ /TRPAIN/ )

INVECTOR COMPLEXITY MULTIPLIER

{m-- 1 SCXWMLT /TCA/ )

VALVE CDMPLEXITV MULTIPLIER

( === 1. $CXWMLT /TCA/ )

AFT TANK LINE WEIGHT MULTIPLIER

¢ === 1. $CXWMLT /MULT/

AFT TANK WEIGHT MULTIPLIER

(=== 1. $=e /TWTMLT/ )

CHAMBER WEIGHT MULTIPLIER

¢ me= i SCXWMLT /TCA/ )

HOT GAS DUCT WEIGHT MULTIPLIER

{ === 2.5 $PUMP /TPAIN/ )

ENGINE WEIGHT MULTIPLIER

{ === 1 .05 $CXWMLT /TCA/

FUEL TANK WEIGHT MULTIPLIER

(=== 1. $CXWMLT /TWTMLT/ )

FORWARD TANK L.INE WEIGHT MULTIPLIER

( === 1. $CXWMLT /MULT/

FORWARD TANK WEIGHT MULTIPLIER

¢ === 1. $-—— /TWTMLT/
WEIGHT MULTIPLIER ON ENGINE GIMBALING SYSTEM
(=== 1.0 $CXWMLT /TWTMLT/ )

GAS GENERATOR OR PRE-BURNER INJECTOR WEIGHT
MULTIPLIER
( === 1.0 $PUMP /TPAIN/
ENGINE BAY PROPELLANT LINE WEIGHT MULTIPLIER
{ === 2.5 $PUMP /TPAIN/ )
NO AVAILABLE DEFINITION  ( /NCTIN/ 7
NOZZLE EXTENSION WEIGHT MULTIPLIER
(=== 1.1 $CXWMLT /TCA/ )
UXIDIZER TANK WEIGHT MULTIPLIER
{ w~= 1. SCXWMLT /TWTMLT/
PRESSURANT CONTROL HARDWARE WEIGHT MULTIPL IER
{ === 1. $CXWMLT /MULT/
PRESSURE TANK LINE WEIGHT MULTIPLIER
{ === 1. SCYXWMLT /MULT/ )
PRESSURE TANK WEIGHT MULTIPLIER
C=-= 1 SCXWMLT /TWTMLTZ )
STRUCTURAL WaALL WEIGHT MULTIPLIER
{ === 1 SCAXWMLT /MULT/ )
WEIGHT MULTIPLIER ON ENGINE THRUST MOUNT
{ === 1.0 $CXWMLT /TWTMLT/ )
TANK WEIGHT MULTIPLIER
(FOR BOTH TANDEM AND NON~CONVENTIONAL)
( === 1 $CXWMLT /MULT/
TURBOPUMP ASSEMBLY WEIGHT MULTIPLIER
( —== 1. SCXWMLT /TPAIN/
CYLINDRICAL LENGTH OF AFT TANK
( IN == $~—— /TANKS/ )
CYLINDRICAL LENGTH OF FORWARD TANK
{IN === $-—- /TANKG/
CYLINDRICAL LENGTH OF PRESSURE TANK

Figure 5.1. Common Block Variables (Sheet 7 of 46)
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CYLTNK

CZERFL

L ZERD

1'\ TLROX
DACCFL.
DACCOX
OACQFL
TACGQUOX
DANBAS
DANEX

DBEXPA

DBEXPE

CEMLTK

DBMDFL
LRMNDOX
DBOTFL
DBOTOX
DEPFL
DRPOX
DBRCS
CCBAT
OCEBFT
DCHAM
DCHARC
DOMHARN
DCHART
ODCRIT
DCRITF
DCRITD
DDUCBF
DDUCFL
DDUCOX
DDUCT
DDUCTI
DEEXIT

OEL.

POAIN T e S RN S/ 3
MO AVATLABLE DEFINITION
NO AVAILABLE DEFINMITION
NO AVAILABLE DEFINITION SERAOUT S
NO AVAILABLE DEFINITION STPAQUT Y

INCTOUT Y, )

)

;

NG AVAILABLE DEFINITION ATPOUTZ2/ )
}

{

7 TRADUT /

L N

NO AVAILABLE DEFINITION ( /TPDUTZY/
FUEL TANK ACGUISITION DEVICE DENSITY
CLB/IN®#3 0.} $LTANK /TANKS2/

KACOFL =& )

OXIDIZER TApK ACQUIsITIUN DEVICE DENSITY(KACOOX=r :

( LO/IN®#3 G 1 $LTANK /TANKS2/
UIAMETER OF BASE OF ANNULAR ENGINE
OIN === $~-—~ /PLUGBCL/ )
DIAMETER OF ANNULAR THROAT OF ANNULAR ENGINE
O IN 4B SNOZZLE /PLUGCL/

EXPONENT ON REVNOLDS NUMBER IN LIQUID HEAT TRaANS -

FER COEFFICIENT CALCULATION

¢ === Q.95 $LPROP /COOLNT/

EXFONENT ON PRANDTL NUMBER IN LIQUID HEAT TRANG -
FER COEFFICIENT CALCULATION

( === 0.4 $PROP /COOLNT/ )

MULTIPLYING FACTOR IN LIGUID HEAT TRANSFER
COEFFICIENT CALCULATION

¢ ~== 0. 005 $LLPROP /COOLNT/ )

FUEL TANK BOND DENSITY

O LB/IN##3 (4 $BLADER /TANKSR2/ )
UXIDIZER TANK BOND DENSITY

CLB/7IN®#3 | 04 $BLADER /TANKSZ/ )

NGO m”AILABLt DEFIMITION ¢ ATPOUTZ2/ )
NO AVAILABLE DEFINITION ¢ /TPOUTZ/ )
NO AVAILABLE DEFINITION { /TPABUT/
NO AVAILABLE DEFINITION ¢ /TPADUT/
NO AVAILABLE DEFINITION ( /TPADUT, )
CENTER BODY DIAMETER IN AFT TANK

{IMN === %~ /TANKS/

CENTER BODY DIAMETER IN FORWARD TaANK

{ IN ——— $-—— /TANKS/

CHAMBER INSIDE DIAMETER

CIN ——— $——— /L IQUID/ )

REFERENCE CH6R DEPTH IN CHAMBER

CIN 1,02 SaBLATE /TCA/

NOZZLE REFERENCE CHAR DEPTH

C IN 0.087 $ABLATE /TCA/ )

REFERENCE CHAR DEPTH IN THROAT

{ IN 1.33 $aBLATE /TCA/

CRITICAL DENSITY OF REGEM COOLANT

{ LBM/IN##3 ——— #——— /COOLNT/

FUEL. CRITICAL DENSITY

{ LB/IN®#3 ——— $——— /PROPRG/ )

CX CRITICAL DENSITY

O LB/IN##3 ——— $--— /PROPRD/ )

NO aVAILABLE DEFIMNITION ¢ /TPOUTR2Y )
NO AVAILABLE DEFINITION ¢ STPOUTZY )
NO AVAILABLE DEFINITION ¢ STRPOUTEY )
NO AVAILABLE DEFINITION C /STRPOUTZ27 )
NO AVAILABLE DEFINITION ¢ /TPOUTZY )

EXIT DIAMETER

CIN == $-—— /85C0OMs )
INITIAL OPTIMIZATION STEP SIZE
T === 0 $INPOPT /OPTIM/ )

Figure 5.1. Common Block Variables (Sheet & of 46)
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5

-

N

C1I
CI
CI
CI
CI
CI
ClI
C1
CI
C1I
CI
Cl
C1
C1
CI
CI
<l
CI
CI

e

s ReRY]
et e ey

~

CI
CI
CI
CI
CI
CI
CI
0
CI
CI
CI
CI
CI
Ci
C1
L
CI
CI
CI
CI
C1
CI
CI
CI
ClI
ClI
1

o
A

CI
CI
Cl
C1
C1
eI

Cl

LA i
DELINC

DELMIN
RELT
DELT24
DELTAP
DELTAT
DEL TAV
DELTEE
DELTFL
DELTOX
DEYIT
DFL

DFL2
DFLJ

DGGPB
LGEPRD
CHVAPF
DHYAPD

DIFTBF

DLAFT

DLBPFL.
DLBPOX
DLFWD

DLMPFL
LLMPOX
ODMINSG

DMOTOR

DNML T
DNSOF I
DOX

poxa
DOXJ

DPBL.DA

DPBL.DF

MU AVAILABLE DEFINITION { ///EG//77 )
INCLINATION CHANGE

{ DEG 0.0 $0ORB ///EQ/// )

MINIMUM OPTIMIZATION STEP SIZE FOR CONVERGENCE
U == == $INPOPT /OPTIM/ )

TRAVECTORY INTEGRATION TIME STEP INTERVAL
(CONSTANT DURING FLIGHT)

{ SEC 1 $INTRAJ /TRAJ/ )

NO AVAILABLE DEFINITION ¢ /TRAJ/ )
TOTAL DELTA P ACROSS REGEN JACKET

( PSI -~ $ww— /COOLNT/ )

TATAL DELTA T ACROSS REGEN JACKET

( DEGR —~— &~~~ /COOLNT/ )

NO AVAILABLE DEFINITION C F//EG/ /)
NG AVAILABLE DEFINITION ¢ /TPAQUT/
NO AVAILABLE DEFINITION { /TPAOUT/
NO AVAILABLE DEFINITION { /TPAQUT/
NOZZLE EXIT DIAMETER

Tt et e e

¢ IN ——— &-—o /L8COM/
FUEL. PUMP DIAMETER
€ IN ——~ $—— /TPAQUT/ )

NGO AVAILABLE DEFINITION { /TPOUTZ/
FUEL. INJECTOR ORIFICE DIAMETER

U IN === &%——— /LIQUID/

NO AVAILABLE DEFINITION ¢ /TPOUTZ, )
NO AVAILABLE DEFINITION ( /CONST/ »

FUEL HEAT OF VAPORIZATION AT NORMAL BOILING POINT

( BTU/LB ——- $LFUEL /PROPRO/ )
OX HEAT OF VAPORIZATION AT NORMAL BOILING POINT
¢ BTU/LB -—— s$LOXID /PROPRO/ )

USED TO CALCULATE BARRIER TEMPERATURE FOR REGEN
COOLED CHAMBERS AND TRANS-REGEN CHAMBERS USING
TBARRIER = DIFTBF #* (TCORE ~ TGWNOM) + TCWNOM

{ === 1.0 $INREGN ///EQ/// )
AFT LLINE DIAMETER
{ IN ——— $——— /TAMKS/ )

NO AVAILABLE DEFINITION ¢ /TPOUTR/ )
NO AVAILABLE DEFINITION C /TPOUTZ2/ )
FORWARD LINE DIAMETER

{IN == S JTANKS/ )

NG AVAILABLE DEFINITION { /TPOUTR2Y )
NGO AVATLABLE DEFINITION ( /7TRPOVITZY )
MINIMUM ALLOWARLE SOLID GRAIN DIAMETER
C IN 3.0 $8S0LDGG /TANKS/ )

MOTOR OUTSIDE DIAMETER INCLUDING EXTERNAL
INSULATION

( IN &&6. $INPGEN ///EQ//7/7 )

MULTILAYER INSBULATION (MLI) DENSITY

{ LBM/IN##32 002 $TANKHX /TANKSZ/ )
SPFRAY ON FOAM INSULATION (SOFI) DENSITY
¢ LBM/IN#%3 Q0127 $TANKHX /TANKSR/ )
OXIDIZER PUMP DIAMETER

 IN -=— $——- STPAOQUT/ )

NO AVAILABLE DEFINITION ¢ /TPOUTZ2Y )
OXIDIZER INJECTOR ORIFICE DIAMETER

{ IN == S~ JLIQUID/
AFT BLADDER DELTA P

{ PS] ——= $——= /TANKE/ )
FORWARD BLADDER DELTA P

{ PRI === $-m—= /TANKS/ )

Figure 5.1. Common Block Variables (Sheet 2 of 46)
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R
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OO0
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—
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~

<1

~

CI
I

CI

Ial
e

Ci

9

AN

DFBLFL
DPBLOX
DPBPFL
DPBPOX

DPGPBF

UPGPBI]
DPIJFL
DR TU0x
DPLNFL
DPILMOX
DRPEMPFE
orPPMPO
DPREGF
LDPREGO
DPSYSF
DPSYSD
DPTURE
DPVILVF
DPVLVO
DREF

DREFFL.
DREFOX

DRGL
ORGLOS

DSPH
DTBRFL

DTBPOX
DTHRT

DTIJF#
DTIJ0X

DTLNFL

FUEL. BLADDER DELTA P

{ PSI ==~ $ewe /PRESCH, )

UXIDIZER BLADDER DELTA P

¢ PSI === $wew /PRESCH/ )

DELTA P BETWEEN FUEL IN TANK AND BOOST PUMP INLET
C PBIA ——~ $-—— /PRESCH/

DELTA P BETWEEN OX IN TANK AND BOOST PUMP INLET
{ PSIA ——= g-—— /PRESCH/ )

FUEL. DELTA P ACROSS GAS GENERATOR /PREBURNER
INJECTOR

¢ PSIA ~—- $-—— /PREGCH/ )

3X DELTA P ACROSS GAS GENERATOR/PREBURNER INJECTLR

( PYIA ~—— $——— /PREBCH/ )

FUEL. INJECTOR DELTA P

{ PSI === $ewe /LIGUIDS )

OXIDIZER INJECTOR DELTA P

O FPBY == $eee /LIQUID/, )

FUEL LINE DELTA P

( PSI ==~ $——— /LIQUID/

QXIGIZER LINE DELTA P

¢ PS5 =~— $me— /LIQUID/

DELTA P ACROSS FUEL PUMP

¢ PSIA ——— d—— /PRESCH/ )

BELTA P ACROSE 0OX PUMP

{ PSIA ——— d-—— /PRESCH/

FUEL. DELTA P ACROSS REGEN JACKET

¢ PSIA ——— $-—— /PRESCH/ )

OX DELTA P ACRUOSS REGEN JACKET
PSIA ~—— G- /PRESCH/

FUEL. FEED SY8TEM DELTA P

{ PSI -—= $——— /LIQUID/ )

OXIDIZER FEED SYSTEM DELTA P

( PBI ——— $——— /LIQUID/

DELLTA P ACROSS TURBINE

¢ PSIA ——— g——— /PRESCH/

FUEL VALVE DELTA P

¢ PSI ~—— $——- /LIQUID/ )

OXIDIZER VALVE DELTA P

¢ PSI =~ & /LIQUID/

REFERENCE VALUE OF DENSITY FOR CODLANT
O LBM/ZIN%#3 O 0327 $LPROP /COOLNT/
FUEL REFERENCE DENSITY

¢ LB/IN##3 --- $LFUEL /PROPRO/ )
OX REFERENCE DENSITY
O LEZIN##3 ——— $LOXID /PROPRO/

NO AVAILABLE DEFINITION { /TRAJ/

IDEAL VELOCITY LOSSES DUE TO AERODYNAMIC DRAG
¢ FT/8EC O $INTRAJ /TRAJ/ )

NO AVAILABLE DEFINITION ( /TPOUTZ/ )

FUEL DELTA T ACROSS BOOST PUMP

{ DEGR ~—— &~-—— /TEMSCH/ )

2X DELTA T aCROSS BOOST PUMP

{ DEGR ——~ g——— /TEMSCH/ )
INITIAL THRQAT DIAMETER

¢ IN ——= $——w /L8COM/ )

FUEL. DELTA T ACROSS TCA INJECTOR
{ BEGR ——— &~ /TEMSCH/ )

OX DELTA T aCROSS TCA INMJECTOR

{ DEGR ——— $—w—— /TEMBCH/

FUEL DELTA T ACROSS FEED LINE

Figure 5.1. Common Block Variables (Sheet 10 of 46)
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Gl DEGR ~== gew—= STEMSCH/ )
0 4 DTI.NOX 0X DELTA T ACROSS FEED LINE
1 ( DEGR —=- g--— /TEMSCH/ )
CI DTPA NO AVAILABLE DEFINITION ( /TROUTZY )
CI DTPABF NGO aVAILABLE DEFINITION ¢ /TPOUTZ/
Ci DTPARBDO NO AVAILABLE DEFINITION { /TPOUTZ/
CI DTPAFL NO AVAILABLE DEFIMITION ¢ /STROUTZ, )
Ci DTF&0X MO AVAILABLE DEFINITION { /TROUTZ2/ )
C1I DTPMPF FUEL DELTA T ACROSS MAIN PUMP
CI { DEGR —=- g-—— STEMSCH/
CI DTPMPD OX DELTA T 4CROSS MAIN PUMP
CI ¢ DEGR === g~-~ /TEMSCH/
CI LTREGF FUEL DELTA T ACROSS REGEN JACKET
CI { DEGR ——— &-—— /TEMSCH/
cr DTREGO OX DELTA T ACR0OSS REGEN JACKET
C1 { DEGR ~—— $w—— /TEMSCH/ )
CI DTTURB TEMPERATURE DROP ACRDSS TURBINE
CI { DEGR ——— g~—— /TEMSCH/ )
ClI DTURRB TURBINE DIAMETER
CI { IN === $=ee /TPAOUTY )
CI DTURBF ND AVAILABLE DEFINITION { /TPADUT, )
CI DTURBO NO AVAILABLE DEFINITION { /JTRAOUT,
CI DTVLVF FUEL DELTA T ACROSS BIRPROP VALVE
CI { DEGR ~~—— &-—— /TEMSCH/
CI DTVLAVO BX DELTA T ACROSS BIPROP VALVE
CI { DEGR ~—— #——— /TEMSCH/ )
Cl DVREG NO AVAILABLE DEFINITION { /MOTORY D
CI E REGEN STATION LOCAL AREA RATID
CI { —m —mm G JRGMNSUM/ )
CI EAFSKT MODULUS OF ELASTICITY OF STAGE AFT SKIRT
CI ( LBF/IN##2 29 E& $INTSTEG /MOTOR/ )
CI EARIR EARTH INFRA-RED HEAT FLUX (KHXOPT=2)
CI { BTU/SEC~IN##2 1. 35E-4 $TANKMX /INSLHX/ )
C1I EARREF EARTH REFLECTANCE (ALBEDD) (KHXOPT=2)
CI . { —=—= 0.39 $TANKHX /INBLHX/
Cr EBRGG EURN RATE EXPONENT OF SOLID GRAIN
CI { ——— 0. 64 $SOLDGEGC /BGASGEN/ )
CI ECASE MODULLUS OF ELASTICITY OF CASE MATERIAL
CI O LBF/IN##2 29 E& $MATER /MOTOR/ )
CI ECCEN NO AVAILABLE DEFINITION C ///EGQ/SY )
C1 ECFTHR TABLE OF NOZZLE EFFICIENCIES FOR THROTTLED
CI FRESSURE FRACTIONS
CI { e e $THROT /THREFF/ )
C1 ECEBVAP CSTAR VAPORIZATION EFFICIENCY
c ( == ——— $——— /LIGUID/ )
cI EDES ECCENTRICITY OF DESTINATION ORBIY
CI ( =~ 0.0 $0RB ///EQ/// )
CI EECRAT EXTENDABLE EXIT CONE EXPANSION RATIO
€I { ==~ 1.5 $NDZZLE ///EQ///
CI EINSTG MODULUS OF ELASTICITY OF INTERSTAGE MATERIAL AT
CI THE TOP OF EaCH LOWER STAGE
CI ¢ LBF/IN##2 | 8E& $INTSTG /MOTOR/
o1 ELDENS INJECTOR ELEMENT DENSITY
CI O ELEMENTS/ IN#%2 3.1 $INJECT ///EQ/// )
C1I ELDOME ELLIPSE RATID FOR THE CASE/TANK DOMES
CI { ——-— 1. $INPGEN ///EQ/// )
CI EtLCHM NO AVAILABLE DEFINITION ¢ /NCTIN/ )
CI ELLTNK NO aVAILABLE DEFINITION ¢ /NCTIN/ )
Cl ELPRIM NO AVAILABLE DEFINITION { /NCTINYS 3
C1 ELRP PRESGURE. TANK ELLIPSE RATIO

Figure 5.1. Common Block Variables (Sheet 11 of 46)
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CI

™~

fas

N -
|1
R

[l

o

Cl

CI

EMISTC

EMISVE

EMDROV
ENDVAL
ENDVLG

ENDVLM

EhGaNG
ENGRAD
ENGEPC
EPARK
LR IPE
£EPS

EFSATT

EPSEEC

EPSTH

EPSTRD
EPETRU
EPTRAT
EREMIX
EREMRID

ERETHR

EREVAF

ERFIHR

AW LI SN S/ J
THRUqT CHAMBER EMMISIVITY FOR TCA RADIATION
COOLING MODEL
¢ == 0.9 $_TQENG /COOLNT/ )
VEHICLE EMMISIVITY IN ENGINE BAY FOR TCa
RADIATION COOL. ING MODEL
{ === 0.5 $LIGENG /COOLNT/ }
NUMBER OF ENDS PER ROVING
{ ~=—= 4.0 $FILMNT /MOTOR/ )
NO aVAILABLE DEFINITION C A rEQSS Y )
VALUE OF ENDING PARAMETER AT WHICH GUIDANCE
GECTION IS 1O RE TERMINATED
{ == === SGQUIDA ///EQ///7 )
VALUE OF MOTOR ENDING PARAMETER &T WHICH MOTOR
rGTIGN IS TO PE TERMINATED
o e BOUTDA ///EQSSS
KO AVATLABLE DEFINITION { /NCTIN
NO AVATLABLE DEFINITION  /NCTIN/
MINIMUM SPACE BETWEEN NOZZLE EXITS IN NON-CONVEN-
TIONAL TANK DESIGN
C Ik 2. 0 SNCTINP /NCTIN/ )
ECCENTRICITY OF PARKING ORBIT
¢ === 0.0 $0RB ///EQ/// )
ABSOLUTE SURFACE ROUGHNESS OF COOL ING CHANNEL S
¢ IN O 00002 $INREGN /COOLNT/ )
NOMINAL EXPaNSION RATIO FOR EACH STAGE
{ =-— 10. $INPBEN ///EQ/// )
EXPANSION RaATIO AT THE NOZZLE-DOME ATTACH FOINT
FOR S0LID STAGES. EXPANSION RATIO WHERE RADIATIAN
COGLED NOZZLE IS ATTACHED FOR LIQUID STACES

{ === 1. $SINPGEN ///EQ///
AVERAGE EXPANSION RATID

i mmr e G S IERYS 3

ARES RATIO OF BLEED NU ZLE

{ === 2.0 $PUMP /TPAIN/S

FLUG CLUSTER OVERALL AREA RATIG

( =om =me S JPLUGCLS )

REFERENCE EXPANSION RATIO AT WHICH PROPELLANT
BALLISTIC PERFORMANCE DATA IS INPUT: SHOULD
APPROXIMATE FINAL DESIGN EXPANSION RATIO
( ——= 10. $PROPEL /MOTOR/
HOOR FIBER ULTIMATE STRAIN
{ % 0.015 $FILMNT /MOTOR/ )
DOWNETREAM sREA RATIO FOR TRANSPIRATION COOLING
{ === 1.2 $INREGN /TRANCO/ )
UPSTREAM AREA RATIO FOR TRANSPIRATION COOLING
{ === 2 $INREGN /TRANCO/
ATTACH AREA RATIO OF TRANSLATING NOZZLE
( —=—~ 5O $LIQENG /TRANDZ/
MIXING EFFICIENCY
{ == Hem— /LIQUIDS )
MIYTKRE RATIO MALDISTRIBUTION LOSS MULTIPLIER
(e e K L IQUIDS )
TABLE OF CHAMBER EFFICIENCIES FOR THROTTLED
PRESSURE FRACTIONS
{ = ——— ETHROT /THREFF/
\APHRI7ATTGN EFFICIENCY
e e e SLIQUIDS )
QFFERENLE AREA RATIO FOR DCHARN
¢ === 7.9 $ABLATE /TCA/

Fiqure 5.1. Common Block Variables (Sheet 12 of 46)
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O

N

CI

CI

Y

CI

~
N

CI
CI
Cl
CI
ClI
CI
CI
CI
CI
CI
cl
Cl
ClI

ERMR

ERRMX

ERSMMX

ETABAR
ETABL
ETACF
ETADIV
ETAERE
ETAGGH
ETAKE

ETASUB
ETATP

EXPLFL
EXFLOX
EXPULA
EXPULF
F"

FAA
FADFL
FADMIS

FADOX
FALFAF

FANBAS
FANMOT

FASKTL

FCHGFL

FOHGOX

FEEDK

Bk
T
T
9]

PRODUCT OF EQUIVALENCE RATIO AND MIXTURE RATIO
{ —rmm e $-—— /LIQUID/ )

EQUIVALENCE RATIO OF USER PROPELLANT AT REFERENCE
MIXTURE RATIO (OFRMX)

N $-—-— JEQUIVR/ )

EQUIVALENCE RATIO OF LIBRARY PROPELLANT AT MaXx
ISP FOR PC=500 E=20

{ e e $~-~— JEQUIVR/ )

LOSS MULTIPLIER ON BARRIER PERFORMANCE
{ === 0.9 $LAQPERF /LIGUID/ )

BOUNDARY LAYER LOSS MULTIPLIER

{ weme e e JLIQUIDS )

NOZZLE PERFORMANCE EFFICIENCY
e $——— JLIQUID/ )

DIVERGENCE (0SS MULTIPLIER

{ m=m —eem G JLIQUID/ )

“HAMBER ENERGY RELEASE EFFICIENCY

{ mom e G JLIQUIDS )

GAS GENERATOR BLEED PERFORMANCE LOSS MULTIPL.IER
(e e e JTPAOUT/ )

KINETIC LOSS EFFICIENCY

{ mme e $e— JLIQUID/S

NO AVAILABLE DEFINITION { /88C0omM/

TWO PHASE FLOW LOSS MULTIPLIER

{ = e H——— /LIQUID/
FUEL TANK EXPULSION EFFICIENCY
( === 995 $LTANK /TANKS/

OXIDIZER TANK EXPULSION EFFICIENCY
( —=- . 995 $L . TANK /TANKS, )

{ === 0.99 g-——— /TANKS/
EXPULSION EFFICIENCY OF FORWARD TANIK
(=== 0.99 g—— /TANKS/ )

N3 AVAILABLE DEFINITION { /PERF/ )

NO AVAILABLE DEFINITION € /TRAJ/

NO AVAILABLE DEFINITION ¢ /TPADUTZ )

TURBINE ADMISSION FRACTION

N %--— /TPAOUT/ )

MO AVAILABLE DEFINITION  /TPAQUT/ )

ALLOWABLE HELICAL FIBER STRESS

O LBF/ZIN#%2 270000, $FILMNT /MOTOR/ )

NG AVAILABLE DEFINITION ( /RPLUGCLY )

FRACTION OF MOTOR DIAMETER USED FOR CALCULATING

EXIT DIAMETER (DANEX) OF ANNULAR ENGINE

{ === 0.8 $NOZZLE /PLUGCL/ )

AFT SKIRT FRACTIONAL LENGTH OF ENGINE BAY LENGT-
(FOR NON-CONVENTIONAL TANKS IT IS THE AFT SKIRT
FRACTIONAL LENGTH OF STAGE LENGTH)

{ === 0. 067 $LIQUID /TANKS/ )

FRACTION OF INJECTOR FACE PRESSURE FOR FUEL
DELTA P ACROSS INJECTOR

¢ === 0. 15 &L IQUID ///EQ/// )

FRACTION OF INFECTOR FACE PRESSURE FOR 0OX DELTA F
ACRDSS INJECTOR

{ === 0,15 $LJQUID ///EQ/// )

INTERNAL CONSTANT USED TO OPTIMIZE PROPELLANT
PRESSURE SCHEDULE

( === 1.0 $~—— [//EQ///
FUEL FILM CODLING FRACTION
(e e e L IQUID/ )

Figure 5.1. Common Block Variables (Sheet 13 of 46)
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Fr2066

FLKFCT

ET

FTHF

FTPNMI
FVAC

FYach

FVENTF

FVENTO

o

G0

FRACTION OF FUEL WHICH IS VAPORIZED

Cmmmm mme e JLIQUID/ )

FORWARD SKIRT FRACTIONAL LENGTH OF FORWARD DOME
HEIGHT (FOR NON-CONVENTIONAL TANKS IT IS THE
FORWARD SKIRT FRACTIDMAL LENGTH OF STAGE
DIAMETER

{ =~= 0.3 $LI1QUID /TANKS/

MOLAR FRACTION OF WATER IN COMBUSTION PRODUCTS
OF GAS GENERATOR

(= 0. 2662 $S0LDEE /2ASBGEN,

NUMEER OF VELOCITY HEADS LOST IN FUEL FEED LINE

DUE TO BENDS, VALVES, ETC.

{ VEL-HEADS 5. $LTANK STANKSZ/, )

FUEL PUMP NET POSITIVE SUCTION HEAD

CFT w=— e /TPAQUT/ )

FUEL NET POSITIVE SUCTION PRESSURE IN TANK
C PSIA 10, $PUMP /PRESCH/

NUMBER OF FUEL ORIFICES/ELEMENT

( === 2.0 $INJECT /ELEMEN/ )

STAGE ACTION TIME (USED IN TANK HEAT L.0OSS )
( GEC 100, $TANKHX /INSLHX/ )

NO AVAILABLE DEFINITION { ATRAJ/
FRACTION OF QOXIDIZER WHICH IS VAFPORIZED

( mom ——m G JLIQUIDS )

FRACTION DOF MAXIMUM GAS GENERATOR OPERATING
PREGSURE LOST ACRDSS GAS GENERATOR 'S INJECTOR

=== 0.65 $PUMP ///EQ/// )
PLUG CLUSTER VACUUM DELIVERED THRUST
CLEBF === $eem /PLUBCL,

MULTIPLYING FACTOR ON ULLAGE PRESSURE TO CALCULATE
MINIMUM GAS EOTTLE BLOWDOWN PRESSURE

{ == 0.8 $COLDE /COLDGP/ )

MULTIPLYING FACTOR ON ULLAGE PRESSURE TO CALCULATE
MINIMUM OPERATING GAS GENERATOR PRESSURE

{ === 1 1 $S0LDEG /GASGCEN/ )

RATICQ OF CHAMBER CYLINDRICAL LENGTH TO TOTAL
CHAMBER LENGTH

{ = F—- SLIQUIDS )

THRUST VALUES INPUT FOR SPECIFYING MOTOR PERFORM-~
ANCE;  USED IN VARIABLE THRUST~TIME TABLE WHE RE
FTGJ, 1) CORRESPONDS TO TBRN(J) FOR THE ITH STARL
C LGBF 0.0 $THVST /PERF/

ALLOWABLE HOOP FIBER STRESS

{ LBF/ZIN##2 300000. $FILMNT /MOTOR/ )

NO AVAILABLE DEFINITION { /CONGT/ 3

VaACUUM THRUST PER LIQUID THRUST CHAMBER

LLBF 0.0 $SLIQUID ///EQ//7/

VACUUM DELIVERED THRUST

( LBF ——— %~—— /PERF/ )

FRACTION OF FUEL TANK NOMINAL ULLAGE PRESSURE AT
WHICH VENT OCCURS

O === 1.1 $TANKHX /INSLHX/ )

FRACTION OF OX TANK NOMINAL ULLAGE PRESSURE AT
WHICH VENT OCCURS

{ === 1.1 $TANKHX /INSLHX/
WEB FRACTION
{ =~= 0.8% $-—— /MOTOR/ )

ND AVAILABLE DEFINITION ( /TRAS/ )
GRAVITIONAL CONSTANT
C FT/SECH®2 32 174 $~-- sCONST/ )

Figure 5.1. Common Block Variables (Sheet 14 of 43)
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<\\\
)

CI
CI
CI
CI
CI
CI
CI
oI
CI
CI
CI
CI
()
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
Cl
CI
CI
CI
CI
CI
CI
CI
(D 4
CI
CI
CI
CI

~

CI
falk §

- 2

CI

T
1

CI
CI
Cli

eNeRal
[ [

=

OO0 O0N

o B B o B e B B e Y A e e B et T o |

&A
FAGE
BAGEFL
CAGEDX
GAMABD
GAMAX
GAMBOT

GAMEBE
GAMGPE

GAMICG

ZaMM
GAMMA
GAMMAO
GAMMAC

GAMMAT

GAMMAL

GAMPCG

GAMRED
GCAMBTG
CASMW

GG
SOCR

CIMINT

GMAX
GMBANG

&h
GNMAX
GNR
GPC
GPOLY

GRAVL

GREMAX
GREMIN
GREMN1
GRVLGS

GTOT

GTPARM
GTURN

GUIPAR

NO AVAILABLE DEFINITION ¢ /TRAJ/
NO AVAILABLE DEFINITION { /TRPAGUT/ )
NO AVAILABLE DEFINITION ¢ /TPAOUT/ )
NO AVAILABLE DEFINITION ¢ /TPADUT/
{ )

NOQ AVAILABLE DEFINITION SIPEQLS
NO AVAILABLE DEFINITION ( /TRAJ/Z )
COMMANDED RATE OF CHANGE OF FLIGHT PATH ANGLE;
INPUT FOR TRAJECTORY GUIDANCE SECTIONS
¢ DEG/SEC O. $GUIDA ///EG/// )
;AQ FENERATDR COMBUSTION PRODUCTE SPECIFIC HEAT
ATIO
=~ 127 3$S0LDEG /GASGEN/ ) ,
RATIO OF SPECIFIC HEATS OF GAS GENERATOR/PREBURNER
COMBUSTION ¢aAS
( =-= 125 $PUMP /TPAIN/ )
COLD GAS ISENTROPIC RATIO OF SPECIFIC HEAT
¢ === 1. 66 $COLDG /COLDGR/ )
NO AVAILABLE DEFINITION { /788C0OM/ )
NO AVAILABLE DEFINITION { /TRAJGZ
NO AVAILABLE DEFINITION ¢ /TRAJ/ )
COMMANDED CONSTANT FLIGHT PATH ANGLE: INPUT FOR
GUIDANCE SECTIONS UTILIZING GUIDANCE OPTION 3
{ DEG =1 E20 $6UIDA ///EQ/// )
INITIAL MISSILE FLIGHT PATH ANGLE
( DEG Q0. $INTRAJ ///EQ/// )
APPRDXIMATIDN OF LIQUID COMBUSTION PRODUCTS RATID
OF SPECIFIC HEATS
( === === $ee /L IQUID/ )
LOLD GAS POLYTROPIC GAMMA AT INFINITE TIME
- 1. COLDG /COLDGP/
NG AVAILABLE DEFINITION ( F//EGQ/77 )
MO AVAILABLE DEFINITION t /TRAJY )
MOLECULAR WEIGHT OF PRESSURIZATION GAS (ISTART=>:
¢ LBM/LB-MOLE 28 $PUMP /TPAIN/
NO AVAILABLE DEFINITION ( /G8TOR/ )
GAS GENERATOR OR PRE-BURNER CONTRACTIN RATIO
{ == 12 $PUMP /TPAIN/ )
INTERFERENCE GIMBAL ANGLE OF ADJACENT NOZZLES
{ DEG =—— $~--~ /GIMBAL/ )
NO AVAILABLE DEFINITION { /TRAJ/ )
MAXIMUM ANGLE TO WHICH NOZZLES GIMBAL
{ DEG &6 .0 $LIGUID /GIMBAL/ )
NO AVAILABLE DEFINITION  /TRAJS )
NO AVAILABLE DEFINITION ( /TRAJ/ )
NO AVAILABLE DEFINITION ¢ /MOTOR,
NO AVAILABLE DEFINITION  JTRAJS
CD D 6AS POLYTROPIC RATIO OF SPECIFIC HEATS
e e e JCOLDGP/ )
ND AVAILABLE DEFINITION { /TRAJ/ )
NO AVAILABLE DEFINITION ( /TRAJ/ )
NO AVAILABLE DEFINITION { /TRAJ/ )
NO AVAILABLE DEFINITION ¢ /TRAJG/
IDEAL VELOCITY LOSSES DUE TO GRAVITY FORCES
( FT/BEC O $INTRAJ /TRAJ/ )
NO AVAILABLE DEFINITION ¢ /TRAJ/ )
NO AVAILABLE DEFINITION ( /TRAJY )
COMMANDED TOTAL ACCELERATION DURING MISSILE TURN;
INPUT FOR GUIDANCE SECTIONS USING GUIDANCE OPT &
¢ DEG 0. $GUIDA ///EQ///7 )
NG AVAILABLE DEFINITION C //7/BEQ//77 )

Figure 5.1. Common Block Variables (Sheet 15 of 46)

51

HHHHHHHHHHHHHHHHHHHP#F-{HHHHHHHHH!—QF{H"‘1HH!’“}H%‘QHHHH"-—!HHH!—(HS-'(HHH}—‘HHHHHr.i



OGO 00O0n
HHFﬁMH!—‘HHb%HM

3

,~
4

i

DGO
g bt bt bt

o,
Fot et by

IO OO NSRY]

4 bt

TOOOGOGOO00 0

.
&

e B B e B e I e an B T B A

2 NeNOReNIRYESRERS NN NN e e
et bt

3¢ O3 O

[ I e B T I ]

i

e

GUIFAaR
GHWMING

GWVOL

H

HAFP I
HBFL
HBLADE
HROX
HBPFL.
HEBPOX

HO

HCBRFL
HCBPOX
HCFL.
HCFL2
HCONT
HCOX
HCOX2
HEL

HFL2
HG

HH
HLDTIM

HOWMaX
HOX

HOX2
HTRNGZ

HTURE
HTURBF
HTURBO
HXALT

IAaM4

IBELL

ICOAST

ICOMPS

NO AVAILABLE DEFINITION { ATRAV/
MINIMUM GUAGE 0OF CHAMBER QAS WAL
C IN 0. 025 $INREGN /WTREGN/ )
5AS WALL MATERIAL VOLUME IN REGEN CHAMBER
. IN#¥3 ~—— $——u JWTREGN/ )
AN AFPPROXIMATION OF HESSIAN USED IN THE QUASI-
NEWTON UNCONSTRAINED FUNCTION MINIMIZATION
U omeme ——e GNP /RGNSUM/
NO AVAILABLE DEFINITION ¢ /7CONST/ )
NO AVAILABLE DEFINITION ¢ /TPADUTY, )
NO AVAILABLE DEFINITION ¢ /TPAOUT/ )
NG AVAILABLE DEFINITION C /TPAOUT/ )

)

)

NO AVAILABLE DEFINITION { /TPAOUT/

NO AVAILABLE DEFINITION  /TPAOUT/

REGEN STATION LOCAL COOLANT SIDE HEAT TRANSFER
COEFFICIENT

O BTU/IN#%2 /SEC/DEGR ——n $——w /RGNSUM/ )

ND AVAILABLE DEFINITION ¢ /TRAOUT/

NO AVAILABLE DEFINITION ¢ /TRADUT,

NO AVAILABLE DEFINITION ¢ /TPAQUT, )

NO AVAILABLE DEFIMITION ¢ /TRADUTYZ

NO AVAILABLE DEFINMITION { /MOTOR/ )

MO AVATLABLE DEFINITION { /TPADUT/

NO AVAILABLE DEFINITION C /TRAOUT/ )

HEAD RISE OF FUEL PUMP

C FT ~—— #~—— /TPAQUT/ )

NO AVAILABLE DEFINITION $ ZTRAQUTYZ

REGEN SBTATION LOCAL GAS SIDE HEAT TRANSFER COEFW
{ BTU/IN##2/SEC/DEGR ~—— $——— /RGNSUM/ )

NO AVAILABLE DEFINITION { /HSTOR/

STAGE HOLD TIME (USED IN TANK HEAT L0SS)

{ BEC 100. &TANKHX /INSLHX/ )

MAXIMUM DEPTH TO WIDTH RATIO IN COOLING CHANNELS

€ === 35 0 $INREGN /COOLNT/

HEAD RISE OF OXIDIZER PUMP

O FT - == S /TRPAOQUT/ )

NO AVAILABLE DEFINITION ( /TPARUT/ )

HEIGHT OF TRANSLATING PORTION OF MOZZLE

CIN == $~—~ /TRANOZ/

NO AVAILABLE DEFINITION C /TPOUTZ/ )

NG AVAILABLE DEFINITION ¢ ATPOUTZ/ )

NO AVAILABLE DEFINITION ¢ /TPOUTZ2/ )

AVERAGE ORBITAL ALTITUDE FROM EARTH SURFACE

{(KHXOPT=2)

{ MILES 125 $TANKHX /INSLHX/ )

FLAG SPECIFYING TRAJECTORY METHOD

] 4TH ORDER RUNGE-KUTTA INTEGRATION THROUGHOUT
O = 4TH ORDER RUNGE-KUTTA DURING MOTOR BURN

4TH ORDER ADAMS-MOULTON AFTER BURNOQUT

4TH ORDER ADAMS-MOULTON THROUGHOUT FLIGHT

== 0 $INTRAJ /TRAJ/

LAG INDICATING NOZZLE TYPE

CONICAL NOZZLE

CONTOURED NOZZLE (CIRCULAR ARC)

ELLIPSOIDAL DR HYPERBOLIC NOZZILE

~== 0 $NOZZLE /MOTOR/ )

NO AVAILABLE DEFINITION { /PERF/ )

COMPOSITE CaASE INDICATOR

& METAL CASE

i COMPOSIT CASE

<

i

I

-t
i

oHoi

~R) = ST~
§

i

Figure 5.1. Common Block Variables (Sheet 16 of 46)
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e b

7~
s

ClI
CI

-
L")

CI
CI

.
cI

CI
CI
(4
CI
CI
CI
C1
CI
CI
21
CI
CI

CiI
ok

[N e
Laa IR

CI
ClI
CI
CI
CI
C1
Ci
C1I
CI
Cr
CI
Cl
C1I
ClI

CI

C1

91
CI

ICPFAG

ICPFLG

ICRYFL
ICRYOX
ICRYTM

icg

IDRAW

IDTRAN

IELDEN

IENDPG

TENDFM
IENDPR
IENDPR
IENEC

IERRMD
IFREGN

IFUEL
IGPHSE
IGUID
IGUISC
IHYFER

ILIFT
ITMMAN
LNDES

- 0 $MATER /MOTOR/ )
I, 1) ~ REFERENCE NUMBER OF VARIABLE TO BE
CONSTRAINED
(I.2) - CONSTRAINT TYPE
LESS THAN OR EQUAL
D = EQUAL TO
+1 = GREATER THAN OR EQUAL
( === —~~ $INPOPT /OPTIM/ )
WARNING FLAG FOR HEAT CAPACITY ROUTINE CALLED WITH
OUT OF RANGE INPUT
{ === 0 $~—— /WARN/ )
WARNING FLAG FOR HEAT CAPACITY ROUTINE CALL 17TTw
OUT OF RANGE INPUTS
( ~~= 0 $—~— JWARN/ )
FUEL. CRYOGENIC FLAG (O=STORABLE, 1=CRYDGENIC)
¢ - 0 $LFLAG /LIQUID/ )
DXIDIZER CRYDGENIC FLAG (O=STORABLE, 1=CRYOGENI.C
( =~ 0 $LFLAG /LIQUID/ )
NO AVAILABLE DEFINITION  ( /TEMSCH/ )
ICE = 1 - PREPREG WINDING
= 1 - WET WIND
{ =~~ 0 $FILMNT /MOTOR/ )
NON-CONVENTIONAL TANK DRAW FLAG (1=DRAW THREE
VIEWS ON ONE PAGE, 2=DRAW EACH VIEW ON A SEPARATE
PAGE)
( === 2 SNCTINP /NCTIN/ )
TRANSPIRATION COOLING CRITERIA FLAG (1=USE GMAXTR
TO CALCULATE EPSTRD AND EPSTRU. 2=USE THE INPUT
VALUES FOR EPSTRD AND EPSTRU)
{ =~- 2 $INREGN /TRANCO/ )
INJECTOR ELEMENT DENSITY FLAG
0 = INPUT NUMBER OF ORIFICES
1 = INPUT ELEMENT DENSITY
{ === O $INJECT /ELEMEN/
NO AVAILABLE DEFINITION  ( ///EG/// )
ND AVAILABLE DEFINITION  ( ///EQ/// )
(
(

{
{

-1
i

Y

I

i

NO AVAILABLE DEFINITION FIIEGSZ )
NO AVAILABLE DEFINITION /TRAJS
FLAG INDICATING EXTENDABLE EXIT CONE
NONE

SEGMENT CONE

GAS DEPLOYED SKIRT

{ —==—— 0 $NOZZLE /MOTOR/ )

NO AVAILABLE DEFINITION { /CVBOND/ )
REGEN COOLING FLUID FLAG
O = OXIDIZER 1S COOLANT
1 = FUEL IS COOLANT

{ === 1 $INREGN /COOLNT/

B} e O

L O

3
NO AVAILABLE DEFINITION ¢ /TPAIN/ )
NO AVAILABLE DEFINITION { /JTRAJ/ )
NO AVAILABLE DEFINITION ¢ /TRAJ/ )
NO AVAILABLE DEFINITION  /TRAU/ )

HYPERGOLIC PROPELLANT FLAG (REQUIRED “0OR NON-
LIBRARY PROFPELLANTS (IPROP=0))

0 = NOT HYPERGOLIC 1 = HYPERGOLIC

( == 1 $LFLAG /LIQUID/

ND aVAILABLE DEFINITION ¢ /AEROQ/ )

NO AVAILABLE DEFINITION { /7MOTOR/

DESIGN LOOP INDICATOR

+1 = MAOTOR IS SIMULATED, NO TRAJECTORY INTEGRATION

Figure 5.1. Common Block Variables (Sheet 17 of 46)
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o1

CI
ClI
CI
CI

CI

Lt B e B B B e T e SR TR ot T

Cr T O O T Oy Oy

INFEXF

INPEXD

INTANK
I0BJF

IOPFLG
IOPT

IOPTRJ
[ORBIT
IPAR

IPHASE

IPLOT

IPLUG

IPRINT

IPROP

C = TRAJECTORY INTEGRATION

= TRAJECTORY INTEGRATION PLUS DELTA V CALC

© TRAJECTORY USING THRUST-TIME TRACE, NO
MOTOR SIMULATION

L= e SINPOPT /TRAJ/ }

INPUT FUEL TaNK EXPULSION EFFICIENCY FLAG (0=
CALCULATE EXPULSION EFFICIENCY, 1=USE VALUE INPUT
FOR EXPLFL)

¢ = 0 SLFLAG /TANKS/

INPUT OXIDIZER TANK EXPULSION EFFICIENCY FLAG
(0=CALCULATE EXPULSION EFFICIENCY, 1=USE VALUE
INPUT FOR ExpLOX)

{ ==~ 0 $LFLAG /TANKSZ,/

NO AVAILABLE DEFINITION ¢ /NCTINS O

INDEX SPECIFYING THE DPTIMIZATION OBJECTIVE FUNT
b ommw ==~ SINPORT /OPTIM/ )

NO AVAILABLE DEFINITION C /PRINT/

PARAMETER OPTIMIZATION SWITCHES (SEE METHOD OF

MULTIPLIERS DOCUMENTATION)

=== 0 $INPOPT /OPTIM/ )

NQ AVAILABLE DEFINITION ¢ /0PTIM/

NO AVAILABLE DEFINITION { /TRAJZ )

NGO AVAILABLE DEFINITION C /70PTIM/ )

TWO PHASE FLOW WARNING FLAG

{ wmw —em G JCODLNT/Z )

INDEX FLAG FOR PLOT DATA (GENERATES TAFE 4 FOR RFL

CALCOMP PLOT ROUTINES). THE OPTIMIZER SHOULD BE

CFF FOR THIS FEATURE.

O o= NO PLOT

1= PLOT

( —~= 0 $INPOPT /TRAJ/

PLUG CLUSTER FLAG

» NO PLUG CLUSTER

FLUG CLUSTER

ANNULAR ENGINE

Lo O $LIQUID /PLUGCLY )

CUTPUT PRINT INDICATOR

IPRINT(1) - INPUT DATA FILE

G = NO PRINTQUT

1= PRINT INpUT

IPRINT(2) - INITIAL GUESS DESIGN

O o= NO PRINTOUT

I = PRINT MDTOR SUMMARY

2 = PRINT MOTOR SUMMARY AND TRAJECTORY PROFILE
IPRINT(3) - NOT USED

IPRINT(4) - FINAL DESIGN

= NO PRINTOUT

= PRINT MOTOR SUMMARY

2 = PRINT MOTOR SUMMARY AND TRAJECTORY PROFILE
IPRINT(S) - NUMBER OF FINAL DESIGN SUMMARIES

ALBD

A VARIABLE OF THE SAME NAME IS USED IN SNLF AS A&

Fi.AaG USED TO CONTROL INTERMEDIATE ITERATION

PRINTOUT. VALUES RANGE FROM O 7O 1i1. THE GREATER
THE VALUE THE GREATER THE INTERMEDIATE OUTPUT

{ =-= 1 $INPOPT /OPTIM/ )

PROPELLANT SELECTION FLAG

= NON-LIBRARY PROPELLANT

= N204 /7 MMH

= MON-25/MHF -3

t
T
LI

t

NS
T

!

- {3

i e QO

Figure 5.1. Common Block Variables (Sheet 18 of 46)
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e

Cl
ClI
CI
CI
Cl
CI
CI
CI
CI
Cl
CI
CI

cI

CI
CI
CI
<1

-~

ClI
ClI
CI.
ClI
CI
ClI
<l
ClI
C1I
<l
CI
CI
CI
CI
CiI
oI
1)
ClI
CI
CiI
CI
CI
CI
CI
CI
Cc1
CI
(o}
CI
1
C1l
Cl
CI
CI
CI

-~
]

~
N

CI
CI
Cl1
CI
Cl
CI

IPRSIM
IPRTFL.

IPUTMP
IRPRNT

ISET
ISF
ISTART

ITERAT
ITLIM

ITRMAX
IVEH

LWARRM

IWDFIX

JBPFL

SBPOX

JONFIG

K
KACQFL

KACQOX

KALCON

CLFS/MHF -3

MON-25/60%MHF ~3 + 40% AL

LOZ/LH2

LO2/RP~1

L02/CH4

LF2/LH2

LF2/N2H4

--= 0 $LFLAG /1.IQUID/ )

’PROPFLLANT SIMILARITY FLAG ( IPRGP = O }
i —-=~ 1 $LPROP /LIQUID/ )

NDO AVAILABLE DEFINITION { /PRINT/
NO AVAILABLE DEFINITION ( /TEMSCH/ )
REGENERATIVE COOLING PRINT FLAG

o] NO PRINTOUT OF REGEN SUMMARY

1 PRINT REGEN SUMMARY

{ ==~ 0 $INREGN /COOLNT/

NO AVAILABLE DEFINITION ¢ FATMOS/, )
NO AVAILABLE DEFINITION { /AERD/ )
TPA START SYSTEM FLAG

nD=TANK HEAD 1=COLD GAS SPIN 2=START TANKS
3=80L.ID CARTRIDGE

 ~——= 0 $PUMP /TPAIN/ )

NO AVAILABLE DEFINITION { /PERF/ )
NO AVAILABLE DEFINITION ( /TRAJZ )
BURNM TIME INTERPOLATION INDEX

( === 1 $~—— /PERF/ )

NG AVAILABLE DEFINITION { /PERF/ )
NO AVAILABLE DEFINITION ¢ /TPADUT/ )
OPTIMIZER ITERATION LIMIT (BASE POINT)
{ ——— 500 $INPOPT /OPTIM/

NO AVAILABLE DEFINITION ( /CUT/Z )
VEHICLE SCHEMATIC ARRAY

ii

]
HH

oo

NN O R L)

HoH

( —me e $~-- /LPRVLI/ )
ARRAY OF WARNING MESSAGE FLAGS
( === 0 $=—= /WARN/ )

NO AVAILABLE DEFINITION { /FIXFLG/

FUEL. BDOST PUMP SELECTION FLAG

0 NO BOOST PUMP FOR FUEL

BOOST PUMP

{ === 0 $PUMP /TPAIN/ )

OXIDIZER BOOST PUMP SELECTION FLAG

¢ = NO BOOST PUMP FOR OXIDIZER

1 = BOOST PUMP

{ =~ O $PUMP /TPAIN/

TPA CONFIGURATION FLAG

1=GEARBOX 2=8INGLE SHAFT TPA 3=TWIN TPA IN
SERIES 4=paRALLEL TPAS ‘

{ === 2 $PUMP /TPAIN/ )

NO AVAILABLE DEFINITION { /85C0M/

KIND OF FUEL ACQUISITION DEVICE (O=ND ACQUISITIDN
DEVICE, 1=TRANSVERSE COLLAPSING ALUMINUM BLADDER.
2=FULL BONDED ROLLING DIAPHRAM{AL).3d=HALF BRD (&>
4=FULL BRD (58). 9S=HALF BRD (58). &=8URFACE
TENGION ACQUISITION DEVICE?

i H

-t

( —— O $LFLAG /TANKS/
KIND OF OXIDIZER ACQUISITION DEVICE (SEE KACGFL
{ —— 0 $LFLAG /TANKS/ )

CALCULATE TANK INSULATION THERMAL CONDUCTIVITIES
FLAG {(0=USE INPUT, 1=CALCULATE)
{ —=—— 1 STANKHX /INSLHX/ )

Figure 5.1. Common Block Variables (Sheet 19 of 46)
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CI KALMOD FLAG DETERMINES CALCULATION MODE FOR NON-CONVEN-

CI TIONAL TANKS (0=USE DIMENSIONLESS INPUT , 1= USE
cI MAJOR TANK DIMENSION (RMAJ))
1 ( ==~ 0 $NCTINP /NCTIN/
€1 KBLAT AFT TANK BLADDER FLAG
CI 0 = NO BLADDER
o 1 = TRANSVERSE COLLAPSING ALUMINUM BLADDER
cI 2 = FULL BONDED ROLLING DIAPHRAM (ALUMINUM)
cI 3 = HALF BONDED ROLLING DIAPHRAM (ALUMINUM)
c 4 = FULL BOUNDED ROLLING DIAPHRAM (STAINLESS BTEEL)
C1 5 = HALF BONDED ROLLING DIAPHRAM (STAINLESS STEEL
cI { ~== 0 $~—— /TANKS/
cI KELFT FORWARD TANK BLADDER FLAG (SEE KBLAT)
cI ( === O $~—— /TANKS/ )
€1 KCYOLE O = PRESSURE FED
cI 1 = PUMP FED (GG BLEED)
cI 2 = STAGED COMBUSTION (FUEL RICH PREBURNER)
CI 2 = EXPANDER CYCLE (HYDROGEN FUEL)
CI 4 = STAGED REACTION (MONOPROPELLANT FUEL)
cr ( =-~ O $LFLAG /TPAIN/ )
CI KDOME COMMON DOME FLAG FOR AFT AND FORWARD TANKS
cI 0 = SEPARATE HEADS
CI 1 = COMMON DOME
cI ( === 1 $TNKGED /TANKS/
cI KEXNOZ NOZZLE EXTENSION FLAG
CI 0 = NO EXTENSION
cI 1 = NOZZLE EXTENSION
c1 ¢ ==~ 1 $LIGENG /MAITCA/ )
c1 KGAS PROPELLAT TANK PRESSURIZATION FLAG
cI 1 = SO0LID GAS GENERATOR
ci 2 = COLD GAS PRESSURIZATION
CI (USED IF OX AND FUEL TANKS DO NOT USE
CI AUTOGENOUS PRESSURIZATION)
cI ( === 2 $LFLAG /TANKS/ )
c KEASFL FUEL TANK AUTOGENOUS PRESSURIZATION FLAG
cI (0=USE KGAS TYPE PRESSURIZATION, 1=AUTOGENOUS)
CI { === 0 $LFLAG /TANKS/ )
CI KGASOX OX TANK AUTDGENOUS PRESSURIZATION FLAG
cI (0=USE KGAS TYPE PRESSURIZATION, 1=AUTOGENOUS)
o ( === 0 $LFLAG /TANKS/ )
CI 4G IMB MODE OF GIMBALING FLAG FOR MULTIFLE TCA'S
o1 (NDT USED AT PRESENT)
c ( ~—- 2 $LIGUID /GIMBAL/ )
cI KGPOWR FLAG WHICH DETERMINES LOCATION OF GIMBALING
CI POWER SUPPLY
oy O = NOT ON STAGE
CI 1 = ON STAGE
e ( =—— 0 $LIQUID /GIMBAL/
o1 KHXOP T TANK HEAT TRANSFER OPTION (O=IGNORE TANK HEAT
£1 TRAMSFER, 1=EXTERNAL BOUNDARY EXPOSED TO
CI CONDUCTIVE SOURCE, 2=WORST CASE SOLAR RADIATION,
I 3=COMDUCTIVE AND CONVECTIVE SOURCE WITH GROUND-
o1 HOLD LAYER 0OF ICE)
I ( === 0 $LFLAG /INSLHX/ )
clI KL INEA FEED LINE FLAG
€1 0 = EXTERNAL FEED LINE
e 1 = INTERNAL FEED LINE
cI < —-— 1 $TNKGED /TANKS/ )
WNEST NGINE NESTING FLAG FDR NON-CONVENTIONAL TANKS

i O)
[

t_O NO NESTING, 1=NEST EACH ENGINE INDEPENDENTL Y.
Fiqure 5.1. Common Block Variables (Sheet 20 of 46)
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CI
CI
CI
CI
CI
o

CI
CI
CI
LI

T
i

-

CI

-~

CI
CI
CI

~

ClI
C1I
CI
CI
CI
C1
CI
C1I
CI
09)
C1I
Cl
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI

~
A

CI
CI
CI
CI
oI
CI
€I
LI
CI
CI
CI
CI
CI
CI
CI

CI
¢l
CI

Gl
CI

KNDZ

KOOLNZ
KOOL.TC

KORBOR
KPERF

KPRESS

KPRPA

KPUMP

KREG

KETAGE

KTANKS
KTHICK
KTRNOZ

KWTMOD

KXATAH

WXATFH

=NEET ENGINES TO SAME EXIT PLANE, 3=NEST ENGINZES
TO EXIT PLANE AT END OF TANKAGE + XMOUNT)

( === 2 $NCTINP /NCTIN/ )
NOZZLE TYPE FLAG

1 = CONICAL
= = RAO

{ = 1 S$LIGENG /LIQUID/ )
NOZZLE COOLING METHOD FLAG (1=ABLATIVE. 2=REGEN.
3=TRANS-REGEN, 4=RADIATION, 5=FILM)

¢ === 1 $LFLAG /COOLNT/ )
THRUST CHAMBER COOLING METHOD FLAG (1=ABLATIVE
£=REGEN, 3=TRANS-REGEN, 4=RADIATION)

{ —== 1 $LFLAG /COOLNT/
NO AVAILABLE DEFINITION { /INSLHX/Z )
ENGINE PERFORMANCE FLAG
Q INPUT PERFORMANCE (DO NOT CaALCULATE)

1 CALCULATE ENGINE PERFORMANCE
~~ 1 $LFLAG /MAILPE/ )
SGURE TANK LOCATION FLAG
SPHERICAL IN ENGINE BAY
SUSPENDED FORWARD OF FORWARD TANK
MONGOCOQUE SEPARATE DOME
MONDCOQUE COMMON DOME

CYLINDRICAL IN FORWARD TANK

== O $TNKGED /TANKS/ )
ROPELLANT L_OCATION FLAG

FUEL. IN AFT TANK

OXIDIZER IN AFT TANK
-- 2 STNKGEO /TANKS/ )

1 TPA ASSEMBLY PER STAGE

1 TPA ASSEMBLY PER ENGINE

-—= 1 $PUMP /TPAIN/ )
HRUAT REGRESSION FLAG

= NO REGRESSION
{(NOT USED)
INPUT THROAT REGRESSION COEFFICIENTS

-—— 1 $LFL.&6G /LIQUID/ )
L& INDICATING STAGE TYPE
S0LID STaGE
LIQUID STAGE
LIQUID STAGE INTEGRATED WITH LOWER STAGE
(MUST USE NMON-CONVENTIONAL TANKAGE)

( === 1 $INPGEN /STAGE/ )
NO AVAILABLE DEFINITION { /NCTIN/
NO AVAILABLE DEFINITION { /NCTIN/ )
KIND OF TRANSLATING NOZZLE FLAG {(O=NONE, 1=8SPRING
ACTUATED, 2=GAS DEPLOYED)

{ =—— 0 $LLIGENG /TRANOZ/
ENGINE WEIGHT MODEL FLAG
-1 INPUT ENGINE WEIGHT

G SIMPLIFIED ABLATIVE ENGINE WEIGHT MODEL
1 PHYSICAL MODEL

{ —--- O $LFLAG /TCA/ )
AFT TANK AFT HEAD CONVEXITY FLAG
-1 = CONMVEX FORWARD

i = CONVEX AFT

{ ——— 1 $TNRGED /TANKS/ )
AFT TANK FORWARD HEAD CONVEXITY FLAG
-1 = CONVEX FORWARD

1 = CONVEX AFT

(LI
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B

Figure 5.1. Common Block Variables (Sheet 21 of 46)
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~ G I
C) o

CI
ClI
CI
CI

m

-

CI

Cci-

CI
CI
CI
CI
Cl
¢l
CI

ol
e

CI
CI
CI
CI
CI
CI

CI

CI
CI

NI

R

9]

WAFTAH

KXFTFH

LABEL
LRNFULL

L.Q0P

LO0OPFL.
LOOPOX
LTHRTL
LTPABF

LTPABD
LTURFD

LUSEFR

MANDEG

MATAT

MATATL

MATET

MaTFTL-

MATNKS
MATPT

MATPTL

MATBTR

METHGD
MG
M
ML IENV

o= -1 STNKGED /TANKS/ )
FORWARD TANK AFT HEAD CONVEXITY FLAGQ
-1 = CONVEX FORWARD
1 = CONVEX aAFT
U o= =1 $TNKGED /TANKS/ )
FORWARD TANK FORWARD MESD CONVEXITY FLAG
=1 = CONVEX FORWARD
1 = CONVEX &FT
{ ——= =1 $TNKGED /TANKS/ )
NO AVAILABLE DEFINITICON { /PLABELZ )
LINEE FULL AT BURNOUT FLAG(O=EMPTY. 1=FULL)
{ === 1 $LFLAG /TANKSZ2/
ITERATION LOOP COUNTER IN ROUTINE MAXRPM

( wmm = e STPAQUT/Z )

iT thATIDN LOOP COUNTER IN ROUTINE MAXRPM
{ oo e B STPOUT2Y )

ITERATION LOOP COUNTER IN ROUTINE MAXRPM
{ = e Feee STROUT2/

THROTTLING FLAG

{ LOGICAL —=— $—~—- /THRLOG/ )

NO AVAILABLE DEFINITION ( /TPOUT2, )

NO AVAILABLE DEFINITION { JTRPOUTZ2,

TURBINE FEED LOCATION FLAG

O = FEED TURBINE FROM REGEN OQUTLET

1 = FEED TURBINE FROM UPSTREAM COF REGEN JACKET
USING REGEN BYPASS FLOW SET BY THE VARIABLE
EYPREG.

{ === O SLFLAG /SCHEDW/ )

FROPELLANT USE FLAG

TRUE = ALL PROFPELLANT IS TO BE BURMED

FALSE = THRUST TERMINATES AT THE END OF THE LAST

TIME INTERVAL IN TIMTHR FOR THAT STAGE
LOGICAL . TRUE. $THROT /THRLOG/

METHOD OF ANNULAR ENGINE EXIT DIAMETER CALCULATION

{O=INPUT DANEX. 1=CALCULATE DANEX AS DMOTOR#FANMIT

{ === 1 $NOZZLE /PLUGCL/

MATERIAL FLag FOR AFT TANK (IN ARRAYS RHO, SIGMAxX

+ AND YMOD)

~ 1 $==— JTANKS/ )
MATERIAL FLAG FOR AFT TANK LINE

{ === 1 $~—— /TANKS/ }

MATERIAL FLAG FOR FORWARD TANK

{ === 1 $~—— /TANKS/

MATERIAL FLAG FOR FORWARD TANK LINE
{ === 1 $~—— /TANKS/ }

NO AVATLABLE DEFINITION  /NCTIN/ )
MATFRIAL FLag FOR PRESSURE TANK
——=- 2 $LIGMAT /TANKS/
MATERIAL FLAG FOR PRESSURE TANK LINES
{ IN ARRAYS RHO, SIGMAX. AND YMOD)
{ === 1 $LIGMAT /TANKS/ )
MATERIAL FOR BTRUCTURAL WALL
{ = 1 SLIOMAT /TANKE, 3
NO AVAILABLE DEFINITION { JOPTIM/ )
NO AVAILABLE DEFINITION { /GSTOR/ )
NO AVAILABLE DEFINITION { /HSTOR/
MULTILAYER INSULATION (MLI) ENVIRONMENT FLAG
{1=GROUND HOLD WITH N2 PURGE. 2=GROUND HOLD WITH
HE PURGE, 3=5FaCE HOLD WITH N2 PURGE AT PRGMLI
FPS5Ia, 4=5PACE HOLD WITH HE AT PRGMLI FSIA)

Figure 5.1. Common Block Variables (Sheet 22 of 46)
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i =~ 1 $TANKHX /ZINSLHX/ )

Cl MNC GA AFT TANK MONOCOQUE FLAG
CI O = JUSPENDED TANK
CI I = MONOCOQUE TANK
CI { === 1 $TNKGED /TANKS )
CI MNCQF FORWARD TANK MDNDLDGUE FLAG
CI 0 = SUSPENDED TANK
CI 1 = MONOCOQUE TANK
CI { ~—— 1 $TNKGED /TANKS/ )
CI MPHSE NO AVAILABLE DEFINITION ¢ /TRAJS )
ClI MTNKFL MATERIAL FL&G FDR FUEL TANK AND
CI FUEL. LINES
CI { === 1 $SLIGMAT /TANKS2/
CI MTNIKOX MATERIAL FLAG FOR OXIDIZER TANK AND
CI OXIDIZER LINES
Ci { =~ 1 $LIAMAT /TANKS2/ )
Cr MX NO AVAILABLE DEFINITION  /X8TOR/ )
CcI N NO AVAILABLE DEFINITION ¢ JOPTIMS )
CI NALPHA NO AVAILABLE DEFINITION { /AERG/ )
CI NALTSF NGO AVAILABLE DEFINITION { JAEROS )
ClI NAME NDO AVAILABLE DEFINITION { /OPMAME/ )
CI NAMEPR FROPELLANT NaME
C1I { CHARACTER -~ $——— /PROPN/ )
CI NBFT NO AVAILABLE DEFINITION ( /THRLOGY
CI NCON NUMBER OF SEGMENTS IN CONVERGENT CHAMBER SECTION
CI FOR HEAT TRANSFER ANALYSIS
CI { ==~ 3 $INREGN /COODLNT/
CI NCRYQG NUMBER OF CRYOGENIC PROPELLANTS OM BOARD THE STAGSE
C1I (VALUES OF O-2 FOR BI-PROPELLANT STAGE) (ONLY
CI REGUIRED FOR NON-~LIBRARY PROPELLANTS (IPROP=0))
CI {( -~~~ 0 $-——~ /LIQUID/ )
CiI MNCTNK NONCONVENTIONAL TANK SELECTION FLAG (O=TANDEM,
ClI 1= MNON-CONVENTIONAL
CiI ¢ === 0 $LFLAG /NCTIN/ )
1 NCYL. NUMBER OF SECGMENTS IN CYLINDRICAL CHAMBER SECTION
CI FOR HEAT TRANSFER ANALYSIS
ClI { ——— 5 SINREGN /COOLNT/
CI NELEM NUMBER OF INJECTOR ELEMENTS
CI { —==— 336 S$INJECT /LIQUID/ 3
CI NFLORF NUMBER OF FUEL INJECTOR ORIFICES
CI { === Q72 SINJECT /LIQUID/ }
CI NGIMB NUMBER OF GIMBALING NOZZLES
CI { —— 1 $LIQUID /GIMBAL/ )
CI NITHX NUMBER OF ITERATIONS IN SUBROUTINE TANKHYX WHICH
c CONTROLS THE ACCURACY 0OF TANK HEAT TRANSFER CALCS
CI { = 8 $TANKHX /INSLHX/ )
c NMACH NO AVAILABLE DEFINITION ¢ /AERDOY )
<l MINGZ NUMBER OF SOLID MOTOR NOZZLES FPER STAGE
CI ( ——— 1 $NOZZLE /GENRL/ )
CI NNZL. NUMBER OF NDZZLE SEGMENTS USED IN HEAT TRANGFER
Cl ANALYSIS
ClI { ——— 5 $INREGN /COOLNT/ )
ClI NUODEAR NUMBRER OF ENTRIES IN AREA RATIO ARRAY ODEEPS
CI { =mm e e JOPCONDS )
cI NUODEMR NUMBER OF ENTRIES IN MIXTURE RATIO ARRAY DDEMR
o1 { % JOPCOND/ )
CI NODEPC NUMBER OF ENTRIES IN CHAMBER PRESSURE ARRAY [IDEPC
eI ——m == §e—— JOPCOND/ )
1 NODKAR NUMBER DF ENTRIES IN AREA RATIO ARRAY CGDKEFS
ol { = e e JOPCOND/ 3
Figure 5.1. Common Block Variables (Sheet 23 of 46)
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[N
s B o]

NODKMR

NODKPC

NOXORF

NPCR

NPHSE

MNPOINT

NFRD

MR

NRUNIT

NMSTGES

NTANKS

MNTH

NTBL

MNTC

NTHEFF

NTHINT

NTINT
MTMPIT

{1BJSCL

ODEEPS

ODEMR

ODEPC

ODESTI1

DEETZ

CDEST3

(ODESTA4

ODREPS
ODKMR

NUMBER OF ENTRIES IN ARRAY ODKMR

(| === === $eewe /OPCOND/ )

NUMBER OF ENTRIES IN ARRAY ODKPC

QI $-—— /OPCOND/

NUMBER OF OXIDIZER ORIFICES IN INJECTOR FACE

{ ~—- 500
NUMBER OF

FINJECT /LIQUID/
REFERENCE CHAMBER PRESSURES

{ ——— 1 $PROPEL /MOTOR/ )

NGO AVAILABLE DEFINITION { 7TRAJ/ )

NUMBER OF HEAT TRANSFER ANALYSIS POINTS ALONG
REGENERATIVELY COOLED CHAMBER

S e P SRGNSUM/ )

NUMBER OF PRESSURE BOTTLES IN ENGINE BAY
{(KPRESS = 0)

{ === 1 $TNKGED /TANKS/

NUMBER OF ENGINE RESTARTS (USED TO SIZE START
EYSTEM)

{ === 1 $PUMP /TPAIN/

NO AVAILABLE DEFINITION  /OPTIM/

NUMBER OF STAGES

{ —-— 3 $INPGEN /PERF/

TATAL NUMBER OF NON~-CONVENTIONAL TANKS ON STAGE
( =~ 3 SNCTINP /NCTIM/ )

NUMBER OF POINTS DESCRIBING THRUST PROFILE

{ === === $——w /PERF/

NUMBER OF POINTS DESCRIBING THRUST PROFILE

{ === —em G JLTRUIDS )

NUMBER OF LIQUID THRUST CHAMBERS OR PLUG MDDULET

C === 1 $LIGENG /LIQUID/ )
NUMBER OF ENTRIES IN TABLEES THRFC, ECFTHR, AND
ERETHR FOR EACH STAGE

{ —-= 7 $THROT /THREFF/ )
NUMBER OF THROTTLING INTERVALS
me —m= §ee— JTHRLOG/ )

ND AVAILABLE DEFINITION { /THRLOG.,

MUMBER OF INTERATIONS ON TEMPERATURE SCHEDULE
SUBROUTINE LSTAGE. ALS0O CONTROLS NUMBER OF
ITERATIONS ON FLOWRATE SCHEDULE

( ===~ 1 $LIGUID /TEMSCH/ )
SCALING FACTOR FOR OBJECTIVE FUNCTION
{ === == SINPOPT /OPTIM/ )

ARRAY OF AREA RATIOES CORRESPONDING TO ODE
WERFORMANCE IN ARRAYS ODEST

{ = v G SOPCONDY )

APPAY OF MIXTURE RATIOES CORRESFONDING TO (DE
PERFURMANCE N ARRAYS ODEST

[ o e G SOPCOND/ )

ARRAY OF CHAMBER PRESSURE CORRESPONDING TGO ODE

PERFORMANCE IN ARRAYS (ODEST
{ — e $-——- JOPCOND/ )

IDEAL. ONE DIMENSIONAL EQUILIBRIUM ISP DATA ARRAY

( === === $e—— /OPCOND/ )

IDESL ONE DIMENSIONAL EQUILIBRIUM ISP DATA ARRAY

{ e e G JOPCOND/ )

IDEAL ONE DIMENSIONAL EQUILIBRIUM ISP DATA ARRAY

{ === === $e—m /OPCOND/ )

IDEAL ONE DIMENSIONAL EQUILIBRIUM ISP DATA ARRAY

{ === === $e—— /OPCOND/ )
NO AVAILABLE DEFINITION ¢ /OPCOND/ )
ARRAY OF MIXTURE RATICES CORRESPONDING TO ODK

Figure 5.1. Common Block Variables (Sheet 24 of 45)
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CI
CI
CI
ClI
¢l

I
Cl

ODKPC

ODKST1
ODKET2
CDKET3
ODKET4
OFBARR
OFCORE
(FGOPB
OFMTC

OFRMX

OMEGA
DMEGAF
OMEGAD

DRBANG

OXKFCT

OXNPSH
OXNPEP
NXOPEL
P

P 1000N

Py
PAMB

PARAM
PARAM
PARAML.
PBAGE
FBINJF

PBINJO
PHPFLO

PBPOXO

PERFORMANCE DATA IN ODKST
( ==m === $eee JOPCOND/ )

ARRAY OF CHAMBER PRESSURE CORRESPONDING TO ODK
FERFORMANCE DATA IN ODKST

(e — $~~- /DPCOND/ )
IDEAL ONE DIMENSIONAL KINETIC ISP DATA ARRAY
( ~m= === $eee /OPCOND/ )

IDEAL ONE DIMENSIONAL KINETIC ISP DATA ARRAY
{ = e $——— JOPCOND/
IDEAL ONE DIMENSIONAL KINETIC I
{( = e G JORCOND/ )
IDEAL ONE DIMENSIONAL KINETIC I
{ = e $~——~ /OPCOND/ )
MIXTURE RATIO OF BARRIER
{ === 1 0 $—wm JI/EG/// )
MIXTURE OF GAS CORE IN LIQUID COMBUSTION CHAMBER
{ === 1.9 $LAPERF ///EQ/// )
MIXTURE RATIO OF GAS GENERATOR/PREBURNER
( === 0.1 $PUMP /TPAIN/
OVERALL ENGINE MIXTURE RATIO (KPERF=0;
{ =——— 1782 $LOPERF /LIQUIL/ )
MIXTURE RATIC ON USER PROPELLANT AT MAX ISF.
PC=500 (IPROP=0)
¢ == 2,03 $LPROP JEQUIVRS )
ACENTRIC FACTOR OF REGEN COOLANT
{ === === $em JCOOLNT/
FUEL ACENTRIC FACTOR
(o e ¢~~~ /PROPRO/ )
DA ACENTRIC FACTOR
~~~~~~~ $-—— JPROPRO/
ANGLE BETWEEN THE EARTH SUN VECTOR AND VEHICLE
ORBITAL PLANE (KHXOPT=
{ DEG 0.0 $TANKHX /IN?LHX/ )
NUMBER OF VELOCITY HEADS LOST IN OXIDIZER FEED
LINE DUE TC RENDS, VALVES. ETC.
{ VEL-HEADE 5. $LTANK /TANKSZ/ )
GXIDIZER PUMP NET POSITIVE SUCTION HEAD
{ FT ——= $~—w /TPAQUT/ )
OX NET POSITIVE SUCTION PRESSURE IN TANK
¢ FSIA 10, $PUMP /PREGCH/ )
NUMBER OF OXIDIZER ORIFICES/ELEMENT
o= 1.9 $INJECT /ELEMEN/S )
QECEN STATION LOCAL PRESSURE
¢ PSIA -~ $——— /RGNSUM/
MD QVAILABLE DEFINITION ¢ /MOTDR/ 3
NO AVAILABLE DEFINITION ( /PERF/ )

35

P DATA ARRAY

0

P DATA ARRAY

AMBIENT PRESSURE CORRECTION FOR VARIABLE THRUST-

TIME TRACE

{ PSIA 0.0 $THVST /PERF/ )

NO AVAILABLE DEFINITION ¢ ///EGQG//7 )

ND AVAILABLE DEFINITIDN ( /PURAM/ )

NG AVATLABLE DEFINITION C //7EQ// /7 0

NGO AVAILABLE DEFINITION { /7PLUGRCL/
FUEL. PRESSURE AT PREBURNER INJECTOR INLET

{ PSIA ——~ $--— /PRESCH/ )

{0X PRESSURE AT PREBURNER INJECTOR INLET
{ PBIA —-—= &——— /PREGCH/

FUEL BOOST pPUMP INLET PRESSURE

{ POIA ——~ &-—— /PREBCH/

OX - BO0OST PUMP INLET PRESSURE

Figure 5.1. Common Block Variables (Sheet 25 of 46)
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bt e bad bt Pk pef el Bed red Bt bt bl bed bed g

;//“\CI
A

FBPRF
PEPR{
PBURST
PC

PLav
PCFACE

PCISP1

PIR

FCRIT

PEFBPF
PEFBRO
PEFFFL

PEFFL2
PEFFOX
PEFOXZ
PERIGE
PELPIN

PGAS
PGMAY

Pl
PICG

PINJFL
PINJOX
FIO3

PI04
P IPKGG

PLF

PLGODE

PHMFRAC

{ PSIA ==~ g=—~ /PRESBCH/ )
FUEL PRESSURE RATIO ACROSS PREBURNER INJECTOR
C PSIA 1.2 3PUMP /PRESCH/ )
OX PRESSURE RATIO ACROSS PREBURNER INJECTOR

{ PSIA 1.2 3PUMP /PRESCH/ )
MINIMUM EXPECTED BURST PRESSURE

C LBF/IN#42 1200, $FILMNT /MOTOR/

NOMINAL OPERATING CHAMBER PRESSURE

 LBF/IN®#2 £00. $INPGEN ///EQ///
ND ASVATLABLE DEFINITIDN U /MOTORY

blA ——— $-m— LIQUID/

NTFPMEDIATh CHAMBER PRESSURE ARRAY IN PERFORMANCE
PDUFTNES

~~~~~~~ $~--~ JOPCOND/ )
RCFFRENL& CHAMBER PRESSURES AT WHICH CSTAR AND
SPECIFIC IMPULSE DATA IS INPUT

O LOF/IN##2 500, $PROPEL /MOTOR/ )

CRITICAL PRESSURE OF COOLANT

( FPSTA 1731 $LPROP /COOLNT/ )
FUEL. CRITICAL PRESSURE

{ PSIA ——— $LFUEL /FROPRO/

J% CRITICAL PRESSURE

{ PSIA ——— $L0XID /PROPRO/ )

CHAMBER PRESSURE FRACTIONS FOR THROTTLED OPERATION
t == 10 #THROT /THROTL/

NQ aVAILABLE DEFINITION ¢ /TPAQUT/
NG AVAILABLE DEFINITION ¢ /TPADUTY/ )
FUEL PUMP EFFICIENCY

{ o e G JTRPADUT/ )

NGO AVAILABLE DEFINITION ¢ /TPOUTZ/ )
OXIDIZER PUMP EFFICIENCY

{ moe e e STRPADUT/ )

NG AVAILABLE DEFINITION ¢ /TRrOUTZ2/ )
N AVAILABLE DEFINITION { ///EQS// )
FUEL PUMP INLET PRESSURE

( PEBIA == $ome /TPADUTS )

MO AVAILABLE DEFINITION { /TANKS/ )
PRESZURANT TaNK MAXIMUM PRESSURE

O PESIA -~ g-ww /TANKS/

MO AVAILABLE DEFINITION ¢ FCONST/ )
MAX INITIAL PRESSURE OF COLD GAS BOTTLE
( PSIA 4365. s$COLDG ///EQs//7 )

FUEL INJECTOR INLET PRESSURE

( PSIA —== $~—— /LIQUID/
OXIDIZER INJECTOR INLET PRESSURE
CPSIA ——— G /LIQUID/ )

NO AVAILABLE DEFINITION ¢ /CONET/ )

NO AVAILABLE DEFINITION { /CONST/ )

TEMPERATURE SENSITIVITY OF GAS GENERATOR

OPERATING PRESSURE

{ 1/DEGR 0. 0034 $50LDEE /GASGENS )

VOLUMETRIC LOADING FRACTION FOR EACH STAGE BASED
ON THE VOLUME INSIDE THE LINER. AND REDUCED BY THE
SUBMERGED SECTION OF THE NOZZLE

( -—— .85 $PROPEL ///EG/// )
PLUG CLUSTER IDEAL. ODE ISP

{ SEC —~— $——= /PLUGCL/ )
STAGE PROPELLANT MASS FRACTION
( womm —— G JLIEQSS S

Figure 5.1. Common Block Variables (3Sheet 26 of 46)
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)
D

el \\\

CI
CI
CI
CI

~

Gl

¥
ES

CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
Ci
CI
CI
CI
CI
CI
CI
CI
L |
CI
cI
CI
CI
CI
Cl
CI
CI
CI
CI
CI
CI
CI
CI
C1
oI
CI
CI
CI
C1I
CI
ClI
CI
CI
CI
CI
CI
Cil
I
CI
C1I
CI
CI
C1
CI

FPNZREF

FOWRAT
POXPIN

PPOWFL
PPOWGX
PPRPFL
PPRPOX

FRATP
FREF

PREFFL
PREFOX
PREGFO
PREGOD

FREL
FRELLOS

PRFCHM
PRFCHR
PRGMLI
PSTAGF
PSTAGO
FTANKS
PTEFL1
PTEDX 1
PTURBI
PTURBO
PULLFL.
PULLDX

PUMPHP
PUENTF

PVENTD
PVLVFL
PVLVFO
PYLVOO
PVLVOX
PUMAXF

PVMAXD

REFERENCE NOZZLE CHAMBER PRESSURE

( PSIA 125 $LIQENG /TCA/

NO AVAILABLE DEFINITION £ /TPADUTZ )
OXIDIZER PUMP INLET PRESSURE

{ PSIA ——— g——— /TPAOQUT/ )

NGO AVAILABLE DEFINITION { /TPAGUT,
NO AVAILABLE DEFINITION { /TPAQUT/
FUEL PRESSURE IN TANK

{ PEIA ——— $——— /LIQUID/
OXIDIZER PRESSURE IN TANK
{ PSIA ~—~ g——= /LIQUID/ )

NO AVAILABLE DEFINITION ¢ /TRPAQUT,

PRESSURE AT WHICH REFERENCE PROPERTIES APPLY

{ PSIA 14.7 $LPROP /COOLNT/ )

FUEL REFERENCE PRESSURE FOR REFERENCE PROPERTIES

¢ PSIA —-—— $LFUEL /PROPRO/ )

UX REFERENCE PRESSURE FOR REFERENCE PROPERTIES
( PSIA ——- 3 0XID /PROPRO/ )

FUEL PRESSURE AT REGEN JACKET OUTLET

t PSIA -~ $~—— /PRESCH/ )

OX PRESSURE AT REGEN JACKET QUTLET

i PSIA ——— &—-—— /PRESCH/

NO AVAILABLE DEFINITION { /TRAJ/

IDEAL VELOCITY LOSSES DUE TO PRESSURE FORCES
( FT/8EC O $INTRAJ /TRAJ/ )

REFERENCE CHAMBER PRESSURE FOR CHAMBER STRESS
{ PSIA 125, $LIQENG /TCA/ )

REFERENCE CHAMBER PRESSURE FOR CHAR DEPTH

¢ PSIA 125, $ABLATE /TCA/ )

MLI PURGE GAS PRESSURE AT SPACE HOLD CONDITIONS
¢ PSIA 2 0E~7 $TANKHX /INSLHX/

NO AVAILABLE DEFINITION « /TPOUTZ, )

NO AVAILABLE DEFINITION ¢ /TRPOUTZ2/ )

NO AVAILABLE DEFINITION ANCTINS 3

NO AVAILABLE DEFINITION JTROUTZY

NO AVAILABLE DEFINITION /TRPOUTZY )
TURBINE INLET PRESSURE

P N Y

( PGIA ~~~ $——= /PRESCH/ )
TURBINE OUTLET PRESSURE

t PSIA ——— $PUMP /PRESCH/ )
FUEL. TANK ULLAGE PRESSURE

{ PHIA ~—— $-== /PREBCH/ )
OX TANK ULLAGE PRESSURE

( PSIA ~—~ %~-— /PRESCH/ )

ND AVAILABLE DEFINITION C /TRPADUT, )
FUEL TANK VENT PRESSURE

{ PSIA ~—— g$—=- /INSLHX/ }
OXIDIZER TANK VENT PRESSURE

( PSIA —== g$~—— /INSLHX/ )

FUEL VALVE INLET PRESSURE

( PGIA ~—~— $-—— /LIQUID/

FUEL PRESSURE AT BIPROP VALVE OUTLET
{ PSIA -—— #%~—~ /PRESCH/ )

OX PRESSURE AT BIPROP VALVE QUTLET
{ PSIA - $=—— /PRESCH/ )
OXIDIZER VALVE INLET PRESSURE

{ PBIA —-—— ¢-——- /LIQUID/ )

VAPOR PRESSURE OF FUEL AT TMAX

 PSIA 3.6 sLPROP /LIGUID/S )
VAPOR PRESSURE OF OXIDIZER 8T TMAX

Figure 5.1. Common Block Variables (Sheet 27 of 46)
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IO GOOOCOaGan
bt e et bt

—t

OG0
R

PVPLN

PVPLNF

PYPLIND

¥
2ALPMX
QFL

ari2
GMAXTR

GoX

oOxa
RGN

osTE
GTANKF

ATANKO

QTUREB

GTURBF
GTURBO
QULTCL

QULTC2

RA
RaDLoC
RADPIN

RANGE
RATANK
RATE

RATMLR

RATTCH
RB10OOC
RBO

RO HAM
RCNOW
RCONT

RCRT

RDIM

{ PSIA 2.4 $LPROP /LIQUID/ )
MATURAL LOGARITHM OF VAPOR PRESSURE ARRAY USED n
CALCULATING SATURATION TEMPERATURE OF COOLAMT Iw
h RECENERATIVELY CODLED CHAMBER
T e G SCLARS Y
’AIUHAL LOGARITHM OF VAPOR FPRESSURE ARRAY USED i
CALCULATING SATURATION TEMPERATURE OF FUEL '
{ m=e e Feee JCLAPS )
NATURAL LOGARITHM OF VAPOR PRESSURE ARRAY USED IN
CALCULATING SATURATION TEMPERATURE OF 0OX
U omme wer— G JCLAP/ )
NO AVAILABLE DEFINITION { ATRAJGY )
NO AVAILABLE DEFINITION { /AERG/ )
FUEL PUMP VDLUMETRIC FLOW RATE
£ GPM e $eee STPADUT/ )
NiJ AVATLABLE DEFINITION ¢ /TPABUT/ )
MAXIMUM HEAT FLUX COOLED BY REGEN JACKET BEFORE
TRANSPIRATION COOLING IS USED
{ BTUZIN##2/5EC 1.0 $INREGN /TRANCO/
OXIDIZER PUMP VOLUMETRIC FLOW RATE
{ GPM === &~—— STPAODUT/ )
NO AVAILABLE DEFINITION ¢ STRAQUT Y )
REGEN STATIDN LOCAL HEAT FLUX
BYU/IN##2/5EC ——~ $——- /RGNSUM/
NG AVATLABLE DEFINITION C /7/7/EQ/s77 )
HEAT FLUX INTD FUEL TANK({S)

{ BTU/BEC ~e—— $-—— /JINSLHX/ )
HEAT FLUX INTO OXIDIZER TANK(S)
. BTU/SEC —~—— $=—— /INSLHX/ )

NO AVAILABLE DEFINITION { /TPOUTZ, )

NO AVAILABLE DEFINITION ¢ /TROUT2/

NGO AVAILABLE DEFINITION { /TPOUTZ/ )

CONSTANT IM NUCLEATE BOILING ULTIMATE HEAT FLUX
EQUATION

¢ BTUZIN®#2/GEC 4. 55 $LPROP /COOLNT/
MULTIPLYING CONSTANT IN NUCLEATE BOILING HEAT
FLUX EQUATION

{ BTU/IN®#3/5EC 0. 008684 SLPROP /COOLNT/ )

NO AVAILABLE DEFINITION { /788COM/

NGO AVAILABLE DEFINITION ¢ /NCTIN/

RADIATION SHIELDS PER INCH IN MULTILAYER INSULA-
TIGN (MLID

{ #/IN 40, STANKHX /INSLHX/ )

N3 AVAILABLE DEFINITION ( /TRAG/ )

NO AVAILABLE DEFINITION ( /NCTIMN/ }

BURM RATE (MDTOR COND)

U IN/BEC ——— % /MOTORS

RATIO OF NOZZILE LENGTH TO THaAT OF & PMINIMUM LENGTH
RaAO NOZZILE

( == 1.177 $LIQGENG ///EQ/// )

NO AVAILABLE DEFINITION ¢ /B5COM/ )

N AVAILABLE DEFINITION C JIIEQSSS
NO AaVAILABLE DEFINITION ( //7/7EQF7 7
NG &aVAILABLE DEFINITION { /NCTINS
NOD AVAILABLE DEFINITION { /MOTOR/ )

NO AVAILABLE DEFINITION ¢ /MOTOR/Z

RATIO OF THROAT RADIUS OF CURVATURE TU THROAT
RADIUS

¢ ——= 1.2 $NOZZLE /MOTOR/S

ND aVAILABLE DEFINITION { /NCTIN/ )

Figure 5.1. Common Block Variables (Sheet 28 of 46)
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CI
CI
CI
Cl
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CI
CI
CI

CI

mor

4
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CI
CI
CI
ClI
Cl
CI
CI

o
AW

CI

CI
CI
CI
CI

CI

X
M

CI

v

\w i

Cl

(AR %2 o8 W10

REARTH
REEXIT
REFNWT
SEFSTF
REFGTD
REFWDT

REGH

REPLUG
REEIDA
RESIDF
REXIT
RE

RGIMB
RHBNDA

RHBNDF
AHCABL
RHCSTR
RHO

RHOABP
RHOALF

RHOATM
RHOBOT

RHOCAS
RHOCLS
RHOCYL
RHDEXF
RHOEXH
RHOEXD
RHOEXT

RHOGG

MU AVALLABLE DEFINITION { /7CONST/ )
NO AVAILABLE DEFINITION { /7CONEBT/
NO AVAILABLE DEFINITION ¢ ///EG//7 )
REFERENCE NQZIZILE WEIGHT

¢ LBM 1000. $PROPEL /MOTOR/

FUEL REFERENCE SURFACE TENSION

¢ LB/IN --— $LFUEL /PROPRO/ )
X REFERENCE SURFACE TENSION
( LB/7IN ——— sLOXID /PROPRO/ )

REFERENCE NDZZLE FLOW RATE
¢ LBM/SEC 10Q0. $PROPEL /MOTOR/
THROAT REGRESSION COEFFICIENT

( == 0.002798 $ABLATE /LIQUID/
THRAT REGRESSION COEFFICIENT
{ -—- 0. 0005995 $ABLATE /LIQUID/ )

THRUAT REGRESSION COEFFICIENT
{ == 0.4244 $ABLATE /LIGUID/ )

RELA!IVE HUMIDITY OF AMBIENT ATMOSFHERE FOR USE

WITH KHXOPT=3

{ === 50. $TANKHX /INSLHX/

PLUG CLUSTER EXIT RADIUS

{IN ~—— - /PLUGCL/ )

AFT TANK RESIDUAL PROPELLANT WEIGHT

( LBM —-~ $~—- /TANKS/ )

FORWARD TANK RESIDUAL PROPELLANT WEIGHT
( LBM === $——— /TANKS/

NOZZLE EXIT RADIUS

€ IN e B SSSEQRSSS D)

RAL UGS OF FORWARD DOME POLAR BOSS OPENING
{ IN 2 $FILMNT /MOTOR/ )

NO AVAILABLE DEFINITION ¢ /7GIMBALY
DENSITY OF aAFT BLADDER BOND MATERIAL

{ LBM/IN#%3 0. 04 $——— /TANKS/ )
DENGITY OF FORWARD BLADDER BOND MATERIAL
{ LBM/IN#%#3 . 04 $——— /TANKS/ )

DENSITY OF CHAMBER ABLATIVE MATERIAL

( LBM/IN#%3 0. 0632 $LIQMAT /TCA/ )
DENSITY OF CHAMBER STRUCTURAL MATERIAL

¢ LBM/IN3#3 0. 0632 $LIGMAT /TCA/ )
MATERIAL DENSITY TABLE

¢ LBM/ZIN##3 0. 29, 0. 14, 8#0. 0 $LIOMAT /MTPROP, )
BAND DENSITY

¢ ENDS/IN/PLY 35. $FILMNT /MOTOR/ )
DENSITY OF HELICAL WINDINGS

C-LBM/IN®¥%3 ¢ 042 $FILMNT /MOTOR/ )

NO aVAILABLE DEFINITION { FATMOG/
START BOTTLE MATERIAL DENSITY (ISTART=2)
{ LBM/IN#%3 Q. 16 $PUMP /TPAIN/

CASE MATERIAL DENSITY

¢ LBM/IN##3 282 $MATER /MOTOR/

REGEN CHAMBER CLOSEOQUT MATERIAL DENSITY
O LBM/IN®#3 O 322 $LIGMAT /WTREGN/
START CYL.INDER MATERIAL DENSITY (ISTART=2)
O LEM/ZIN#%3 0. 3 $PUMP /TPAIN/ )

NGO AVAILABLE DEFINITION ¢ /TPOUTZ/ )
NO AVAILABLE DEFINITION ¢ /TPOUTZY )
NO AVAILABLE DEFINITION { /TPOUTZ2,
DENSITY OF EXTERNAL INSULATION

¢ LBM/IN®##3 06 EMATER /MOTOR/

SOLIU GRAIN DENSITY

Figure 5.1. Common Block Variables (Sheet 29 of 46)
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1

RHOGW

RHOINJ
RHUOINS
RHOINT
RHOLNR
RHONDGY

RHONZE
H+0P

RHOPLE
RHOGPH
RHOTFL
RHOTH

RHOTOX
RHOTPA
RHOTUR
RHOVLW
RHPTIN
RHTRIM
RINTNK
RLNRIZ
RMFFL

RMFOX

RMOTOR
RNGBO

RNGIMP
RMGNM

RAMGRE

RNGSTG
RNZEXT
RNZIREF
ROACVL
ROCART
ROGRAM

ROIMNGG

O LE/IN®#3 0. 056 $S0LDGG /GASGEN/ )

REGEN CHAMBER GAS WALL MATERIAL DENSITY

C LBM/IN##3 Q. 28 $LIGMAT /WTREGN, )

INVECTOR MATERIAL DENSITY

CLBM/IN##3 0. 098 sLIGMAT /TCA/ )

DENSITY OF INTERNAL INSULATION

( LBM/IN#%3 0414 $MATER /MOTOR/ )

DENSITY OF INTERSTAGE MATERIAL

O LBM/IN#%3 101 $INTSTG /MOTOR/ )

LINER DENSITY

¢ LBM/IN##3 0414 $MATER /MODTOR/ )

DENSITY OF NDZZLE EXIT CONE

 LBM/IN®%#3 06 $NOZZLE /GENRL/ )

NO AVAILABLE DEFINITION £ /TCAS

PROPELLANT DENSITY FOR EACH STAGE

© LBM/IN#%3 . $PROPEL /MDTOR/ )

FLUG CLUSTER BASE DENSITY ( IPLUG = 1 )

O LBM/IN#%#3 0. 06 $SLIGMAT /PLEBAS/

START SYSTEM SPHERE MATERIAL DENSITY {(ISTART=1)
O LB/IN##3 O 1 $PUMP /TPAIN/

FUEL. TURBINE BLADE MATERIAL DENSITY(JCNFIG@=3 OR 4)
O LDM/INS®#E 0. 3 $PUMP /TRPAIN/S )

DENSITY OF HOOP WINDINGS

O LEM/ZIN#%3 O 042 $FILMNT /MOTOR/ )

0¥ TURBINE BLADE MATERIAL DENSITY{JCNFIG=3 OR 4
¢ LBM/IN##3 0. 3 $PUMP /TPAIN/ )

TPa EFFECTIVE DENSITY

O LBM/IN##3 0. 3 $PUMP /TRAIN/

TURBINE BLADE MATERIAL DENSITY (JCNFIG=1 OR @)
( LBM/IN##3 G 3 $PUMP /TPAIN/ )

VALVE MATERIAL DENSITY

{ LBM/IN#%#3 . 098 $LIGMAT /TCA/ )

DENGITY OF TaNK INSULATION

¢ LEBM/ZINE®2 0. 04 $LIAGMAT /TANKS, )

MATERIAL DENSITY OF TRANSPIRATION COOLING THROAT
INSERT

O LBM/IN®#3 0. 28 $LIGMAT /TRANCQ,

NO AVAILABLE DEFINITION ¢ /NCTOUT/ )

NO AVAILABLE DEFINITION { /MOTOR/ )

FUEL DROPLET RADIUS CORRECTION FACTOR

( === 0. 33 $LOPERF /LIGUID/
OXIDIZER DROFLET RADIUS CORRECTION FACTOR
( ——-— 0.33 $L.GPERF /LIQUID/

NO AYAILABLE DEFINITION C /NCTINS )

NO aVAILABLE DEFINITION C ///7EQ/// )
ND AVAILABLE DEFINITION { ///EQ/Z/ D
NO aVAILABLE DEFINITION { F/FEB//7 )
NO AVAILABLE DEFINITION C 7/7FEQAL7 )
NO AVAILABLE DEFINITION { JTRAJ/S )

N AVAILABLE DEFINITION { /NCTINZ )
REFERENCE NOZZLE THROUAT RADIUS

¢ IN 374 SLIQGENG /TCA/ )

ACCUMULATOR VALVE MATERIAL DENEITY (ISTART=Z}
CLB/IN®#3 O 3 $PUMP /TRPAIN/ )

START CARTRIDGE MATERIAL DENSITY (ISTART=3)

¢ LBM/IN®%3 0.3 $PUMP /TPAINS )

START CARTRIDGE GRAIN DENSITY (ISTART=3)

O LEM/IN®®3 0. 07 $PUMF /TPAIN/ )

GAS GENERATOR OR PRE-BURNER INJECTOR MATERIAL
DENSITY

Figure 5.1. Common Block Variables (Sheet 30 of 46)
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CI
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CI
CI
CI
CI
C1
CI
CI

CI
CI
ClI
CI
C1I
Ci
cl
CI
CI
CI
Cl
C1I
C1I
ClI
CI
CI
€I
CI

i~
"

CI
CI

CI
C1I

CI-

Ll
CI
Cl
CI
ClI
ClI
CI
cI
CI
CI

€]

¢l
CI
CI
CI
CI
CI
CI
Ci
CI
CI
CI

T
L

CI
CI

ROLINE

ROOTNZ
ROSPVL

ROSTAK
ROTRNZ

ROUTNK
RPM

RPMBPF
RPMBPO
RFMBRS
EPHFL

RPMOX

RPMSFL.
RPMS0OX
RPMTFL.
RPMTOX
RPMTUR
RRFCHM

RTCORR
RTHRT
RTOT
RTRATT
RUFFFL.
RUFFOX

SABSOR

SCHIP
SCHIR
SCREEN
SDOMEH

C LBM/IN##3 0.3 $PUMP /TPAIN/

PROPELLANT LINE MATERIAL DENSITY(ENGINE BAY LINES)

( LB/IN##3 0.3 $PUMP /TPAIN/ )

NO AVAILABLE DEFINITION ( /MOTOR/ )
DENSITY OF COLD GAS VALVE MATERIAL (ISTART=1)
{ LBM/IN#%#3 0.3 $PUMP /TPAIN/ )

HOT GAS DUCT MATERIAL DENSITY

U LBM/IN®#%#3 0.3 $PUMP /TPAIN/ )
DENSITY OF TRANSLATING NOZZLE MATERIAL.
C LBA/IN®%#3 0. 28 $LIGMAT /TRANOZ/ )

NO AVAILABLE DEFINITION { /NCTOUT/ )
SINGLE SHAFT TPA SPEED OF ROTATION

{ RPM ——— $——— /TPAQUT/

NO AVAILABLE DEFINITION C /TPABUT/ )
NO AVAILABLE DEFINITION { /TPADOUT/ )
NO AVAILABLE DEFINITION  /TPABUT/
NO AVAILABLE DEFINITION O ZTPAQUTY )
NO AVAILABLE DEFINITION ¢ /TRAOUT S
NO AVAILABLE DEFINITION ¢ FTPABUTY )
NGO AVAILABLE DEFINITION C /TPAQUT/
NO AVAILABLE DEFINITION ¢ /TPAQUT Y/ )
NO AYAILABLE DEFINITION { /TPADUTY )

)

NO AVAILABLE DEFINITION { /TPADUT/
REFERENCE CHAMBER RADIUS FOR TCA WEIGHT
¢ IN 5.95 $LIGENG /TCA/ )

KINETIC LOSS THROAT CORRECTIOM FACTOR

( ==~ e $~~— /OPCOND/
CHAMBER THROAT RADIUS
CIN === §eee f//EQ/7/ )

NO AVAILABLE DEFINITION O JTRAJS )

RADIUS OF NOZZLE AT ATTACH POINT OF TRANSLATING
NOZZLE

¢ IN ——— $-— /TRANDZ/ )

ABSOILUTE SURFACE ROUGHNESS OF FUEL FEED L INE

¢ In 0001 $LTANK /TANKSZ2/ )

ABSOLUTE SURFACE ROUGHNESS OF OXIDIZER FEED L INS

{ IN . Q001 L. TANK /TANKSZ2/

STAGE ABSORBTIVITY (KHXOPT=2)

( === 0.2 $TANKHX /INSLHX/

AVERAGE STARE ACCELERATION (FOR TANK HEAT LOSS)
¢ G'E 2.0 $TANKHX /INSLHX/ )

CASE DESIGN SAFETY FACTOR

( === 1.3 $MATER /MOTOR/ )

NO AVAILABLE DEFINITION { /MOTOR/ )
NGO AVAILABLE DEFINITION ¢ /TRAJ/ )
SURFACE AREA MULTIPLIER ON REGEMN COOLED ENGINE
{ === 1.0 $INREGN /WTREGN/ )

DESIGN STRENGTH OF CASE MATERIAL (HOOP)
( LBF/IN#%2 220000. $MATER /MOTOR/ )
NO AVAILABLE DEFINITION { /TRAJ/ )

NO AVAILABLE DEFINITION { /TRAJ/S )

NO AVAILABLE DEFINITION { /PSUTKEY
DOME HOOP DESIGN STRENGTH

{ LBF/IN®#2 220000, $MATER /MOTOR/
DOME MERIDRIONAL STRENGTH

{ LBF/IN##2 220000. $MATER /MOTOR/
STAGE EMMISIVITY (KHXOPT=2)

{ ==~ 0.9 $TANKHX /INSLHX/ )

NO AVAILABLE DEFINITION { 7/7EG/S/ D
ABLATIVE THICKMNESS SAFETY FACTOR

Figure 5.1. Common Block Variables (Sheet 31 of 46)
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SFOXTK

GEPRTH

SIGELS
516G6GE
SIGINY

SI1GMAX

SIGNIE
SINST
SMABS

SOFIA

S501.CON

SPCNOZ

SEPHEAT

SPRMX

SPEMMXK

S5BPFL
SSBROX

(-

AERCODYNAMIC SKIN FRICTION COEFFICIENTS INPUT A

FUNCTI

7

CHAMBE
( s
SAFETY
F G
LESIGN
SIZING
{ emeeem
SAFETY
LINED
{ oo
JAPETY
HAFF{Y
( [
SAFETY
e —
MO &aVA
NO  AVA

1. BABLATE /TCA/

ONS 0OF MACH NUMBER AND ALTITUDE: SF(C(I,
CORRESPONDS TO AMACH(I) AND ALTSF(J)

0. $AEROD /AERQ/ )
R STRUCTURAL SaAFETY FaCTOR
1. $LIGENG /TCA/ )
FACTGH FOR FUEL. TANK
23 SLIGMAT /TWTMLT, )
SAFETY FACTOR FOR INTERSTAGE THICKNESS

1.3 $INTETEG /MDTOR,

5

J

FACTOR FOR PROPELLANT AND PRESSURIZATION

O SLIGMAT /STWTMLT/ )
rACTDR FOR OXIDIZER TANK
1.25 sLIGMAT /TWTMLT/ )
FACTOR FOR PRESBSURE TANK
1.5 $SLIAGMAT FTWTMLT/ )
FACTOR FOR STRUCTURAL WALL OF STAGE
1.25 SLIGMAT /TWTMLT, )
ILABLE DEFINITION { /NCTIN/ )
ILABLE DEFINITION { /TRAJ/ D

HOT CHAMBER DESIGN STRENGTH
¢ PRI 23000 $LIAMAT /TCA/
DESIGN STRESS OF REGEN JACKET CLOSEQUT MATERIAL

{ PSIA

BURN RATE TEMPERATURE SENSITIVITY (OF

25000 sLIGMAT /TCA/ )

{ 1/DEGR 0. Q012 $SOLDEE /GASECEN/ )
INJECTOR MATERIAL DESIGN STRESS

¢ PGI 25000, #LIAGMAT /TCA/ )
MATERIAL DESIGN STRESS TABLE

{ NOT
v P&I
DES TGN
{ P5IA
DESIGN
¢ LBF/

INCLUDING SAFETY FACTORS )

112300, , 130C00. ; B#0. sLIGMAT /MTPROP/
STRESS OF NOZZLE EXTENSION MATERIAL
22000 $1L.IAMAT /TCA/ )

STRENGTH OF INTERSTAGE MATERIAL

IN#®2 220000, $INTSTE /MOTOR/S )

STAGE MASS RATIO
{ —= = B [BECOM/ 3

CONSTANT IN SOFI THERMAL CONDUCTIVITY EQUATION

K = GOFIA + SOFIB # TEMPERATURE

{ BTu/s

CONBTANT IN SOFI THERMaL CONDUCTIVITY EQUATICN

IN-SEC-DEGR 3. 935E~-8 $TANKHX /INSLHX/

K = SOFIA + SOFIB # TEMPERATURE
{ BTU/IMN-SEC~DEGR*#2 5. &476E~-10 $TANKHX /INSLHX/
SOLAR HEAT FLUX (KHXOPT=2)

{ BTU/SEC-INs#2 8. 28E-4 $TANKHX /INSLHX/ )
SPACE BETWEEN ADJACENT NDZZLES

¢ IN L.

MATERI
( BTU/

0 $SLIGENG /GIMBAL/ )
Al BPECIFIC HEAT TABLE
LB-DEGR . 12, . 13, 8%0. $LIAMAT /MTPROP/

MAX IMUM I8P FOR USER PROPELLANT AT PC=300

AREA R
{ SEC

ATIO=20 (IPROF=0)
328. 8 «LPROP /EQUIVR/ )

)

3

J

SOLID GRAIN

18P OF LIBRaARY PROPELLANT AT MAX ISP FOR PC=300

AND E=

(‘t -

20
e G JEQUIVRS )

NO AVAILABLE DEFINITION ( /TPADUT, )
NO AVAILABLE DEFIMITION { /TPAOUTY )

Figure 5.1.

Common Block Variables (Sheet 32 of 46)
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3

CrOY O
Lot B e B B

CI

CI
CI
CI
CI
Cl
Cl

ClI
CI
ClI
ClI
1
CI
CI
CI
LI
CI
CI
CI
Cl
Cl
CI
CI

CI
CI
CI
CI
CI

I

CI

58FL
55FL2
SSHEAR
S5MIN
850X

E50X2
SEEBPF

S88BPO
SESFL
S5EMAX
S850X
S8TRFL
SETROX
SETURB
STGIMF
SYBOT
SYCART
SYCYL
SYDUCT

EYINGG

SYLIN
SY&sPH
TALFT
TALFTZ2
TARMICE

TAMRAD

TANGLE
TAUWEDR

7B
TBKCS
TBRIGT
TBLDFI.
TBLDOX
TBNDFL

TBNDOX

FUEL PUMP SPECIFIC SPEED

(e e e JSTRAQUT/

NO AVAILABLE DEFINITION { /TPADUT/
NO AVAILABLE DEFINITION { /MOTORYZ )
MINIMUM SPECIFIC SPEED ALLOWED IN PUMPS

( —-— BOO. $PUMP ///EQ///
OXIDIZER PUMP SPECIFIC SPEED
( m—m —m— $eem JTPAOUT/ )

NO AVAILABLE DEFINITION O /TRADUTY, )

MAXIMUM SUCTION SPECIFIC SPEED OF FUEL BOOST Pume
¢ RPM=-GPM-FT 30000~0R-40000 $PUMP /TPAIN/
MAXIMUM SUCTION SPECIFIC SPEED OF OX BOOST PUMP
¢ RPM~GPM~FT 30000 $PUMP /TPAIN/ )

MAXIMUM BUCTION SPECIFIC SPEED OF FUEL PUMP

{ RPM~GPM~-FT 20000 $PUMP /TPAIN/

MAXIMUM BUCTION SPECIFIC SPEED ALLOWED IN PUMPS
¢ - 20000 $PUMP ///EQ///7 )

MAXIMUM SUCTION SPECIFIC SFEED OF OXIDIZER PuMP
{ RPM-GPM-FT 20000 $PUMP /TPAIN/ )

NQ AVAILABLE DEFINITION ¢ /TROUTZ2/

NO AYAILABLE DEFINITION  /TPOUT2/,

NO AVAILABLE DEFINITION { /TPOUT2/ )

NO AVAILABLE DEFINITION  7/PEQS7 D

START BOTTLE YIELD STRENGTH (ISTART=2)

{ PSI 75000 $PUMP /TPAIN/ )

YIELD STRENGTH FOR START CARTRIDGE (ISTART=3)

{ PET 100000 $PUMP /TPAIN/ )

START CYLINDER YIELD STRENGTH (ISTART=2)

U P3I 30000 sPUMP /TPAIN/ )

HOT GAB DUCT MATERIAL YEILD STRENGTH

( PSI 30000 $PUMP /TPAIN/

GAS GENERATOR OR PRE-BURNER INJECTOR YIELD
STRENGTH

L PSI 30000 #PUMP /TPAINS

FROPELLANT LINE YIELD STRENGTH (ENGINE BAY LINES!
{ PEI 30000 sPUMP /TPAIN/

START BYSTEM SPHERE YIELD STRENGTH (ISTART=1)

{ PSI 47000 sPUMP /TPAIN/ )

NO AVAILABLE DEFINITION ( /MOTOR/ )

MO AVAILABLE DEFINITION ¢ /MOTOR/ )

AMBIENT TEMPERATURE FOR GROUND HOLD ICE HEAT
TRANSFER CALCULATION (KHXOPT=3)

{ DEGR 560 $TANKHX /INBLHX/ )

AMBIENT TEMPERATURE FOR TCA RADIATION COOLING

{ DEGR 560 s$LIGENG /COOLNT/ )

NO AVAILABLE DEFINITION ¢ /NCTIN/ )

WER TINSULATION THICKNESS

O IN e S SAIEQ/7 )
CHAMBER BARRIER TEMPERATURE
{ DEGR ——~ g——— /LIQUID/ )

NO AVAILABLE DEFINITION ¢ /MOTOR/
NO AVAILABLE DEFINITION { /MOTOR/ )
FUEL TANK BLADDER THICKNESS

{ IN . 025 $BLADER /TANKSZ2/ )
OXIDIZER TANK BLADDER THICKNESS

¢ IN . 025 $BLADER /TANKS2/ )

FUEL TANK BOND THICKNESS

t IN .04 $BLADER /TANKG2/ )

GXIDIZER TANK BOND THICKNESS

( IM .04 $BLADER /TANKS2/ )

Figure 5.1. Common Block Variables (Sheet 33 of 46)
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TBOGAS

TBUOGE

TBOIL

TEOILF

TACILO

TBONDA

TEBONDF

TBRFLO

TBPOXO

TER

TRRCHR

TBRN

TBUCKL
TBURN

TC

TCASE

TCHAM

TCHMAR

TCHMST

TLMBGG

TCONE

TCRIT

TCRITF

TCRITOD

TCW

TOCYGE

TDESTR

TDOME

TEKCH
TEKXMN

START BOTTLE GAS TEMPERATURE (ISTART=2)

{ DEGR 3530 $PUMP /TPAIN/ )

TEMPERATURE OF S0L.ID GAS GENERATOR PRESSURANT
AT BURNOUT

{ DEGF ——~ &——— /QABGEN/ )}

NORMAL BOILING POINT OF COOLANT

¢ DEGR &£18. s$LPROP /COOLNT, )

FUEL NORMAL BOILING POINT

¢ DEGR ---— $LFUEL /PROPRO/ )

OX NORMAL BOILING POINT

{ DEGR ~-— si.0OXID /PROPRO/

THICKNESS OF AFT TANK BOND MATERIAL (KBLAT=2-5)
{ IN 0.04 $——~ /TANKS/ )

THICANESS OF FORWARD TANK BOND MATERIAL
(KBLFT = 2-5)

IN O .04 $—— STANKE/ )
FUEL TEMPERATURE AT BOGST PUMP QUTLET
{ DEGR -~— $——~- /TEMSCH/
00X TEMPERATURE AT BOOST PUMP QUTLET
( DEGR —==— $——— /TEMSCH/ )
REGEN STATION COOLANT BULK TEMPERATURE
{ DEGR -—-— g—-— /RENSUM/ )

REFERENCE BURN TIME FOR CHAR DEFPTH

{ SEC 500, sABLATE /TCA/ )

TABLE OF MOTOR BURN TIMES INPUT FOR EACH STAGE
{ SEC 0.0 $THVST /PERF/ )

NO AVAILABLE DEFINITION { /785C0OM/ )

ETAGE BURN TIME

{ BEC ——= $——- JLECOM/ )

CHAMBER CORE COMBUSTION TEMPERATURE

{ DEGR -=-— $——— /LIGUID/ )

CASE THICKNESS

¢ IN === $=—— /MOATOR/ )

IDEAL EQUILIBRIUM CHAMBER TEMPERATURE DATA ARRAY
{ == = $——— JOPCOND/ )

ABRLATIVE THICKNESS IN CHAMBER

{ IN =~ $——— fTCA/
CHAMBER STRUCTURAL THICKNEES
¢ IN == $=—— /TCA/ )

GAS GENERATOR COMBUSTION TEMPERATURE

¢ DEGR 2130, $350LDEG /8ASGEN/ )
THICKNESS (OF NOZZLE EXIT CONE

CIN O 0 $NOZZLE /7MOTOR/ )

CRITICAL TEMPERATURE OF COOLANT

{ DEGR 1093 &L.PROP /COOLNT/ )

FUEL CRITICAL TEMPERATURE

{ DEGR ——— sLFUEL /PROPRQ/

X CRITICAL TEMPERATURE

{ DEGR -——— &L0OXID /PROPRO/

REGEN STATION LOCAL COOLANT WalLl TEMPERATURE
( DEGR =——— %——— /RGNBUM/
TEMPERATURE DECAY TIME CONSTANT

{ BEC 100. 480LDGE /GABGEN/ )

DESIGN TEMPERATURE OF TRANSPIRATION COOLED WaALL
MATERIAL

{ DEGR 2000 gINREGN /TRANCO/ )

DOME THICKNESS

{ IN === $%——— /MOTOR/

NO AVAILABLE DEFINITION ( /PSUTK2/ )
NO AVAILABLE DEFINITION ( /PBUTEK/ )

Figure 5.1. Common Block Variables (Sheet 34 of 46)
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91
CI
CI
CI
CI
CI
C1
CI
ClI
CI
CI
CI
CI
ClI
CI
CI
CI
ClI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
ClI
CI
CI
CI
C1
CI
CI
CI
ClI
ClI

”

TEKXMX
TEKRXP

TEKYMN
TERYMX
TEKYP

TENTTR
TEXBOU

TF1

TF2

TFACFL
TFACOX

TFB

TFLPIN
TGAS
TGEOH

TGEOL

TGEOS

TREOW

TGW

TEWNOM
THATHD
THFTHD

THIKNS
THKBLA

THKBLF
THRCYL
THKEND
THPTCH
THPTHD

THRPC

NO AVAILABLE DEFINITION { /PSUTEK/ )
NO AVAILABLE DEFINITION { /PSUTEK/ )
NO AVAILABLE DEFINITION { /PBUTEK/ )
NO AVAILABLE DEFINITION { /PBUTEK/ )

NO AVAILABLE DEFINITION  ( /PSUTEK/ )

AVERAGE TEMPERATURE RISE OF TRANSPIRATION COOLANT
UP TO THE INJECTION POINT

( DEGR ~-— $-—- /TRANCO/ )

EXTERNAL BOUNDARY TEMPERATURE (KHXOPT=1)

{ DEGR 5&0. $TANKHX /INSLHX/ )

TEMPERATURE OF COLD GAS PRESSURANT IN TANK 1
AFTER EXPANSION

{ DEGF —-— ¢-—— /COLDGP/ )

TEMPERATURE OF COLD GAS PRESSURANT IN TANK 2
AFTER EXPANSION

{ DEGF === §——— /COLDGP/ )

FUEL TEMPERATURE AT TCA INJECTOR FACE

{ DEGR ——— §==— /TEMSCH/ )

OX TEMPERATURE AT TCA INJECTOR FACE

( DEGR —-— $~-- /TEMSCH/ )

TEMPERATURE OF COLD GAS PRESSURANT IN PRESSURE
TANK AFTER EXPANSION INTD PROPELLANT TANKS

{ DEGF ——— $~-— /COLDGP/ )

FUEL TEMPERATURE AT PUMP INLET

( DEGR ——~ $=—— /TEMSCH/ )

REGEN STATION LOCAL COMBUSTION GAS TEMPERATURE
{ DEGR ~-= $——— /RGNSUM/ )

PLATELET THICKNESS OF TRANSPIRATION COQLED SECTION
( IN .08 $INREGN /TRANCO/ )

PLATELET LAND THICKNESS OF TRANSPIRATION COOLED
SECTION

¢ IN .1 $INREGN /TRANCO/ )

SEFARATOR PLATELET THICKNESS IN TRANSPIRATION
COOLED SECTION

{ IN .04 $INREGN /TRANCG/ )

PLATELET FLOW PASSAGE WIDTHS IN TRANSPIRATION
COOLED SECTION

¢ IN .14 $INREGN /TRANCO/ )

REGEN STATION LOCAL GAS WALL TEMPERATURE

{ DEGR ——— $-—— /RGNSUM/ )

NOMINAL GAS WALL TEMPERATURE (NOT TO BE EXCEEDED:
( DEGR 2000. $INREGN /COOLNT/ )

AFT TANK DOME THICKNESS

{ IN == $~—- /TANKS/ )
FORWARD TANK DOME THICKNESS
 IN ——— $—— /TANKS/ )

NO AVAILABLE DEFINITION ¢ /7585C0OM/ )

AFT BLADDER MATERIAL THICKNESS (KBLAT = 1)

C IN 0.025 $——— /TANKS/ )

FORWARD BLADDER MATERIAL THICKNESS (KBLFT = 1)
{ IN 0.025 ¢$——— /TANKG/

NO AVAILABLE DEFINITION ¢ /NCTOUT/ )

NC AVAILABLE DEFINITION { /ZNCTOUT/ )
PRESSURE TANK COMMON HEAD THICKNESS

{ IN ——— %~ /TANKE/ )
PRESSURE TANK DOME THICKNESS
{ IN ——— $~w—— /TANKS/ )

TABLE OF CHAMBER PRESSURE FRACTIONS FOR CORRES-

PONDING VALUES OF ERETHR AND ECFTHR
( === ——= $THROT /THREFF/ )

Figure 5.1. Common Block Variables (Sheet 35 of 46)
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CI
ClI
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CI
CI
CI
CI
CI
CI
CI
CI
0
CI

oT
4

o1
cI
CI
cI
CI
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cI
cI
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cI
cI
cI
CI

CI
ClI
ClI
Cl

Y

CI
CI
Cl
C1
CI
CI
CI
CI
€1
Cl
CI
ClI
CI
CI
ClI
ClI
CI
C1
C1
ClI
C1I

TEKXMX
TEKXP

TEKYMN
TEKYMX
TEKYP

TENTTR
TEYX.BGU

TF1

TF2

TFACFL
TFACOX

TFB

TFLPIN
TGAS
TGEOH

TGEOL.

TGEDS

TGEOW

TGW

TGEWNOM
THATHD
THFTHD

THIKNS
THKBL A

THABLF
THRCYL
THKEND
THRTCH
THPTHD

THRPC

NO AVAILABLE DEFINITION
NO AVAILABLE DEFINITION
NO AVAILABLE DEFINITION
NO AVAILABLE DEFINITION
NO AVAILABLE DEFINITION (
AVERAGE TEMPERATURE RISE OF
UP TO THE INJECTION POINT

¢ DEGR —~—~ g——~ /TRANCO/ )

T S NN

/RSUTEK/ )
/RBUTEK/ )
FPSUTEK/ )
/RESUTEK/
/PBUTEK/ )

TRANSPIRATION COOLANT

EXTERNAL BOUNDARY TEMPERATURE (KHXOPT=1)

{ DEGR 560. $TANKHX /INSLHX/

}

TEMPERATURE OF COLD ©AS PRESSURANT IN TANK 1

AFTER EXPANSION
{ DEGF --- &~-- /COLDGP/ )

TEMPERATURE OF COLD GAS PRESSURANT IN TANK 2

AFTER EXPANSION
{ DEGF ~—— &w—— /COLDGP/ )

FUEL TEMPERATURE AT TCA INJECTOR FACE

i DEGR ——— $~—— /TEMSCH/ )

0X TEMPERATURE AT TCA INJECTOR FACE

{ DEGR -=~ $——— /TEMSCH/

TEMPERATURE OF COLD GAS PRESSURANT IN PRESSURE
TANK AFTER EXPANSION INTQ PROPELLANT TANKS

{ DEGF ——— $~-— /COLDGP/ )

FUEL TEMPERATURE AT PUMP INLET

{ DEGR ——~ $-—— /TEMSCH/ )

REGEN STATION LOCAL COMBUSTION GAS TEMPERATURE

{ DEGR -~ #-—— /RBNSUM/ )

PLATELET THICKNESS OF TRANSPIRATION COQLED SECTION

( IN .08 $INREGN /TRANCO/ )

PLATELET LAND THICKNESS OF TRANSPIRATION COOLED

BECTION

¢ IN .1 $INREGN /TRANCO/ )
SEFARATOR PLATELET THICKNESS
COOLED SECTION

{ IN .04 $INREGN /TRANCO/ )
PLATELET FLOW PABSAGE WIDTHS
COOLED SECTION

( IN .14 $SINREGN /TRANCO/ )
REGEN STATION LOCAL GAS WALL
{ DEGR ——— %---~ /RGNEUM/ )
NOMINAL GAS WaALL TEMPERATURE

IN TRANSPIRATION

IN TRANSPIRATION

TEMPERATURE

(NOT TO BE EXCEEDED)

( DEGR 2000. 4INREGN /COOLNT/

AFT TANK DOME THICKNESS

( IN ——— g~ /TANKS/ )
FORWARD TANK DOME THICKNESS
¢ IN -~ $—— /TANKG/ )

NGO AVAILABLE DEFINITION (

/788CoM/ )

AFT BLADDER MATERIAL THICKNESS {(KBLAT = 1)

¢ IN 0.025 $——— /TANKS/ )

FORWARD BLADDER MATERIAL THICKNESS (KBLFT = 1)

{ IN 0.025 ¢$~—— /TANKS/

NO AVAILABLE DEFINITION ¢
NG AVAILABLE DEFINITION {
PREGSURE TANK COMMON HEAD TH
{ IN ——— $%~w- /TANKB/ )
PRESSURE TANK DOME THICKNESS
{ IN ——— $——— /TANKG/ )

TABLE OF CHAMBER PRESSURE FR

/NCTOUTYZ )
/NCTOUT/ )
ICKNESS

ACTIONS FOR CORRES-

PONDING VALUES OF ERETHR AND ECFTHR

( === == $THROT /THREFF/ )
Figure 5.1. Common Block Variables (
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THRVAC
TIMPCG
TIMTHR
TINADM
TINFDM
TINJFL
TINJCX
TINGCS
TINSTG
TINSUL
TISEFF
TRGOAL
TRRCHM
TLIMIT
TLNADM
TLINFDM
TLNRCS
THMAX
TMIN
TMING
THMINGL
THMINGS

T™LIF

TMLIO

TMNTNK

THMPCHF

THMPCHO

TMPRA
TNENOM

TNKODA

VACUUM DELIVERED THRUST

{ LBF ——— %$-——— /55C0OM/ )

TIME AT WHICH POLYTROPIC GAMMA EQUALS 1.1
¢ SEC 240. $COLDG /COLDGP/

TIME INTERVALS FOR ENGINE THROTTLING

¢ SEC 0.0 $THROT /THROTL/ )

INSULATION THICKNESS IN AFT DOME SECTION
¢ IN O. $MATER /MOTOR/ )

INSULATION THICKNESS IN FORWARD DOME SECTION
{ IN O. $MATER /MOTOR/ )

FUEL. TEMPERATURE AT TCA INJECTOR INLET

{ DEGR ~—— &——— /TEMSCH/
OX TEMPERATURE AT TCA INJECTOR INLET
{ DEGR ——~ &w—— /TEMSCH/ )

INSULATION THICKNESS IN CYLINDRICAL SECTION OF THE
MOTOR CASE (LC)

{ IN .1 $MATER /MOTOR/ )

NO AVAILABLE DEFINITION ( /LBCOM/ 3}

INSULATION THICKNESS FOR PRESSURE TANK

¢ IN 0.0 $LIGMAT /TANKS/ )

GAS GENERATOR BLEED TURBINE EXHAUST ISP EFFICIENCY

{ e e S JTPADUT/ )
TANK OVERALL LENGTH
¢ IN === $i-—— /TANKS/ )

REFERENCE CHAMBER THICKNESS OF ABLATIVE

¢ IN 0.22 $ABLATE /TCaA/ )

MAXIMUM RUN TIME IN C.P. SECONDS

¢ BEC 4000 $INPOPT /O0PTIM/ )

THICKNESS OF LINER IN AFT DOME SECTION

¢ IN O, $MATER /MOTOR/ )

LINER THICKNESS (FORWARD DOME)

{ IN ~—- $MATER /MOTOR/ )

THICKNESS OF LINER IN CYLINDRICAL SECTION

{ IN O, $MATER /7MOTOR/ )

MAXIMUM VEHICLE OPERATING TEMPERATURE

{ DEGF 90. 0 $LIQUID /TEMPS/ )

MINIMUM VEHICLE OPERATING TEMPERATURE

{ DEGF &0.0 s$LIQUID /TEMPS/ )

MINIMUM GUAGE THICKNESS OF TANKS

¢ IN O. 033 sLIAGMAT /TANKS/ )

MINIMUM GUAGE THICKNESE OF LINES

¢ IN O. 065 $LIGMAT /TANKES/ )

MINIMUM GUAGE THICKNESS OF STRUCTURAL WALL

¢ IN 0.035 sLIGMAT /TANKS/ )

MULTILAYER INSULATION (MLI) THICKNESS FOR FUEL
TANK(5)

{ IN O, $TANKHX /INSLHX/

MULTILAYER INSULATION (MLI) THICKNESS FOR OXIDIZER
TANK (5)

¢ IN Q. $TANKHX /INBLHX/ )

NO AVAILABLE DEFINITION { /NCTOUT/ )

FUEL TEMPERATURE USED IN VAPORIZATION CALCULATION

{ DEGR ——— g——-~ /TEMBCH/ )

OX TEMPERATURE USED IN VAPORIZATION CALCULATIUON
{ DEGR ——- %-—— /TEMSCH/ )

NO AVAILABLE DEFINITION ¢ /MOTORY/ )

NOZZLE EXTENSION DESIGN TEMPERATURE
{ DEGR 2000 s$LIQGENG /COOLNT/

AFT TANK OUTSIDE DIAMETER

{ IN —=— $—— /TANKS/ )

Figure 5.1. Common Block Variables (Sheet 35 of 46)
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TNKODF
TNKODP
TNOZAB
TNOZZL
TNZMIM
TNZREF
TOP
TOXPIN
TP
TPARAM
TPARAM
TPAWT

TPHSE
TPLGBS

TPMAXF
TPMAXD
TPMINF
TPMING
TPNOMF
TENOMO

TRANKM

TREF

TREFFL

TREFGG

TREFOX
TREGFO
TREGOD
TRINGT

TRMX

-
i
A

FORWARD TANK OQUTSIDE DIAMETER

¢ IN == %~~~ /TANKS/ )

PRESSURE TANK OUTSIDE DIAMETER

¢ IN -=~ $-—— /TANKS/ )

NOZZILLE AVERAGE ABLATIVE THICKNESS

¢ IN O $=-—~ /TCA/ )

NOZZILE EXTENSION MATERIAL THICKNESS
CIN === $~ /TCA/

MIMNIMUM NDZZILE EXTENSION THICKNESS

¢ IN O.01 $LIQGENG /TCA/ )

REFERENCE NDZZLE EXTENSION THICKNESS
¢ IN 0.019 $LIGENG /TCA/ )

NOMINAL VEHICLE OPERATING TEMPERATURE
( DEGF 75.0 $LIQUID /TEMPS/ )

DX TEMPERATURE AT MAIN PUMP INLET

{ DEGR ~——— $--— /TEMSCH/ )

PERIOD OF DESTINATION ORBIT

( SEC 0.0 $0RB ///EQ/// )

NO AVAILABLE DEFINITION C ///EQ/77 D)
NG AVAILABLE DEFINITION C 7TRAJ/ )
TFA WEIGHT

{ LBM === $—ew /TPOUTZ2/ )

NO AVAILABLE DEFINITION { /TRAJ/ )
PLUG CLUSTER BASE THICKNESS

( IN 0.5 $LIQUID /PLGBAS/ )

MAX FUEL TEMPERATURE IN TANK

{ DEGR —-— $LFUEL /TEMBCH/
MAX X TEMPERATURE IN TANK

{ DEGR —--- &L .OXID /TEMSCH/ )
MIN FUEL TEMPERATURE IN TANK

{ DEGR —-— &L FUEL /TEMSCH/ )
MIN OX TEMPERATURE IN TANK

( DEGR ——— $LOXID /TEMSCH/
NOMINAL FUEL TEMPERATURE IN TANK
( DEGR --— s$LFUEL /TEMSCH/ )
NOMINAL OX TEMPERATURE IN TANK
{ DEGR ——— $LOXID /TEMSCH/ )

PLATELET MATERIAL THERMAL CONDUCTIVITY IN

TRANSPIRATION COOLED SECTION

{ BTU/IN/SEC/DEGR . 0004 $INREGN /TRANCD/ )

TEMPERATURE AT WHICH REFERENCE PROPERTIES APPLY
{ DEGR 530. s$LPROP /COOLNT/ '

FUEL REFERENCE TEMPERATURE FOR REFERENCE PROPERTIE
¢ DEGR —-— $LFUEL /PROPRO/ )

REFERENCE TEMPERATURE FOR BURN RATE COEFFICIENT

OF GAS GENERATOR’S SOLID GRAIN

¢ DEGF 80. $50LDGG /GASBGEN/ )

X REFERENCE TEMPERATURE FOR REFERENCE PROPERTIES
{ DEGR —-— %_LOXID /PROPRO/ )

FUEL TEMPERATURE AT REGEN JACKET DUTLET

{ DEGR -——=— g——— /TEMSBCH/

O0X TEMPERATURE AT REGEN JACKET OUTLET

( DEGR ——— $——— /TEMECH/ )

THICKNESS OF TRANSPIRATION COOLING THROAT INSERY
( IN 0.3 sLIGMAT /TRANCO/ )

CHAMBER TEMPERATURE OF NEW PROFPELLANT AT PC=3500
AND OFRMX (IPROP = O)

{ DEGR 5934 S$LPROP /EGQUIVR/ )

THERMODYNAMIC SUPPRESSION HEAD (NON-ZERO FOR
HYDROGEN) (IE EFFECTIVE NPSH FOR PUMP)

Figure 5.1. Common Block Variabiles (Sheet 37 of 46)
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( FT O0~0OR-9Q $~—— /TPAIN/ )
TSIDE NO AVAILABLE DEFINITION  ( /NCTOUT/ )
TSMMX COMBUSTION TEMP OF LIBRARY PROPELLANT AT MAX
FOR PC=500 E=20
( DEGR —=— $-—— /EQUIVR/
TSOFIF SPRAY ON FOAM INSULATION (SOFI) THICKNESS FOR
FUEL TANK(S)
¢ IN 0. $TANKHX ZINSLHX/
TSOFI0 EFRAY ON FOAM INSULATION (SOFI) THICKNESS FOR
OXIDIZER TANK(S)
( IN O. $TANKHX /INSLHX/ )
TSPOA SPACE BETWEEN AFT TANK AND VEHICLE SKIN
{ IN 0.0 $LTANK /TANKS/ )
TSPCF SPACE BETWEEN FORWARD TAN AND VEHICLE SKIN
¢ IN 0.0 SLTANK /TANKS/ )
TEPCP SPACE BETWEEN PRESSURE TANK AND VEHICLE SKIN
¢ IN 0.0 $LTANK /TANKS/ )
TSPEED ND AVAILABLE DEFINITION ¢ /TPOUTZ/ )
TSPH START SYSTEM SPHERE TEMPERATURE (ISTART=1)
( DEGR 210. $PUMP /TPAIN/ )
TSTAGL ND AVAILABLE DEFINITION  ( /TPOUTZ2/ )
TSTAGD NO AVAILABLE DEFINITION  ( /TPOUTZ/ )
TSTAGS NO AVAILABLE DEFINITION ¢ /TPOUTZ/ )
TSTAGH NO AVAILABLE DEFINITION ¢ /TPOUTZ2/ )
TSTARS MO AVAILABLE DEFINITION  ( /TPOUTZ2/ )
TSTAGE NO AVAILABLE DEFINITION  ( /PERF/ )
TSTRC STRUCTURAL WALL THICKNESS
{ IN ~—— SLIGUID /TANKS/
TTEFL1 NO AVAILABLE DEFINITION  ( /TPOUT2/ )
TTEOX1 NO AVAILABLE DEFINITION  ( /TPOUTZ/
TTHRAB ABLATIVE THICKNESS AT THROAT
( IN ——— &——= /TCA/ )
TTOFL NO AVAILABLE DEFINITION  ( /TPOUT2/ )
TTOOX NO AVAILABLE DEFINITION  ( /TPOUTZ2/ )
TTOR NO AVAILABLE DEFINITION ¢ /NCTOUT/ )
TTORMN NO AVAILABLE DEFINITION ¢ /NCTOUT/ )
TTORMX NO AVAILABLE DEFINITION ¢ /NCTOUT/ )
TTOTP NO AVAILABLE DEFINITION  ( /MOTOR/ )
TTURBI GAS TEMPERATURE AT TURBINE INLET
( DEGR ——— $PUMP /TEMSCH/ )
TTURBO GAS TEMPERATURE AT TURBINE QUTLET
( DEGR ——— g——— /TEMSCH/ )
TTWAFT THICKNESS OF AFT TANK WALL
{ IN === $=—— /TANKS/
TTWFWD THICKNESS OF FORWARD TANK WALL
{ IN === @=——- /TANKS/ )
TTWPRS THICKNESS OF PRESSURE TANK WALL
{ IN —~=— &=—— /TANKS/ )
TULLFL NO AVAILABLE DEFINITION  ( /TEMSCH/ )
TULLOX NO AVAILABLE DEFINITION  ( /TEMSCH/ )
TURBHP NO AVAILABLE DEFINITION ¢ /TPADUT/ )
TURBPR TURBINE PRESSURE RATID
{ —-—~ 2 $PUMF /PRESCH/
TUREFF TURBINE EFFICIENCY
( e e $——— /TPADUT/ )
TUREFD NO AVAILABLE DEFINITION ¢ /TPACQUT/ )
TUREFU NO AVAILABLE DEFINITION  ( /TPAOUT/ )
TURHPF ND AVAILABLE DEFINITION  ( /TPADUT/ )
TURHPO NO AVAILABLE DEFINITION ¢ /TPAQUT/ )
TULVFL. FUEL TEMPERATURE AT BIFROP VALVE INLET

Figure 5.1.

Common Block Variables
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CI
CI
CI
CI
ClI
CI
CI
¢l
C1
ClI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
ClI
CI
ClI
CI
Cl

Py
L™

CI
CI
€I
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
C1
C1
CI

-

™
k™)

I
CI
CI
CI
CI
CI
CI

CI

TVLVFO
TVLVOO
TVLYVOX
TWDOTF
TWDOTL.
TWDOTO

TWOPI
TXINS

ULFRHA
ULFRHF
ULLLFFL
ULLFOX
UOVCFL
UoveoXx
UOVERC
Us

\%

V6
VOSFL
V650X
VACGQFL
VACQOX
YBAR
VBO
VCONE
VCRIT
VCRITF
VCRITO
VELI
VFL

VFLTNK

VINGTG
VLMNGTH

( DEGR ——— $~-— STEMSCH/ )
FUEL TEMPERATURE AT BIPROP VALVE OUTLET
( DEGR —~—- ¢~~~ /TEMSCH/ )
0X TEMPERATURE AT BIPROP WALVE DUTLLT
( DEGR ~—— g¢——- /TEMSCH/ )
OX TEMPERATURE AT BIPROP VALVE INLET
( DEGR —=— $——~— /TEMSCH/ )
TOTAL FUEL FLOWRATE
( LBM/SEC ——~~ $——— /LFLOW/
TOTAL FLOWRATE
{ LBM/SEC ——- $——— /LFLOW/
TOTAL OXIDIZER FLOWRATE
¢ LBM/SEC ——— $——— /LFLOW/ )

NO AVAILABLE DEFINITION ¢ /CONST/ )
THICKNESS OF EXTERNAL ENSULATION

{ IN 0. $MATER /MOTOR/ )

ULLAGE FRACTION OF AFT TANK AT TMAX

{ === 0.045 $-—— /TANKS/ )
ULLAGE FRACTION OF FORWARD TANK AT TMAX
{ === 0.045 $--~ /TANKS/ )

FUEL TANK ULLAGE FRACTION

( === 0. 02 $LTANK /TANKS2/ )

OXIDIZER TANK ULLAGE FRACTION

( === 0.02 sLTANK /TANKS2/

NO AVAILABLE DEFINITION ¢ /TPADUT/ )
NO AVAILABLE DEFINITION ( /TPAOUT/ )

TURBINE PITCH LINE VELOCITY DIVIDED BY ISENTROPIC

SPOUTING VELOCITY

{( === 0.4 $PUMP /TPAIN/ )

TURBINE BLADE ULTIMATE STRENGTH

{ PSI 127000 $PUMP /TPAIN/ )

REGEN STATION LOCAL COOLANT VELOCITY
{ IN/BEC ——= %~-— /RGNSUM/ )

VISCOSITY OF REGEN COOLANT AT TR=0. 65 PR=1.0

¢ LB#SEC/IN##2 ~—— $~-- JCOOLNT/ )

NO AVAILABLE DEFINITION { /PROPRO/ )
NO AVAILABLE DEFINITION ¢ /PROPRO/ )
FUEL ACQUISITION SYSTEM VOLUME

( IN#%3 ——— $——— /TANKB2/ )
OXIDIZER ACQUISITION SYSTEM VOLUME
€ IN##3 ——— g——— /TANKS2/ )

NO AVAILABLE DEFINITION C /7/EQ/7/7/7 )
NO AVAILABLE DEFINITION ( 7/7/EQ/// )
NO AVAILABLE DEFINITION ( /758COM/7 )
CRITICAL VISCOSITY OF REGEN COOLANT

{ LB#SEC/IN##2 ~~-— $-—-—- /JCOOLNT/ )
FUEL. CRITICAL VISCOBITY

{ LB#BEC/IN##2 ——— $-——— /PROPRO/ )
OX CRITICAL VISCOSITY

( LB#SEC/IN#%#2 ~—— %—~—— /PROPRO/ )

INITIAL VELOCITY AT IGNITION
{ FT/SEC O $INTRAJ ///EQ///7 )
VELOCITY OF FUEL THROUGH INJECTOR ORIFICES

{ IN/SEC -—= $-— /LIQUID/ )

FUEL TANK VOLUME

( IN##3 ~—— $—-— /TANKSZ/ )

VISCOSITY OF CHAMBER COMBUSTION PRODUCTS
{ LB#SEC/IN##2 ——— %——— /TANKE/ )

NO AVAILABLE DEFINITION {( /LBCOM/

N AVAILABLE DEFINITION ¢ /NCTOUT/

Figure 5.1. Common Block Variables (Sheet 39 of 46)
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Ci VOLAND TOTAL MATERIaL VOLUME OF THE LANDS BETWEEN CUOOLING

cr CHANNELS IN THE REGEN CHAMBER

CI { IN##3 ——— g——— /WTREGN/ )

CI VOX VELOCITY OF OXIDIZER THROUGH INJECTOR ORIFICES
ClI { IN/GEC ——= $=—— /LIGUID/
JCI VOXTNK OXIDIZER TANK VOLUME

CI  IN#%#3 ==~ ge——— /TANKS2/ )

Ci YPRTNK NO AVAILABLE DEFINITION { /TANKS2/ )
CI VRE ND AVAILABLE DEFINITION ( J7/7EQSF7 D)
Ci VREL NO AVAILABLE DEFINITION, ( /TRAJS )

I VRED NO AVAILABLE DEFINITION ¢ /TRAJ/S )

CI VRE4 NO AVAILABLE DEFINITION { /TRAJS )

CI VREF REFERENCE VALUE OF VISCOSITY FOR COOLANT
Cl { LBM/IN/SEC 5. 17E-5 $LPROP /COOLNT/ )
CI VREFFL FUEL REFERENCE VISCOSITY

C1 { LB#*GEC/IN##2 ——- $LFUEL /PROPRO/ )

CI VREFOX 00X REFERENCE VISCOSITY

o { LEB#SEC/IN##2 ~—— $LOXID /PROPRG/ )
. CI Ve NG AVAILABLE DEFINITION ¢ /MOTORY/ )

€I VBTG NO AVAILABLE DEFINITION { JTRAJ/ )

CI VTANKS NO AVAILABLE DEFINITION { /NCTIN/ )

ClI VTERM NGO AVAILABLE DEFINITION { FA7EQ/ /7 )
o YTaT NO AVAILABLE DEFINITION ¢ ATRAJ/ )

CI YULLA ULLAGE VOLUME OF AFT TANK

Cl ¢ INE®3Z ~—— g——— /TANKS/ )

CI VULLF ULLAGE VOLUME OF FORWARD TANK

CI ¢ InM##3 ——~ $——— /TANKES/ )

C1I VX NO AYAILABLE DEFINITION { /TRAJ/ )

CI VXACFT HORIZONTAL VELOCITY OF LAUNCH AIRCRAFT (ASSUMED
¢l CONSTANT AND USED FOR COMPUTING MISSILE SEPARA-
CI TION RANGE}

ClI ¢ FT/8EC O $INTRAJ /TRAJ/ )

CI VY NO AVAILABLE DEFINITION ¢ /TRAJ/ )

c1 W REGEN BTATION LOCAL CHANNEL WIDTH

C { IN ~== $——— /RENSUM/ )

CI WACQFL FUEL. ACQUISITION SYSTEM WEIGHT

Ci { LB ——— $—— /TANKS2/ )

CI WACQOX OXIDIZER ACQUISITION SYSTEM WEIGHT

ClI { LB ~—— $—-— /TANKSZ/ )

CI WAFCSK AFT SKIRT WEIGHT

CI { L.BM - $-—— /8BCOM/

ClI WAFDOM DOME WEIGHT (AFT)

CI { LBM -—~ $——— /5BC0OM/ )

CI WAINET NO AVAILABLE DEFINITION ( /7MOTOR/ )

LI WalLK THERMAL CONDUCTIVITY OF CHAMBER WALL MATERIAL
LI (AT AVERAGE Wall OPERATING TEMPERATURE)
C1 { BTU/ZIN/SEC/DEGR 0. 00039 $INREGN FCOOLNT/
CI WalLTH CHAMBER WALL THICKNESS

clI  IM Q.025 ¢-~— /COOLNT/ )

CI WATL AFT TANK LINES WEIGHT

CI { LBM =—— $%--— /TANKES/ )

CI WBNOUT GROSE BURNOUT WEIGHT

CiI ¢ LBM ——— $-w—-~ /LGCOM/ )

cI WBOILF NO AVAILABLE DEFINITION ( /TANKSZ/ )
CI WBOILO ND AVAILABLE DEFINITION ¢ /TANKSZ2/ )
CI WCASE NG AVAILABLE DEFINITION ( /85COM/ )

CI WCAT MISCELLANEDUS CABE WEIGHT

CI € LBHY —— $ee— /MOTOR/ )
c WCCYL CYLINDRICAL CASE WEIGHT
€I { LBM -—— &= /85COM/ )

Figure 5.1. Common Block Variables (Sheet 49 of 46)
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CI WCONE NU AVAILABLE DEFINITION { /785C0OM/ )

CI WDAUTF FUEL TANK AUTOGENOUS PRESSURANT FLOWRATE
CI ( LRB/SEC ——~ &——— /SCHEDW/ )
CI WDAUTO 0X TANK AUTOGENDUS PRESSURANT FLOWRATE
QI { LB/BEC ——~ $=—— /S5CHEDW/
; QI WDBL.NZ GAS GENERATOR BLEED NOZZLE FLOWRATE
CI ( LB/SEC ——~ $=——— /SCHEDW/ )
Cl WDBYPF FUEL. TURBINE BYPASS FLOWRATE
CI { LB/BEC -~~~ &-——— /SCHEDW/ )
CI WDBYPO 0X TURBINE BYPASS FLOWRATE
CI { LB/BEC -~ f——— /SCHEDW/ )
CI WDBYRF FUEL REGEN JACKET BYPASS FLOWRATE
CI ( LB/SEC ~—~ $~—— /SCHEDW/ )
CI WDBYRO 0X REGEN JACKET BYPASS FLOWRATE
¢l { LB/SEC ——— &= /SCHEDW/ )
CI WO INJF FUEL FLOWRATE THROUGH TCA INJECTOR
CI { LE/SEC ~—= $=——— /SCHEDW/
CI WDINJG 00X FLOWRATE THROUGH TCA INJECTOR
CI ¢ LB/SEC ~—= $——— /SCHEDW/ )
Cl WDOT TABLE OF WEIGHT FLOW RATE FOR VARIABLE THRUST-
R TIME TRACE
c { LBF/SEC 0.0 $THVST /PERF/ )
ClI WDOTF FUEL FLOWRATE THROUGH A SINGLE TCA
CI { LB/GEC ——- &~—— /LIQUID/
CI WDOTL PROPELLANT FLOW RATE
CI { LBM/BEC === $-—— /LIQUID/ )
Cl wnoTo OXIDIZER FLOWRATE THROUGH A SINGLE TCA
CI { LLB/SEC -~ &= /LIQUID/
CI WDOTTR TOTAL TRANSPIRATION COOLANT FLOWRATE
CI { LB/GEC ~—- $-—— /TRANCO/ )
CI WDPMPF FUEL FLOWRATE THROUGH MAIN PUMP
ClI ¢ LB/SEC -~ $=——— /GCHEDW/ )
CI WDPMPOD 00X FLOWRATE THROUGH MAIN PUMP
CI { LB/BEC —~— $~—— /SCHEDW/ )
Tl WDREGF FUEL FLOWRATE THROUGH REGEN JACKET
CI ( LB/SEC ——— %~—— /SCHEDW/ )
CI WDREGO OX FLOWRATE THROUGH REGEN JACKET
ClI { LB/SEC ~—-— ¢$——— /SCHEDW/ )
CI WDRGN Fi.OW RATE EXITING REGEN JACKET (IE. MINUS THE
CI TRANSPIRATION COOLANT FLOWRATE )
CI ¢ LB/BEC —=— $——— /RGNSUM/ )
1 WDTANF FUEL TRANSPIRATION COOLING FLOWRATE
CI { LB/SEC --— &~ /SCHEDW/ )
CI WDTANO 00X TRANSPIRATION COOLING FLOWRATE
€I { LB/SEC ——— ¢$——— /SCHEDW/ )
CI WDTEXP NO AVAILABLE DEFINITION ¢ /LBCOM/ )
CI WDTRKOF FUEL FLOWRATE OUT OF TANK
CI ( LB/SEC ——— %-—— /SCHEDW/ )
c WDTKOO OX FLOWRATE QUT OF TANK
CI ( LB/SEC ——— $-——- /SCHEDW/ )
CI WDTRIF FUEL. FLOWRATE INTO PREBURNER
CI ( LB/SEC ~=— $——— /SCHEDW/ )
ClI WDTRIO 0X FLOWRATE INTO PREBURNER
ClI { LB/SEC ~—~ &= /BCHEDW/ )
CI WDTROF NG AVAILABLE DEFINITION ( /SCHEDW/ )
CI WDTROD NO AVAILABLE DEFINITION { /SCHEDW/ )
CI WDTURB TURBINE FLOWRATE
CI { LB/BEC —=~ $——— /BCHEDW/ )
) WDVLVF FUEL FLOWRATE THROUGH BIPROP VALVE
CI { LB/SEC —~— #~——— /BCHEDW/ )

Figure 5.1. Common Block Variables (Sheet 41 of 46)
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) WOVLVD 0X FLOWRATE THROUGH BIPROP VALVE

Cl { LB/SEC —-~ $~—— /SCHEDW/ )

CI WEXPND WEIGHT OF EXPENDABLE INERTS FOR EACH STAGE
CI (EXPENDED LINERLY WITH BURN TIME)

CI { LBM 0.0 $INPGEN /GENRL/ )

o1 WFEINST NO AVAILABLE DEFINITION  ( /MOTOR/

CI WFTL FORWARD TANK LINES WEIGHT

cI { LBM === $-——~ /TANKS/ )

CI1 WFUEL. PROPELLANT WEIGHT

cI { LBM ~—— $-—— /GENRL/ )

c1 WFUELR ND AVAILABLE DEFINITION  ( /8SCOM/

CI WFWCSK FORWARD SKIRT WEIGHT

cI { LBM —-= $~—— /8SCOM/ )

CI WFWDOM DOME WEIGHT (FORWARD)

CI { LBM ——— $-——— /S5COM/ )

CI WEAS PRESSURANT WEIGHT

CI { LBM —=—~ $~-—— /TANKS/ )

c WGGPB NO AVAILABLE DEFINITION  ( /TPOUT2/

c1 WEL GAS LINES WEIGHT

CI ( LBM —== $——— /TANKS/ )

C1 WERES WEIGHT OF RESIDUAL GAS IN PRESSURANT TANK
CI { LBM === $-—— /COLDGP/ )

CI WHGMF NO AVAILABLE DEFINITION  ( /TPDUT2/ )

cI WIGH STAGE IGNITION WEIGHT

CI ( LBM =—=~ $~—— /QENRL/ )

cI WIGNIT NO AVAILABLE DEFINITION  ( /TPDUT2/ )

c1 WINERT INTERSTAGE WEIGHT

CI ( LBM —-~ $——— /GENRL/

CI WINGFL UEL TANK INSULATION WEIGHT

cI ( LB === &~—— fINSLHX/ )

cI WINSOX OXIDIZER TANK INSULATION WEIGHT

C1 ¢ LB ~—— #=—= /INSLHX/ )

CI WINSTG NO AVAILABLE DEFINITION  ( /LSCOM/ )

CI WINSUL INTERNAL INSULATION WEIGHT

o1 { LBM === $-—— /L3COM/ )

o1 WLINER LINER WEIGHT

CI ( LBM ——~ $e—— /S5COM/ )

CI WLTHR LAND WIDTH BETWEEN COOLANT CHANNELS AT THROAT
ct { IN O.03 $INREGN /COOLNT/ )

¢l WM ND AVAILABLE DEFINITION  ( /PERF/ )

. WMGGPB MOLECULAR WEIGHT OF GAS GENERATOR/PREBURNER
o1 COMBUSTION GAS

c1 { ——= 14 $PUMP /TPAIN/ )

CI WMI NO AVAILABLE DEFINITION  ( /PERF/ )

CI WMISC MISCELLANEQUS WEIGHT PER STAGE EXCLUDING PAYLOAD
- ¢ LBM O SINPGEN /GENRL/ )

CI WMISFL MISCELLANEQUS FUEL ADDED TO STAGE (REMAINS ON
ol STAGE AT BURNOUT)

cI ( LBM O $INPGEN /GENRL/ )

CI WMISDX MISCELLANEDOUS OXIDIZER ADDED TO STAGE (REMAINS ON
c1 STAGE AT BURNOUT)

C ( LBM O SINPGEN /GENRL/ )

C WMOUNT THRUST MOUNT WEIGHT

C1 { LBM ——— $e—— /TCA/

c1 WNCTUN NO AVAILABLE DEFINITION  ( /NCTOUT/ )

CI WNDMP H WIND VELOCITY AROUND VEHICLE FOR HEAT TRANSFER
c1 OFTION (KHXOPT=3)

cI { MPH 10 $TANKHX /INSLHX/ )

cI WNGZ NDZZLE ASSEMBLY WEIGHT

CI { LBM === $m—— /SSCOM/

Figure 5.1. Common Block Variables (Sheet 42 of 46)
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C1I
CI
CI
CI
CI
CI
L1
ClI
CI
Cl
CI
ClI
Ci
LI
CI
CI
CI
CI
CI
CI
CI
CI
I
CI
CI
ClI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
cI
CI
ClI
CI
CI
CcI
CI
CI
CI
CI
CI
CI
CI
CI
CI
CI
C1I
CI
CI
CI
C1
CI
CI

WPaY
WPAYLD

WPAYR
WPEOGG
WFPCH
WFDOT
WPERC
WPEXPL.
WPLEFT
WPLGES
WPROP
WRESFL
WRESOX
WEHTNK
WSTART
WEUPHD
WTANKS
WTATJUT
WTATNK
WTBLDA
WTBLDF
WTBNDA
WTBNDF
WTCHAM
WTFTUT
WTFTNK
WTGIMB
WTHR
WTHTX
WTINJ

WTUET

WTKMNT

WTLPRP

NG AVAILABLE DEFINITIDN ( /GENRL./ )

PAYLOAD WEIGHT FORWARD OF THE FINAL PROPULSIVE
STAGE

( LBM O $INPGEN ///EQ/// )

NO AVAILABLE DEFINITION ( /88C0OM/

WEIGHT OF PRESSURANT IN PROPELLANT TANKS

( LBM ——— $~—— /GASGEN/ )

PRESSURANT CONTROL HARDWARE WEIGHT

( LBM —~= $~—— /TANKS/

PROPELLANT FLOW RATE

{ LEBM/SEC ——— $——~ /PERF/ )

PERCENT STAGE WEIGHT USED AS MISC

( =~— 0. &INPGEN /MOTOR/ )

NO AVAILABLE DEFINITION ¢ /PERF/ )

NO AVAILABLE DEFINITION ¢ /PERF/ )

FLUG CLUSTER BASE WEIGHT

( LBM —-— $——~ /PLGBAS/ )

WEIGHT OF STAGE PROPELLANT (THRUST-TIME OPTION)
( LBM 0.0 $THVYST ///EQ/// )

NO AVAILABLE DEFINITION /TANKSZ /

( )}
NO AVAILABLE DEFINITION ¢ /TANKSB2/ )
NO AVAILABLE DEFINITION { /NCTOUT/ )
NO AVAILABLE DEFINITION ¢ /TPOUTZ2/ )
THRUST CHAMBER ASSY SUPPORT HARDWARE WEIGHT
{ LBM —=— $we— /TCA/ )
TOTAL STAGE TANK WEIGHT
( LBM ——~ $——— /TANKS/ )
WEIGHT OF AFT TANK JOINTS
{ LBM -—— $~—— /LQTLPR/
AFT TANK WEIGHT
¢ LBM === $—w~ /LQTLPR/ )
AFT BLADDER WEIGHT
( LBM ——— $——— /TANKS/ )
FORWARD BLADDER WEIGHT
{ LBM ——— $—uw— /TANKS/ )
AFT BOND WEIGHT
{ LBM ——— $~-— /TANKS/
FORWARD BOND WEIGHT
{ LBM -—— $~~— /TANKS/ )
CHAMBER WEIGHT
( LBM ——— $—e— /TCA/ )
WEIGHT OF FORWARD TANK JOINTS
( LBM -—- $w——— /LQTLPR/ )
FORWARD TANK WEIGHT
{ LBM ——= $——— /LQTLPR/ )
GIMBAL SYSTEM WEIGHT
{ LBM -—~ $—-— /GIMBAL/ )

COOLANT CHANNEL WIDTH AT CHAMBER THROAT
¢ IN 0.03 $INREGN /COOLNTY/
AUTOGENDUS PRESSURIZATION HEAT EXCHANGER WEIGHT

( LBM =—- $w—— /TPOUTZ2/ )
INVECTOR WEIGHT
( LBM ~—— S STCA/ )

AMOUNT OF INERT WEIGHT JETTISONED DURING THE
CURRENT MOTOR SECTION

( LBM 0. $GUIDA /PERF/ )

TANK MOUNT WEIGHT

¢ LEM —=— $—m /TANKS/ )

WEIGHT OF BURNED LIQUID PROPELLANT

¢ LBM 13250 s$LIQUID ///EQ/// )

Figure 5.1. Common Block Variables (Sheet 43 of 46)
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WTLTCA WEIGHT OF LIQUID TCA (KWTMOD = -1)
€ LBM 184, 1 $LIGENG /TCA/ )

WTH WEIGHT OF TOTAL MISSILE SYSTEM
¢ LBM ——— S$THVST /PERF/ )
WTMCG MOLECULAR WEIGHT OF COLD GAS PRESSURANT
{ LE/LBMOLE 4. #COLDG /COLDGP/
WTHMGE MOLECULAR WEIGHT OF GAS GENERATOR PRESSURANT

¢ LB/LBMOLE 19. 0 #S0LDGEG /GASGEN/ )
{ MOLECULAR WEIGHT OF COOLANT $LPROP /COOLNT/

WTHMOLF FUEL MOLECULAR WEIGHT
¢ LB/LBMOLE --- $LFUEL /PROPRO/
WTHMOLO OX MOLECULAR WEIGHT
¢ LB/LBMOLE -—- $LOXID /PROPRD/ )
WTMOUT NO AVAILABLE DEFINITION ( //FEQ/// )
WTNZEX NOZZLE EXTENSION WEIGHT
O LBM ——— S /ICAS
WTPLIN NO AVAILABLE DEFINITION { /TPOUT2/ )
WTPOW GIMBAL POWER SUPPLY WEIGHT
( LBM 0. %$——— /GIMBAL/
WTPTJT WEIGHT OF PRESSURANT TANK JOINTS
¢ LBM ——= $—~ /LQTLPR/ )
WTPTNK PRESBURE TANK WEIGHT
¢ LBM —-= $eee JLQTLPR/ )
WTRHSEA AFT TANK REVERSE HEAD STIFFENER WEIGHT
( LBM —~— $ew—e JLQTLPR/ )
WTRHSF FORWARD TANK REVERSE HEAD STIFFENER WEIGHT
¢ LOM === $~—= /LATLPR/ )
WTRNGZ WEIGHT OF TRANSLATING NOZZLE
{ LBM ——= $——- /TRANDZ/
TEKTA AFT SKIRT WEIGHT
{ LBM ——~ $m—— /TANKS/
WTSKTF FORWARD SKIRT WEIGHT
i LBM ——— e /TANKS/ )
WTETAG TOTAL INERT WEIGHT OF THE STAGE
¢ LBM 0.0 $THVST /PERF/ )
WTSTW STRUCTURAL WallL WEIGHT
{ LBM -~ $—uw /TANKS/
WTURBF ND AVAILABLE DEFINITION ( /TPAQUT/ )
WTUREBO ND AVAILABLE DEFINITION { /TPAQUTY )
WTVLYS VALVE WEIGHT
¢ LBM == $——= /TC&/ )
{ LBM EXTERNAL INSULATION WEIGHT $—-— /SSCOM/
WZERD GROSE IGNITION WEIGHT
{ LEBM ——= $——— /LBCOM/ )
WZERQS TOTAL STAGE WEIGHT
{ LBM ~== $ew- /LBCOM/ )
KA NO AVATLABLE DEFINITION { /88C0M/ )
XACCFL MO AVAILABLE DEFIMITION ¢ /TPOUT2/ )
XACCOX ND AVAILABLE DEFINITION { /TPOUT2/ )
XAFSKT LENGTH OF AFT SBKIRT
{ IN 0.0 $INTSTG ///EQ/// )
XCYL LENGTH OF CYLINDRICAL SECTION OF MOTOR CASE
¢ IN 10. $INPGEN ///EQ/// )
XDOME NO AVAILABLE DEFINITION { /788COM/ )
XE ND AVAILABLE DEFINITION ( /88C0OM/ )
XENG ND AVAILABLE DEFINITION { /NCTOUT/ )

XFWSKT LENGTH OF FWD SKIRT
¢ IN Q.0 $INTSTG ///EQ/// )

XINJFF LENGTH FROM INJECTOR FACE TO ENGINE GIMBAL POINT
¢ IN -—— %= /JLIQUID/

Figure 5.1. Common Block Variables (Sheet 44 of 46)
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€I
C1
CI
Cl
CI
CI
CI
CI
CI

~

CI
ClI
CI
CI
CiI

Py

CI
C1
CI
ClI
Ci
CI
CI
CI
Cl
CI
Cil
CI

CI

-
-

CI
CI
CI
Cl

-

A

Cl

Cr.

CI
ClI
CI

ClI
CI
€I
o)
c

CI
ClI
CI
1
CI
CI

CI

-

Gl
CI
CI
ClI
ClI
ClI
CI

-

CI

Cl

XINSTG
XIS0ODE
XIGP

XISPR

XISVAC

XITOGT

LITVAC
XKALFaA

XK
XKRTH

XLC

XLDOME
XLpucnB
XLDUCF
XLbUCI
XL.DUCO
LLpUCT
KLEEXP

XLFL

XLGGPB
XLLBPF
XLLBPO
ALLMPF
XLLMPO
XN

XLNEXP

XLNOZ

XLSTG

XL.5UB

XLTOTL

XLTPA
XLTPA&F
XLTPAD
XL TUBE
XM
XMACH
XMOUNT

XMU
XNORD

INTERSTAGE LENGTH

( IN ~=~ $=eu /LSCOM/ )
IDEAL ONE DIMENSIONAL EQUILIBRIUM ISP (VACUUM)
( SEC ——— $——— /L IQUID/

DELIVERED VACUUM SPECIFIC IMPULSE {KPERF=0)
{ SEC 314. 1 $L.QPERF /L.IGUID/ )
REFERENCE SPECIFIC IMPULSE: INPUT AS A FUNCTION OF

- REFERENCE CHAMBER PRESSURE

( SEC 265. 4$PROPEL /MOTOR/ )

vVACUUM DELIVERED ISP

¢ BEC ——— $uw /GECOM/ )

INPUT TOTAL IMPULSE CORRECTION FACTOR FOR VAR TABLE
THRUST-TIME TRACE

( LBF/SEC 0. ¢ $THVST ///EQ/// )

NO AVAILABLE DEFINITION « /88C0oM/ )
HELICAL BULK FACTOR

{ === 1.9 $FILMNT /MOTOR/ )

NO AVAILABLE DEFINITION ¢ /MOTOR/
HOOP BULK FACTOR

( ~—— 1.6 $FILMNT /MOTOR/

AXIAL CHAMBER CYLINDRICAL LENGTH

¢ IN 0.0 $LIGENG /LIQUID/

NGO AVAILABLE DEFINITION { /MOTOR/ )
NO AVAILABLE DEFINITION ¢ /TPDUT2/ )
NO AVAILABLE DEFINITION ¢ /TRPOUTZ/ )
NO AVAILABLE DEFINITION ¢ /TPOUT2/ )
NO AVAILABLE DEFINITION ¢ /TPOUTZ, )
NGO AVAILABLE DEFINITION ¢ /TrPOUTZ/, )

ENEC-NOZZLE LENGTH RATIO

{ == == G /MOTOR/ )

BARRIEK LIGUID FILM LENGTH

¢ IN 1.0 $LQPERF ///EQ/// )

NO AVAILABLE DEFINITION ¢ /TPOUT2/
NO AVAILABLE DEFINITION = (¢ /TPOUT2/
NO AVAILABLE DEFINITION { /TPOUTZY/
NO AVAILABLE DEFINITION ¢ /TROUTZ2/
NO AVAILABLE DEFINITION { /TPDUTZ2/
AXIAL CHAMBER CONVERGENT LENGTH

C IN 18.7 $LIGENG /LIQUID/ )

NOZZLE EXPOSED LENGTH

N N s A

( IN == G J//EQ/// )
LENGTH OF NDZZLE FROM THROAT TO EXIT PLANE
(KWTHMOD = -1

{ IN 76 04 $LIGENG /LSCOM/ )
STAGE LENGTH

LIN === S S//EQ/SS/ D

NOZZILLE SUBMERGED LENGTH

( IN ~~— $——- J//EQ///

TOTAL VEHICLE LENGTH

O IN == b= JIIEQS// )

ND AVAILABLE DEFINITION ¢ /TPOUTZ, )
NO AVAILABLE DEFINITION ¢ /TPOUT2/ )
NO AVAILABLE DEFINITION ¢ /TPOUTZ, )
NGO AVAILABLE DEFINITION C /TPDUTZY, )
NO AVAILABLE DEFINITION ¢ /MOTORY/ )
NO AVAILABLE DEFINITION { /TRAJZ )

LENGTH FROM TANK TO ENGINE GIMBAL POINT
( IN 2. $LIGENG /LIQUID/ )

NO AVAILABLE DEFINITION { JCONST/ )
NUMBER OF ROVINGS

Figure 5.1. Common Block Variables (Sheet 45 of 46)
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CI ANDZ

ClI ANRATE

CI

oI

CI XNUASK
S QI

Cr ANUCSE

CI

CI ENUING

CI

CI XREGCN

CI XREGCY

CI XREGNE

CI XSHTNK

CI LT AR

I

or

CI X THNK

CI XTPC

CI

CI

CI X

CI Yi

CI

Cl LY

oI

CI

Ci

CI

o YENG

CI YHITNK

i ) YLLOTHNK

) YMoD

CI

€I Y5

ClI

CI YVHMR

Cl

CiI

C1 ZENG

CI ZTNK

C1 ZTTC

CI

CI

CI ITVAR

CI

CIITIIIIIIIIITIITINI I ITIIIIIIIIITINITIICIIIIITIIIINIIIIIIIIIIININILNINIDY

C

Figure 5.1.

{ === B 0 $FILMNT /MOTOR/ )

NO AVAILABLE DEFINITION  /NCTIN/ )
PROPELLANT BURNING RATE PRESSURE EXPONENT IN THE

5T. ROGERTS BURNING RATE LAW

¢ ~-—— 40 $PROPEL /MOTOR/
POISEON'S RATIO OF STAGE AFT SKIRT
(== 25 $INTSTG /MOTOR/ )

PDIﬁSDN’S RATIO FOR THE CASE MATERIAL

( ——— .25 $MATER /MOTOR/ )

FOISSIN'S RATIO FOR THE INTERSTAGE MATERIAL

{ === 25 $INTSTE /MOTOR/ )

NO AVAILABLE DEFINITION ( /REGOUT/
NO AVAILABLE DEFINITION { /REGOUT/
NO AVAILABLE DEFINITIDN ( /REGDUT/
ND AVAILABLE DEFINITION ¢ /NCTOUTY/

INTERMEDIATE AREA RATIO ARRAY IN PERFORMANCE

ROUTINES
o e e JOPCONDS )
NGO AVAILABLE DEFINITION { /NCTOUT/

INTERMEDIATE CHAMBER PRESSURE ARRAY IN PERFORMANCE

ROUTINES
( e e $——— /OPCOND/ )

NO AVAILABLE DEFINITION ¢ ZXSTOR/ )
AXIAL LENGTH FROM AFT DOME TANGENT RPOINT TO NOZILE

ATTACH POINT
¢ IN —=— $——v /QENRL/ )

AXIal LENGTH FROM FORWARD DDME TANGENT POINT TO &
POINT ON THE DOME IMMEDIATELY AFT OF THE NEXT
UPPER STAGE MOZZLE EXIT (FINAL STAGE US

AXIAL LENGTH PLUS 1.0 INCH)

{ IN ~—— $——— /GENRL/ )

NO AaVAILABLE DEFINITION ¢ /NCTOUT/
NGO AVAILABLE DEFINITION ¢ /NCTOUT/
NO AVAILABLE DEFINITIDN ( /NCTOUT/
MATERIAL ELASTIC MODULUS TABLE

( PSI 29E6&, 17E&, 8#0 $L.IGMAT /MTPROP/
TURBINE BLADE YIELD STRENGTH

{ PSI 104000 $PUMP /TRAIN/

INTERMEDIATE MIXTURE RATID ARRAY IN PERFORMANCE

ROUTINES
—emm mmm $eme fOPCOND/ )

NO AVAILABLE DEFINITION ¢ /NCTOUT/

NO AVAILABLE DEFINITION ¢ /NCTOUT/

INTERMEDIATE CHAMBER TEMPERATURE ARRAY IN

PERFDRMANCE ROUTINES
( == m—= $ee— OPCOND/ )

INTERMEDIATE VALUE ARRAY IN PERFORMANCE ROUTINES

(e $——- /OPCOND/
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6.0 PROPELLANT LIBRARY

The calculation of liquid engine performance begins with the ideal one dimensional
equilibrium performance. The ideal performance is provided to ELES through internal
data arrays for specific impulse, characteristic velocity, and combustion temperature. A
part of the ELES initialization procedure is the loading of those data arrays from the
direct access file called PROPLIB.

In PROPLIB the first block of information lists the propellant combinations for
which data exists in the file, the corresponding propellant flag (IPROP) value, and the
line location where the data begins. As new propellant combinations are added to the
file, the first blank card after the propellant list must be replaced with a card that
identifies the propellant data location (See Figure 6.1). The line numbers along the left

hand margin of Figure 6.1 are for convenience only. They are not a part of the file.

Notice that on line 6 of Figure 6.1 the flag IPROP=1 corresponds to the propellant
combination N204/MMH, and that line 31 is where the data for N204/MMH begins.
Looking at line 31, there is a header for the propellant combination, followed by com-
ment cards, and finally the beginning of the data itself.

The structure of the propellant data is shown in Figure 6.2. It is read into ELES by
the subroutine MAKCAS. MAKCAS opens the data file PROPLIB and reads the perfor-
mance data. The subroutine locates the proper data block and loads the data into the
appropriate data array. These data arrays are passed to the appropriate subroutines via
COMMON blocks. The arrays have been sized to hold data for a maximum of 4 stages, 8

chamber pressures, 10 mixture ratios, and 17 area ratios.

MAKCAS reads all the comment cards looking for the key identifier that proceeds
each data group. If the key identifier is not found, MAKCAS will print an error message

identifying which data was not found, and then terminate execution.
When the data is required by some design routine within ELES, it is accessed

through the routines MAKODE, MAKODK, and MAKCSR. MAKODE finds the ODE

specific impulse and combustion temperature. MAKODK calculates the kinetic specific
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PROPELLANT COMBINATIONS AND DATA LOCATION

w
OO0

) FLAG PROPELLANTS LINE
6) IPROP=1 N204 /MMH 31
7)  IPROP=2 MON-25/MHF~3 431
8) IPROP=3 CLF5/MHF -3 831
?) IPROP=4 MON-25/607ZMHF ~-3+40%AL 1231
10) IPROP=5 LOX/LH2 1631
11) IPROP=6 LOX/RP~-1 2031
12 IPROP=7 LOX/CHA 2431
13) IPROP=8 LF2/LH2 2831
14) IPROPx=%9 LF2/N2H4 3231

19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
~ 3
\ 34)
/ 35)
36)

0

PROPELLANTS: N204 /MMH

ASSUMP TIONS ) ENTHALPY TEMP STATE
N204
MMH

38)
39)
q0)
41)
42)
43) SIZE OF VARIOUS DATA ARRAYS

C-STAR & CHAMBER TEMP DATA EVALUATED AT ODE PC & ODE MR VALUESC

OO0 0a000000000

443) ODE PC ODE MR ODE EPS ODK PC ODK MR ODK EPS
45) 4 7 10 0 (o) (o)
46) C

47) ODE MIXTURE RATIO VALUES

4B) MR= 0.0 0.5 1.0 1.5 2.0 2.3 2.8
49) C

50) EPS CHAMBER PRESSURE = 50.0 ODE SPECIFIC IMPULSE
51) L. 155.8 175 2 208.9 218B.0 214 8 2108 203 9
52) 2 184. 4 206.2 244.1 257.8 25 4 251.9 2437
53) 4. 202 9 226. 6 264.8 2B2.1 283 7 279 & 270 5
54) 10. 221.3 247.2 283.4 304.4 310.0 307.4 297 4
595) 20. 232. 2 259.8 293.8 316.6 324.7 323.9 313 5
56) 40 240. 4 270.6 302.6 326.3 3363 337.1 326.6
57) 70 245 &6 278 2 308 9 332 6 344 0 345 9 335 3
58) 100 <48 4 282 6 312.7 336.2 348 2 350 .7 340 2
S9) 150 251 4 287.2 316.6 339.7 3% 5 3557 345 0
60) 200, 233.3 290.3 319.3 342.0 355 2 358.8 348 2

Figure 6.1. Beginning of Propellant Library (PROPLIB)
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C

COMMENT CARDS CONTAINING
INFORMATION ON PROPELLANT DATA

SIZES OF ODE AND ODK CHAMBER PRESSURE,
MIXTURE RATIO.AND AREA RATIO ARRAYS

ODE MIXTURE RATIO VALUES

ODE Isp DATA FOR EACH Pc
EPS

FHTS

L1
RN
RN
I111 4

ODK MIXTURE RATIO VALUES

ODK Isp DATA FOR EACH Pc
EPS

@ REF Ry

AR
b1l
iy

N
FEod

C* DATA EVALUATED AT
ODE Pc's AND MR's

COMBUSTION TEMPERATURE DATA
EVALUATED AT ODE Pc's AND MR's.

COEFFICIENTS FOR ODK THROAT
RADIUS CORRECTION

END DATA

Figure 6.2. Propellant Data S_tructure
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O

6.0, Propellant Library (cont.)

impulse for the desired operating point. MAKCSR calculates the characteristic velocity

for a desired chamber pressure and mixture ratio.

These routines use standardized double (DBTINT) and single (GENTRP) interpola-
tion routines that have been used at Aerojet for several years. The interpolation order
can be varied from 1 to 5 in these routines. Experience has shown a second order inter-
polation to provide the most accurate results and therefore is selected for use in these
subroutines. If any of the specified operating points are outside the range of the data
provided, a linear extrapolation will be performed using the two closest data points.

Figure 6.3 is a complete listing of the propellant library.
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L B 4 i en'Y

FEOPOLLANT COMEINATYIONS ANL CATA LCCATIGN

b

FLAC PRCPELLANTS L INE

\\ 1PRQP=z1 NEGG/ MME 31
) IFRGP=: MON-C5/VHF =3 421

IPRGE=EZ CLFE/FMHF=~3 €31
IPECEza MO =CE /LG AMHF -3 44 0% AL 1231
IPROP =S Lex/sLHe 1e31

e

IFROE =% LCX/RF=1 2031
IPRUF=T LOX/CHS 2431
IPRCE =g LF2/LKHZ 2831
IPRGF = LFZ/NZHG 3231

c

¢

C

C

c

ce

C

c

C

c

C

C

C

c

C PRGRELLAENTS: NZ2O4G MM

<:i\ C ALCU S TICAS ENTHALPY - TEME STATE
A ety

c MM

c

c

C

¢ (=STAF & CHAMBER TEFRP CATA EVALUATED AT OCE PC & COE MR VALUES

C

c

C

STZY CF VARICUS TATA ARRAYS
Gl FC GLE MK CLE EPS COK FC CCK MR COK EFPS
4 7 14 ¢ 3 d
CUE MIATURE RATIC VALUES
Mic = el de¥ 1.8 1% 2 232 248
v
ZRC LrAeRl Rk FEOSSURE = 5C.0  QCE SPECIFIC IMPULSE
1e 3ufes 1708 20Re%  21Be8 21448 21048 20249
Coe ihbGeh 0662 644l 25748 25644 251.9 243,717
The 7213 24742 28244 30444 31040 32074 29744
204 21242 259eE 29348 ZlEe6 IZ2447 32349 Z13,.%
42+ Zoeled 2706 30266 22642 33643 2374l 32646
Tie Enfan TR .2 308.9 33246 344,00 F45.,9 335,32
1ule dobeh clleti J124T 336e2 348.2 385047 340.2
150 20144 28702 Zlbet  3FYeT 0 35245  355.7 24540
<:i> 2006 25343 29043 21943 34240 35542 25848 348.2

Figure 6.3." :Pr;obellant Library (PROPLIB) (Sheet 1 of 32)
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221e4
2E0LZ
2EZ.T
305 .6
3176
327§
322.4
2376°C
340.8
342,3

SIMPLIFIEL

1.5

VELOCITY

5670
5714,
5717.
5728

leb

RATURE

£21¢
5456,
3479,
5572

ore

21549
261 .6
28848
I13.3
22763
236 a4
345 .7
J4G .8
38249
35645

GLE SPECIFIC

22046
26202
28847
31346
327.5
338,

1‘4...‘1
Z4% 49
35440
3566

OLE
222%e1
26445

240
(F
56124
5724,
5748,

SEGC e

[+2 28 J
oo )
!

an Mmoo
L

I
-

[ AN RNNE i NS L N ]

W

N 3 O
fte e N G I 8]

SFECIFIC IMPULSE

21642
25749
28545
31266
32842
l4C.6
24k &
25344
3580
3605

21741
2587
28603
I13.¢
3287
341.0
349.1
28537
358a.2
36l.2

SPECIFIC

22068
261a6
28% 43
\Jl»««i‘é

METHCL USEL

243

T/SEC)
550%.
644,
5662

[ =0 S
[N IR R )

o]
(I e
N
[ 3
(o]

*

o

o~
[ BE RN B $ 1]
PY (1 PO
[& 1IN E o F ANy
o @

él8e%
2‘49-4
27549
20243
2177
32540
23862
242 .8
34763
25063

IMPULSE
20%.6
250.0
2768
2C2.5%
318a.2
230, 4
338 .6
343,41
24746
2505

IMPULSE
2124

(‘:2. pd

279.4
30543
32041
332610
23%.°
44,2
34846
251.5

5330,
E454 .,
5471,

St

5463
5893 .
2957,
6214

Propellant Library (PROPLIB) Sheet 2 of 32)
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-STAP & CHAMEER TEMP DATA EVALUATED AT CDE PC & ODE ¥R VALUES

FON=25/MHF =3

ENTHALFY

ErPs 0CK FC

1.8

5040

21S.8
26041
28448
507a4
31%.8
329.5

33849

35944
343,40
345,32

508610
22246
26242
€€ a4
23845
32Ce6
3302
33645
339.9
24345
34549

1000.0

22248
26244
28645
3C8e5
3ECe7
33042

UMTTIONS
KON -zt
MHF -3
LEOVARIOUS DATA ARKAYS
FC QDE Mw GLCE
7 1a
MIXTURY RATIC VALUES
fe Je® 1.1
CHAMBER PRESSURE =
15748 1798 21242
186et 210344 24841
a0l e S30a8  2¢9,2
22801 290.9  265.2
23245 2RZLV3 2HEL6
21946 274 £ 30743
S4bGe4 281, 31344
24742 28%.¢5 21740
E}‘:i"'ol L.9L'c 32609
2Ll 2Q714 22304
CHAMETZR PRESSURE =
16346 18245 212.5
1362 215« 24842
211X 2Zb ah Y8
ecTel 25744 [HBW3
:.‘2:_0; 27{02 ’_C.CJ.L
25361 280e€& Z08e4
d48el 28B4l 31b4eH
2T0a8  2%2e5% 31847
2EILT 297 .¢C 328
e T 3200 228.5
CHAMELR PRESSURE =
1(‘?.2 18‘5.4 212.5
l“’3¢7 21609 248!.&
Zilet 23748 26%9.4
Qalet 298 .6 2EB &
PG I 2712 2994
2438 281.8 368.7
26he.4  2E3.3 21%,3

Figure 6.3.

33645

o
d

2ol

TEMY

CLK MK

I

~
¢.3

CDE SPECIFIC

cifed
25842
28248
3122
22761
23848
34645
KSU.?

550
357 7

212.5
252.5
281.7
309.6
326“.2
33%.5
24643
353,41
388.0
361.1

QDE SPECIFIC

2216
26346
dg;od

315.7
32%«8
347140

218.0
260 a0
287.7
31540
335 a6
343a8C

OGE SFECIFIC

22Z43
26442
2518
316e1
330«

341,2
34845

218.8
260.8
28845
1B .6
331e1
34344
3851.6

STRTE

00K EPS

W

2.8

IMPULSE
2U0€ U
24642
2731
2080.2
316 e4
32945
33843
343,41
24840
35141

IMPULSE
211.1
2518
1847
305.2
3207
2330
3412
345,.8
35043
383.2

IMPULSE
21149

25245

2794
30548
I21.2

33.4
341.6

Propellant Library (PROBLIB) (Sheet 3 of 32)
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N /
N
¢y A

\\;oa.< 25102 29346 31961 34040 35245 35640 34640
Atd. Pl GBe2  B2242 343406 35646 3606 3500
T 200, 2vi.l 30142 32B.9 34643 359,2 363.5 3534
EPS CPAMEER PRESSURE = 303{e0 ODE SPECIFIC IMPULSE
1. i 18Ee0 21246 22347 22449 22145 21447
e 1UTGT 22143 24843 26340 26646 26440 0555
Ga DIERGD 262050 28944 28740 29249 29146 28243
10, CE2eb DUBLR 30649 317.5 216.1 30847
2. 2766l I00eZ 32049 32142 233,40 303.1
45, 28E€af 3099 32004 I4741 345.0 235.0
70, 294,0 216e7 32€47 349.2 352.S5 242,09
104, 29843 22047 340e3 35342 35742 34742
157, 30248 TE449 36440 25742 3ZE1e€ I51.6
200 FO0T.T 32767 4g.Y  A8G,T7  Zfb.4  IB4 4
c
0nx K1
C THLAE AETA.  SIMPLIFIED METHCD USED
C
MF: l.f 105 200 2'3 2.8
PC RISTIC VELOCITY  (FTZSEC)
56 4 “472. 571S. S6%1e 58553, £384,
560, 4037 5470e 5772¢ 5777¢ 56900 5511,
1200 40%0. 4749, £47C¢. %775, 5792. 5706. 5528,
TO00. 4306, 484%, S470. 5789, 58%2. ET82. 5596,
¢
Moz P Jat lef 1«8 Zel Ze3 ekl
FC COreUSTION TEMPERATURE  (DEG = R)
50 179%. 2554, 4365. 5274. 5546. 5564 5509,
500. 2071. 2651. 4409, %540, 59864, 6026e 5949,
1300. 23119¢ 2696e 44124 556€e 60645 6095¢ 6015
3520he 271 le  ZBT%e  4402. SET3. 629Fe E374e €279,
¢
c
END DATA

FEOPELLLANTSS CLFS/MHF -3
ASESUMPTIGNS ENTHALPY TEMP STATE

CLFS
MEF =3

C-ST4R & CHAMBER TEMF DATA EVALUATED AT ODE FC & CDE MR VALUE

OO00O0OONONO0 00000

Figure 6.3. "Propellant Library (PROPLIB) (Sheet 4 of 32)

= . A
uruwm\g/5ﬂ

90



SIZE OF VAPLOUS LATL ARRAYS
Gt PC ULGE MR CpE
4 5 12
¢
/ CLE MINTURE RATIC VALUES
. MRz C.c 1.0 240
C
LpPe FEOPRESSURL =
1. 21745 22,9
2e eHE L8 25)6\'9
4a 27971 254,6
10, 3002 22047
Cla 3111 I24,4,8
40, 31%.4 345,86
70 324486 In2.4
15¢. 331.8 359.5
ARSI FZ3.L A6la7
C
EFPS  CHAPELR PRESSURE =
i 1alef 2l .4 ccle8
2e 19342 285741 271.8
4. 21143 28041 298.3
lﬂo ?{7-u 103-6 52uo
2 I 211a% 22666
43 d4lal 20e0 24741
Js chELD 325, 2B3,.6
1802« 23048 329.0 397.1
150, 23«7 I3Z2 .4 26045
~ 230 2P e7 33446 36Ze6
€
<::/ LFS LHAEMOIR PRESSURL =
]c 1'“.{_ 2160“ 228.u
Z2e 193,7 28T7.1 1.4
b, Zlla.€ 26802 2“8 &
10« 227.& 30046 323.6
2l Clilted 311.6 3371
43 6348 22041 3247,3
73. U ek AR ,0 353.7
150. 284, J22.7T 36045
200. 2hhed 32849 36247
C
tPo Crpbrr PPELSSUPE =
e 1od ofs 21E . F 23300
2: 'l‘si':ni 257.2 -“ol
4¢ 21240 28043 300.3
10 22849 300.8 22446
2 ERRY RS I1la6 22768
4G, S | I2%a.8 34748
T Fnltel X2FRaE I8 4 42
168. 22261 33{48 35746
1504 284,22 333.8 3608.9
2C0. 2t e 33t el 56360
C
GLk PLYTURT RATICS
C HERE Is w0 ODF LATA.
— MR= Cal 1.¢ a0

Figdfé 6.3.

30

4.&

N1

5.0

OLK EFS
g

IMPULSE

SFECIFIC IMPULSE

EPS 00K PC CDK MR
g d
3ol 460 50
0.0 OCE SPECIFIC
'22303 212.9 23104.
26740 253.8 239,3
29547 27941 2647
322¢8 304e4 29044
3I8e0 31%e4 20641
3455 33147 31943
357e2 34041 32844
3EleD 345.0 333,5
36640 350 33845
36Be9 352.4 342.4
200240 oLt
22844 21747 20745
27246 2580 24E.6
30141 28249 27244
3272 30%¢3 2981
J41elt 32443 212.%
352.7 z36¢6 32604
26063 34%.0 335.0
36445 349,9 340,0
3687 354,99 345,3
ZT71e8  358a42 34847
100040 OUE SPECIFIC IMPULSE
22941 21842 20846
2T3e3 25846 24748
301e¢7 28446 27347
32747 310e1 299.3
34168 32541 31446
35341 3F3T7e3 32743
300e7 34548 33641
36448 35046 341,00
3690 35546 34643
2716 39849 349.7
300040 CGEE SFECIFIC IMPULSE
2318 220.2 21249
2T6e2 261al 252.6
304.2 2874 27846
3295 31340 304.2
34246 22861 219,2
35449 34044 231.7
362e3 34848 I40e3
3E64F 304G 345,1
3703 358644 35(0.2
27248 36leE 35344
QIFPLIFI D METHOD UQEC

Propellant Library (PROPLIB) (Sheet 5 of 32)



OO0

PC CHARACTERISTIC VELOCITY (FT/SEC)

53, 408E. D682, 5852, SR48. 5584, 5231,
1700 G4V . GEET . Bara, 5962, 5682, 5421
2300s 4304, S671e 59%8s 6060 5712e 5531,
C

ME = Tl 1.0 2e0 20 400 S50

PC COrBUSTION TEMPERATURE  (DEG - R}Y

51e 174t 47%6 o SEE&L. 6275, 6137 5772
S0Cs 271 4538 £226 6728e 6578 €251
130C. cli®, G4E45, 6273« 680Bs EGEE3. 6353,

330C0. 2311e 4872. 6459, T088. T0C4e 6762,

CPROPELLANTS: MON=25/60%MHF=2+40%AL
\\&SEU?fT!O!S ENTHALFY TEMP STATE
) MON=-25
MHEF -3
AL

C-STAR & CHAMEBER TEMP CATA EVALUATED AT ODE FC & COLE MR VALUES

OO0 (/’95\\Y OO OO0 an

STLE CGF VARIOQUS DATA ARRAYS

OnE PC QDE MR GLE EPS GDK PC CDK MR COK EPS
& R 10 ] @ 0
c
Ong MIXTURE KATIO VALUES
MR = e 0e4 Cef 0.8 1€ 1«2 le6 2efl
C
EPS Cimbhi LR PRESSURE = 5040 OCEt SPECIFIC IMPULSE
i 1-4ec 19945 23145 21660 21642 213.7 208.0 20246
e 27003 26041 24241 29842 2%58e4 25%.7 24%43 24248
Ge Fnbel 2673 2704 28662 286e7T 28349 27648 26947
Ithe 2775 293e7  29%46 31861 33%el 2125 30%e3 2S7e6
20e 292e3 30868 31746 33Ze41 33262 330e2 32341 3150
40s  3luel 22242 2E2.5 34749 34B8B.7 345,99 33845 338.2
G T16.7  Z31e9  Z4Z244% 3B8e43 2B%.4 I57.0 349.9 341.%5
186, TiTed 3377 24841 36b4el 3€S5¢5 36343 356.6 34841
1804 Tobgt 34440 35843 ZT70e0 271e7 37060 26347 355.2
200e  378Ba8 34842 358.4 373G ITHeT  IT443 26845 36040

C ' |

Figure 6.3. Propellant Library (PROPLIB) (Sheet 6 of 32)
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EPS  CrAM{LR PRESSURE = 0040  OCE SPECIFIC IMPULSE
2 PN 24Ee4 24949 Q26249 26440 261.8 255.7 249,1
- 4o 2706l 2729 27800 290e¢9 29242 2901 2&3.8 27646
/*16- 277a6 298¢l 307e2 . 319¢1 320e2 31845 312.5 304e&
- 20e 29447 3134 32443 33648 3378 335,7 Z30el 32262
40, SuTete 32745 228Bel 3514 35249 35140 345.2 33743
1G Lle et 23745 34749 3€143 3634l 3261el 25642 34842
100, 301 ek 24244 5248 36649 3688 3677 362.8 384,84
1%, Sebet F4%.T7  Z60el 3727 3T4e7 37440 269¢7 3619
200, 23062  Z5440 F64e3 2T6e5 IT8eb 37840 37442 266e6
C
EFS CrAaMRELR PRESSURE = 1006040 OGBE SFECIFIC IMPULSE
1. 19405 20649 209ef6 Z221el 22240 2200 214.7 299.1
Ce £71el 2470 2511 Z2EZ.5 2E4 7 262 5 25646 2%0a 0
44 CEE g 272%.4 2790 Z2%1le4% 29249 2508 cl4s8 277a€
1¢. 272¢7 2987 30841 3195 320348 319e2 31244 305.7
20  2%0e41 1445 32540 33742 33Be3 33643 33140 323.2
Tie Jitaen 23843 348.7 3I6lef 26345 36241 257e83 34%a1
133, 2:leH 366,72 35446 26TeZ 36%e2 36842 36246 355.7
153 0741 2E0e5  3é0a9 3730 3750 IT4ab 37044 3628
) 260. 31~}5L 354.8 365.2 37607 378-8 378.‘* 374-9 367.5
c
EPS CraAMtLR PRESSURE = 300Ce0 ODE SPECIFIC IMPULSE
1. 196a6  20%,9 21368 22262 22645 22248 21840 21244
PN 23l 26% .5 200 eb 26B5e7 2673 26546 26042 2534%
4o 2 el 27548 28343 2934 29943 293.,8 288.5 2814
12, 2811 Z20Y.1 3llee 321e2 32249 3218 317.1 309.7
23 ST e 4 31743 32278 33849 34042 33847 23645 32741
</_\ 40 206G 33164  341e8 35343 25%.0 35247 34943 34241
J 5. 31749 34145 381,99 3630 364.49 36641 Z60e1 352.S
T 100, z 24745 F57.,9 2E845 378.5 36%.,9 I66beS 3EQ.Z
150 0BT IEZe8 Z€8eI 3ZT4e2 37642 3T6el 3724l 366e3
200 231e4 35841 Z68e6 37748 3799 3799 37764 371el
C .
ODK MIXTUKRE RATICS
€ THErE 15 MO OGDK DATA. SIMPLIFIED METHOD USED
C
ME = ‘el Hed Leb (a8 1«0 le2 1.6 243
FC LHMFALTERISTIC VELCCITY (FT/SEC)
88, LURL. 240s 5H2€4. B648. 5653, 5914 5442. 5301
500 El78 :295‘ D462 57%7. 5780, 5729. 5591, 5446,
1000 5077 B410. D468 577C. 57%9E. 5746 5611. 5466 .
55075 £ T Sag s 55982 SE2Le BREC, BElil4. 5623, Y547
C
MRz Gl Oud 846 {8 1.0 1.2 1.6 20
PC CCPBEUSTION TEMPERATURE (DEG -~ R}
S0 472 4484, 4705, 5790« €106+ €227, 6271, 6206,
SC¢e 4540, 4C4 4, 5084, E224. £655 . 6836« £932. 6BEZ.
1200, G b, 5013. HB176e 6283¢ £€732e €926 1027« 6956
3U00, w Ty 5317 2540, £51% 7044, T26¢€ 7457« T3735
C
C
C
ERD CatTa
<:<
T Figure 6.3. Propellant Library (PROPLIB) (Sheet 7 of 32)
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i eleNel

o

{

OO OO0 00O

\3?.
FC e
Ao,
120
330
480
SR UNIN
8O0
12090,
3333,
C
EFS

3 b

4
16.
20,
40,

130.
200,
300
4@‘:‘.
G080
8C0.

O

PROFELLANTS  LIGUID bXYGEN - LIGUID HYDROGEN

ASSUMPTICNS:

TEMP ENTHALPY
LOX 90418 K =3092, CAL/MOL
LHz 20427 K =21%4,. CAL/MCL

CUK VALUES CORRESPOND TO THROAT RADIUS=2.289 IN.
C-STAR & CHAMBER TEMP CATA EVALUATED AT ODE PC & OCE MR VALUES

o O vARIGUS DATA ARRAYS
FC R MR CDE EPS CnK PC CDhK MR
’ 1 14 7 1¢c
MIXTURL KATIO VALUES
tel E - 2 4o Ee GEoe

CHLMPBER PFESSURE = 200 COE SPECIFIC
Tddate 20Z2e1e 307ety 301a0y 289.9¢ 27841,
11?07 55]-49 3&0.7’ 356.7’ 3Q5.8§ 332.7;
1275 379 he 292439 251634 382424 3269439
153349 40343y 620e09 422e79 417ele 406400
1073 41545y 42446y 4397y 436659 42747y
13%.% 42409' 445.“9 452.@9 451-7’ 445.20
14141 422eTy 455476 465425 G649y 463410
ibdeed 43T7TeCe 4tl1ade 47Z201e 475659 47346,
162,86 439429 46309y 475489 479¢7Ty 47867y
14248 44044¢ 455,54 477059 482430 48240
14302 442.0\ 4&7«59 480.0’ 485-59 486-1§
1630 G442 , 8 4 qﬁ8039 4515 e 487-5! 48806’
14 5.8 L4244 4 46541y 482e6¢ 4885 490 .% g
l1sqail 44549 4T72el e 4BECGy 4984444 497,74
CHAMBER PRESSUKE = 40.0. ODE SPECIFIC
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RF-1 ENTHALPY= =6200+ CAL/MOL

OUX DATA CORRESFONDS TO THRCAT RACIUS OF 2.285 INe

SIZE OF VARIOUS CATA ARRAYS

Gut PC OCE wme OLE EPS 0DK FC CDK MR 00K EPS
& 10 17 5 1in 8
ODE MIXTURE RATIO VALUES
MR Ge22 led 2ell 2e4 2e6 208 2e0 3e2 2e5 10.0
£EFPS UCHEAMBER PKESSURE = 20.0 0CE SPECIFIC IMPULSE

le 122672 16848 21%9e¢9 216e8 21540 21246 21043 20840 20443 16647
2e 14649 19846 26146 259,3 25744 254.6 251.8 2491 24%.4 198.1
4o 18248 21545 288e3 28747 2861 283.2 280.2 2772 27342 21840
10e 17940 23849 313e2 31440 315¢5 212.6 2094 306eZ 3C1e7 23645
23e 18940 25146 3274l 33442 33345 33049 327.7 32444 31546 24647
40s 19704 2627 33Hel 34849 348.7 24647 34346 340e2 325.0 254.8
100. 20740 27546 349e6 36342 36449 36444 361.8 35845 3E3,3 262.9
00e¢ 21343 2842 35647 3T71eB 37447 3755 3738 3706 36540 26746
300« 2ite7 28848 3€0e3 37547 37%a7 3281e2 280el 37742 2715 26948
400e 21940 29240 36246 37846 3829 38449 38443 38le6 37849 2711
560.  220Cer 25443 36443 38046 38542 38Te% 38743 384.8 379.1 272.2
600s 2220 29642 36547 382¢3 387e1l 38546 389.8 387.5 381.8 273.0
BIUe 22403 29941 3677 384e9 38948 39247 39343 391e4 28948 274.1

1000. 22545 30142 369e3 38648 3I91e8 39540 395,55 39444 26C0o4 274.9
1500. 228.2 305.0 3719 389.5 394.9 398.5 399,9 3991 3S4.8 276e2

2000s 23040 30746 37348 39145 39742 401eD 402e8 402,32 297.9 277.0
3380e 27244 311.1 376.4 394,2 40043 404.5 40648 40G7.0 40243 2779

EPS CHAMEER PESSURE = 40, ODE SPECIFIC IMPULSE

1o 12343 16%9e6 2214 21442 2174l 214e7 212e3 2100 20€e7 16745
2e 14743 19949 26341 26147 259.7 25740 254,2 2%51.5 247.6 159848
e 1633 22040 28345 29043 28845 28546 28246 279.7 27%.4 218.5
13¢ 17945 2404 31400 3190 31748 31541 312.C 308e8 2(04e1 2368
2de 18945 285344 32748 33640 33%5e7 3I33.4 330De2 32645 322.0 247,90
40e  198el 26446 3387 35040 35046 34941 346.1 364248 337.7 25540
180, 237.6 27745 3504l 363e8 36644 36645 36443 361e0 355,7 263.1

200 2139 286¢1 35740 372e1 376e¢0 377e¢3 37601 373el 3€7.7 26747
30Us 21743 90e7  36C0e6 376¢5 380e9 382e8 382¢3 379e6 27441 2699
4304 21946 29349 36249 379e3 38440 38644 28643 38440 2TES 27163
S00e 22142 29642 36446 381e3 38643 388e9 389,2 38Te2 381eT7 27243
600e E02,6 29841 36640 38340 388e41 39140 391.6 38948 284.3 273.1
800e« 22446 301480 36Bel 385¢5 39068 394¢0 39540 393e7 3288¢e3 27442
1000 22€e1 30342 2696 38761 39247 39642 39745 39645 35143 27540
1500s 228e8 306e% 3723 369¢9 395.8 399.6 401e4 401el 2S€e2 27602
2083+ 233.8 30945 37441 292,0 397.9 402. 404.1 60442 32SY9.6 27740
2900s 2I3.0 31249 I76e8 39448 40140 40544 408.0 40847 404.5 27840
EPS CHAMBER PRESSURE = 190~ " ODE SPECIFIC IMPULSE

12644 17140 2233 221.4 219¢7  217e4 215.0 2127 20S.3 16843

Figure 6.3. Propellant Library (PROPLIB) Sheet 13 of 32)
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20.
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100
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E30
1200
15395,

2000,
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Cc
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-
Ce

,Oll‘s:

148 e &
1467
18141
191.1
19947
2i%44
2157
dlval

[
2 1.5

2018 264.8
22243 2908
243.1 31540
256.0 328.5

26Te2 339,3%

28042 350a.5
2868 357.4
29244 Z61lae0
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20068 TEE44
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312« 1 37647
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CraMiEER PRESSURE =
125.% 174.2 225,.9
180eB 20549 Shbe?
lebeld 22668 292,3%
1838 26749 31640
192.7 26049 32945
2023 27243 34040
212¢1  28%B.2  E81.1
21849 29348 3879
c2la b 22844 ZEle4
22441 301.5 363.7
2228 3032 3FEHed
2éTel 30B67 26647
2e¢9e2 308.5 36846
30«7 31047 37060
23343 3lbeb4 37245
2I5«1 31648 3T402
23Tek : 320ec 376.7
ChamMbIlk PRESSURE =
1265 17246 cl2teal
1912 207 8 267 e 4
167eT 22H8 29249
1444, 250.1 316e3
Figure

173.1  22%.1
20445  CZ6E.3
22%¢3 919
246.3 31%.7

3

r

5943 229,2
2T70e6 239,.8
E3e€  351.0
2922 I5748
296 e8 36143
29949  383.6

I02.3 3683
33441 3666
30740 26845
3021 3700
312.8  372.4
3153 37442
3187 37646

26445
29340
32144
33744

364,68
37342
37744
38041
38241
383.7
3861
3878
2907
392.7
3956

300,
224,.8
26T et
29%.8
32444
340e4
35249
3EEe3
37464
37845
381.2
383.1
38447
3870
3EB W&
591.8
3338
39648

500,
22601
2690
29743
326448
340.8
35346
36648
37468
37869

381.6

38365
365.1
3873
J88e8
331.4
3932

3558

1000,
227.8
2706
298.6

6.3. Propellant Library

3s0T

26267
29146
3208
33Be4

3530

36843
3775
28242
385,32
38745
389.3
39149
39247
39647
39848
4018

222.9
26€ .1
2%t.0
32440
34240
35%.4
3702
37961
383.7
366 a6
36847
393685
393.0
394 .9
3I98a1
4003
403.5

224,3
2677
2966
3255
24245
3856 .4
3709
3798
38443
3872
3693
391.0
3934
39540
3977
39947
40244

22642
26548
29847
3273

(PROPLIB) (Sheet 14 of 32)

100

25445
28245
3J12e1
33063
34641
36443
3763
3827
387.0
3390a1
29267
3964
399,.1
403.4
406e4
41067
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IMPULSE
21%.9 212
258.10 254
286.6 282
31549 vll 1
33441 329.2
380e1 344,58
3681 262e¢7
37546 21446
3842 3EDLY
390,23 2EE.2
393,33 388.3
39548 23S0 .8
39943 34,7
40240 25749
40%.7 401.9
408a4 40447
41261 406847

ORE SPECIFIC IMPULSE

2600 2573
288+.5 28549
31844 2153
33666 333.6
5521 349,.4
36%.0 36744
279«4 37846
2847 384.9
288.1 288.8
3586 391.€
39246 3S3.8
395.8 297.1
397 299,.5
400.8 403,2
403.2 40%5.9
40665 4096
COE SPECIFIC
220.6 218,.,2
2638 2€0.8
£92.6 28S,.,7
32261 319.2
341.0 337.5
3Jql 3853,.¢
371eT7 37049
281le7 Z82.0
3867 38BT.6
390.0 3291.2
392.4 393,95
334,23 39¢.1
39741 399.2
399.2 401.8
4062.7 405.5
4053 408.1
4088 411.8
2221 219.7
265.4 26245
294e3 29144
323.0 321.1
34246 239.4
3568 354.,9
3728 37243
3826 383.2
387.6 38848
390.8 392.4
- 393.1  395.0
28540 397.1
3977 40061
399.2 40246
40242 40643
40402 4038Be9
4072 41266
22441 221a7
26745 2648
2966 29348
S26e0 32344

21743 213.9
259%.6 ZEE.7
28864 CE4LE
3177 213640
336.5% 321.0
3518 24E L6
3698 Ze4 a4
JB1.5 29€ac
38T«T 38245
3918 86,7
394,7 389,.&
39761 3°¢¢4
400C Ctel
40344 398.9
4079 402,2
411«2 4C6a2
4187 41Ga.%

CDE SPECIFIC IMFULSE

21%.3 215.9
26211 2t7a49
2508 2E6.3
3202 31t.4

0PN LD D™

199.6

, 21941

2373
24743
255.3
2632
267.8
27041
2715
27244
2732
27643
27541
276 .3
277.1
27840

1€9.2
2002
219.7
22746
24746
258.5
2634
26840
2702
271.6
272.5
2733
2744
27541
2764
277.1
27841

169 .6
200.€
21%.9
2378
247 «7
25546
26\).\1
26810
27062
27146
27246
27343
27444
27542
276 .4

- 2TTe2

2781

176.0
200.9
22041
2379



40
133,
200.
300
400.
500
660.
800C.

1090

~1500.

O

2000.
3000,
C
EPS
1le
Le
4.
10.
20,
40 o
100,
200,
300
400
500,
600«
800
1500.
2300.
3300
c
£EPS
1.
2.
4,
10
2C .
40
1B«
2GUe
300.
430
503.
60C.
800«
1880,
1500.
2000,
3000
C
ODK
C MR
C
EPS
40

19446 263.2 329.8
279343 27445 34043
21Z.1  287.4 351.3
219.5 296.0G 358.1
22245 30046 36146
22522 30347 363.8
22bteB 30640 365.5
C28e2 30745 36648
CElel 31047 368.7
2517 31248 2702
23443 31644 37246
230l 31R.9  3764,.2
236486 32244 3T6.6

CHAMEER PRESSUKE

12649 177.4 227.9
12147 2097 266.4
1843 230G.9 293.8
16851 2522 31€.8
19544 2ESe 4 32302
20462 27607 34047
214.0 289.& 351.6
220«4% 298,22  3%R.4
2228 30248 36149
2278 30842 36546
2291 31040 26669
2311 312.8 268.8
2327  31%¢9 37045
23543 318.5% - 372,.7
2370 32148 374.3
239,23 32442 3T6e5

CHAMEBER PRESSURE =

127.3 17245 - 228.1
152,23 212.2 268.8
1690 233+6 2939
18640 255,00 317.1
1963 26842 33042
265,22 27Se6 340.6
215«1 2925 35146
22145 301i.0 358.3
224.9 305.6 36148
22T+2 3087 36440
22869 310.9 385.7
2202 31248 2&7.0
22242 31545 36849
2337 317e& 37045
23hael 32141 372.9
25«0 32247 37446
24043 22649 3277.0
MIXTURE RATICS

T.22 1.8 240

CHAMBEEFR PRESSURE =

121.8 233.3  321.8
13842 23443 230,95
14244 24146 33544
144,6 245,35 337.6

341.5
35444
36744
37532
BT9.4
38240
383.9
85,5
3877
389 e2
39149
353.7
396 .4

2000

230632
300a6
3278
34246
35846
3683
3T6 0!
38041
38246
384.5
386.1
38Be3

" 389.8

3826
39445
3973

5300
S23%.2
274 .5
3023
32846
343.7
355.8
36845
3763
38062
3B2.8
38447
3862
398040
38247
394 .6
2973

246

20,
32340
333.3
33942
36240

34441
35746
3719
38046

18540
3878

389.9
391.6
394.0
39%.8
39846
43047
403.5

22%9.1
273448
301.8
33840
34€45
38%44
3734

381.8

3860
388a.7
3908
39245
394,65
39649
399.9
40261
4051

230.2
27441
302.8
33047
346.8
389.9
37347
382.0
38643
38941
391.1
3927
39561
39648
399.7
401.8
404.7

248

2204
3309

339,17

34347 34146 33844 3323,.4
35848 35741 354,2 34%,0
37442 37442 37240 3€6.7
3837 38448 383.6 278.4
3886 3902 38Y.3 384.6
3918 39347 393.& 2E8.8
394e1 39642 39642 2S1.8
59549 39843 398,3 3c4,3
39845 4012 40146 358,0
40Ge5 40344 40445 40047
40346 40648 40843 404.9
40547 409e2 411el 40E.0
408e8 41246 414,95 412.2
ODE SPECIFIC IMPLLSE
22Tel 22447 22243 21845
2T0e7 26843 26546 2€142
3001 29744 29444 289.8
2304 32649 324,00 319,0
34748 34449 Z41.5% 2327.0
361e0 36064 35748 3252,6
3T6e¢3 37740 37563 370.2
3854 387.2 3B6.T 3R1,.7
390e1 329243 391e8 38748
39343 395.7 39643 357.0
39545 39841 398.4 254.8
2972 400e1 40062 36742
39947 40341 402e4 40849
40244 40446 40642 4(2,4
405.€ 40747 409¢1 4C7.6
407.9 409.8 411.2 41046
4111 41248 41441 414459
CDE SPECIFIC IMFULSE
22844 22641 223,88 22C.2
2724 2698 267.0 262.8
3015 299.0 296e¢1 2%1.5
330e5 22845 32546 3IZCeb6
3477 Z4645 34347 323Heb
36148 36146 359.3 2c54,]
3768 37749 3768 37147
2859 3879 3878 383.1
39045 39340 39344 3£5.1
39346 3963 39741 393.2
365.7 39847 399.7 3S€,.1
397+5 40067 40149 35844
40061 4035 4051 401.9
40240 4655 40744 40445
40541 40940 411e2 4C9.0
407.3 411.5 413.,8 412,3
410e4 4150 4176 41648
249 340 342 2eh
OLK SPECIFIC IMFULSE
31940 3175 31443 311e2
32%«4 3279 32448 32146
335.C 33440 33068 22746
3384 33649 3I33.E 330.5

“Figure 6.3. Propeliant Library (PROPLIB) (Sheet 15 of 32)

101

2479
25547
263 .6
268,1
27063
2716
272 a6
273 4
27444
275a2
276 4
27762
278.1

170.3
201.1
2203
23841
24840
255.8
2636
26841
2703
2717
27247
273 4«4
27445
275a2
2T6Ge 4 -
27742
278.2

17C.7
20144
2205
23842
248.1
25%5.9
263.7
2682
2704
27167
27247
273 «4
274.5
275e2
27645
21Te2
27842

10.

2501
2577
26241
26442



4

#C

2C.
40

100
303«
500
100C.
2000.
5300
C
C MR

: FC
e

14642

CABed 33940 34348 34146 34002 3238.7 33546 3224 26545
147¢2  2%0e2 34040 345.0 342.8 341.,5 340.0 3364S 2237 266.5
14fled 28148 240308 34640 3643,8 3642,5 261,.0 33749 324.7 267.2
1495 25442 34148 36743 34%5,2 343.9 342,5 3394 33642 26842
CHAMEBYR PRESSURE = 300 CBK SPECIFIC IMFULSE
13446 230el 33741 35063 34849 34747 2646e3 343,0 32%.5 2585,.1
1410 24141 34740 363¢7 326248 361e6 36043 3570 283,46 263.0
TaZel  248+4 39245 37166 371el 3701 368¢8 36545 3615 267a7
1472 25263 35541 2756 37563 274e2 37340 36Ge8 2Ebe2 269.8
1491 25445° 25668 37841 37840 377¢l 2758 372e6 2££49 2712
15062 28740 3B742 379e9 3799 37940 37748 37446 270.9 272.1
19101 25845 35848 38143 381e4 38045 379,3 376.1 212, 27249
1024 26140 36061 383e3 383e6 38248 38leb 37844 37447 27359
CHAMELR PRESSURE = 50(, OCK SPECIFIC INFULSE
13540 231e8 33Be1 35343 35244 2GT1a3 35040 34648 34343 255,.4
16lete 24244 34745 36649 3667 26548 364.5 361e3 3257,.7 26343
1458 2497 353e8 37541 3754 37446 37344 37062 3€6e6 2678
G861 2B24& 28641 379e1 3797 37940 377e9 37447 271el 27040
14998 25643 35748 38le7 38265 I81e5 38068 37767 37440 27164
157e6 25842 38940 38346 384e5 383.9 3828 37948 Z76.1 27243
1%1«€6 259.8 359.8 38540 38641 385.5 384.5 381.4 277.7 2731
12340 26242 36lel 387e1 38Be4 3879 38645 383,9 3IBL.2 272.2
CrabptR FRESSURE = 1000. : 00K SPECIFIC IMFULSE
12247 232343 31842 35642 35662 35564 35642 351.1 34746 25546
14248 24443 24846 37040 37069 37064 369e3 36607 36248 26344
1465 25146 35442 37843 379e9 3796 37846 37547 372.1 26840
L4Eel 255eF 3E6e8 3BZe% 3Bhe4 38442 383eb4 3B0e5 37649 27062
1502 25841 35845 38540 38743 38742 3286e4 38306 38040 27165
Ihled 26041 32946 38649 38%44 38%9.4 388e.6 3P5.9 3IE2.2 2725
1223 261e47 3€0.5 388e4 391el 351al 390.4 387.6 384.0 2733
15247 26€4e1 J361e% 2%0e5 393eE 39366 39209 39042 3666 27443
CHAMOBER PRESSURE = 5000, OCK SFECIFIC IMFULSE
137.0 23747 o3900 23595 3613 36143 3608 358.3 £449 255,.8
1al.f 2686 34941 37341 37641 37668 3T76e7 3T4e7 371.3 26347
147%  205e9 35446 381e2 38542 38662 3B6e5 284S 38146 26842
i%23del 2598 I57.2 38543 IBTH7 39160 391.5 3902 386-8 2703
1%1e7 262e4 35849 3879 392.7 39441 394.8 393,¢ SCe2 2717
12268 26443 360s0 38%e7 39448 3%be4 39741 3961 3,¢.8 2727
13347 268+49 360e9 391e2 3%6e4 398e¢l1 399.0 398.0 354,77 273.4
195«40 26842 362 392e3 398.9 40067 40167 400e95 3S746 27445

Jegl l1e§ 2el 2e4 2+ € 24 & Jel Se2 Ze5 i0.
CHARACTERISTIC VELOCITY (FT/SECY
21504 4336. 5736, 5668e. 5625, 5%64. 5502, 5443, 5259, 4348,
2lbte 4363. 8H5771e 5721, 5676. 5615. 5554, 5494, 5409, 4365,
2150e  440Be D812 5788e 5742s 5684s 5622 5562« 5475. 4383,
2150e 4471e 5853. 5868e 5822 5764e E£703s 5642. S554, 4401,
21%0e 4502, LE68.e 5900. 5857 5B58B01s 5740. 5679 5591, 4407
2150+ 4545, ©5884. 5940. 5904, 5850, 5790. 5729. 5€39, 4415,
2150« 4588« ©90%e 5977« 5940e 5887« 5832 5765. S€77+ 4588.
2iBle 4645. C%10. 6020 E06G0Z2s E958+ 5902 5841, 5745 4427,
22 1. 2e 2e4 2k 2a8 3 32 ZaE 1C,
COMBUSTICN TEMPERATURE

2140. 250%. 5374. 5584, 5632+ 5646 5646. 5639« 5619« 4736
2140e 25244 ©495, 5752, H5798. 5812+ 5813+ 5806« 5785. 4808,

F1gur‘e 6.3. Prope'ﬂant L1br‘ar‘y (PROPLIB) (Sheet 16 of 32)
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o 6 -

5651. 5965. 601%. 6040. 6044, 6037, €011,

100. 2140, 2566,

300e 2140 2652¢ BE26e £224¢ 62957. 63284 €334e £326. £258.

S0 2140s 27064 B89%5e 6£384s 6428. 64644 €473+ 64664 €424,
13060, 2140. 2793, 5989, ©506e 6608e E653, 6E666s 6659, . HEZE,
2000. 2140, 2895. 6067 6663, 6785 E843., 6861. 6856, 6822,
5000. 2143. 30504 €150. 6859 7015. 7098, 71244 7122. 7686,
C

C COLFFICEINTS FOK THROAT RAGIUS CORRECTION CORRELATION
(OLLTA KL/ZDELTA RT) = & « B » LN(KL REF)

A = =-1,1543 B = 1,7378 RTREF = 2.289
c
c
c
END DATA
c
¢
I : S e
¢t PROPELLANTS: LIGUID OXYGEN = METHANE
¢
c
o
o
¢ ASSUMPTIONS:
C
o TEMP ENTHALPY
¢ LOX 90,18 K ~3090. CAL/MOL
ol CH4 111,64 K = =21370. CAL/MOL
c ODK VALUES CORRESPOND T0 THRGAT RACIUS = 7.07 IN
¢
o
o
" SIZE OF VARIOUS DATA ARRAYS , '
0DE PC ODE MR ODE EPS 00K PC ODK MR 00K EPS
7 19 17 7 1¢ 17
C
c
ODE MIXTURE RATIO VALUES - SERY
MR Deb 2ele 2.5" 3’.-,3‘1 Selty 33'5! KX 3.8# 4ol
EPS CHAMBER PRESSURE = 2040 OCE SPECIFIC IMPULSE
1o 14945 22245 22844 22540 220e¢5 21563 218e¢2 21640 217.8
Ze 1TBWT 26le4 2717 26942 26441 262.7 261e8 258+7 25¢.2
T e 1980 28540 729988 29849 29347 29243 290.8 287.9 285.1
: 10e 217e3 30606 3254 328e6 32842 3227e7 321¢l1 318e0 21449
e ) e R e e
c
E Figure 6.3. Propellant Library (PROPLIB) (Sheet 17 of 32)
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20‘
43
100.
205.
0
'<: 10«
ﬁUJo
603
800
128060,
1580
213‘0‘.)0
3800

24%et 31847
235941 328e%
£50ed 33940
25767 3440 R
26l et 348.8
2h4el 385140
2hbez 3578
SuTet 3BT
STlel  2TH.E
2’71":' 3‘(.7o8
ET5%«0  358.9
277¢5 3603
2T%«8  361.¢
CHipkp I R PRESSU
ivl.2 222.8
B3 261e6
15%«7 28541
21%e2 25047
Shle  X18.7
2410 3Z28.%
cHRsE 0 334,1
2348 F4n.t
26l 3T1.0
Zibe] 35246
FHS W T 3248
273.8 356.%8
2765 359.0
27849 3603
Flhlef 36‘105
Cribdizdk PRESSU
2.3 2231
182e4 26148
202450 28D .2
2201t  Z06G.7
ciZeb 31E.S
24343 328,08
25647 33%.1
2B2e2 34546
2!":&;01 345,.9
2ebled 351.0
e 10t 55?.#
Tt 5248
27445 355.&
2?‘:.3 5=€309
2793 359,0
2?)].3} 368'3
CHAMBER PRESSU
15841 22344
16463 26248
22063 T18RaS
2465 328.7
2578 3391
F1gure 6.3.

139,7
3R 1.2
363643
X707
37445
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5828« 5769, 5711. 5575,
S974. 5915 BE5%. 5720
£942, 5E8B2. EE22, 5683,
598%9. 5930. 5F870. 5737,
6090e 6032, ES74, 5825,
Jeb 3.8 440 4.5
5C02. 5500s 5452, E463,
55%94. 55%2. EEf4, £552.
5868 5867 58E8. 5819.
6061 6062 EGE2. €0D7.
6254¢ 6256e €247 €195
6425« 6429, 6418, €361,
6827 6836, €8zt 152

ICN CORRCLATION

F =

180G, 19743 34340 27740 39841 406.9
150D, 149%e3 34440 37849 40060 409.0
2idl e dilie b 3“4.7 37905‘1 ‘90103 41r06
3600 D0 ek 365 .4 28141 402,42 41247
i CrohmpBER PRESSURE = 8000,
1. 1ila7 el 4 238 .4 23648 2%6He7
@ TR2e2 CEZeb 2779 £8he2 280s1
4, 16765 2rubed 34,2 20763 307a1
1ie Telen St © 2287 239,41 24241
23 14949 31848 24z, 352.7 I5¢.8
45 1772 328e6 38247 36642 37140
300 198w FIf.1 X727 2904 259,5
00, 196, L R 37348 2G248 40245
500. 1941 3412 3ITED 39445 404.6
f:r(',l';l- L.‘.‘-"i'o{"\ \“:}(,].C, 37{7:: 395-8 4‘36.2
B0 1wtel 24268 37746 297,77 4L8.6
100845, 190 .% 243,88 37847 399,1 410.4
150 . Sulad I44,% 3739 4Glel 412,%
20l T F48,02 IHT o8 4242 41441
3600 27403, 34%49 38241 40402 441€a2
C
C |‘f’ Lot 2’.‘}9 2-{1, 5000 3-“‘9 3-
PC CHAEFACTERISTIC VELOCITY (FT/SEC
20 11l ET0%9, BGEG . S5886s 5771,
47 TCL L BT soge, £933. 5821,
100 3902 . S766e  E02Te 5995, 5857
340« 4643, 5768 6082 6117 6030
_"(\'330 45,65 BT68 . 6073 6£092. 559G,
<i; 0« 4139, STe#, €08f. 6129, 6045,
e witlda 57568 065, ££00s wldde
C
C MR Je ks el 2% 3o Jed
PC COMEBEUSTION TEMPERATURE (LEG
20e 1627 44848, ©199, 5441, 5495,
4. 1eub, 4501, 52E8%. S5326e 5586,
100. 1747, 4883, 4435, §779. G857,
303 1867 4573 SE‘fIi 5q49- 6048
1008 207%3¢ 4603+ Y712 6260 €404,
C
C CULFFICEINTS FUOKR THROAT RADIUS CCRRECT
(DELTA RLALELTE KTY = A + B x LN(KL REF)
A = =1+41578 B = 1.7368 RTRE
C
C
C
END BATA
C
c
c
t

T.07

Figure 6.3. Propellant Library (PROPLIB) (Sheet 22 of 32)
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- LIGUID HYDROGEN

/MOLE
/MOLE

TERP
8447

K

26«27 K

STATE

L1
LI

2289 INCH

G
G

C-STAR & CHAMBER TEMP [CATA EVALUATED AT ODE ?C & ODE MR VALUESC

Figure 6.3.

~
C
c
C PROPELLANTS: LIGUID FLORINE
c
~C  ASSUMFTICONS ENTHALPY
<:: ; Fo -20%&. CAL
e H2 -21%4, CAL
o
C ODK VALUES FOR THRCAT RADIUS =
c .
c
c
¢
c
SIZE OF WARIOUS DATA ARRAYS
ODE #C CLE MR ODE EPS V)
£ 10 16
C
ODE MIXTURE RATIO VALUFS
MR = e C el 4 o i} el
c
£PS CHAMBER PRESSURE = 48.0
1o 10243 306.% 324,0 317.4
2e 11743 352.9 375.8 375.6
4e  1obef 382.0 43949 4115
100 12047 40147 43601 44248
2Ce  123.9 412.5% 449,22 458,7
49s 13640 2043 458,56 470.2
Tide 13742 42540 464eb  4T77e2
130e 13745 427e4 4ETol 480.8
150e 13845 42948 470,3 486443
N 200. 12T 831,.2 47240 48645
<i~, 300 13944 432.9 474,22 489.1
" 400e 13946 43440 475.5 649046
Elde 14% T 435,2 47740 49246
8006 14341 43640 47840 493.8
1309, 19i42 436.,5 478,77 6564.6
3000e 18044 438,95 48142 497.7
C
EPS CHAMBEK PRESSURE = 100.0
le 13263 30645 32%.2 32047
2 117.7 354,080 37%¢6& 37847
4o 126,55 38%3.0 41%.4 413.9
10« 17069 401e7 430 e6 G443
20e 1233.9 412.5 449.4 459,8
400 17660 G20e3 458.8 47140
" T0e  13Te2 42540 46445 67748
100e 13749 42744 467.5 481.4
%0 13865 42948  470e4 48448
200e¢ 12849 42142 47241 48645
400. 13%46 434,00 475.% 490,.9

K FC CDOK MR 0DK EPS

& 10 16

Bl 180 12. 9 1440
CDE SPECIFIC IMPULSE
31C.2 30%5.2 301.7 29840
36841 362.4 35848 354,7
4053 39946 395.5 391.9
44045 435¢8 43148 478.%
45942 45645 45342 45041
47340 47243 47043 46749
48le4 482.0 481.2 479.6
48548 48741 48649 48%.9
43040 49240 4925 4%2.¢
49245 495.0 495.9 495,.8
49546 49847 500.0 50044
497+% 50049 5025 50362
45%.9 E0246 S0546 S0Eet
501e3 50%e3 50745 50848
50243 50644 5CBe8 51042
50640 51C0.8 €13.8 51%.7
CDE SPECIFIC IMPULSE
31443 30946 306el 30245
37243 36Tel 3632 35946
40%e3 40442 40043 39¢€e.8
4434 43949 43664 43342
461e4 45948 45742 454,.%5
47446 47448 A473.5 47166
4BZe7 48440 48347 48247
48648 488.8 489.,1 4HB.E
49043 49344 454.,3 49443
4923e3 49663 4975 49748
436a3 499.7  HBl.4 50241
498.1 501.8 503.8 504,7
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253.5
349.9
3874
42447
446 .8
465 .1
47704
484 02
45048
455 ¢
50040
502.1
5C6.5
E(9.2
E10.9
51740

I TN
MmN AN an
a0 e NN
» o o o 2 2 @

NN O s

s
o]
-t

4532 .
45744
50261
50449

\
[4
-
m

20.0

28446
33867
3753
41263

43447

453.3
46563
4717
4778
4R1.5
48641
489,.0
43244
494,85
49640
50245

28846
343%.9
38046
41745
4397
45745
48646
474.5
48042
48347
4879
490.5



> oo
L] *

Lo i s R a6 B
L2 €Y €2 O

* *

A ]

Y e
i /

S
\Hm

3

P Sl %
. e

-
.

20
40 .
73
106G.
150.
200
300.
400.
6500
BOG.
1462
300¢C.

EPS
1.
2'

“+ e

10.

20.

40.

70

WU-

200
530G
400G,
6(20.
800.

1500,
3000.

EPS

Y
. »

4.
132.
20.
40.
70

103‘
1590.
200,
3hUde
4080,
600
800,
193805,

T0d0 e
™
e

15949 43542 47741 492,.8
14041 43640 47841 494,90
19%e 43645 47847 45448
1484 42845 481.2 497.8

= 300.0

CHEMBER PRESSURE

1083 38648 3263 32“12
11740 3%4,¢ 80«3 381.8
17446 38240 41049 416e2
1204% 401e7 42646 445,8
122.9 4125 44946 46048
13840 42043 458,9 471.8
15742 42540 G6864.6 478.4
1379 427 ¢4 46746 4819
128a8 42548 4704 4852
1537 42142 47242 46742
1394 432.9 474,33 489,7
13Set 436,00 475,66 491,20
13969 43542 47741 493,.1

Ta4lal 43660 47841 494,2
l14ge2 43&.& GTH o & 495.6
140484  438,1 481.2 457,¢

CHAMBER PRESSURE = S06d,0

1523 306e5 32647 32%5.7
117450 35445 380e% 38340
124 ,¢ 380460 41140 41740
13046 4017 43F.7 44643
12269 41245 44%.7 4613
13600 42043 459,0 47241
1872 425, 0 4E4,7 478.7
13749 42744 46T et 4B2,41
13848 64298 47005 48544
13ke S 421e2 472458 48744
12944 43249 4T74,2 45948
13946 434,00 475.6 6491.3
15949 43%.2 47762 493,2

ivdel 43640 47881 49443
14de2 43645 47848 49%5,1
1404 43245 481.3 498,0

CHAMBER PRESSURE = 100040

10263 306e5 3271 32744
117ev 254e0 380a7 3B4e5
12444 28040 411e2 41861
1529 40147 426e8 G47,.0
1233 412.% 449,7 461.7
13660 4203 45940 47244
13762 42540 646447 47B4%
1377 42744  45Te6 G823
138en 42948 47045 48%,6
1%H % 43142 472.2 48746
12944 43249 474.3 4900
13%ef 434,00 475,6 4915
13% a9 43542 4772 492 .3
14061 43640 47841 4%94,4
14% 42 43645 47848 495,1

ladad 436.~ 481.3 498 0

CHAMBER PRESSURE = 5000 ﬁ

F1gure 6 3. PropeHant L1brar'y (PROPLIB) (Sheet 24 of 32)

506e¢7
50844
S09.7
51443

31143
36848
405.8
44144
46145
47648
48644
491.4
49642
459.2
502.8
505.0
£07.7
5094
510.5
51445

313.6
3714
408,23
442.5
463.2
47801
487,04
49243
4970
498G 45
5034
50545
508.2
S09.8
510.°%
51541

IMPULSE
31648
37447
4115
44642
46544
47548
488.7
493, 4
497,.¢
500.7
504,61
SG6el
508.7
51062
511.3

S5080e8 S0444
50167 50540
5027 507.1
50643 51142
CDE SPECIFIC IMPULSE
318 31446
3TT.0 372.5
4135 4094
44604 444,2
46346 46342
4762 47743
4839 485.9
4879 49045
4918 494,¢
49464,1 4975
49740 B00.8
49847 50248
5009 50542
50202 S0€.7
SC03e1 50747
5065 51ie€
CDE SPECIFIC IMPULSE
32069 Z16a¢
Ge0 374,.8
415.2 4il.6
447«6 44640
46845 46445
476e9 47843
48441 48607
488.4 491.2
4921 45E.4
494.4 498.0
4973 5061.2
45%9.0 5031
50141 505.5
5024 5069
502s2 5080
50646 S11.8
QDE SPECIFIC
3235 31%.9
381le8 377459
41745 4l4.4
449.0 44R.1
46545 4661
477¢6 47945
48540 48B7.17
48849 492.8
4926 4%6.1
494 ,8 498.6
49T7«6 - 50147
49943 SD346
50143 50%.9
5026 ZT0762
503.4 508,32
506 7 ‘14.0

DDE *PECIFIC IMPULSE

110

515 3

507.6
50949
511,32
5164

307.8
36544
40241
43846
459, 3
4756
485.9
49144
456 €
499,65
503.9
50F.3
50%.2
511.1
512423

517.1

310.3
36840
40542
44142
46144
47742
48742
492,5
49746
50047
50446
50649
50948
51145
51247
517432

3136
371.8
40806
444,90
46349
47942
48848
492,.8
49847
501.8
508564
5077
51044
512.1
51362
8177

50845
510.6¢
£12.1
€178

30346
36140
358.6
42544
4567
473 .8
484 .8
45046
45643
4% .9
56442
50648
E104¢
512490
513.4
51846

ZCee2
363 .8
401.4
427.9
49,0
475.6
48643
4240
49745
E€0.9
5CEa0
5076
810.7
51Z2«6
€12

51849

2097
I€ET 5
4LSa0
44143
461.9
4780
48t a2
4C 3T L€
4S8 .8
tl2.1
ECEel
E08.5
l1.4
51342
£14.5
51%.3

493548
455,.,8
49743
50345

294,2
35041
387.0
42347
445,2
461.7
472.0
4774
482.6
48548
48948
49242
49543
49743
49847
504,6

296.9
353.0
38%,.,9
42644
44745
46344
47343
478 .6
48346
48647
49045
439245
495.9
49749
499.3
50540

3004
35648
393.7
429545
4503
46546
47540
48040
48448
48748
49145
49348
496.8
49867
500.1

50546



10.
4¢.
7%
109,
1535.
200.
300.
400C.
600.
800
1000.
3300,

EPS
1.
2.
Ch,

1i32.3 3065 327.7
1178 354.¢ 3811
l1é4.6 380.0 411a4
130e% 40147 437.0
1329 412.% 449,88
1363 42043 4%9,.1
1372 4254 4€448
122.9  42%.8 470.5
134e9 431,.2 47242
13944 43049 47444
12%9.6 434e0 47546
1349 435,2 477,.,2
14,1 43640 47R.1
145.2 436.5 478.8
1404 43¢5 481a3
MIXTURE RATIOS
Jel el G40
CHAMBER PRESSURE
10243 206 4 Z20e4
117.08 3I53%,% 37241
124,66 386,95 40143
130.9 4D1.6 425,8
13363 412.4 438,00
12660 42042 44648
13742 424.5 452,92
1375 427.3 455,08
136.5 429.€6 487 .6
13849 430.% 456G,3
1394 43Z2e% 4Ele2
1296 433.4 4€D2.4
13%49 434,85 4£%2,6
148041 435,1 46448
14042 435.5 465.4
1428 4837405 46747
CHAMBIR PRESSURE =
1023 306.4 32Z,.,4
1178 35349 375.9
13049 4D1.6 43047
12349 412.4 44242
126,80 420342 452,3
13742 4244% 45 T7.8
137¢% 427432 46047
12849 42946 4£3.4
12849 430.9 46%5.1
129.4 432 .5 467.1
132,46 4234 46644
12945 434,5 46949
1401 435,.1 47048
140.2 435.6 471.4
140.4 437.0 473.8
CHAMEER PRESSURE =
12243 30Eed 225,7
124.6 38B0.0 409.2

FigureA6.3.‘”br6pe

330.6
38649
41948
44840
46245
47340
47944
4827
48549
487.8
490a2
49147
49344
4%4,5
45543
45841

6ol

4C.0

31444
3663
3959
420.9
43344
44244
447 4.8
450(6
453 .3
454 .9
45649
45841
458 .6
46045
461e1
46344

380
3239

‘3800

111

41040 40647

32846 22641 32346
3863 284.1 381a7
42143 419,.,8 418.0
451.5 452,.1 45144
46Te4  4%9.1 469,32
479,80 48146 48247
4861 489« 4 49140
489.8 493 ,4 49544
4933 497.4 499,.¢
49% .5 497.3 502.2
49841 499,.,7 505,.,3
45¢,7 0444 5073
501a7 ECe et 5096
50249 507.% S11.90
503.8 508.8 51240
5070 B12.3 51%4 ¢
.0 10.0 12410
OGK SPECIFIC IMPULSE
3083 304.0 2008
3€0e3 35642 35345
IS0.1 386e3 3B4.2
41544 41148 410,22
42840 424 .6 4223, 4
4371 4Z3.7 4327
442.,5 439,72 43843
44543 442.,0 441.1
448,0 444, ¢ 44348
449 .6 446,43 445, 4
4%145 44842 447 .4
45247 449 4, 4 44846
454 4,2 450.8 4504 D
45541 45%1.7 450.9
45547 452,.3 451.5
45749 45445 45347
CDK SPECIFIC IMPULSE
31346 30G,.2 Ihe8
36845 3IE4 44 Jele3
40067 39742 329447
42842 425 o &4 42346
4424,2 439.8 43842
4523 450,2 449,00
458,.4 456« 4 45544
461485 459.7 45847
46445 46248 4€1a9
bEG oG 464 o6 46348
46846 46649 46641
4709 4K8Re 3 4675
4716 46%.9 469.2
4726 417el 4702
47343 471.7 47049
475.9 474.3 473.6
CCK SPECIFIC IMPULSE
31847 314 .5 211.2
BT8s9 " FT1e7 3I68e4
' 40349

3208
379.1
41%.8
45041
46848
48249
49147
4%64 4
500.9
50347
507.0
509.1
511.6
513.2
El4a.2

5183

14.0

29742
358eF
38242
409.7
423.5
43244
439432
442,3
44%,2
44645
444G,
450472
4517
452.¢
453.2
4554 €

30242
358.1
3922
42242
437.7
448,59
455,%
459, 0
462432
46463
466.7
4682
46£8.9
4710
47167
47445

3078
3650
401e1

Tant Library (PROPLIB) (Sheet 25 of 32)

I17a4
3758
41240
44,1
G4€7 o€
4824
4147
4SE L6
5014
El4.4
5C8.0
5i0e2

& 2o WO
LR N < B - i & O

308 .4
365 «4
40242
43740
455,7
469 .6
4782
48248
487.2
490.0
492.5
49547
498.6
5004
501.7
50646

200

28342
3338
36346
38848
401 .5
41045
415.8
418456
42142
42247
42446
42547
4271
427 49
428 4.5
43046

288 .4
3642.3
37546
40447
419 .6
430,4
437.0
440.3
443,5
445 .4
447,7
44,2
45048
451.8
452 46
45542

2%442
34948
38546



10e 1309 40146 43446 440,5 435,7 4375 43544 433,5 431,0 41843
23, 11209 412.% 447.4 654,8 454,9 452, 451.8 45045 44849 43E,.%
4G, 106 eC 4203 65647 465.1 4€6.0 465,0 46348 46340 462.2 448,
e TCe 12702 424.9 46243 47143 47248 4721 67142 47066 47042 456,.1
MO%e 12749 427.4 465.2 47446 47T6e3 47548 475.0 474.6 47446 460.1
1506 138,55 429,66 46840 4TTeT 4796 47%9.3 478,77 4784 47847 46440
T 2004 14B.% 43140 469,7 479.8 481e7 48145 480.S 480.7 481.1 46644
3006 13944 432.5 47148 48149 48442 48441 4B2e€ GHB3.5 484,.1 469,3
40%4 11246 42344 473.1 483,X 485,7 4857 4RB.2 48547 46S.9 47140
600 13545 43445 47446 485.0 48746 487Te¢€ 48742 4873 488.2 473,1
B00. 140.1 435,2 475,5 486.1 488,7 4BLe8 4BBeS 48B.H 4ET.E 474 .4
1000s 14042 43%06 647642 64E6.8 64689.5 48546 489.,3 489.4 4S0,4 475,.3
3000s 14Z.4 43740 478e6 48946 4924 4927 492e4 49247 4%3.9 478.6
C
EFS Chbmbb Rk PRESSUFE = 500,0 CDK SPECIFIC IMPULSE
1. 12243 2068 32643 325.5 22049 31645 31346 310a3 30te2 296.9
2s 11743 353.9 27948 382.0 37844 374,.5 37142 3675 3€3.7 352.8
be 12446 I8Gel 41041 41449 4124l 41040 407.2 4044 400.8 289.1
1id. 120e% 40146 43546 G432 443,3 441.5 439.5 4376 42,1 423,80
20¢ 13349 41245 44845 45747 45845 457.S5 456.5 4551 452,85 441,1
43 13640 420,23 457,7 46841 470e3 4730 46940 46841 4E€T7.2 456,.5
TCe 13742 42%40 46344 4T74,5 477e3 647743 47647 47641 475 .6 462,.8
100 12745 42744 46€e3 47748 480e9 6481.2 480e7 480¢2 48040 46742
150 12848 42%e6 469¢1 48140 48444 484.8 484, 484e3 6842 471.4
200+ 12849 43140 470e8 482.9 48€¢5 48Tel1 48645 48€CeT GEE.9 473,9
300. 17944 432,55 472.9 485.3 489,0 489.,8 489.,T7 489.7 4500 47740
400e 13%9¢€ 43345 47442 48647 490.6 491.5 491.5 491,.5 45240 47849
BJl0e 15949 43445 47548 48845 49245 49345 493.6 493.7 4S44.% 4B1.2
800+ 14041 435.2 47647 48%9.5 493.7 494,77 4G4.8 49%,§ 4EE.,7 482.6
1903, 40e2 82046 47764 49043 494e5 495.6 495.7 495,89 4CS€.7 483.5
GhGal 43740 47948 493,1 497.6 49848 49%,1 4SS.4 EL(.4 48741

™ o
sl (=]
v PES
L ]
—

CrHAMBLR PRESSURE = 1000.C ODK SPECIFIC IMPULSE
1o 10263 20644 32760 32764 327¢4 319a% 316e8 31246 7T(Se6 300e4
2e¢ 11743 353.9 3804 38441 381¢3 3778 3T4e6 37165 Z£745 3568
4 12446 38340 41048 41742 41643 41347 4110 408e2 40408 393.5
13 13042 40146 436e4 445.6 44649 445,77 444,00 442.2 43G,8 428.3
23 123e¢% 41245  649e7 46042 46248 462+5 461e5 46042 4SP.E 44741
40s 12640 420643 4585 47067 47404 47449 47445 472,7 47247 661e2
70 123742 42540 4580642 677el 48145 482.5 482.5 482.0 4E1.5 47040
100 127.9 427.4 46741 480e¢4% 48541 48645 486.6 486e4 48641 47447
158+ 13845 42946 46%9e9 48346 648847 490e3 490.7 490.6 4S0.5 479.1
200s  138e9 43140 47167 48546 69049 49247 49341 49342 4€3,2 4819
3080, 123944 432e5 47348 48860 457¢5 4955.5 49661 4C€42 LEE€,6 485,02
460, C9eb 43248 4T7Be1 48844 49541 497.2 4S9T7.9 4S0,2 4SF .6 GRTG2
E00. F9e% 43445 4766t 49142 49741 499.3 50041 5005 501.0 4895.7
800. 1401 4352 47Te6 49243 49843 500e6 5015 50240 502.5 491.2
1900. 14C0.2 435.€6 47842 493¢1 49941 §01.5 502.5 502 ElZe6 49242
3000« 140e4 437el 4ECST 49549 50243 504e9 506e0 S06e7 5C7e5 4961

EPS CrhbhMBr R PRESSURE = 500040 ODK SPECIFIC IMPULSE
1. Teed 306e8  32T7e7 330e5 323290 326el 32366 320e% 3174 308e4
Z2e  117.4U 35440 3B1lel 3BHBeY 38662 IB4el 38le7 37%.1 275.7 3654
4e 12446 38040 411e3 41947 42069 41947 41749 4158 412.9 40241
106 13049 40147 43649 44749 45142 4517 45149 449,7 44748 43649

2%« 123249 412.8 449.8 462.3 46T.0 468.5 468.6 46B.0 466.8 455,85

43 136el 427¢2 45%e1 67248 4785 48049 481e7 4817 481al 469.5

“\\70. 13742 4240 464947 47542 48546 488Be6 48949 490.3 4%0,1 4781

(: /ﬂﬂ@. 15749 42744 46Teb 48245 48943 49246 49941 494eB 4S4.8 48267
" ~"150. 128,

% 42948 47045 485.7 49Z2.8 49€.4 498.3 499,1 49%,.% 487.1
Figure 6.3. Propellant Library (PROPLIB) (Sheet 26 of 32)
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200. 13849 43142 47242 48Teb 495,00 498.8 5S00.8 501.8
330. 13944 432.,9 474,3 4900 49T7¢6 50166 ©03,9 505.1
™ 400, I.6 434,03 475.6 491.4 49%,2 503.,4 505,7 $37.1
(ii} 500« 13842 435,20 477.1 49342 50142 50545 50845 509.5
(78006 14041 43640 4781 494,3 50244 50648 S094 51140
1000, 14842 42845 47847 49541 50342 50748 51044 512410
3000, 14044 438,5 48142 497.9 5064 511.2 514.1 51549
C .
C MR = Oel 2ell 4« 0 6ol 8e0 1940 12.0 14. 8
PC CHAPACTERISTIC VELOCITY (FT/SEC)
T 40, 2583, T820e 8372 8247, BOETe 79414 7854, 7758,
100. 2383, 7820, 83904 K222, £165¢ 80464 T7962. TETT.
300. 2%832. 7820« &402. 8400, 8275, 8169, 8088. 8008.
500. 2u835. T2 % 406 8431, 8322 8223 8146, 8067
15802, SUHZ. TR, g4, B4€8, 83&1. 8293, 8221 8147,
SC0G. 2ob%a TEZ20. E412, 8527 8498, 8428, 8382 8321
C MR = 2.1 2a0 4«0 6.0 8.0 1540 12.0 14,0
PC COMBUSTICN TEMPERATURE (DEG -~ R)
4G 147, 3063 4516 G3732e €246e EHEDS 7013, 7266
1Ca. l4z2. 3062, HL22. 5927. 65032, £955s 7327« 7557
300 l4c, 3063s 5086. £151. 6815, 7321, 7725 88321,
1000, 142. 3063« 51%4e 6376 T153e 7732 8184, 8515.
5000 142 3064. 5210, 6623s 7571. 8272« 8811. 9207,
L i
C COEFFICIENTS FOR ODK THROAT RACIUS CORRECTICN CORRELATION
(DLLTA KL/DELTA KT) = A « B * LNCREF KL»
gy A T =5.2791 B = 142005  RTREF = 24289
‘<ij/>v END DATA o o
c
C
C
c
C
C
C
C
. C
c
C
c ,
C FPROPELLANT: LIGUIL FLORINE = LIGUID HYDRAZINE
C
C ASSUMPTIONS: ENTHAPLY TEMP STATE
C F2 -3056« CAL MOLE 84,7 K~ L1G
c N2H4 12854+ CAL MOLE 298.16K LIG
C
C
C
C MONOC-PRUPELLANTs MR=0.04 DATA FROM TRAF 72 RUNS
C COK VALUES CORRESPOND TO A THROAT RADIUS OF 2.289 INCHES

S /
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5€2.3
SCZa7
Sl7.8
51C.4
21240
£1Z%.1
517.2

1€ 40

TEST.

717G
71506,
7€,
EL53.
€240

16.0

7417
77€3.
8206
8423,
8727
S4E7.

48548
493%,1
495,1
49745
499,90
500.1
50440

2040

7410,
7525
7€¢63.
7727
7814.
8008,

20.0

7527
7883,
8339,
8563.
8877.
9646.



[oNeNolle el

<:\\ S1ZE OF VARIOUS DATA ARRAYS

0LE PO DDE ME CODE ERS ODK PC ODK MR 0DK EPS
‘ G 164 € 9 16
ODE MIXTURE RATIO VALUES
C MR ge0 1.0 le4 1e§ 2.0 242 2eb 3.0 el
C
FPs CHAMBEE PRESSURE = 40,0 OCE SPECIFIC IMPULSE
1o 20145 26041 26544 26843 266e1 26701 2656 25945 21%46
Ce 21244 3LT7eB 31447 31848 219.2 318.3 216.¢ 308e7 24%,2
%e 25045 33744 34643 351.5 35247 352.3 250.5 340e0 2€3.0
10. 268.8 36246 376.2 383.1 38%.1 385.8 3B4e4 3674l 280.1
20  278.5  377.1 239244 40140 40347 405.3 404.6 38047 250.5
4lUe 26705 38740 404eh 41648 41842 42046 42046 39Ce6 2539.5
T0. 29349 39341 411e8 42344 427.4 430.3 430.6 396e7 3(ELD
100. 25746 39642 41547 427.9 43242 435.4 435,9 400.2 2fo,8
150, 30148 39943 419.4 432,3 436,9 44045 44141 4037 31%,.8
200e  3C4.3 40141 42147 435.,0 439.8 443.6 446,3 406el 31646
e 3UBe0 40244 42445 43842 443.3 44743 448.0 409+.2 32C.2
40904 310e2 40448 42662 44042 465.4 449.6 450,4 4113 222.6
o00e 31344  406.9 42843 442.7 44841 452.5 453.5 41441 225.9
B0C.  21%.6 408745 4296 444,2 445,77 454,2 455.3 415,09 22841
1000 317.2 40842 43045 425.2 450.8 455.4 45646 4173 32847
3000e 22445 41049 63348 469.2 455.0 460.0 4615 452.9 32€.49
[
EFS CHAMEDR PRESSURE = 10040 CDE SPECIFIC IMPULSE
~ e 20147 26242 26848 27149 27145 271.0 269.5 262.2 213.6
<if ) 2e ZX249 31344 21842 32247 32343 32246 321.0 312.% 265.4
o 4e 25145 339.5 249.6 I55.3 35646 35645 35449 343.0 263.p
10e 25945 36540 37847 386e4 38847 38947 288.6 368.C 281.2
ele 28243 37841 29443 403.7 43647 40846 40643 38240 251.9
404 EETS.R 38748 40F.8 41648 420,6 432.2 432.4 391.€ 2(1.1
TCe 29540 39247 41209 6425.0 429,2 432.4 432,99 397,7 31(7.7
i Z9%¢8 0 3907 41647 42943 42348 43742 43745 401e1 311.5
150 308e1 39947 42043 433e4 438.2 442.0 442.8 40407 Z15.6
2Ude  3016aE 40145 42245 43640 44140 444.9 445,8 407.1 318.3
300, 31043 403.7 42541 439,1 444,3 448.5 449,4 410.3 322.0
403, 2124€ 40T .0 42648 44140 44643 450.7 451.7 412.4 32244
Sl.e 31TeB  4UELT 42848 44303 448.8 45344 454.4 41,1 257.7
800« Z18e3 40747 43340 44448 45044 455.0 45,2 417.0 226.9
1300, 219.6 408.4 43048 445.8 451le4 45641 45744 41843 221.5
3000s 32740 41140 43641 449.5 455,4 46044 462,0 422.6 38,5
C
cpe CHAMBER PRESSURE = 303040 GDE SPECIFIC IMPULSE
Lo 20241 26848 27245 27641 27€eb  27%¢7 27443 2676 21,7
2o 23249 313.1 32243 3274l 32840 2276 32601 316e7 26%5.7
4o 253e2 34135 38340 385945 36142 3€1.¢5 36041 34640 26446
10« 27149 2663  281e¢3 3899 39245 394,0 393.3 370.8 282.8

Figure 6.3. Propellant Library (PROPLIB) (Sheet 28 of 32)
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S~ le

~
A

40
10
£ e
40 o
70

100,

15{}.

200,

300,

400 .

€50

BElJse
1209,
InC0.
C

2838 379.1
292+4 3685
25590 3%4.2
392e9  397.2
32742 40041
329,7 401.9
Ei3e5 404l
315.8 408,32
31%«0 40645
2ele2 407,°
32248 40848
3317 411a1

CHAKMEER PRESSU

2L2e%  267.0
234.7 314.1
54,3 342432
273.2 3668

254 .4 2795
262, 2gE,¢
LRI 384, 4
2ibe4 29T .4
Z08LT 40042
31143 402.0
31541 404,1
31744 4%% 4
25244 G808 LG
32444 4D8,.6
331.7 411.2
CHAMEIR PRESSU
203e2 26848
23549 318 .4
28548 343,2
27%«1 36Te4
25«5 37%.9
2%hel 3891
23248 394,7
06,7 397.6
31180 4004
31306 45241
2173 40a.2
31%.6 405.5%
222.9 407.1
32%.1 40841
3267 408.T
33349 411la2

396 2
40742
414,11
31746
421.1
42342
42547
42743
42%,.2
43044
431,.2
43442

RE =
27442
3227
35445
368243
3eT7.8
41445
41§40
42147
42344
42640
42745
G429 ekt

43047
43145
43445

CHAMBEYR PRESSURE =

bl 271e1
culie Z217.4
26047 364,47
28048 36843
29201 38046
3i1e8 3896
2lz.% 3%7.9
Zic«8 400,7
31943 40244

€Ut
22947
35944

38547

299.4
409.¢
41549

4lSe2

42244

G624 .4

406.4
41849
42646
43047
434 .6
43740
448.0
441,8
444,10
4435 .4
44643
449 .8

50040
27840
229.0
36143
39143
407.5
419,7
42743
42143
435,41
437.5
440.4
44241
4443
445,6
446,85
450490

130048
2805
33146

"36306

393.1
40849
42047
42841
43149
A357

43840

440,48
442,5
44446
445 4,9
446+8
45041

500060
28547
3367
36861
29643
4114
42246
42945
4332
436 .8
438.9

409.8

42249
4311
43544
43G.6
442,2
44% 432
447,3
444G 46
451.0
45248
455 .8

278.4
33C.1
3632
394,2
411el
423,9
43149
43641
44042
G442.7
445,8
447 06
449,9
45143
482 ,3
45¢€ 40

2681.1
33249
36547
3962
41267
42%,.1
4328
43649

84349

443543
44643
44841
458043
4517
45246
45642

2868
238a7
310 a8
41%.6
42743
42446
438.4
442,.1
444 44

412.1 412,1
42640 42642
434,6 435,02
439,2 439,59
443, 6 444 .5
44€ .4  447,3
4489,7 45047
451.8 450.8
454 ,3 4554
455 .8 457.1
45648 458,22
46045 46246
0DE SPECIFIC
277.8 276.%
325.9 228,%
363«7 26244
395,.8 29%5,3
413.6 412.7
427,1 427.5
435,85 436.2
43C,C  440.7
444, 445,02
446,95 447,.9
45042 451,.2
45742 45343
45446 655,09
45€6¢1 45745
4572 458.6
46141 4E2.8
OCE SPECIFIC
280e€ 2794
32249 331.6
398.1 397.8
415.4 415,7
42Bel 429,90
43646 43743
440,9 441,7
TEES 4] 44640
44747 44846
450,8 451.9
45247 45349
45541 45644
456e5 45749
457,85 459,40
46143 46340
CDE SPECIFIC
28648 28548
33,2  338,.2
272e3 3716
40246 402.7
418.8 419,3
431,08 431.8
4384€ 439,.%
442,77 443.6
G646 44746
469,00 450,1

38344
392.7
I%R.8
40242
408.9
408.3
411.5
413.¢
41643
41841
419.4
4243

IMPULSE
269.5
31844
3471
371.8
38349
39342
35943
40248
40645
40865
4121
414.1
41€.5
418.€
419.8
424 .6

IMPULSE

27145
32046
34845
37243
38446
393.8
4C0.0
4035
4072
409.¢€
412.8
41449
417.%
41942
42C. 4
42%.0

IMPULSE

2766
32248
3807
37138
38%.8
395841
40144
40540
408.8
411.2

-‘ﬂFigdfe 6.3. Propellant Library (PROPLIB) (Sheet 29 of 32)
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O

\

O

€GO,

b

Wwalw e k TV e Lo =30 N
Jekab  G0TeZ 430,80
3223 408.8 431,48
383942 411.3 434,7
TRIUPE RATIOS

et 1.0 1e4
CHAMBER PRESSURE =
2l1lel 25749 264,00
23244 3C0.& 3(8.8
25 eE 22563 234,46
2185 3ET.L 367,49
28T«5  364,7 3276.0
£5%e9 JE3e3 2B0e8
29Tef  3T1e7 2&32.3
Zi1le# 2146l 28547
AR STE a6 38T 42
JhE W0 37741 388.9
2102 378¢1 3%0e0
S1%e4 37%¢4 39143
Slleé SETe1 3241
J17e2  380.T 392 .6
32645 ZELD.¢ 354,.7
CHAMEBER PRESSURE =
2017 26240 26843
Si249 306" 31%,.,2
251" 3ZZ.4 342,.8
ci%aB 254 .6 JeteT
PR3 3E6el 27849
2898 37443 387.8
25%.8 381.9 3%6.1
b e} 384 44 3848
2t et IBH S 40 Da4
31de3 28748 802.4
21246  388e9% 403,56
31548 39%7.3 445,0
3180 2211  40%.9
EiY e € 3917 40€sF€
22T e 39545 40849
CHAMEY R PRESSURE =
20241 265F 2724
21243 J1le€ 3211l
2t & 338.6 350.3
c71.9 36740 3758
283.0 37442 36%9.0C
292 o« 4 382.8 39847
2590 38842 404,7
329 331.0 4078
T3Te2 239247 410,.8
3‘3907 SQ‘:.E ‘*12.(:
31545 389742 414,8
21%.0 40240 417.8

94146
442,2
445,2
G4¢ .4
447 43
450,5%

1.8

40.0
2ETe2
314.0
34165
6563
3774
38641
3913
3%4,.1
39646
359842
40041
401a2
40246
403.5
404,0
406a2

10040
27145
32045
349,8
3753
38845
39841
40%.9
406.9
40€.8
41146
413.7
419 "
41646
4175
41842
420.7

27640
22644
35743
384 4,5
I98.7
4.0% a2
41E.6
41%.0
42242
42442
426e6
42860
429,.8

447.,2
448 .9
485140
452,32
453,2
45646

2e0

c6Tel
314.2
342.0
36fal
3784
58743
39246
398,44
25840
399,¢6
401.5
4027
404a.1
40449
495,5
490747

2716
32143
351.4
2781
382.0
40844
41147
414.8
416e6
41849
42543
422 4.C
42240
42347
426 &3

27643
22745
3ES.3
3875
4GCZ2e4
412%3
42061
422 46
42740
4?29,.1
431 .6
43241
43540

4519 45341 414.3
453 .7 455.0 41644
45549 45744 418.5
45742 45848 420.4
45842 459.8 421.%
461.8 463.,5 425,.7
242 2 3.0

CBK SPECIFIC IMPULSE

26Be0 264.4 258,2
313.9 310.9 302.4
340e6 22841 227.8
26442 26144 349,3
3T€el 37343 360,0
385.2 281.8 367.7
390.4 387.0 372.3
3931 289e6 37447
295.7 392e1 37649
3373 39347 37843
399.2 395.5 379.9
40043 396.6 380.9
4017 398.0 382.1
40245 398.8 382.8
403.1 39943 383.3%
405.3 40144 385,1

COKSPECIFIC IMPULSE

27067 26942 26248
32045 31848 30Y9,.9
380.9 348.8 237.¢
3776 37541 361.3
291e4 28847 373,3
4Gle6 ‘39847 382.1
40T 8 40447 38763
411.0 467.9 390,0
41440 41069 392,.¢€
4154S 41247 394,2
41842 41449 39640
4198 #41€a2 397.2
4212 417.9 39845
42242 418e9 39544
422.% 419.5 473040
4255 42241 402.1
OBK SPECIFIC IMPULSE
2756 276e2 2€67¢4
32761 Z25e€6 31€e0
IBGSL.E 325840 344,9
J8E«B 38Tel 3I€Y9.6
4046423 40244 2BZe3
416+8 413.8 291.4
42348 4208 397,90
4267 424¢5 399.,%
430.3 428.0 4p2.6
43245 43042 40443
43% .1 4328 40643
4368 43444 40745
438 .8 43604 40940

LR O AN S I SO Y]
NN N (NN

(8~ N o

(¥ B RN RN BEVENE « of

22,7

0

2E2aC
287«
25043
25147
2%2.9
2S%a7
2446
2952
228 .8
cS€e2
£G€ a5

2S7.%

213%.7
24%a7
ZEL4LT
280 .0
826
2S€.°
2S8.¢€
200.2
2Ct1.1
2C22
2fZ.0
3038

Figure 6.3. Propellant Library (PROPLIB) (Sheet 30 of 32)
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L3 »

-

L2 O Do bR
. e = e

G = BRI SR

e
2

301ef 40049 18,9
:g(.oé 4610& 411-‘:‘
3IN1 4G3.9 422,72
CheMmBER PRESSURE =
;.1,’:'UE 2.&(:.9 47“.01
2l4e7 31263 32342
Db E 240,64 3B2,.8
2722 Jeb4e2 3787
2L4 44 2T76ed 397,72
29% 49 285.4 40242
DRI 3908 408.
304,484  29F,7 411,65
z.;\"f.? :‘)g&'.q‘ 4140"
198.1 416.5
4071 4188
431e4 420,2
4524% 421.9
4G2.8 423,
434,85 423«
4066S 426,
PRESSURE =
26844 27643
2l 0 32% et
F424 4 38R L4
S6be2 ZFHl.7
T84% 395, 4
38745 405,86
39241 411.8
395.5 41541
IGH.T 41843
4004 420,2
407 4 42205
40307 42440
40542 5625,7
40642 42648
405 .R 427 .6
afs, 2 430a4
K PRESSURE =
271el  285D.F
3174 2297
3444 AHG .3
ZeR 2 3ETLG
380 .0 389%.1
JEZ .4 40962
Zg4,@ 418,50
37«7 41Ee8
G0068  4231.9
42«2 42%.9
434,22 42K G2
; 40545 427.7
' H 407 .C 42% ¢4
2, 4lEBe D 43045
T «B 400, € 45142
T, T 411.1 434,11
001 el a4
Ct

Figure 6.3.

4

43%42

1880,
280.4
33164
36249
35160
405.,9
416.9
42347
4273
43048
43249
43565
4370
43540
440,1
440,9
444,70

5000,
28547
33647
26840
39640
41068
421a9
42847
432e4
435 .9
428,610
4404¢
442,.2
G44,2
44564
44642
445.4

1.8

43641
43649
439,9

27843
32%.8
36248
39{)08
405.9
4171
424,40
42747
43142
4333
43%,9

43745

435,5

44047

441,5
444,¢

281a.0
3328
3651
294.,3
409.6

428e2
43240
43546
437.8
44545
44242
44442
44544
hat 3
44945

28648
33846
37067
39%9.7
41540
4265
433.7
437 «4
4411
44344
44641
447.8
449.8
4511
45260
45543

240

44040 43746
44048 43804
443.9 441,5
ODK SPECIFIC
27748 27644
22%.6 328.2
C€2.6 3E1a.2
39244 391,2
408e4 40741
42043 418.9
42747 42643
431e6 43042
4353 433.9
437e6 42€a2
4404 439.0
44241 44047
AHL .2 442,8
44%5.4 444,90
44642 44449
44946 44842
ODK SPECIFIC
280.6 279.3
33248 331.4
J66e0 364.8
39643 395.6
41244 41249
B26.5  424,.3
43240 432.0
4360 436.1
4348 440,40
442.2 442.4
445.0 445.4
4468 447.2
44845 44%.4
45042 450.7
4531.1 451,7
45445 455.2
O0DK SPECIFIC
2868 285.8
33943 338.2
3722 37146
40242 40244
418.2 418.9
4302 4313
437.7 &3¢9,
41«7 44342
448 .5 447.2
447,95 448.¢
455 45246
452.5 454,4
4547 45647
456¢0 45B.1
45649 459.0
46344 46246
2e2 2.4

ARBCTERISTIC VELOCITY (FT/SEC)

409.8
410.€
412.8

IMPULSE
26944
Z18.1
34647
I71a1
3835

3825
3898.0
400.8
40345
40541
40761
408643
409,7
41046
4112

413,.¢

IMPULSE
27146
320e2
348632
3721
384,3
3931
39845
401e3
40349
405.5
40T7e4
408e6
41060
41049
411.%
41348

IMPULSE
27646
el
3506
2737
38966
394 48
40040
40248
405 4¢
43762
40942
41045
412.0
4125
41245
41949

3.0

Propellant Library (PROPLIB) (Sheet 31 of 32)
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3

(@

O OO0 OO0 on

e

0l% e
E8E1%,
E:f,‘(\wn
6511
8942,
6984,

COMBULTIO

SGh,
£102,
('}‘43}.
6EL%E .
EET

N i
&G oe

6ES50.
CYET.
1070,
7109,
7158,
7252,

N TEMPERATURE

6618,
'.':";790
7197,
TZ44,
7542,

TET2,

B

COCFPICIENTS Fop CDK THRCAT CORRECTION
(GELTA KL/DELTA RT) =
~1.1%43%

118

£988. 6990, 6966. 6927,
7875« 7082. 7063. 7025,
717¢. 7T1%0e 71756, 7141.
7221« 7239, 7228 7194,
7280, 7203. 7226, 7265,
7451, T438. 7444, T418,

(DEG R)
781, T216e 72%%, 71344,
7374, 7523. 7T€16¢ 7666,
7740, 791C0. 8017, 8074,
8153, B8251s 8477. 8543,
8731. 8%46. 9107. ©S188.
CORRELATION

A+ B x LN(REF KLY
1e7378 RTREF = 2«289

6764,
6854,
6986,
7000,
72855,
7153,

7335,
Te4%,
8032,
8215.
B462.
013,

Figure 6.3. Propellant Library (PROPLIB) (Sheet 32 of 32)

£419,
420,
5422
taps,
430
S465,.

Ef44,
feag,
5653,
5657«
SEEh,
5726



