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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
interactions 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 capable of evaluating the size, weight, and
performance of system components over a range of design configurations, materials of
construction, and operating points. These capabilities allow the code to act as an

excellent propulsion system preliminary design training tool.

The objective of this manual is to explain the basic use of the ELES-1984
computer code. The main topics to be covered by this manual include defining a problem

statement and formulating an input set for liquid stages in a rocket vehicle.

Use of 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 describe 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



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 manor than the advanced users
guide. The technical information manual describes the mathematical algorithms used in
ELES to model the various propulsion subsystems. The programmers manual deals with
the internal structure of the FORTRAN code, its file structure, and internal

communication.
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
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1. EXPANDED LIQUID ENGINE SIMULATION (ELES-1984) OVERVIEW

There are three main sections of the ELES computer code (see Figure la): a
stage design section, a trajectory model, and a multivariable optimizer. The stage design
section calculates the size, weight and engine performance of liquid or solid stages (see
Figure 1b). The trajectory model uses a 2D round non-rotating earth, 1962 standard
atmospherie data, Adams-Moulton/Runge-Kutta integration, and Kepler orbital mechan-
ies. The optimizer provides optima for both stage design and vehicle guidance with
design and guidance parameter sensitivities included. Mixed solid and liquid stage
vehicles of up to 4 stages can be modeled by ELES.

The liquid stage design section of ELES was developed by Aerojet under con-
tracts FO4611-79-C-0054 and FO4611-82-C-0062. That portion of the code performs
size, weight, and performgnce analyses on liquid stage designs of interest.

The liquid engine feed system power cycles modeled by ELES are illustrated in
Figure le. The list includes pressure fed engines and pump fed engines with the following
turbopump power cycles: gas generator bleed, single preburner staged combustion,
staged reaction, and expander. The ELES engine analysis outputs engine size, weight,

and performance, as well as turbopump assembly (TPA) size, weight and performance.

Engine performance is based on the standard JANNAF method. It begins with
ideal one dimensional equilibrium (ODE) performance and degrades that ideal perfor-
mance with loss multipliers. The calculation of these multipliers is performed by stan-
dard JANNAF procedures or by Aerojet derived methods. The analysis includes the
effect of injector design, thrust chamber material, operating temperatures, propellant

inlet temperatures, and thrust chamber geometry.

TPA design options are shown in Figure le as gearbox, single shaft, and twin
TPA. As required, the code will stage the pumps and turbines. The TPA is designed by
considering system power requirements and drive fluid characteristics. Pump and turbine
efficiencies are based on industry standards (Ref. NASA SP-8109, Figure 6; AFRPL
TR 72-45, Figure 4).
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Figure 1b. Major Output Parameters of Liquid Stage Design Section

Propellant Tank Size/Weight

Pressurization Tank Size/Weight

Line Size/Weight

Positive Expulsion Size/Weight/Delta P

Engine Size/Weight/Performance (Nozzle, Valve, Injector, Chamber)

Thrust Mount Size/Weight

Gimbal System Size/Weight

Tank Residuals Weight

Tank Pressurization Requirements

Interstage Size/Weight

Delivered Specific Impulse (ideal one dimensional equilibrium performance degraded by
kinetie, vaporization, boundary layer, mixing, two phase, divergence, and MR distribution
losses)

Feed System Temperature/Pressure/Flowrate Schedules

Regenerative/Trans-Regen Cooling Requirements

Turbopump Assembly Size/Weight/Performance

Turbopump Design Parameter Breakdown

Regenerative Coolinig Jacket Summary

Required Engine Barrier Mixture Ratio

Stage Tank Mixture Ratio
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1, Expanded Liquid Engine Simulation (ELES-1984) Overview (cont.)

The temperature and pressure drops across regenerative or trans-regenerative
cooling jackets are calculated by creating a simplified thrust chamber geometry with
slotted channels for coolant flow. Combustion gas and coolant heat transfer coefficients
are calculated at discrete points along the chamber and are used to integrate the pres-
sure drop necessary to maintain the chamber wall at nominal operating temperature.
Transpiration cooled portions of the chamber are analyzed using techniques developed by
Aerojet TechSystems for use with transpiration cooled re-entry vehicle nosetips.

A wide variety of tankage designs are available (see Figure 1d). Tandem tanks
are designed by choosing tank head orientation, common or separate tank heads, sus-
pended or monocoque construction, and pressurant tank location. The tanks may or may
not contain a positive expulsion bladder or surface tension acquisition device. Non-
conventional tankage is designed by choosing the number and type of propellant and
pressurization tanks as well as propellant acquisition design. Each tank is individually
specified to be toroidal, spherical, or cylindrical with elliptical heads. Tanks are located
based on general location input and physical interference between the tanks and enve-
lope.

Propellant tank pressurization options in ELES include cold gas, solid gas
generator, and autogenous. With cryogenic propellants, the pressurant collapse is
calculated with the Epstein correlation. Pressurization requirements are affected by the

vehicle operating temperature regime, and external heating loads.

Throughout the liquid stage design portion of the code there is a need for propel-
lant properties data over an extremely wide range of temperature and pressure. This
data is stored in tables for hydrogen and helium. The properties for all other propellants
are calculated by the method of corresponding states. This allows analysis to oceur in
regimes where propellant data may not exist and for propellants which have very little
experimental data.
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2. RECOMMENDED READING

The effective use of ELES-1984 can only be acecomplished if the user has a clear

understanding of: 1) the major components of a rocket vehicle, 2) the user interface, and
3) the assumptions implicit in the code. This required understanding can be obtained

from a thorough reading of the following sources:

(1)

(2)

(3)

4

(5)

Suttoh, G.: "Rocket Propulsion Elements" 4th Ed.,,;’f
John Wiley & Son, 1976 '

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

Huzel, D. K.: '"Design of Liquid Propellant Rocket
Engines" 2nd Ed., NASA, 1971

Your computer center's Fortran 77 manual with special
attention to the use of sequential and direct access
files, name list input, how to execute a large program,
how to print a 132 column output file

This manual



C\/ 3. INSTALLATION OF ELES CODE

If ELES is not already operational on your computer system the following 2 steps
are required.

1) Compile ELES using the FORTRAN 77 compiler available on
your system and create an executable file (the procedure will

vary from system to system, see your system analyst).

2) Put files PROPLIB and ELESINP onto the system's mass
storage. Make sure that PROPLIB is in a direct access
format [which corresponds to that shown in the OPEN
statement of subroutine MAKCAS (Access = 'Direct', RECL =
132, Form = 'FORMATTED'].

The file ELESINP will need to be a valid input set such as the example input set

N which is provided with ELES or a copy of an example shown in this document (ELESINP is
C/ a sequential file).

If you are operating on a "core" based computer in which ELES is too large, an
overlay procedure can be used to create an executable version. The subroutine flow
diagram in the ELES-1984 Programmers Manual will be very helpful in creating the
overlayed code. Most minicomputers will not have this problem because of their virtual
memory design. (ELES was largely developed on a PRIME 750 minicomputer with little

concern for core size.)

ELES-1984 has been made operational on a CDC 6600 using an overlay-like
procedure. The CDC 6600 available memory was 377700 OCTAL 60 Bit words.

10



4. HOW ELES CODE OPERATES

ELES-1984 operates in a "batch" type mode. This means that during program
execution there is no interaction between the user and the code. After normal program
termination ELES will have created output files which can be examined by the user.

The main form of interaction between the user and ELES takes place prior to
program execution when the user creates an input file. This input file is submitted to
ELES at run time. The input file (named "ELESINP") contains up to 34 NAMELIST blocks
which contain the input variables. Although all 34 blocks are not always read by ELES, it
is recommended that all namelist blocks be included in ELESINP in their proper order.

This precaution can prevent a whole class of termination errors.

When ELES begins execution it uses FORTRAN OPEN statements to open all

files it requires for input, output, and scratch purposes. These files are as follows:

Unit No. Name Description
PLOTFIL Special Purpose Graphics File
- Scratch File
ELESOUT ELES Output File
7* ELESINP ELES Namelist Input File
PROPLIB Propellant Performance Library
9 - Seratch File
T* PUNCH Stores optimizer intermediate values

The files ELESINP and PROPLIB must be in the local environmental in which the
executable version of ELES has started execution. (See your computer system analyst
for instructions as to how those two files can be accessed from within a FORTRAN
program.) ELESINP is opened in subroutine FILOPN. PROPLIB is opened in subroutine
MAKCAS.

*Unit Number Shared.

1



4, How ELES Code Operates (cont.)
The main output file is ELESOUT. It is formatted to 132 characters per line and
makes use of FORTRAN carriage control in column 1. Again see your computer system

analyst for the method of printing the output file with carriage control in effect.

For a more detailed discussion of code operation see the "Expanded Liquid Engine

Simulation Computer Program - Programmers Manual."

12
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5. BASELINE CASE (N-II DELTA)

When ELES-1984 was first written, the baseline liquid stage was set to the N-II
Delta upper stage manufactured by Aerojet. This means that most ELES default inputs
are those required to model an N-II Delta. Because so few inputs are required, the

easiest case for a new user to run is an N-II Delta.

Figure 5a shows an input data set which models the N-II stage. Notice that fol-
lowing the title on line 1, user comments can be inecluded by placing a 'C' in column 1.
Notice also that there are many namelists which have no inputs. This tells ELES to leave
the inputs at their default (N-II Delta) values. The dummy optimizer inputs identified in
namelist $INPOPT are required even though optimization is turned off (due to an error
checking routine in the optimizer).

The input data set in Figure 5a is a complete copy of the file called ELESINP
required in the execution environment of ELES. When ELES executes the FORTRAN

command:
OPEN (UNIT = 7, FILE = 'ELESINP")

it expects to find an input file by the name ELESINP in the same format as shown in

Figure 5a.

It is possible that system restrictions will dictate minor changes to the format
(the starting column of namelist delimiters for example), however, more ELES-specific
features such as the sequence of namelists and the variables in each namelist will remain

unchanged.

There are a few instances in ELES where two dimensional arrays are input via

namelist. Cheek with your system analyst to make sure that

CSTAR (1;2) = 5050., 5100., 5150., 5200.,

13
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5, Baseline Case (N-II Delta) (cont.)
results in:

CSTAR (1,2) = 5050., CSTAR (2,2) = 5100.,
CSTAR (3,2) = 5150., CSTAR (4,2) = 5200.,

The output from the baseline N-II case is displayed in Figures 5b through S5i.
Figure 5b is the warning page for N-II. Its purpose is to alert the user to potential design
flaws or program problems.

The first warning is concerned with propellant temperatures at the injector
inlet. In this pressure fed storable case, there are no corrections to the temperature

schedule and therefore no disagreement in the updated injector temperatures.

The second warning concerns the injector layout. For normal injector design the
angle between two injector elements when measured from the throat plane falls between
2.0 and 2.5 degrees. Because it is an existing piece of hardware, we can assume that the
designers of the N-II injector responded to another overriding constraint (for example the

need to increase performance). This is an example of a warning message which can be
overlooked if engineering judgement is used.

The third warning message is strictly informative. It says that the structural
wall is minimum gauge and is capable, therefore, of handling more stress than the stage
design dictates. This message often appears in relation to tanks in which the tank

pressure could be increased without affecting the tank weight.

Figure 5¢ is the tankage summary for N-II. The information at the top of the
page identifies the power cycle, propellant location, pressurization method, and
materials of construction. The more important tank and stage dimensions are listed on
the left side of Figure 5¢. Component lengths, diameters, and thicknesses are specified
in inches. The various component weights are listed along the right side of Figure 5¢ in
pounds. Notice that the safety factors used for the tanks are 1.0 because the actual

design material properties were input instead of ideal material properties.
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BECAUSE TeE N-I1 DELTA IS THE DEFAULT LIGUIL DESIGNe VERY FEW,
INPUTS AKL REGUIKRED TO REFRESENT IT

CNOTICE THAT COMMENTS CAN BE INCLURDED IN THLD INPUT CECK RY
FLACING & *C* Ih COLUMN ONE)

(D0 NOT USE LINE 1 AS A COMMENT LINE =" IT IS THE TITLE LINE)

MOST COF THE FOLLOWING NAMELISTS ARE EMFTY. HOWEVERe THEY MUST
APPEAR IN THE OROER SHOWN FCR SUCCESSFUL FRCCRAM EXECUTION

INFOPT

SET INDES=1 TGO GESIGN STAGE ONLY (IE. DO NOT FLY TRAJECTCRY)
INDES=14 : ' :
LUMMY CPTIMIZER INPUTS REGUIRED
ICPF=C.

DELMINS 0Ty
CEL=Dew
ITLIM=C00e TLIMIT=900ae

IPLOT=Ce

IFRINT=0y2e29e2¢19 .
IOPT=%2e42 ‘
TEREMD=D.
JOBJUF=13,
OBJUSCL=1es

FEND .
ENLF

c

CREND-
-

INPGEN

GENERAL STAGE DESCRIPTIONS
EPSz=thes PUZ12Tee EPSATT=T745
DVMOTOR=68aF ¢ '
KSTAGE=2 »
NSTGES=1w
WMISC=T1elin

$END

$
$
$
$
3
$
$
$
$
$
£ 3
pJ
$

INTSTE
END
NOZZLE
ENL
MATER
END
FILMNT
END
PROGFEL
END
INTRAJ
END
GUIDA

$END

b

AERCD

$END

Figure 5a. Baseline Input Data Set (Sheet 1 of 3)
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S $END
$0RE
SEND

. \\ $LIGUIC
y €. FORWARD SKIRT-LENCTH

T FFSKTLZ e 3y
o . ,
- C  FRESSURF SCHEDULE INFUTS
; CPLINF=4115,
CPLINGCZ 165,
CFVLVF=42759
CPVLVO=.198
FCHGFL= o284
FCHGOX=e3€y
C
C  ENGINE VACUUNM THRUST
- FVAC=98%50.0
$END
SLFLAG
Cc .
C USE PHYSICAL ENGINE WwEIGHT MODEL
KWTMON=1,
L SEND e e
e SLTANK ‘ ;
< € SET TANK ULLAGE FRACTICNS
;O ULLFOX=Z4065
s ULLFFL=Z. 0453,
 $END

- $TNKGEO
( c ik
fr NUMEEF OF HOLIUM GOTTLES IN ENGINE BRAY - oo smeimsm s
NPRETZ
$END
$BLADER
$END
$COLDG
SEND
$SGLDGG
$END
LPUMP
SEND
$INJECT
SEND
SLIGENG
LEGD
SINREGN
c
c SET wALL TEMPERATURE FOR SILICA PEENOLIC AEBLATIVE
TGWNOM=3000ay
$END
$SABLATE
$END
e SLIQMAT.
C
C SAFETY FACTORS ARE INCLUDED IN DEFAULT USER DEFINED

O C MATERIAL FROPERTIES

%

1
g

Figure 5a. Baseline Input Data Set (Sheet 2 of 3)
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SF(}XTKzlorFQ
SFFLTK=1at e
SFPRTK=1eCo
SFSTRC=1a 0

SEND

SCXWMLT

C

C USE NON-IDEAL TAWK WEIGHT MULTIPLIER OF 1.2%

CXETRK=Z1425
SEND
$LPRCP
TEND
SLGFERF
$END
$THRCT
$END
$LFUEL
$END
$LOXID
$END
SNCTINF
LENRD
STANKHX
BEND

Figuré 5a. Baseline Input Data Set (Sheet 3 of 3)
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5, Baseline Case (N-II Delta) (cont.)

Figure 5d is the stage graphical output. The schematic is drawn to scale with
actual tank head ellipse ratios. The size of the schematic is automatically adjusted to
fill the page. Because some line printers do not use the standard number of characters
per inch in the horizontal and vertical dimensions, that information may be input by the
user. All graphies are performed by pseudo-Tektronix routines in ELES which mimiec
standard Tektronix commands. It is therefore relatively easy to convert ELES to create
high resolution Tektronix schematics.

Tanks are drawn with alphabetic characters; engines are drawn with numeric
characters. The sequence in which components are drawn can result in hidden lines. The
sequence used by ELES is to begin with tank A and proceed alphabetically to tank C and
then to begin with engine 1 and proceed up to the highest numbered engine. (Notice how
the engine overwrites the three pressure tanks in the engine bay.)

Only a schematic of the engine is represented. For schematic purposes the
combustion chambér diameter is considered constant from the injector to the throat
plane. The nozzle is drawn as a cone regardless of actual contour. The exit diameter
and length are drawn to scale.

Figure 5e is a propellant summary over the operating temperature range of the
on-board propellants. For storable propellants this corresponds to the operating temper-
ature range of the vehicle. The first line of the propellant summary declares that the
propellant combination is a user defined propellant combination. The N-II Delta uses
N9O4/A-50 which is not a library propellant combination (A-50 is 50% hydrazine and 50%
UDMH). ELES allows for easy simulation of non-library propellants using propellant
property inputs. Using thé method of corresponding states, ELES prediets propellant
properties over a very wide range of temperature and pressure. These calculations are

used to design tanks, pumps, regenerative cooling jackets, ete.
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5, Baseline Case (N-II Delta) (cont.)

The properties displayed in Figure 5e are primarily tank design parameters. The
density of each propellant at its maximum temperature is used to calculate the tank
volume requirements. The vapor pressure is used in determining tank pressure

requirements.

An engine summary is displayed in Figure 5f. It begins with basic engine design
information (power cycle, cooling method, propellant combination) and then proceeds to
more detailed engine descriptions. The left side of the engine summary is devoted to
size and weight information. The right side is devoted to performance-related engine
parameters including a breakdown of individual loss mechanisms to engine performance.
References to "core" and "barrier" are due to the core and barrier stream tube model
used in the performance calculations.

The pressure and temperature schedules (Figure 5g) show the pressure and tem-
perature at various key points in the propellant feed system as well as pressure and
temperature changes across key sections of the feed system. A flowrate schedule is also
included which shows flowrates through the major components of the feed system.

The overall stage weight summary (Figure 5h) is a list of all items in the stage
which contribute to its weight. Inert weights are presented separately from propellant or
pressurant weights. '

The final page of output is the vehicle summary (Figure 5i) which gives an over-

view of all vehicle stages. The stage masses, mass fractions, dimensions, and perfor-

mances are overviewed.
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6. FORMULATING AN INPUT DATA SET

There are four main areas of attention in ELES; liquid stage design, solid stage
design, trajectory, and optimization. Although this document only attempts to address
liquid stage design, each area is equally important to a simulation which employs them.
Appropriate documentation for solid stage design, trajectory, and optimization are
available through AFRPL.

Prior to running ELES considerable thought is required for each component in
each stage of the vehicle being modeled. A clear understanding of what is to be modeled
is absolutely essential if the results of ELES are to be meaningful. That understanding
will more easily lead to an unambigous vehicle definition for which ELES can perform the
desired analysis.

Because the translation from vehicle concept to computer input is so critical to
the code's operation, a worksheet has been created to aid the process. The worksheet
presented in Figure 6a is an aid to formulating a stage deseription prior to creating an
input data set. It is highly recommended that the user photocopy the worksheet and use
it whenever beginning a new modeling task. After the worksheet has been completed, it

can be used to generate the namelist input data set directly.
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6, Formulating an Input Data Set (cont.)
NEW USER TRANSLATION OF WORKSHEET TO ELES INPUT

The first line of the ELES-1984 input data set is the job title. A blank line may
be substituted for the title, however the namelist input must not begin until after line 1.

Any number of comments may be placed after line 1 by placing a "C" in
column 1.

The number of stages (NSTGES) and the payload weight (WPAYLD) are in
namelist INPGEN. A three stage vehicle with a 1000 pound payload would have input of
the format:

NSTGES = 3,
WPAYLD = 1000.,

Notice that NSTGES is an integer and WPAYLD is a floating point number. ELES
follows the FORTRAN convention of naming integers with a first letter of I, J, K, L, M,
or N. Floating point variables begin with any other letter.

Up until now only the input format required for a single stage vehicle has been
addressed. The design parameters which apply to all stages are four dimensional arrays.
This allows for up to four stages in the vehicle. As an example, if a three stage vehicle
has first, second, and third stage diameters of 100., 75., and 50. inches respectively, then
the input for diameter (DMOTOR) would be:

DMOTOR (1) = 100.,
DMOTOR (2) = 75.,
DMOTOR (3) = 50.,

Most namelist implementations would allow the above to be shortened to:

DMOTOR = 100., 75., 50.,
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6, Formulating an Input Data Set (cont.)

While going through the worksheet for each stage of the vehicle to be modeled,

pay special attention to the stage number since it will be used as an index to the design
input variables.

It is important to remember that ELES models both solid and liquid stages. The
flag which indicates which type is being modeled ié KSTAGE (1 = solid, 2 = liquid). If the
previous three stage vehicle example were a solid booster with two liquid upper stages,
then KSTAGE would be input as:

KSTAGE = 1, 2, 2,

The miscellaneous weight for each stage includes those items not specifically
modeled by ELES. It includes such weight items as guidance and control packages, atti-
tude control systems, elecfrical systems, range safety systems, separation systems, and
propellant utilization systems. It is anticipated that a future version of ELES will model
these systems. At present the variable WMISC in namelist INPGEN should be set to the
users estimate of those weights.

The expendable weight (WEXPND) for each stage includes those weights which
are expended gradually throughout the stage burn. Examples could include ablation
losses, gas generator overboard dump, attitude control propellant, or open loop hydraulic
actuator overboard dump. If ELES is instrueted to simulate a trajectory, the expendable
weight is used to linearly reduce the stage weight over the total burn time by the amount
of WEXPND. WEXPND is in namelist INPGEN.

Namelist INTSTG contains the variables RHOINT, SINST, EINSTG, and SFINST
which corresponds to the material density, design stress, modulus of elasticity, and
safety factor of the upper interstage. If these properties were input for stage one, they
would apply to the interstage between stages one and two.

The specification of tank geometry involves the setting of a number of different
flags and values. The first major flag (NCTNK) selects either the tandem tank

43



N4

6, Formulating an Input Data Set (cont.)

model or the non-conventional tank model (see Section 1 for an overview of the two tank
models). NCTNK is in namelist LFLAG. NCTNK = 1 indicates non-conventional tankage;
NCTNK = 0 indicates tandem tanks. Two completely different sets of tankage inputs are
required for each model as indicated by NCTNK.

For tandem tankage (NCTNK = 0) the choice between monocoque or suspended
tankage must be made separately for the aft, forward, and pressure tanks. The aft and
forward tanks are specified by the flags MNCQA and MNCQF respectively in namelist
TNKGEO. A value of 1 indicates a monocoque tank; a value of 0 indicates a suspended
tank.

The pressure tank is specified with the flag KPRESS in namelist TNKGEO.
KPRESS specifies the pressure tank in the following manner:

0 = spherical in engine bay

1 = suspended forward of forward tank
2 = monocoque with separate dome

3 = monocoque with common dome

4 = cylindrical in forward tank

If the aft and forward propellant tanks share a common dome, the flag KDOME
in namelist TNKGEO should be set to 1. A value of 0 indicates separate domes.

The ellipse ratio of a tank is defined as the tank head height divided by the tank
radius. The ellipse ratios of tandem tanks are set with the variables ELDOME and ELRP
in namelists INPGEN and LTANK respectively. ELDOME refers to both the aft and
forward tanks while ELRP refers to the pressure tank(s). Ordinarily ELDOME will range
from 1.0 to 2.0 while ELRP is seldom other than 1.0.

The directions of all four tank heads in the tandem tank geometry can be
specified by the flags KXATAH, KXATFH, KXFTAH, and KXFTFH which correspond to
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6, Formulating an Input Data Set (cont.)

the aft tank aft head, aft tank forward head, forward tank aft head, and forward tank
forward head respectively. These flags, in namelist TNKGEO, use a value of -1 to

indicate convex forward and 1 to indicate convex aft. An example is shown below:

N kxerem--1,
MNCQF=1, N__/ KXFTAH= 1,
KDOME=0, ¥~ \
MNCQA=1, N [  KXATFH=-l,
KPRESS = 0, KXATAH = 1,

4

Finally, the location of each propellant is specified with KPRPA in namelist
TNKGEO. A value of 1 indicates fuel in the aft tank. A value of 2 indicates oxidizer in
the aft tank.

If non-conventional tanks are. specified (NCTNK = 1), then the previously men-
tioned tandem tank inputs are ignored, and the following set of non-conventional inputs
are used. The basic idea behind the non-conventional tank model is that an odd assort-
ment of tanks and engines are desired to be placed into a cylindrical envelope. The user
must tell the program how many tanks and engines are to be placed into the stage, the
sequence in which they are to be placed, and their radial and angular locations. ELES
begins with an empty cylinder of diameter DMOTOR, and sequentially places tanks as far
forward as they will go without interfering with other tanks.

All inputs in this non-conventional tank discussion are located in namelist
NCTINP. The total number of tanks (fuel, oxidizer, and pressurant) are indicated by
NTANKS. NTANKS is an array which is dimensioned to four in order to indicate
Stages 1-4. Many of the remaining non-conventional tank inputs are dimensioned to
fifteen in order to indicate tank 1-15 for a given stage. TANGL3(6), for example, is the
tank angular location of tank number six in stage number three. Simiarly some of the
inputs are dimensioned to five in order to indicate engine 1-5 for a given stage.
ENGANZ2(5) is the engine angular location of engine number five in stage number two.
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6, Formulating an Input Data Set (cont.)

All of the non-conventional tank inputs which end in a number indicate the stage

number to which they apply. The array indices for those variables refer to the
appropriate tank or engine within that stage.

The contents of each tank are specified with the variables INTNK1-INTNK4. A
value of 1 indicates oxidizer, 2 indicates fuel, and 3 indicates pressurant.‘ The tank
shapes are specified with KTANK1 - KTANK4 (1 = CSE, 2 = torus). A CSE tank is one
with a possible eylindrical section and spherical or elliptical ends.

There are two different ways to input tank dimensions; the flag KALMOD indi-
cates which way it is to be used. If KALMOD equals 0 then use dimensionless input.
(RDIM1 - RDIM4). If KALMOD equals 1 then use major tank dimension (RMAJ1 -
RMAJ4).

For CSE tanks, the dimensionless inputs (RD1M1 - RD1M4) correspond to the |
length of the tank cylindrical section divided by the tank diameter. A sphere would have
a value of 0.0 whereas a tank with 2:1 elliptical ends and a total L/D of 3.0 would have a
value of 2.5.

For toroidal tanks, the dimensionless inputs (RD1M1 - RD1M4) correspond to the
torus hub radius divided by the torus tube radius. The hub radius is defined as the dis-
tance from the overall tank centerpoint to the circular centerline of the enclosed
volume. The tube radius is the inside radius of the volume-enclosing tube. For a value of

1.0, there is no hole in the middle of the torus. Values less than 1.0 are not allowed.

When major tank dimensions (RMAJ1 - RMAJ4) are used instead of dimensionless
inputs, they allow the user to more easily place adjacent tanks. For CSE tanks the major

dimension is the tank radius; for torii it is the hub radius.
Unlike dimensionless inputs, there are cases for which the major dimensional

inputs cannot meet the tank volume requirements. The major radius of a CSE can dic-

tate a larger volume tank than required. The major radius of a torus can limit the tank
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6, Formulating an Input Data Set (cont.)

volume to a value lower than required. For these reasons dimensional input must be used
with caution.

The tanks are located in the stage by placing their centerpoints at given angles
and radial locations about the stage centerline. The tank angle (TANGL1 - TANGLAY) is
in degrees (0-360). The radial location (RADL01 - RADL04) is a fraction in the range of
0.0 - 1.0, The fraction applies to the maximum possible outboard location. A value of

1.0 indicates the tank is to be placed outboard as far as possible. A value of 0.0 indicates
the tank is on the stage centerline.

The engines are placed in the stage exactly analogous to the tanks. The angle
and radial location are represented by ENGAN1 - ENGAN4 and ENGRD1 - ENGRD4.

For both tankage models, the outside stage diameters are indicated by the input
DMOTOR.

The forward and aft skirt lengths for both tankage models are indicated with the
inputs FFSKTL and FASKTL. These inputs indicate the fractional length of each skirt
with respect to a baseline length. For tandem tanks the baseline lengths are the forward
dome height and the engine bay length respectively. For non-conventional tanks the
baseline lengths are the stage diameter and the stage length respectively.

In order to fully shroud a tandem tank stage, FFSKTL and FASKTL should each
be set to 1.0. To fully shroud a non-conventional stage, they should be set to 0.0 and 1.0
respectively.

The propellant combination is chosen by setting the flag IPROP equal to one of
the ID numbers indicated on the worksheet. The mixture ratios on the worksheet are
intended as guidelines for each propellant combination and may not be optimum for all

cases.
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6, Formulating an Input Data Set (cont.)

Although defining a non-library propellant is beyond the scope of this new-users
manual, chosing IPROP = 0 is still valid. Because of the values implicit in ELES, the
baseline user-defined propellant is N204/A50. The use of non-library propellant combi-
nations other than N 204/A50 is a straightforward procedure. The input required to do so
is deseribed in the "Expanded Liquid Engine Simulation Computer Program - Advanced
Users Manual."

The engine performance model in ELES examines two stream tubes in the
combustion chamber, the core stream tube and the barrier stream tube. The
performance of the engine is mainly dependent on the mixture ratio at the central or
core stream tube. This mixture ratio is input as OFCORE. The indicated nominal

mixture ratios are good first estimates of OFCORE. OFCORE is in namelist LQPERF.

The number of engines, vacuum thrust per engine, and engine chamber pressure
are indicated by the inputs NTC, FVAC, and PC in namelists LIQENG, LIQUID, and
INPGEN. The units of FVAC and PC are in pounds and psia, respectively.

When using a plug cluster nozzle, NTC and FVAC indicate the number of plug
modules and module vacuum thrust. Except for plug clusters, the value of NTC is 5

or less.

The input KCYCLE in namelist LFLAG chooses the power cycle by the ID
numbers shown on the worksheet. As with many of the other stage design choices, there

are a considerable number of trade-offs involved with the selection of a power cycie.

The choice of a propellant feed power cycle can significantly affect the size,
weight, performance, cost, and complexity of a stage. The simplest power cyele is the
pressure fed cycle, which requires either cold gas pressurization or a solid gas generator
to force propellants from the propellant tanks into the combustion chamber. The tanks
must be designed to contain pressures above the chamber pressure of the engine, and
therefore they tend to be heavy.
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' 6, Formulating an Input Data Set (cont.)

Pump fed cycles can operate with much lower tank pressures and lower asso-
ciated tank weights, however, they have the additional weight, cost, and complexity of a
turbopump assembly. In the case of the gas generator bleed cycle, there is also an engine
performance loss (the turbine exhaust is dumped overboard).

Current ELES-1984 requirements are: 1) pressure fed engines require cold gas or
solid gas pressurizatioﬁ, 2) use of the expander cycle requires a regeneratively cooled
engine (preferably hydrogen cooled), 3) use of the staged reaction cycle requires a
monopropellant (e.g., hydrazine or MMH).

If a pump fed cycle is chosen, the turbine gas properties must be defined. The
inputs required are the mixture ratio, specific heat, ratio of specific heats,and molecular

~weight. These are provided with the inputs OFGGPB, CPGGPB, GAMGPB, and WMGGPB

in namelist PUMP.

For fuel cooled expander cycles and staged reaction cycles the mixture ratio is
zero. For all eyeles the gas properties are those at the mixture ratio, temperature, and
pressure at the turbine inlet.

The kind of turbopump assembly (TPA) is specified with the flag JCNFIG in
namelist PUMP. The options for JCNFIG are 1) a turbine which drives pumps through a
gearbox, 2) a single shaft TPA (turbine and both pumps have same RPM), 3) twin TPAs in
series (two direct-drive turbine-pump pairs), 4) twin TPAs in parallel.

Flags JBPOX and JBPFL are used to indicate boost pumps on either oxidizer or
fuel eircuits in namelist PUMP (0 = no boost pump, 1 = boost pump).

The tank outlet pressure for pump fed engines is determined by the net positive
suction pressure (NPSP) for each pump. The NPSP is input through the variables

OXNPSP and FLNPSP in namelist PUMP with units of psia.

Two of the main contributors to tank volume calculations are the amount of
burned propellant and the ullage volumes. Burned propellant is input via WTLPRP in
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6, Formulating an Input Data Set (cont.)

namelist LIQUID in units of pounds. Based on the overall engine mixture ratio, this

weight is apportioned between the oxidizer and fuel.

The ullage fractions for the oxidizer and fuel tanks are input via ULLFOX and ,
ULLFFL in namelist LTANK. An ullage fraction of 0.02 corresponds to an ullage gas
volume whieh is 2% of the free tank volume. If non-conventional tanks are used and
there are mutliple oxidizer or fuel tanks, then each of the multiple tanks has the same
ullage fraction as dictated by ULLFOX or ULLFFL.

The propellant acquisition options available are displayed on the worksheet. In
order to choose a deviece for both the oxidizer and fuel tanks, the flags KACQOX and
KACQFL must be set equal to the appropriate ID number in namelist LFLAG. The
choice for propellant acquisition system is normally based on mission requirements such
as startup environment; restart capability, acceleration loads, propellant compatibility
with materials, or propellant heat transfer and vapor pressure.

There are three main flags to be set in order to indicate the pressurization
method. The first pair of inputs, KGASOX and KGASFL, respectively indicate whether
or not the oxidizer or fuel are pressurized autogenously. Both are placed in namelist
LFLAG. A value of 1 indicates autogenous pressurization, 0 indicates not autogenous. If
autogenous pressurization is chosen, then the temperature of the autogenous pressurant
at the tank inlet must be input through the variables TULLOX and TULLFL in namelist
PUMP. TULLOX and TULLFL are in degrees Rankine and correspond to the oxidizer and

fuel pressurant respectively.

If either propellant is not pressurized autogenously, (for example all pressure fed
stages), then the flag KGAS indicates whether the pressurant source is 1) solid gas gener-
ator or 2) cold gas (He). Either or both propellants can be pressurized from the source
indicated by KGAS in namelist LFLAG. Although the characteristies of the solid grain
can be input, the default solid propellant is TAL-8. Modification of the solid propellant
is described in the "Expanded Liquid Engine Simulation Computer Program - Advanced

Users Manual."
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6, Formulating an Input Data Set (contl.)

When cold gas pressurization is indicated by KGAS, there are several other
design choices required. The storage pressure of the cold gas PICG in namelist COLDG
can be a major factor in determining the pressurization requirements. PICG is input in
psia and must be at least as high as the maximum required tank pressure. PICG is often
in the range of 3000 to 5000 psia and in extreme cases can be up to 10,000.

Another large influence on the cold gas pressurant requirements is the final pres-
sure in the pressurant tank. A blowdown cycle, for example, requires less pressurant
than a cycle which maintains the tank pressures at nominal levels throughout the burn.
The parameter FPULCG in namelist COLDG is used to caleculate the final pressurant
tank pressure. The value of that final pressure is equal to FPULCG times the maximum

nominal ullage pressure of the oxidizer and fuel tanks.

The pressurant requirements of an 80% blowdown cycle would be reflected in
FPULCG = 0.8. The final pressurant tank pressure would be equal to the final propellant
tank pressures which would be 80% of their nominal values. Setting FPULCG to a value
greater than 1.0 would indicate a fully regulated tank pressure through burnout.

The tank materials of construction are indicated via material flags corresponding
to each tank. There is a list of library materials (see worksheet) and space available for
the user to define his/her own materials. The material stress properties in the library
are yield properties. If ultimate properties are desired, the user defined option should be
invoked.

For tandem tanks, the oxidizer, fuel, and pressure tank material flags are the
inputs MTNKOX, MTNKFL, and MATPT in namelist LIQMAT. For non-conventional

tanks, the material flags are the inputs MATNK1-MTNK4 in namelist NCTINP.

When a material flag is set equal to the ID number of a library or user-defined

' material, it then specifies the density of the material, modulus of elasticity, design

stress, specific heat, thermal conductivity, and minimum gauge. For library materials
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6, Formulating an Input Data Set (cont.)

(ID numbers greater than 10) those values are invisible to the user. For user-defined
materials (ID numbers 1-10) they must be input through the variables RHO, YMOD,
SIGMAX, SPHEAT, CONDCT, and TMING in the namelist LIQMAT. All variables except
TMING are arrays dimensioned to 10 and may be used by any of the four possible liquid
stages. TMING has the typical dimension of 4; one value per stage. As with most other

inputs in ELES, the above variables have units of inch, pound, second, BTU, and degree
Rankine.

The struetural wall of both tandem and non-conventional tanks uses the material
flag MATSTR in namelist LIQMAT. The associated minimum gauge input for user-
defined materials is the variable TMINGS in the same namelist. :

Safety factors may be applied to the design stresses of both library and user-
defined materials. Tandem tanks use SFOXTK, SFFLTK, and SFPRTK in namelist
LIQMAT to indicate safety factors for the oxidizer, fuel, and pressurant tanks. Non-
conventional tanks use SFTNK1-SFTNK4 in namelist NCTINP. Both tankage models use
SFSTRC in namelist LIQMAT for the structural wall.

Propellant tank insulation may be applied simply by specifying the thickness
desired. Two types of insulation are available; spray on foam insulation (SOFI) and
multilayer insulation (MLI). Both types may be used separately or in concert. The oxi-
dizer tank(s) use TSOFIO and TMLIO in namelist TANKHX to specify SOFI and MLI
thickness (inches). The fuel tank(s) use TSOFIF and TMLIF, These inputs are used for
both tandem and non-conventional tanks. The use of tank heat transfer and boiloff
models are deseribed in the "Expanded Liquid Engine Simulation Computer Program -

Advanced Users Manual."

The thrust chamber expansion ratio is the nozzle exit area divided by the throat
area. The input variable name is EPS in namelist INPGEN. If there is a nozzle exten-
sion, a translating nozzle extension, or a gas deployed skirt, then EPS refers to the exit

area with the nozzle fully deployed.
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6, Formulating an Input Data Set (cont.)

A common thrust chamber assembly (TCA) construction proecess involves
attaching a nozzle extension to the chamber downstream of the throat (typically at area
ratios in the range of 5 to 10). One of the reasons for doing this is to allow the nozzle
extension to be cooled in a manner different than the combustion chamber. A common
scenario is to switch from ablative or regenerative cooling in the combustion chamber to
radiation cooling in the nozzle extension.

If a nozzle extension is desired, it may be indicated with the flag NEXNOZ in
namelist LIQENG. KEXNOZ = 0 indicates no nozzle extension; KEXNOZ = 1 indicates a

nozzle extension.

The area ratio at which the nozzle extension attaches should be input with the
variable EPSATT in namelist INPGEN. The choice of EPSATT can have a large influence
on the cooling models in ELES. If a radiation cooled nozzle extension is attached at a
low area ratio, then it will be exposed to hot combustion gases which have not undergone
as much cooling expansion as would the gases at higher area ratios. ELES will adjust the
barrier mixture ratio in the combustion chamber in order to accommodate the nozzle
cooling requirements. This will result in a performance loss which can be avoided by
attaching the nozzle extension at a larger area ratio.

Similarly if an ablative cooled chamber were attached to a radiation cooled
nozzle, it is likely that the ablative material requires significantly more barrier mixture
ratio control than the nozzle. In that case, a low nozzle extension attach area ratio
could reduce the overall engine weight while not adversely affecting the engine perfor-

mance.

The contraction ratio of a combustion chamber is equal to the injector face area
divided by the throat area. A typical range for contraction ratio is 1.5 to 4.0 (2.5 being a
typical value). Low contraction ratios are often attributed to very high thrust engines.
For these engines a higher contraction ratio would mean a much higher engine weight.
High contraction ratios are often attributed to small engines for performance reasons.
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6, Formulating an Input Data Set (cont.)

The shorter chamber le_ngths normally used by smaller engines require finer drop sizes in
order to attain more complete combustion, and, hence more injection elements, larger
injectors, and high contraction ratios. The contraction ratio is input to ELES through the
variable CR in namelist LIQENG.

The normal distance from the injector face to the throat plane is the combustion
length or L'.” The longer L' gets, the better the propellant mixing and vaporization effi
ciencies ecan get. As L' gets longer it is also true that the engine gets longer, heavier,
and more difficult to cool. The optimization of L' is specific to the engine under

consideration.

There are two portions of combustion chamber length to input in ELES the
cylindrical chamber length and the convergent chamber length. These are input via the
variables XLC and XLN respectively in namelist LIQENG.

There are four nozzle geometries available in ELES Rao, conical, plug cluster,
and annular contours. Rao nozzles are, by far, the most common liquid nozzle geometry
(often called "bell" nozzles). Conical nozzles are fairly rare in liquid propellant stages.
Although conical nozzles have lower performance than Rao nozzles, they are easier to
manufacture and have better durability when particulates are entrained in the exhaust
gas (more common to solid propellant motors). Plug clusters and annular nozzles both
result in relatively short engine geometries. In some situations it is possible to attain an
effectively zero length engine. The resulting short stage length is compensated by

additional weight and cooling difficulties in most cases.

The first input which selects nozzle geometry is the variable IPLUG in namelist
LIQUID. If IPLUG is set to a value of 0 it indicates conventional nozzle geometry
(conical or Rao), a value of 1 indicates plug cluster, and 2 indicates an annular nozzle. If
[PLUG = 0, then the variable KNOZ in namelist LIQENG chooses between conical and
Rao. KNOZ = 1 means conical; KNOZ = 2 means Rao.
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6, Formulating an Input Data Set (cont.)

If a conical nozzle is chosen, its expansion half angle is input via ALFNOZ in
namelist NOZZLE. ALFNOZ is in degrees with 15° being the nominal value.

The length of a Rao nozzle is indicated by comparison to a minimum length
Rao. RATMLR (in namelist LIQENG) is the input variable which indicates the length of
the nozzle divided by the length of a minimum length Rao nozzle. Because flow
separation occurs for nozzles which are shorter than a minimum length Rao, the value of
RATMLR should not be set below 1.0. A typical range for RATMLR is from 1.05 to 1.2.
The tradeoff to consider when specifying RATMLR is that longer nozzles perform better
but are heavier.

When caleculating the value of RATMLR for an existing nozzle, the following
equation will be of use. It is based on empirical data for Rao nozzles.

L
RATMLR = noz

e+ 1009, Ry (&)
“1612.T / 70.26795

where: Lnoz = nozzle length (in.)
e = total area ratio

Rt = throat radius (in.)

The use of plug clusters and annular nozzles is described in the "Expanded Liquid

Engine Simulation Computer Program - Advanced Users Manual."

The combustion chamber can be cooled by any of four different methods:
1) ablative, 2) regenerative, 3) trans-regen, and 4) radiation. These are selected by
setting the flag KOOLTC in namelist LFLAG to a value 1-4. The user must make the
chamber material specifications consistent with the cooling method.

If ablative cooling is chosen (KOOLTC = 1) then the chamber barrier temperature
must be held at or below the maximum temperature which the ablative material is
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6, Formulating an Input Data Set (cont.)

capable of withstanding. This maximum temperature (TGWNOM) is input through
namelist INREGN in units of degrees Rankine. For silica phenolic ablative material, the
nominal temperature at which ablation cooling can support the chamber structural
properties is about 3000°R (3900°R is an absolute maximum).

When regenerative cooling is selected (KOOLTC = 2), the chamber wall tempera-
ture is again selected with the variable TGWNOM. In this case, however, the barrier
temperature is selected by the user through the input DIFTBF in namelist INREGN. The
choices for the barrier temperature are 1) to run the barrier at the same temperature as
the core, 2) to run the barrier at the maximum wall temperature, 3) to run somewhere in
between those values.

The equation for DIFTBF which reflects the above three choices is:

core " TGWNOM

Where T is the desired barrier temperature, T,q.e is the core temperature, and
TGWNOM is the user input for maximum wall temperature. The allowed range for
DIFTBF is 0.0 to 1.0 inclusive. A value of 1.0 indicates a barrier temperature equal to
the core temperature and a value of 0.0 indicates a barrier temperature equal to the
maximum wall temperature. In order to obtain a specific barrier temperature, the user
must first run a test case to determine the core temperature and calculate DIFTBF by

employing the above equation.

The material structural properties of the chamber wall (discussed later) are used
to calculate a gas wall thickness, however, the user may input a minimum gauge wall
thickness through the parameter GWMING in namelist INREGN. The thermal
conductivity is input via WALLK in INREGN. The units of GWMING and WALLK are
inches and BTU/in sec deg R respectively.

In order to get a summary of the regenerative cooling analysis, the flag IRPRNT
in namelist INREGN should be set to 1.
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)

The trans-regen model (KOOLTC = 3) employs all of the same inputs as the
regenerative model. In addition to these inputs it is necessary to specify what portion of
the chamber is to be transpiration cooled and what portion is to be regeneratively

cooled. The inputs which perform this are EPSTRU and EPSTRD in the namelist
INREGN.

EPSTRU is the upstream area ratio at which transpiration cooling begins. The
value of EPSTRU is typically in the range of 1.1 to 2.0. The downstream area ratio at
which transpiration cooling ends (EPSTRD) is typically in the range of 1.1 to 1.5.

When the analysis is carried out, ELES calculates the transpiration coolant flow-
rate required to hold the gas side wall temperature to the input material temperature
(TDESTR in INREGN) of the transpiration cooled section. The portion of the chamber
which is regeneratively cooled is still governed by TGWNOM. Both temperatures are in
degrees Rankine.

A summary of the trans-regen cooling analysis is generated if IRPRNT is set to
1. Check the stage flowrate schedule to see the transpiration flowrate.

The radiation cooling model (KOOLTC = 4) calculates the barrier gas
temperature based on the heat flux which can be radiated to the ambient environment.
It assumes that the chamber material will be at the nominal operating temperature
(TGWNOM) input by the user. ELES calculates view factors té the major components and
to the ambient environment in order to solve the ecoupled radiation equations. After the
radiation equations are solved, the heat flux through the chamber wall is known. That
flux is used to determine the temperature difference which can be supported between the
barrier combustion gas and the chamber wall. Knowing the barrier temperature, ELES

calculates the barrier mixture ratio and uses it in the engine performance calculations.

If a nozzle extension is used on the chamber (KEXNOZ = 1) then its cooling
method must be selected with the flag KOOLNZ in namelist LFLAG. The selections are
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6, Formulating an Input Data Set (cont.)

1) ablative, 2) regenerative, 3) trans-regen, 4) radiation, 5) film. The nominal operating
temperature of the nozzle material is TNENOM in namelist LIQENG; it is used like
TGWNOM is used in the chamber.

The following restrictions apply to the nozzle cooling model. 1) The nozzle can
be regenerative or trans-regen cooled only if the chamber is cooled by the same
method. 2) Gas film cooling applies only to engines which use the gas generator bleed
power cyecle.

For ablatively cooled nozzles (KOOLNZ = 1) the nominal wall temperature
(TNENOM) is chosen as TGWNOM is for the chamber. Although some engines do exist
which use an ablatively cooled nozzle on a non-ablatively cooled chamber, they are
rare. Ordinarily the weight associated with this type of nozzle is a deterrent to its use.

As previously stated, regenerative and trans-regen cooled nozzles (KOOLNZ = 2
and 3) should only be used on chambers which are cooled by the same method. All of the
inputs described for the chamber are used throughout the regenerative or trans-regen

nozzle.

Radiation cooled nozzle extensions (KOOLNZ = 4) use the same general solution
method as described for radiation cooled chambers except that TNENOM is the material

temperature used.

Film cooled nozzle extensions (KOOLNZ = 5) use the turbine exhaust gas from a
gas generator bleed eyele as a barrier coolant. The exhaust gas is introduced into the
nozzle at the attach area ratio (EPSATT) from a tapered ring manifold. It contributes to
the engine performance based on its temperature, flowrate, and net expansion ratio.
Although a rigorous heat transfer analysis is not performed, the turbine exhaust tempera-
ture is checked for compatibility with TNENOM.

The pressure drop across the injector is the main parameter which controls

engine chugging (chugging is a coupling of combustion instability with the propellant feed
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o

system, which results in large oscillations of chamber pressure). For most engines, if the
injector pressure drop is 25% of the chamber pressure, then the engine will not chug.
This is only a rule-of-thumb, however, since many engine design parameters will
determine the actual chugging requirement.

The input variables FCHGOX and FCHGFL in namelist LIQUID determine the
chugging requirement for the oxidizer and fuel injector pressure drops respectively. Both
are input as fractions of chamber pressure such that values of 0.25 would correspond to
the nominal chugging requirement. The range of chug requirements would be from about
0.15 to 0.40.

The pressure drops across the bipropellant valve and the feed lines are similarly
input as fractions of the chamber pressure. CPVLVO and CPVLVF in namelist LIQUID
correspond to the oxidizer and fuel valves. CPLINO and CPLINF in LIQUID are the
oxidizer and fuel feed line pressure drop fractions. The lower these fractions are, the
lower the pressurization requirements become (this will also result in larger and heavier
valves and lines). Often a minimum pressure drop is required for feed control purposes.
Typical values for the valve and line pressure drop fractions are 0.03 to 0.30.

The number of elements per square inch of injector face area can be a measure
of its technology and performance levels. As orifices become smaller and more densely
packed, the manufacturing difficulty increases and, in general, the performance
increases. (For engines which already have 100% propellant mixing and vaporization

efficiency, there is no performance increase with element density.)

The input which reflects the injector technology is ELDENS in namelist
INJECT. ELDENS is the element density in elements per square inch. A nominal
injector drilled orifice pattern would be about 4 elem/in.z. An order of magnitude
improvement is possible with platelet technology which can attain 40 elem/in.z.

The input flag IELDEN should also be set in namelist INJECT to indicate that

ELDENS is being used. If IELDEN is set to 1, then ELES will use the value input in
ELDENS. If IELDEN equals 0, ELDENS will be ignored.
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6, Formulating an Input Data Set (cont.)

Although element density plays a major part in the vaporization of propellants, it
is also true that element design affects vaporization. Different element types are
capable of atomizing propellant streams into finer droplets which, in turn, leads to better
vaporization. The list of element types on the worksheet are in increasing order of
atomizing efficiency. Unlike-triplets and unlike doublets are the most efficient in the
list at atomizing the propellants.

The ELES inputs which hold element type information are the drop size
multipliers RMFOX and RMFFL in namelist LQPERF. These variables adjust the
calculated drop sizes of the oxidizer and fuel respectively. They are used as multipliers
on drop radius. Groups a through d have values of 3.0, 1.0, 0.5, and 0.33 respectively.

Another factor in the drop size calculations is the number of oxidizer and fuel
orifices per element. This information is in the variables OXOPEL and FLOPEL in
namelist INJECT. An F-O-F triplet, for example, would be indicated by:

RMFOX = 0.33,
RMFFL = 0.33,
FLOPEL = 2.0,
OXOPEL = 1.0,

If there is a translating nozzle on the engine, it should be indicated with the flag
KTRNOZ in namelist LIQENG. If there is no translating nozzle, KTRNOZ = 0. A spring
actuated translating nozzle is indicated by KTRNOZ = 1. A gas deployed skirt cor-
responds to KTRNOZ = 2.

The area ratio at which a translating nozzle attaches is input as EPTRAT in
namelist LIQENG. The overall engine area ratio is input as EPS in namelist INPGEN.
EPTRAT should always be less than EPS in order to assure proper translating nozzle

geometry.
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6, Formulating an Input Data Set (cont.)

Gas deployed skirts are folded into the fixed nozzle and deploy at engine
ignition. For proper deployment, it is necessary to keep the skirt short enough to prevent
self-interference as it passes through the fixed nozzles exit plane. Although ELES will

not design the gas deployed skirt to fit that criteria, it will issue a warning message if
the criteria is violated.

The material density required for calculating the translating nozzles weight is
input as ROTRNZ in namelist LIQMAT.

The stage gimbal system is sized for the engine thrust and gimbal angle require-
ments. The gimbal angle is input via GMBANG in namelist LIQUID. The units of
GMBANG are degrees. A nominal value is about 5 degrees.

In a multiple engine stage, it is possible to designate how many of the engines
gimbal with the flag NGIMB in namelist LIQUID.

Pressure fed stages commonly use a battery powered hydraulic system to drive
the gimbal actuators. For these stages the battery power may be provided by an upper
stage or payload. If the battery power is provided by another source then the flag
KGPOWR in namelist LIQUID should be set to zero. If the power supply is on-board then
KGPOWR = 1. KGPOWR does not apply to pump fed stages since gimbal power is
supplied by the turbopump assembly (TPA).

The weight of the engine is caleulated by either a physical model or a simplified
correlation which applies to ablative engines. For most cases it is best to use the physi-
cal weight model. That option is used when the flag KWTMOD in namelist LFLAG is set
to 1. If KWTMOD is set to 0 the simplified ablative model is used. The engine weight
may be input by the user if KWTMOD = -1.

It is recommended that the physical model be used almost exclusively (KWTMOD
=1). Under that circumstance, the engine materials of construction should be defined
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6, Formulating an Input Data Set (cont.)

with values for their density and design stress. All of the material properties to follow

are input through namelist LIQMAT. The units of density and stress are lb/in.3 and psia
respectively.

The chamber input varies with the cooling method chosen. Ablative engines
require a density for the ablative material (RHCABL) and the structural overwrap
(RHCSTR). The overwrap design stress is input as SIGCHM.

For regenerative and trans-regen chambers the density and strength at the gas
wall are input as RHOGW and SIGCHM. The chamber closeout material, which is nor-
mally the main structural material, is input with RHOCLS and SIGCLS.

Radiation chambers use RHCSTR and SIGCHM.

Nozzle extensions material property inputs are also based on the cooling model
chosen. Ablative nozzles use RHCABL for the ablative density and RHONZE for the
nozzle extension structural overwrap. The overwrap design stress is input as SIGNZE.

For regenerativé and trans-regen nozzles the nozzle is considered a part of the
chamber unless KEXNOZ = 1. If KEXNOZ = 1 then the nozzle is considered to be a
regeneratively cooled tube bundle for weight purposes. In that case the tubes are of
density RHONZE with strength SIGNZE and wall thickness TNZMIN.

The radiation and film cooled nozzles use RHONZE and SIGNZE for density and
strength.

All of the nozzle models use TNZMIN as the nozzle structural material minimum
guage.

The injector material is defined through RHOINJ and SIGINJ. The bipropellant
valve material density is input as RHOVLYV.
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6, Formulating an Input Data (cont.)

The operating temperature range of the stage is the range of ambient temper-
atures with which the stage can come to equilibrium. This will affect the propellant
density and vapor pressure for storable propellants as well as a cold gas pressurization
system. The propellant tanks must be large enough to hold the propellant at its minimum
density and strong enough to withstand the maximum propellant vapor pressure. Also the
pressurant tank storage pressure cannot exceed its design point when the stage gets hot
while still maintaining enough cold gas to expel the propellant at the low temperature.

One of the few temperature inputs which is in degrees Fahrenheit instead of
Rankine is the set of stage operating temperatures. TMIN, TOP, and TMAX are the
minimum, nominal and maximum operating temperatures. They are input via namelist

- LIQUID.

The component weight multipliers are normally used after an initial run has been
made and the predictions made by ELES are not in agreement with engineering judge-
ment. The most common uses are: 1) to match the weight of an existing piece of hard-
ware, 2) to reflect an added component ecomplexity not included in the basic ELES model,

3) to include empirical adjustments based on experience.

The tank weight multipliers are used to adjust the ideal tank weight calculated
by hoop stress. A tankage survey has been conducted to determine a good nominal value
for that non-optimum factor. The result was 1.7 however the distribution about 1.7 was
fairly wide. Values of 1.25 are common for spherical pressure tanks and values greater

than 2.0 are common for unusual geometries or low technology.

The variable CXWTNK is multiplied times all tanks in the stage. Its default
value is 1.7 so that no input is required if all tanks use that non-optimum factor. If tanks
are to be individually adjusted, then CWNTNK should normally be set to 1.0 so that its
effect will be cancelled. The tandem tanks can be individually adjusted through the
variables CXWFLT, CXWOXT, and CXWPTN for the fuel, oxidizer, and pressure tanks.
The non-conventional tanks use the variables CXNCT1, CXNCT2, CXNCTS3, and CXNCT4
for the tanks in stages I through IV respectively.
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The weight of the structural walls of the stage are multiplied by CXWSTR. The
propellant line weights from the tanks to the engine bay for the tandem tank model are
multiplied by CXWATL, CXWFTL, and CXWPTL (individually they multiply the aft tank
lines, the forward tank lines, and the pressure tank lines). The engine bay lines are
multiplied by CXWLIN. In non-conventional tank geometries, all lines are multiplied by
CXWLIN.

The engine is multiplied by CXWENG after the subcomponents are multiplied by
their respective constants CXINJ, CXVALV, CXWCHM, and CXWNZE for the injector,
bipropellant valve, chamber, and nozzle extension.

The remainder of the weight multipliers are straightforward. CXWDUC,
CXWGIM, CXWTHM, CXWIGG, and CXWTPA are used with hot gas duects, gimbal

system, thrust mount, gas generator injector, and turbopump assembly respectively.

The engine mounting length is calculated in ELES as the distance from the injec-
tor face to the gimbal point (assumes head end gimbaling). This calculation is based on
empirical data of many other liquid engines. The distance from the gimbal point to the
tank is normally very small (i.e., the length of the gimbal ball mounting bracket). It can
be input with the variable XMOUNT in namelist LIQENG with units of inches.

When using non-conventional tanks, XMOUNT is used in a different way. In the
normal mode of nesting engines, the nozzle exit plane is placed at the end of the largest
tank plus XMOUNT.

In both cases the value of XMOUNT can be positive or negative depending on
engineering judgement.

The expulsion efficiency of the propellant tanks is normally calculated by ELES
using empirical correlations of actual tank data. If it is desired to input expulsion effi-
cieney, it can be done by first setting the flags INPEXF, INPEXO to 1 and then setting
EXPLFL, EXPLOX to the correct values for the fuel and oxidizer tanks respectively.

64




1. TRANSTAGE SAMPLE CASE

Transtage (Figure 7a) is the third stage of the Titan 34D launch vehicle. It is
10 feet in diameter by 15 feet long, and consists of a control module (forward) and a

propulsion module (aft) connected by a manufacturing splice. The control module con-

_ tains inertial guidance, portions of flight control, tracking and flight safety, instrumen-

tation, electrical, hydraulic, and attitude systems. The propulsion module consists of two
rocket engines, propellant tanks and tank pressurization and feed systems. The two
rocket engines provide a combined total of approximately 16,000 pounds vacuum thrust
and have a multiple start capability. This enables Transtage to transfer orbits, to modify
an established orbit, or to rondezvous with other space vehicles.

The Transtage propulsion system is pressure-fed using helium to maintain tank
pressure at approximately 160 psia to force propellants into the combustion chambers.
Series and parallel redundant solenoid valves, operated by pressure switches, control tank
pressure. Flow of propellant into the engine is controlled by a bipropellant valve which is
hydraulically operated using fuel pressure. A solenoid-operated pilot valve controls
bipropellant valve operation. Pivots located in the engine mounts make it possible to
individually gimbal the two Transtage engine subassemblies, providing piteh, yaw and roll

control.

An ELES-1984 input worksheet was prepared for the Transtage module (see
Figure 7b). The resulting ELES inputs which generate the Pranstage model are shown in
Figure Te. Associated with many of the inputs are explanations of their origin. The

comments in the input listing refer to those explanations which are found in Figure 7d.
The output from the Transtage input set is displayed in Figures 7e through 7o.

Notice in the non-conventional tank output (Figures 7f through 7j) that each tank has an

identifying letter and each engine has an identifying number.
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VeI F Rl VMO LU | LU D484
SINPOFT
INDES=1,

- IOPF=0,
\> IPLOT=0,
IOPT=92, 42, K
IERRMD=0,
. 10BJF=13,
OBJSCL=1_ ,
$END
SNLP
$END
$ INFGEN
EPS=4(., PRPL=105., EPSATTs6.,
DMOTOR=120. . o G
KETAGE=2, :
LA L NERTGES=1, . IR : o .
Ol ~x SEE NOTE 1 T R
L WMIBC=1299. , o ,
FINTESTG :

.*EN@” T NV SR TY R EL SR S . E bt S <t vk
SNOZ7LE .
$END
$MATER
$END
S TLMNT
SEND
SPROPEL
SEND }
$INTRAJ -
$END
$GUIDE

; $END

i $AEROD

‘ FEND

$THVST

$END
$ORB

SEND

$LIQUID |
CNGIMB=2,

FFSKTL=. 01,
. FASKTL=. 42, | - i -
Copnilrirpr o SEE NOTE 3

CRLINF= 1,
CPLING=. 1,

CPVLVF=. 1,

CPVLAVO= 1,

FOHGFL=. 25,

FOHGOX=. 25,

Fyal=8240. ,
TOP=65. ; TMIN=45. , TMAX=93. ,
WTLPRF=23302. ,

™ $EMD
) FLFLAG
IhEX=1.

INPEXF=1,
WTMO0=1,
MCThK =1,
KACRFL =&, KaCQR0X=&;
SEMND
X Y

Figure 7c. Transtage Input Data Set (Sheet 1 of 3)



C rrrrirrie Sk Nk 4
EXPLFL=. 9935,
EXPLOY=. 9989,

ULLFFL=. 029,

\> ULLFQX=. 025,

$END

$TNKGED

BEND

$BLADER

$END

$COLDS
FPULCG=1. O,
PICE=3250.

$END

$S0LDGE

$END
$PUMP
$END
$INJECT

PN

c

C 2R3 CBEE NOTE
ELDENS=10. ,
IELDEN=1,

SEND

%L IQENG

C

C Bunnnu»r SEE NOTE &
RATHLR=1. Q26,

&5

C

C panllnErr  SBEE NOQTE 7
KUN=18. 7,
CR=2. 54,
NTC=2,

Cc

¢ onnen

U wwer  SEE NOTE 8

XAGUNT=20. , :

$ENMD

& INREGN

c

I
TSWNOM=

SEMD

SABLATE

SEND

&L IGMAT
MATETR=11,

$SEMND

HOXWMLT

c

¢ wenwnrRel»  SEE NOTE 11
CXWTHE=1. O

> SEE NOTE 9
30G0 .,

SEE NOTE 12

CXWCHM=2. O,
SEND
SLLPRUP
FEMD
ELAFPERF

Figure 7c.

Transtage Input Data Set (Sheet 2 of 3)
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‘ ]

C
C 333,}3?3,» BEE NOTF 10
OFCORE=Z. OB: :

HEND

$THROT

$END

$LFUEL

$SEND

$LOXID

FEND

$NCTINP

SounaaaI o SEE NOTE 13
RADLD1=4#1.

NTANKS=4,

INTNKl”—'i: 2,3, 3,

TANGL1=10., 190.,100. , 280. .,
ENGRD1= °*1

SENGAN1=100. 280 .

O G

s o SEE NOTE 11
CXNCT1=2. 0, 2. 25, 2#1. 25,

" ELTNK L= 1.414 i. 414, 1..1.,
. MATNKi=4#1a,
O BETNKI=2%1. 25 2#1. 5,

RDIM{=1.2:2.6:0.,0.,
HEND 2 B ke
STANKHX.

TMLIF=0. 2,

TMLI0=0. 2,
$END

Figure 7c.

C

Transtage Input Data Set (Sheet 3 of 3)
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Figure 7d. Transtage Input Notes Page 1 of 3
1. Miscellaneous Weight (WMISC)

engine truss (estimated) 100
hydrazine ACS system 2317
electrieal 341
guidance 219
instrumentation 170
environment 86
separation and destruct 115
Payload peculiar 31

WMISC 1299

2. Skirt Lengths

Input FFSKTL and FASKTL in order to make skirt lengths equal to the total
length of Transtage skirts (skirt lengths = 74.6).

3. Pressure Schedule
From stage data is is known that P, = 105 psia and that tank pressures are
160 psia. The parameters CPLINF, CPLINO, CPVLVF, and CPVLVO are
estimated based on known injector A P = 27.5 psia. The helium storage
bottle (PICG) is at 3250 psia.

4. Expulsion Efficiency
Setting INPEXO and INPEXF allows expulsion efficiency to be input
(EXPLFG and EXPLOX). From propellant utilization data those values are

input as 0.9935 and 0.9989 respectively.

Ullage fractions of 0.25% where chosen as representative in lieu of dat‘a.
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Figure 7d. Transtage Input Notes Page 2 of 3

Injector Description

Because the improved Transtage injector is a higher technology injector,
the element density and fuel film-cooling fraction reflect that
technology. The element density is 10 elements per square inch.

Ratio of nozzle length to minimum length Rao nozzle (RATMLR)

R, (ne -1)
) ¢ + 1009 Rt
RATMIR = L 2/ “T612.1 ~0.26795

Loox = 49-61
e =40
R, =3.74

+ RATMLR = 1.026

Chamber Geometry

The chamber has an 18.7 inch convergent section with no eylindrical sec-
tion. The contraction ratio is 2.54.

Engine Mount Length (XMOUNT)
From inspection of Transtage drawings the engine exit planes are seen to

be 20 inches past the end of the fuel tank. Setting XMOUNT = 20 will
accomplish that same design.
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C

90

10.

11.

12.

Figure 7d. Transtage Input Notes Page 3 of 3

Nominal Gas Wall Temperature (TGWNOM)

For silica phenolic ablative engines, the nominal temperature to which the

ablative should be exposed is about 3000°R (3900°R is an absolute upper
limit).

Engine Performance

Tank

Both the engine thrust and core mixture ratio were input based on the
results of ELES. The core mixture ratio was input as 2.08 such that the
known overall mixture ratio of 2.00 was obtained. The thrust, although
nominally 8000, was input as 8240 such that the engine throat area ai‘xd
nozzle length correspond to the known values.

Weight Multipliers

Normally the tank weight muitipliers (CXWTNK) is used to modify all tank
weights from their ideal value to their actual value. The recommended
value for CXWTNK is 1.7. Because Transtage tanks are so unusual, how-
ever, CXWTANK is set equal to 1.0 and the non-conventional tank multi-
pliers (CXNCT1) are used instead. The values used for each tank are 2.0

for oxidizer tank, 2.25 for fuel tank, and 1.25 for each pressurant tank.

Miscellaneous Weight Multipliers

From component weight data it was found that the structural weight multi-

plier (CXWSTR) is 4.2, the injector weight multiplier (CXINJ) is 1.6, and the chamber
weight multiplier (CXWCHM) is 2.0.

13.

Tank Geometry

The inputs in namelist $NCTINP are taken directly from actual stage
data. Component location angles are offset by 10° to enhance the graphic

output.
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NGN-CONVEMTY [0NAL

Stage length
Stage Radius
Stagae Wall Thickneszs
Component Spacing

Tobtel Tank Weightis

Tank #
Tarmk Conbtants
Tank Prezsure
@il

ety Factor
1 Thickness
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e
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o

i
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.
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NI TS aRE

g :: gA‘-.;i..L«

Figure 7f.
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It

constant
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B

L1044
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5TAGE #1 WEIGHTS (POUNDS)

~ TANK WEIGHT . 1173. 4
) TANK LINES | ' , 7.1
? AFT SKIRT 487. 0
: FORWARD SKIRT a6, &
; TANK MOUNT 0.0
‘i STRUCTURAL WALL 0.0
PRESSURE TANK INSULATION 0.0

: FUEL TenK INSULATION 9.
: OXIDIZER TANK INSULATION 9.5
FUEL ACQUISITION SYSTEM 7. 4

OXIDIZER ACQUISITION SYSTEM 7.8
PRESSURANT CONTROL HARDWARE 18. &

2 THRUST CHAMBER ASSY(S) 363. 8

2 THRUST MOUNT(S} 47.8

2 QIMBAL SYSTEM(S) 57. 0

2 ENCINE BAY LINE(S) 9. &

2 IGNITION SYSTEM(S) 0.0

2 HOT GAS MANIFOLD(S) 0.0

2 TPA ASSY(S) 0.0

2 TPA START SYSTEM(S) » 0.0

2 GAS GENERATOR/PREBURNER (S) 0.0

> FLIGHT FUEL BOILOFF 0.0
FLIGHT OXIDIZER BOILOFF 0.0
EXPENDABLE WEIGHT 0.0
MISCELLANEOUS WEIGHT 1299. 0

TOTAL INERT WEIGHT 3543
INTERSTAGE WEIGHT 0.0

BURNED FUEL 7777. 9

BURMED 0XIDIZER 15524, 1

FUEL RESIDUAL 58. 4

OXIDTZER RESIDUAL 42. 9

STORED PRESSURANT . 4D.0

MISC ON-BOARD FUEL 0.0

MIBC ON~BOARD OXIDIZER 0.0

GHUSS IGNITION WEIGHT 26987, o

GROSS BURNOUT WEIGHT 23685, 2

HOLD TIME FUEL BOILOFF 0.0

HOLD TIME 10X BOILOFF 0.0

O

Figure 7n. Transtage Weight Summary
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Figure 70. Transtage Vehicle Summary
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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
interactions 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 capable of evaluating the size, weight, and
performance of system components over a range of design configurations, materials of
construction, and operating points. These capabilities allow the code to act as an

excellent propulsion system preliminary design training tool.

The objective of this manual is to explain the basic use of the ELES-1984
computer code. The main topics to be covered by this manual include defining a problem

statement and formulating an input set for liquid stages in a rocket vehicle.

Use of 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



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 manor than the advanced users
guide. The technical information manual describes the mathematical algorithms used in
ELES to model the various propulsion subsystems. The programmers manual deals with
the internal structure of the FORTRAN code, its file structure, and internal
communication,

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
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8. GENERAL GUIDELINES

Review the input worksheet carefully in order to properly define the stages to be
modeled. Very often assumptions about the stage design will be required; keep them in
mind when reviewing the output in order to assess their impact on the stage perfor-
mance.

Inspect the messages on the warning page ‘for each stage. Deviations from
standard engineering practices should be justified or corrected.

When using bonded rolling diaphrams (BRD) for positive expulsion, the domes of
the tank must be oriented in the same direction. BRD expulsion cannot be used in spheri-
cal or conventional eylindrical tanks.

When pressurizing tanks with a solid gas generator, it is usually best to have a
bladder in the tank to protect the propellant from the pressurant. Without a barrier, it is
possible to thermally detonate monopropellant fuels with hot gas. The hot fuel-rich

pressurant is also very reactive with oxidizers.
When bladders are used, the propellant lines are always full at engine burnout.

The miscellaneous weight input should include those items not specifically
modeled by ELES. This includes guidance and control packages, attitude control systems,
electrical systems, range safety systems, separation systems, and propellant utilization
systems. It is anticipated that future versions of ELES will model those systems, how-

ever, at present the user must make his best estimate and include it in WMISC.

The same situation as exists for WMISC exists for WEXPND. WEXPND should
include those weights which are expended gradually throughout the burn. Examples
include ablation losses, gas generator overboard dump, attitude control propellant, and
open loop hydraulic actuator overboard dump. The user's best estimate should be used.
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8, General Guidelines {(cont.)

Combustion gas properties in gas generators or preburners can be obtained by
executing a version of the One Dimensional Equilibrium (ODE) program which calculates
them.

The net positive suction head (NPSH) of a pump can be adjusted to change the
pump diameter. The pump diameter is approximately inversely proportional to the NPSH
(the inverse relationship is not linear) so that an inereased NPSH will result in a
decreased pump diameter.

The choice of a propellant acquisition device, if any, should be made on the basis
of mission requirements. A stage which must start or restart under conditions which do
not assure orientation of the propellant at the tank outlet (e.g., low g or adverse acceler-
ation environment) will require a propellant acquisition system. Positive expulsion
bladders are often used in high adverse acceleration environments and for double wall
containment of hypergolic propellants. Surface tension devices are often used in low g

environments.

Autogenous pressurization is used execlusively with pump fed power eyeles in
order to provide the NPSH for the pump inlets. For most propellants, the weight of the
autogenous pressurant is more than helium would be for the same. pressurization task.
Autogenous pressurization is made competitive by the fact that the pressurant is stored

at low pressure and high density.

The structural properties of user defined materials of construction are contained
in the arrays RHO, SIGMAX, and YMOD, each of which is dimensioned to 10. Any given
tank in the vehicle can be constructed from any of the materials in the material arrays.
For example, to make the third stage aft tank from material number 4 in the material
arrays, set MATAT(3) = 4. (MATAT is the aft tank material selection flag.)
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‘ /) 8, General Guidelines {cont.)

In the previous example the material arrays might contain the following values.

RHO =.29,.16, .296, .001,6 * 0
SIGMAX = 112300, 130000, 185000, 999000, 6 * 0
YMOD = 2.9E7, 1.7E7, 3.1E7, 1.0E7,6 * 0

which would correspond to heat treated 410 stainless with a 1.5 safety factor (SF),
titanium with a 1.3 SF, Inconel 718 with a 1.0 SF, and a fictitious material.

Tankage heat transfer calculations obtain their material properties when user
defined materials are used from the arrays SPHEAT and CONDCT (also dimensioned to
10). The minimum gauge information, however, is contained in the arrays TMING and
TMINGS which are dimensioned to 4 (one for each stage).

There are two basic insulation types available within ELES; multilayer insulation
(MLI) and spray on foam insulation (SOFI). MLI is used primarily outside the atmosphere
where its insulation properties are extremely good. Used alone, it is a very poor insu-
lator at sea level. SOFI is more appropriate to boost stages which operate largely in the
atmosphere.

The formula for calculating the ratio of nozzle length to that of a minimum
length Rao (RATMLR) is:

L
RATMLR = noz_

(£.+ 1009 Ry (Ve-1)
16127 ) 026795

The choice of engine power cyele is dependent on the specific case under consideration.

Pressure fed - pressure fed stages are most competitive in applications where a
low P, engine is feasible. Low total impulse and small diameter stages suffer less from
high tank pressures than do larger stages. When tank material minimum gauge dictates

the tank weight, the chamber pressure is "free" in terms of its impact on tank weight.
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8, General Guidelines (cont.)

Gas Generator Bleed - gas generator bleed cyecles are normally competitive at
chamber pressures up to 1000 psia.

Staged Combustion -~ Most competitive above 1000 psia chamber pressure.

Expander Cycle - Used exelusively with hydrogen cooled engines. Feasible at
chamber pressures up to 1500 psia currently.

Staged Reaction - Has some real advantages in aiding the turbine design, and
control system, since the preburner is a monopropellant fuel reactor. Also, no oxidizer
tank zero "g" acquisition device is needed, because the monopropellant fuel start tran-
sient delivers settling thrust. Staged reaction cycles can power balance above 1000 psia
combustor pressure, in general.
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9. ELES-1984 INPUTS

The following is a list of all available inputs to ELES-1984. They are listed in
alphabetical order and include information concerning their units, default value, name-
list, and common block.

Many of the inputs that are not discussed in this users manual are discussed in
the "Expanded Liquid Engine Simulation Computer Program - Advanced Users Manual."
Not covered are the inputs which pertain to solid stage design and the optimizer. Those
topies are discussed in other documents available through AFRPL.
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I RE 70000 SFILMNT /MOTOR/ )
FRACTION OF MOTOR DIAMETER U@tD FOR CALCULATING
EXIT DIAMETER (DANEX) OF ANNULAR ENGINE
( ==~ 0.8 $NOIZLE /PLUGCLS
. FRACTIONAL LENGTH OF ENGINE BAY LENGT-
NAL  TANKS IT I8 THE AFT SMIFT
O BTAGE LENGTH)
C TANKS/ ¥ =F
SIHEFL FRACTION OF INJECTOR FACE PRESSBURE FOR FUEL
WL T4 P ACRDES INJECTOR
' WD AALEQSS S ) :
ﬂ_mR FACE PRESSURE FOR OX DELTA P

e g 1@yrﬂ'ff/easz } Lo :
FOF A VECTOR OF UNSCALED PERTURBATIUNG FOF THE CONTHIL
ﬁﬁ;ﬁBiES: T=1,NX

- f) 395"“..‘) p i o K
' ; ACTION USED TO CENERATE CONTROL
. JONS DURING FINITE DIFFFRENCE
‘ErmﬁwATTVE o3 0N
{ w1 E-b FMLP S-S
EURMARD SKIRT FRACTIOMAL LENGTH OF FORWARD DOME

o ONVENTIGNAL TaNk: IT IS THE

“a?aﬁwéﬂn 5K’

1T FRACTIONAL LENGTH OF STAGE
DIAMETERY =
LU e 0.3 SUTGUID /TANKS/ )
FH2NGE MOLAR FRACTION OF WATER IN COMBUSTION PRODUCTS

OF A8 CENERATOR
e e ke 0, 2662 $BOLDEE /CASGENS )
COFLKFCT o NUMBER OF VEL 1ITY HEADS L.OST IN FUEL FEED LINE
LA ={E)E TO BENDS, VALVES, ETC.
L L EL-HEADS B CSLTANK /TANKER/ )
A rUEm NET FOSITIVE SUCTION PRESSURE IN TANK
{ PSIé4 10, PUMP /PRESCH/ )
,uLMLLR OF FUEL DRIFICES/ELEMENT
U e RO %IMJECT JELEMEN/ )
,]FLTTIM BTAGE AFTIﬁN TIME (USED IN THNK HEAT LOSS
i LTG0 BEC 100, $TANKHX AINSLHX/S )
FRGOMA FRACTION OF maXIMUM 665 QENER
FREGOURE LOST ACRUES a5 GENE
PR ke O 65, SPUMP,. /S/EQS S
FRULCE fMULzIPLYING FACTOR ON ULLAGE PREBSURE TD CALCULATE
MINIMUM. GAS BOTTLE BLOWDOWN PRESSURE
T e B HOBLDE /COLDERS .
FRULGS MULTIPLYING FACTOR ON ULLAGE PRESSUNE 7O CaLCULSTE

ATOR DPERATING
FaTOR 'S INJECTOR

UL OPERATING GAS GENERATOR PRESSURE
FT THRUST VALUES INPUT PFoR SPECIFYING MOTOR PERFORV-

ANCE. USED IN VARIABLE THRUST-TIME TABLE WHERE
FT O 1; CORRESPONDS. TO TBRN(J) FOR THE ITH STAGYT
3 O $THVBT /PERF/ )
JALLE HOoR FIBER STRESS
: : ‘f el 3 Q. SFILMNT /MOTOR, )
FUAL ' THR R LIGUID THRUST CHAMBER
;t ’JF 0. c : D ASTEQRSSS D
~kUFN1P aﬂﬁqgwixum CTANK - NOMINAL ULLAGE PRESSURE AT
WHICH VENT OCCURS
( ~-= 1.1 STANKHX /INGLHX/
FUENIO . FRACTION AN NOMINAL ULLAGE FRESBURE &7
A WHICH VEN
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X ZINBLHX/

COMMANDED RATE OF CHANGE OF FLIGHT PATH AM@LF:
INPUT FOR TRAJECTORY GUIDANCE SECTIONG

( ﬁrbIQEF 0. $GUIDA ///EG//S D

e BUSTION PRODUCTS BPECIFIC HEAT

ACASGENS )
ATS OF GAS GENERATORYPREBURNER

COMBUSTION QAS
(- 1025 $PUMP /TPAINS 3 4
» - NIRGPLIC. RATIU OF SPECIFIC HEAT
rcoLpers
1ANDE T FLIGHT PATH ANGLE: INPUT FOR
CQUIDANCE BE SUTILTZING GUIDANCE OPTION 3

( DEG ~1.E20 $QUIDA ///EG/ 7 )
aaMial INITIAL MISSILE FLIGHT PATH ANGLE
okd d RS S S ¥

363 £ £
P Bed b

GAMPCE IC GAMMA AT INFINITE TIME
LN TP OLDGP/ ) ‘ .
GAEM IT0F PRESSURIZATION 243 (ISTART=2:

‘L ﬁ/Lb~MOLt 28 $PUMF /TPAIN/ )
GGCR 0AS CENERATOR OR PRE-BURNER CONTRACTIN RATIO

e : RPAIN, . o
TY. CONSTANTS CORRESPONDING TO THE
INT- FUNCTIONS, I= 1/ NG

T3 O O T O O
T :

[ o

i L DEF & ULTifNITIAL VALUE OF all THE WENALTV COMS TANT
ASEODIATED WITH THE TNWQG‘fITf CONSTRINTSG IM THI

d&ﬁ&NTFD L‘wﬂANGIAi FUNCT1ON

T 100 s , )

| oram’ VECTOR TAL LAGRAMCL MULTIPLIERS ESTIMATES

G i F

, (;;2

ot S G WO S e
b bt e P B

FUNCTIONS G(I)
( === 0.0 $MLP /—=—/ )

) WHICH NOZZLES GIMBAL
al D /8 1MEAL/ )

O S ¢ ! NTRAQ ;TQAJ/ )
C1I GTURN CDP%ANDED TOTAL ACCELERATION DURING mlanlE TURU.
Gl INFUT FOR GUIDANCE SECTIONS URINE GUIDANCE OFT o

,CI . . T 5 ni;.{.r O $G\J TDP& ' ’EG! s 3
CCL . GMHMING 1L, “DF CHAMBER GAS WaALL
5 CE NREGM /WTREGN/

= ION OF HESBIAN USED IN THE GQUASI-
crI NEWTON UNCONSTRAINED FUNCTION MINIMIZATION
CI { e weem BNLP fﬁb SUM/s S
PR it . VECTOR. OF PENALTY CONSTANTS CORRESPONDING TO "wmE
eI THAIHTS FUNCTIONS, I=1i,NH
Ci L ) ) |
o K e FAULT INITIAL VALUE OF ALL THE PENALTY CONSTANTS
o1 ‘3'*41ATED WITH THE EQUALITY CONSTRAINTE IN THE
Cr

AEMENTED LAN\:RANG AN FUNCTION

;lﬁ‘ &A@RANG& MUL.TIPLIERS CORRES-
»GUAGETY QQNSTRAINT FUNCTION& H’:?
/‘-;m:mm--,fi' ) i

éi:;ll
.
x

oy HEL DT T STAGE HOLD TIME (USED IN TANW HEAT LOSS)

Cl 2 100. %TANKHX JINBLHX/ )

Gl HIWMAK . : TO WIDTH RATIO IN COOLING CHANMELS
C1 e

GN /CODLNT/ )
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‘*%Jﬁﬂg R ‘“'BI*AL ALTITUDE FROM EARTH RURFAC&

{ MILES 125 FTANKHY /INSLHXS 3
LaM4 FiL.ag 8PECIF¥LN& TRA‘”“TDRY M"THWF

ﬁﬁ ADAMS *MUL TOMN AFWER BUQNDUT
THORDER “ADAMS-MOUL TON THROUSHOUT FL TOHT
i o= O SINTRAG /TRAJ/ 3
IBELL FLﬁw INDICATING NOZZLE TYPE
g = CONICAL, NOZZILE
MQNTUUREﬁ NOZILE (CIRCULAR ARCY
,»=~ELLIPSﬁIﬁéL DR HYPERBOLIC NDZZILE
S e OCBNDZZLE /MOTORS D ‘
ICHRD FLAG USED 70 INDICATE WHEN REGTART CARDE SHOULD
BE WRITTEN 70 THE LOGICAL QUTPUT DEVICE GIVEN B~
AR, ANBUALLY IO I8 UNIT 75
Q'VNRTTE REBTART CaRDSE TO OUTPUT DEVT&E 10¢(%)
‘UNOT 2 = DO NOT WRITE RESTART CARDS
R I *:,NLF) frim e S }
ITOMPS COMPFOSITE CAZE INDICATOR
¢ = METAL \&b&
,pUMPDuTT CASE
O $SMATER /MOTOR/ 3
?»‘7HEVERENCE MNUMBER OF VARIABLE TO BE
: S EONGTRAINED
(I,&) - CONGTRAINT TYPE
] LESE THAMN UR EaUal
EQUAL.TD -
GREATER THAN (R EQUAL

b
—

i rﬁ!!;iZZamrvrwhi
Bt R ey 0 Bt e et PR e R b
L
st H

+1
Rt { e e BINPOPT /DPTIM/ )
o x&wv#u-wv~FUEi CRYOGENIC FLAG (O=8TORABLE, 1=CRYDGENIC)
o { ~—— O $LFLAG ZLIGUID/
c ICAYEX OXINDIZER CRYONGEMILC FLAT (O=5STORABLE. I1=CRYOBENII:
LGl e ke O BLFLAG /LIGUIDS O
cr ICs 108 =1 - PREPREG WINDING
eI e e b= WET WIND
s SO e QSFILMNT /MOTOR/Z ) R
Ci TDRAW NON-CONVENTIONAL TANK DRaW FLAG ¢ 1=DRAW THREE
Ci VIEWS ON ONE PAGE, Z=DRAW EACH VIEW ON A SEPARATE
o L PAREL
o e 2 SNCTINF FNCTING )
(04 CIDTRAN TRANGP I On COOLING CRITERIA FLAG (1=USE QMAXTR
LT R ST CALCULATE EFSTRD. AND EPSTRU, 2=USE THE INPUT
1 VALUES FOR EPSTRD AND EPSTRU)
o7 { .2 OSINREGN /TRANCO/ )
CI INJECTDR ELEMENT DENSITY FLAG
ol 0 = INPUT MUMBER OF ORIFICES
¢ St o= IMPUT ELEMENT DENSITY
2T LR e 3 SINDECTO/ELEMENY )
o1 TENDEG ENDING FARAMETER INDEY FOR TRAFECTORY CULDANCE
o SECTIONS: POSITIVE INTEGER INPUT TERMINATES
S5 oo BECTION.FOR & INCREASING PARAMETER VALUE WHILE
<:j>£’ i ﬂ-ME@&TI £ INTESER TERMINATES SECTION FOR A
L1 S DECREASING FARAMETER VALUE (FORMERLY ENDPARG)
o iy m~rncﬁsaazmg BECTION TIME :
) 1 = ANGLE OF ATTACK
ol 2 = ZNEﬁ{TﬁL “ISSIL’ ATT ITUDE
o1 ~F%7x

HHMMHMHHHWHHHHMM;—_«HHMHMHHHHHMHHHHMNH;-;HHMHHHHHHMHHHN)-«Hf—_qm?—'gmmMHH



w
3 2
L B B s

COOGGOnaNEOn0nan :
HH.HMHMi'%ﬁk%H'bih1HfftPﬂNHHhihﬂ‘.

Red b4

O,

1

[ ]

e B L]

s R o]

TAL MISSILE VELDCITY
£ MIGETLE GROUND VELDCITY
x MISﬂIL ALTITUDE
MISSILE RANGE
-MIESILE BERARAT ION RANGE
¥ 'PH&S&UPF

= INCR AbIN“ ABQBLU1E 7TMF
{ o e GOUIDA A BEQS S

ENDFP M E“WTMG PARAMETEP INDEZXZ FOR MOTOR SECTIONS,
: LMz, TL%EH‘&NPUT T&RVINﬂTks %LuTlUN FBR

UT TERMINATES HEL:ION FDR m necwta ING PARAM-
ETER UMLUE; PARAMETER OPTIONS ARE THE SAME: AS
FOR ENDPARG (FORMERLY EMDFARM)
{ e e BEUIDS SSEQS S 3
o FLAG INDICATING ax*EmDAELE EXIT CUONE
D = NONE
S 4£GNENT CONE
L2 s GASS DEPLOVED SKIRT
S e O SNOZZILE /MOTOR/ )
UNKNOWN OFTIMIZATION INPUT
{ e OLSINPOPT . ZCVBOND/ )
NOCOOLING FLUID FLAG
IDIZER IS COOLANT
FUEL- T8 “COOLANT <
{ == 1 $INREGN /COOLMT/
IGUIST IGUISCIT, 1
. L CHRONOLOGICAL LIST OF MOTOR OFYIONS TO BE EXER-
CLISBED DURING FLIGHT.,  THIB I8 THE FIRST ROW OF &
©TWE DIMENSIONAL PROFILE. - AN INTEGER VALUE CORR-
SESPONDING T THE SELECTED MOTOR ORTION I8 INPUT
FOR EACH SBECTION. AVAILABLE MOTOR OPTIONS ARE:
O o= COASTING FLIGHT
im4 = STAGE IGNITION
= WEIGHT JETTISON ,
= ENEC DEPLOYMENT (INACTIVE)
= REPLER -EQUATIONS AFTER BURNOUT
INTEGRATION AFTER BURNOUT
TERMINATE
p b e 3 S SR 3 SR R R PR R R TR R R R T S i o -]

g;@!

,{»LHWﬂNﬂLﬁ “Cwu LIGT OF GUIDANCE OPTIONG TO GE EXZF-
i CITREDCDURING FLIGHT. - THIS IS THE SECOND ROW OF &
TW DIMENSIONAL ARRAY WHICH DESCRIBES THE FLIGHY
“*ﬁf‘Lc» AN INTEGER VALUE CORRESPONDING TO THE
GUIDANCE CGRTION. IS INPUT FOR EﬁCH SECTION

"QUIDANCE OFTIONS ARE -

ANT ANGLE OF - ATTACK {(ALPHAC)

& UT.- INERTIAL- ATTITUDE (CHIRPCY -

: LDNSTAN* FLIGHT PATH ANGLE (SAMMAC)

”DNSTANT RATE OF CHANGE OF FLIGHT PATH ANGLZ

INERTIAL PITCH RATE (CHIDGT)Y
ACCELERATION TURN (CTURN)

& = BALLISTIC FLIGHT (ALPHA = 0
G = MAXIMUM LIFT/DRAG
CA e Lo SGUIDA. /TRAJS ). - ,
PROPELLANT FLAG (REQUIRED FOR NON-
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-~

- ”‘UPFL_ANTr {IPROP=0))
O = NOT HYPERGOLIC 1 = HYPERGOLIC
( ——— 1 $LFLAG /LIQUID/
IM&GE FLAG TO WRITE THE MNLE NAMELIST TO THE LDGICAL
. QUTPUT DEVICE I048) AFTER WNLP INPUT I5 PERFORMED
; T WRITE THE NLP. NAMEL 15T S
E. THE NLP NAMEILLIST

DESIGN LOOP INDICATOR
+1 o= MOTOR I§ SIMULATED, MO TRAJECTORY INTEGRAT N
RAJECTORY INTEGRATLON
ORY INTEGRATION FLUS DELTA V' CALC
ORY USING THRUST-TIME TRACE, NO
MOTOR. STMULATION .
G — SINFOPT /TRAJ/ )
TNFEXF INFUT FUEL TANK EXPULSION EFFICIENCY FLAG (O=
b CALGULATE EXPULGION EFFICIENCY, 1=USE VALUE INPuT

=l 0 SLFLAG JTANKS, b
IMFEXD- - 5C INPUT OXIDIZER -TANK EXPULSION EFFICIENCY FLAG
(0=CALCULATE EXPULSION EFFICIENCY, 1=USE VALUE
INPUT FOR EXPLOX)
G e K= O SLELAG JTANKSZ2/ ) |
CINTNKL.  NON=CONVENTIONAL TANK CONTENTS FLAG FOR STAGE 1
S © (1=DXIDIZER, @=FUEL, 3=PRESSURANT)
e S e ( o i s 1 $NCTINP _/n-.-.-...,‘j )
TNTHNK2 NON-CONVENT IONAL TANK CONTENTS FLAG FOR STAGE 2
(1=0X IDIZER. 2=FUEL, 3=PRESSURANT)
A= 1 $NCTINP /=—=/ )

- INTMAZ  NON-CONVENTIONAL TANK CONTENTS FLAG FOR STAGE 3

ii#ﬂXIDZL&R,‘ngUEL, 3=PRESSURANT)
i e GNGTINE S/ ) P
NQN"\UNVENTIPNAL TANV CONTENT“ FLAZ FOR STAGE 4

(1=(Y IDIZER, 2=FUEL. PRE%QUHANT)
{ =ee 1 SNC ,F /«-v/
LOBJF INDEX SPECIFYING THE OPTIMIZATION OBJECTIVE FUNZ

e e S INPOPT ’QPTIH/ )
IORTIMIZER Fiag

O = DPTIMIZER OFF
1= OPTIMIZER ON

e - BINPORY f-mmf ) .
CIOPT P OPTIMIZATION SWITCHES (SEE METHOD OF
Ses CCOCUMENTATIOND
LR e e E T SRR SOPTIM, )
IPLOT INDEY FLAG FOR PLOT DATA (GENERATES 1APF Y FDP Bel.

CALCOMP PLOT ROUTINES). THE OPTIMIZER SHOULD BE
. ALFF FQ = FEATURE.

e A STNPORT ATRASS . Y
Hz LLUQTEP FLAG
: WG F!UG LLb TER

IPLUG

/)

: (AT PRESENT DNLY 7 IS ACCEPTABLE)
{ === 7 $NLP /=—wf )

GUTF T. INDICATOR .

UT DATA FILE

114
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cI 0 = NO PRINTOU'
I i = PRINT MOTOR SUMMARY

--AND TRAJECTDRY PRUFILE
INAL DESIGN BUMHARI‘,

e & @IS USED  IN- $NL? AS =&
I FLAQ USED TQ LGNTRDL INTERMEDIATt ITERATION

I PRINTOUT. VaLUES RANGE FROM O TO 11. THE GREATER
Lo o s ; HGREATERvTHEmiNTERNEDIATE DUT Ut .

cI1 O = NO PRINTOUT
c1 : i= PRINT INPUT

{  IPRINT(3) - NOT USED
IPRINT(4) ~ FINAL DESIGN

,f&TRAJECTﬂRY PRUFILE
L. DESIGN SUMMARIES

CI ALSD
cl A VARIABLE OF *HE SAME NAME IS5 USED IN $NLP AS &

i Us

: TERMEDIATE ITERATIDN

Ct IPROP ROFPELLANT SELECTION FLAG

P
c1 O = NON-LIBRARY PROPELLANT
o= ALMME,

CI IFREIM PRGPFLLANT SIMILARITY FLAG { IPROP = 0 }
CI ( --— 1 SLPROP /LIQUID/ )

CI IRPRNT REGENERATIVE CODL¢NG PRINT FLAC
cl 0 = NO PRxNTDUT OF REGEN SUMMARY
o3 G ' ‘
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BT.RT PQRPGSE&
e RESTART VALUES IN THE. INPUT XR

NOT 2 = DO NOT USE REBTART VALUES

( —=—"1 $NLP /===/ )}

L AGCALE LAG USED TO . INRICATE THE METHOD OF SCALING. THE
e RIAELES AND THE DBJECTIVE A

2 = USERmPRUVIDED ECALE FACTORS
( === 2 $NLP /-

'ff§%STARva§ﬁké

Ll ITLIM TOFTIMIZER ITERATION LIMIT (BASE PDINT)
{ == BOO $INPDPT JOPTIMZ )
] ;- THE  INITIALIZATION METHOD OF THE
CDNSTRAINED MINIMIZATION
ESSIAN. TO" IDENTITY. ﬂﬁTRIX
: o TO PROPER PRODUCT FORM
ot { === 1 $NLP /~—~/ )}
< IXSCAL UNKNOWN OPTIMIZATION INPUT

4 { =D $PUMP /TFAIN/ )
I JBPDX OXIDIZER BDGST PUMP SELECTION FLAG

Gl *G&ARBDX 2~SINGLE HAFT TPé 3=TWIN TPA IN

CI SERIES 4”PéRALLEL TRPAG
e : L

WBGNBE9~R6LLING DIAPHRAM(AL) 3=HALF BRD. (AL).
4=FULL BRD (58), 5=HALF BRD (5S), 6=SURFACE
TENSION ACQUISITION nsvxcs> ‘

. /TANKS/

AL e CALCULATE ,muNSULATIBNﬁTHEﬂMAL camnu&
ol FLAG (0= use INPUT, 1=CALCULATE)
z ( = L STAMKHX /INSLHX/ )

w,;~‘LA& DETERMINMES CALCULAiION NQDE FDR NO

...,HHHHHHHHHEJHHHHHHHMHHHQ--HH&—:HHHHHHHHMMNHHHHHHHW!—‘HHHH

= PRES SURE FED
= FUMP FED (66 BLEED)

;}"""‘1' L e _£
1 KEYOLE Y
1
& TAGED CBMEUSTIDN (FUEL‘RICH PREBURNEle”h..M

g $LFLﬁG /TRAT

;I KDOME COMMON DUME FLAG FOR AFT AND FDRNARD TANKS
o1 2 = SEPARATE HEADS
L o ’ .

e B et et el b et e i




' NDZZLE;EXTEN&IGN
- 1 *LIGENG /MAITLA/ )

AUTOGENUUS PRESSURIZATION)
{ === 2 $LFLAG /TANKS/ )
FUEL TANK. - AUTOGENDUS PRESSURI ZATLON - FLAG
AT‘GNwlaAUTOGENBUS)

: ' ~ URIZ&TIBN FLAG
(OxU“E KGAS TYPE PRESSURIZATION. 1= AUTDGFNOUq)
- O ELFLAG /TANKS/ )

D NG . FL&Q FOR MULTIPLE TCA 8

POWER SUPPLY =
G = NOT ON STAGE

- XTERNAL BOUNDARY EXPOSED - TO -
CONDUCTIVE SOURCE, 2=WORST CASE SOLAR RADIATION.
3=CUNDUCTIVE AND CONVECTIVE SOURCE WITH GROUND-

Ci i = INTERNAL FEED LINE
Ci { === 1 $TNKGEQO /TANKG/ )

CI { ——— 3 $SNCTINP /NCTIN/ )
Ci KNGZ NDZZILLE TYPE FLAG

m?hANS*RFGEN; 4=RADIATION, S=FILM)
e A BLFL AG JCOOLNT/ )

i
I i CALCULATE ENG INE PFRFDRMANCC

HDNOCD&UE SEPARATE DOME
« MONOCOQUE COMMON DOME

why
N

o INPUT PEPFDRMANCE (DO NOT CALCULATEi

METHOD FLAG. (1=ABLA IVE. _,_;-

T I
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b
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N
m
3
[YY
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(NOT USED)

= LIGUID STAGE
= LIGUID STAGE INTEGRATED WITH LOWER STAGE
, ; TGONVENTIONAL TANKAGE) ...

Cra R

KTaMKL

» ( === 1 $NCTINP /=—=/
T ANKZ NON-CONVENTIONAL TANK TYPE FLAG FOR STAGE 2

G
C
o fen

0 e e B O

{ ——= 1 $NCT$NP I )
NJNwFDNU&NTIDNAL TANK TYPE FLAG FOR STAGE 4

bt g e

O; AR O (’3
ol o

o
2 e

~

-

ol ( === 1 SNCTINP /~=—/ )

o

CI KTHCK NON-COMVENTIONAL TANK WALL THICHNESS FLAG FOK

1 SNCTINP /s
NON-CONVENTIONAL TANK WALL THICKNESS FLAG

{ o $L.IQENG /TRANQZ/'
CI KW THOD ENGINE WEIGHT MODEL FLAG

o

S

KHXATAH AFT TANK AFT HEAD CONVEXITY FLAG
-1 = CONVEX FORWARD

Sy SRR LA d B e 43

i = CONVEX AFT
{ e e} %TNK@EU FTANKEG/ )
vQRwARD ; | %

T
I
1
I
I
I
I
I
i
e d
1
1
I
i
I
I
I v
I
I
i
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FURNARD TQNH FDRNARD HEAD CDNVFXITY FL&G
CDNVEX FORWARD

1 LTURFD TURBINE FEED LOCATION FLAO
CI O = FEED TURBINE FROM REGEN OUTLET

3 et
CI Lusep PROFELLANT UBE FLAG _
CI TRUE = all PROPELLANT I& TO BE DBURNED

o EakBE. UST TERMINATEQ AT THE END DF

CI | (O'TNPU7 DANEX. ~CA1CULATE DANFX AS PMBTDR%FANWPT
CI { e 1 $NBZZLE /PLU@CL: }

foe e o

( ——— 1 $LIGMAT /TANKS/
MATSTR MATERIAL FOR STRUCTURAL WALL
4 SLIGMAT /TANAS/ ..

o @IWIZATION
o1 { —e O SNLP fe==—/ ) [
C1 1RRAL FLAG -INDICATING THE METHOD OF GhamIENT bENERuTI;@,w,f

CI { —=— 1 #NLP f*~"/ }
Ci ML IEMY ﬁdLTiLAYER INSULATION &MLI) ENVIPQNMFNT FL.AG

CI - MNCQA

A T TANK MDNDCOGUE FLéG
- o =

SUSPENDED TANV

et bt bt ged B bk e bt 3o




) TANK MONDCOQUE FLAG
o NDED TANK .
1= MONDCGGUE TANK

( == 1 $TNKGED /TANKS,
MATERIAL FLAG FOR FUEL TANA AND

Lo e 14T /TANKSZ/ ) .
SRTNRON - MATI : & FOR BRIDIZFR TANK: AND
ﬂ%ID;ZhR LINES

{ == 1 SLIQMAT /TANKS K

AL INDICA ING M&THQD uF LNCDNSTRAIN&D

FUNCTION

T

CI HUPDAT FLAw INDLCATING M&THGD O UPDATING LQGRANG& MUL”

Ci Iﬁif*RS (AT PRESENT ONLY 2 I8 ACCEPTARLE)
e -3 , ;MLTHQD FBH EGUALITY AND LNEGUALIT»
ey

€1 ' /) : o ,
i St} ‘fNUMBER DF*QE@MENT% AN CDNVER@ENT CHAMBER QFPTIDNa

CI bDP HEAT TRAMSFER ANALYSIS

-3 $INREGN CGUiNi’ ) »
G (O=TANDEI.

FOR MEAT TRANSFER ANALYSIS
{ === 5 $INREGN /LOOLNT/Z )
- WUMBER GF. INJEC QR . ELEMENTS.
(= 336§ T /LIGUIDZ b
UMBER 0OF FbEL“&NJ&&TDR CRIFICES
(5w 7D STNIECT /LTOUID/ )
NUMBER OF GIMBALING NOZZLES
( ~== 1 SLIQUID /GIMBAL/ )
NUMBER OF ITERATIONS IN SUBROUTINE TANK ICH .
NTROLS. THE ACCURACY OF “TANK HEAT TRANS CALC
=~ 8 $TANKHX /INSLHX/ =)
NUMBER 1F SOLID MDTOR NOZZLES PER STAGE
( === 1 $NOZZLE /GENRL/ )
MUMBER OF NOZZLE SEGMENTS USED IN HEAT TRANGFER

SRR . N JLQDLNTX } _ e

©L UNUMBER-OF OXIDIZER ORIFICES IN INJ &C*OR |
LR INUECT /LIGUIBA. ) o 2
NUMBER OF REFERENC CHAMBER PRESSURES

( ~=—= 1 SPROPEL /MCTOR/ )

- NUMBER. OF ESSURE BOGTTLES IN ENGINE.BAY.. . .
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10. A FINAL RECOMMENDATION

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. I[ts use enables very

rapid determinations of optimum vehicle designs.

The complexity whiech allows the benefits of ELES to be realized is also respon-
sible for the appreciable input error potential. There is an infinite number of input data
sets which will produce garbage as output.

o Review your design worksheet

o Review your input data set for compatibility with both the design

concept and the input rules %

o Review the output carefully for compatibility with both the design

concept and engineering judgements
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