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PREFACE

This volume, the {ifth of five volumes that describe the Generalized Tra-
jectory Simulation System (GTS), documents the GTS library of weight
estimation models ut‘lized for sizing applications, The remaining volumes

are:

Volume 1: GTS Overview. This document provides the user with an
overview of GTS, including a summary of the major operational
capabilitics and structural design of the GTS system.

Volume II: GTS Usage Guide. This volume serves as a general
usage guide to GTS and includes a set of example problems, a
comprehensive descrintion of the Generalized Trajectory Language,
and a discussion of the trajectory simulation control, In addition,
this volume contains a master reference list for all volumes and
supplementary information to aid the user in defining his problem,

Volume IlI: GTS Flight Dynamic Models. This report concerns
the GTS library of flight mechanics and flight dynamics models
utilized for trajectory simulations.,

Volume 1IV: GTS Numerical Operators, This publication dcals with
the GTS library of numerical operators, including integration,
optimization, and interpolation operators,

This report was prepared by Charles C, DeBilzan, The author acknowledges
the beneficial contributions and suggestions made by A, D, Hemenover,

. R. Henry, J.R. McLaughlin, D,S, Meder, J. Milligan, W. T, Milloway,
ri. E. Pickett, and J. L. Searcy.
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1. INTRODUCTION

1.0,1 Program Description

The solid rocket motor weight estimation models presented within this
volume, combined with a general purpose optimization scheme (Vol. 1V) and
trajectory simulation capability (Vol. 1II), form a generalized vehicle sizing
program for solid rockets, The program, normally utilized in preliminary
design level studies, estimates performance sensitive component weights
which will determine a propulsion system configuration consistent with
realistic vehicle geometry, performance and mission constraints, Specifically,
it sizes each major rocket component, bases weight predictions on past and
present experience, recognizes actual hardware and system constraints, and
permi‘s the inclusion of technology changes. It is valid for propulsion system
weights between 3000 and 2, 000,000 lbs. and does not require the generation
of reference designs prior to generating results. It should be noted that the
program does not replace the design, weight, and performance processes
associated with hard point design studies, However, it has proven a valuable

tool when sufficient data, funding, or time is not available for such a design
effort.
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1,0.2 Program Applications

. The propulsion system configuration generated by this program has served
2‘ as a reference vehicle design for:

® booster subsystem trade-off studies;

® preliminary design of major new missile weapon
and space system concepts;

growth studies of existing boost and post-boost vehicles;

® determining the effects of advanced propellent technology
on missil- systems;

o ANULATH P I ASDES A TR & AR B Py D T IR TRUERE b

® determining effects of new launch concepts on missile systems,
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1.1 SUMMARY OF WEIGHT ESTIMATION METHODOLOGY

&

4 This section summarizes the principal methods used for derivation of

o the weight prediction equaticns and gives some general cominents on

a the accuracy to be expected, For a detailed exposition of the methodology

= for specific applications, and the lderivation of many of the weight prediction

) equations used, see reference 8.

H There are three principal methods of weight analysis associated with the
development of the weight estimation models within this volume. The firast
two listed below, actual and hard point design, served as the data base for the

L4

development of the weight scaling equations used by this program.

1. Actual weight analysis--determination of the measurements
and weights of existing rockets,

2. Hard point design analysis--development of detailed
mathematical models of the geometry and physics of a
specific proposed rocket system.

3. Preliminary design analysis using weight scaling--develop-
ment of simple mathematical models using weight scaling
equations derived by analysis of the physical and statistical
properiies of existing ruckets. The resulting design, using
estimated weights, serves as a reference vehicle which

. may require further perturbation for analysis of a specific
rocket system, The primary scaling methods used are:

® theoretical weight scaling
@ statistical weight scaling
@ parametric weight scaling

LU R AN P L RVRNACTPRVE S T SR TTOPHTLn 8 1 Mot T

1.1,1 Theoretical Weight Scaling

Theoretical weight scaling equations are developed by generating a simple
mathematical model of the physics and geometry, which includes only
elements common to a wide range of rockets.

RIE I STV

The scaling equation is an analytical equation expressed in terms of design
parameters which are either performance sensitive or basic quantities of
the subsystem being modeled.

e e AR A A e ¥R

1. Kimble, J, E, '""Parametric Weight Scaling Equations for Solid
Prcpellent Launch Vehicles,' TR-669(6560)-2, The Aerospace
Corp., El Segundo, Calif., April 1966 (U).
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The principal advantage of theoretical scaling is that the analytical approach
assists in determining the significant design parameters and, since the
fundamental physics and geometry are being modeled, weight trends due to
design parameter perturbations can be predicted with confidence., However,
due to the simple universal models employed, the absolute weights predicted
may be considerably different than the actual subsystem weight.

The principal steps in developing a theoretical weight scaling model are:
1. Collect data. The data may include weights and design
paramcters of both existing rockets and hard point designs,

2. Derive a theoretical equation for the weight of the subsystem
using physical properties, Select significant design parameters

and re-express the weight equation as a function of these
design parameters.

3, Compare the theoretical equativn results with the data.

4. Repeat steps 2 and 3 until the comparison is satisfactory.

1,1.2 Statistical Weight Scaling

Statistical weight scaling equations are developed by generating a mathematical
model using statistical analysis of existing rockets,

The scaling equatior and scaling paramecters are both statistical in nature,
chosen to give a "'best fit'" to the data.

When compared with the data from which they are derived, statistical equations
yield better estimates of absolute comnponent weights than the theoretical
scaling equations described above., Further, for complex subsystems where

a simple theoretical nvodel may not be feasible, statistical scaling may be
required. However, since both the equation and parameters do not reflect

the physics of the subsystems being modeled, weight trends due to perturba-
tion of design parameters cannot be predicted with confidence.

e Ak tad: nhdet itk

The principal steps in developing a statistical weight scaling model are:

E

1. Collect data. The data may include weights and design !
parameters of both existing rockets and hard point designs. 14

1

2, Dectermine both the form of the weight estimation function

and the statistical parameters by analysis of the mathematical |
properties of the data.
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3. Determine coefficlent and exponent values which result in
a "best {it" curve.

e
s,
;.'; .

4, Perform correlation analysis,

i

5. Repeat steps 2 through 4 until errors are acceptable.

1.1.3 Parametric Weight Scaling

Parametric weight scaling equations are developed by generating a mathematical
model which combines both statistical weight scaling and theoretical weight
scaling techniques,

The scaling equation is statistical in form, using elements of the theoretical
equation as statistical parameters, As with theoretical weight scaling,
design parameters are either performance sensitive or basic quantities of
the subsystem being modeled.

LR U ST MO Ay oy

o

£, Parametric weight scaling attempts to combine the advantages of both
' theoretical and statistical scaling methods. The analytical approach yields
insight into selection of significant design parameters and is a basis for good
weizht trend predictions, whereas the statistical fitting yields realistic
. absolute weights by accounting for weight contributious not predicted by the
i ' theoretical equation. Whenever possible, the weight models documented
within this volume use parametric weight scaling for predicting rocket !
component weights, !
|
The principal steps in developing a parametric weight scaling model are: E
!
1. Collect data, The data may include weights and design i
parameters of both existing rockets and hard point designs. :
!
2. Derive a theoretical equation for the weight of the subsystem i
using physical properties. Select significant design parameters 2
and re-express the weight equation as a function of these design b
parameters,
3. Compare ti.e theoretical equation results with the data,
Particular emphasis is placed on weight trend results since
% the statistical fitting in the following steps will account for
J bias in the absolute weights predicted.
g‘ 4, Repeat steps 2 and 3 until the comparison is satisfactory,
Z

5. Determine the form of the weight estimation function to be
used for the statistical analysis. Rearrange the theoretical

¢ i e w s o

equation such that the elements serve as statistical parameters, 3 2

)
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6. Determine coefficient and exponent values which result in
a "best {it" curve,

7. Perform correlation analysis,

8. Repeat steps 2 through 7 until errors are acceptable.

1.1.4  Accuracy of Weight Scaling Results

For studies coordinated with competent weight prediction personnel, the
following general statements may be made for the accuracy of the results
using the weight estimation models presented within this volume,.

1. Weight predictions do not include the effects of design
philosophy, program funding, or technological advances
difficult to evaluate or forecast.

2. The subsystems can be manufactured with the predicted weight.

3. Weight trends resulting from design parameter perturbations
can be predicted with higher confidence than absolute weights,
Weights of complex subsystems will have reduced accuracy.

4, Th: stage structure factor (ratio of stage burnout weight to
slage gross weighti will be within 15%,

5. Statistical weight scaling modcls cannot be u ed for subsystem
tradeoff studies.

6. The geometrical configuration produced is of secondary
importance and requires considerable interpretation for
correlation with geometrical configurations produced by a
""hard point design'' analysis,
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1.2 USE OF GTS FUNCTION GENERATORS TO SOLVE THE
SIZING PROBLEM

Two principal comnonents of the GTS system are a ''model library' and a

set of ''program control executive models'' (referred to as ''function
generators'), which select and control the execution of the subset of library
models required for solution of a particular problem, Specifically, three
subsets of the model library are pertinent for sizing applications: optimization
numerical operator models (which are documented in Volume 1V), weight
estimation models (which are documented within this volume), and trajectory
simulation models (which are documented in Volume III). In addition, to
control these models, three function generators are required: OPTSYS, for
control of the optimization numerical operator models; SIZE, for control

of the weight estimation models; and TRAJCEM, {or control of the trajectory
simulation models,

This section will illustrate the general techniques utilized for solving sizing
problems using the appropriate function generators and models. For specific
model requirements, refer to the pertinent GTS volume, and for a detailed
discussion of the input language, including the precise method and syntax
required to implement the function generators and models, see Volume 1I.

1,2,1 Statement of the Sizil}ngroblem

In general, the sizing problem is to estimate the ''best' rocket weight
breakdown which will result in a propulsion system configuration which is
consistent with realistic vehicle geometry, performance, and mission
constraints,

The problem may be stated as three distinct, but not normally independent,
subproblems:

1. The optimization subproblem, Determine the variable values
which extremize the objective function subject to a set of
equality and inequality constraints or determine the values of
N variables which satisfy N equality constraints,

2, The weight estimation subproblern. Given a set of variabie
values, determine the vehicle gcometry, propulsion, and
weights.

3. The trajectory simulation subproblem. Given a set of variable
values and vehicle parameters, determine the trajectory profile.

1-7
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It must be noted that this problem statement comnpletely separates the
determination of variable values, constraint solving, and objective function
maximization or minimization from the evaluation of the venicle and trajectory
quantities. This is not only required for a valid solutiun to the theoretical
problem, it will be shown within the following sectiuns that this method of
breaking down the problem renders itself to natuv.al, flexible, and efficient
methods of solution using GTS function generators and GTS rnodels.

1,2.2 Fertinent Function Generators

A GTS function generator is the principal executive subprogram which controls
the execution of the set of models required to solve a class of problems., The
function generator will, in turn, call a lower level executive model (usually
via a "'definition" model type) to solve a specific problem within the class.

That is, a function generator is used to solve a particular type of problem.

A problem, which has been partitioned into distinct, functional, subproblems,
may be solved by linking function generators, each type of subproblem
solved by a specific function generator.

The pertinent function generators for sizing applications are OPTSYS,
SIZE, and TRAJCEM,

OPTSYS - Optimization System Program Control Executive Model,

For sizing applications, OPTSYS normally executes UOPTIM or UBEST

(or USCHN for special problem applications involving only trajectory
quantities) via the optimization problem definition model type PROBDEF,
Both UOPTIM and UBEST are general purpose optimization schemes designed
for solving problems incorporating an objective function and a very large
number of variables, equality constraints and inequality constraints.

USCHN is a special purpose optimization scheme designed for efficiently
sclving search problems by satisf{ying equality constraints.

SIZE - Weaight Estimation Program Control Executive Model,

For the current set of available weight estimation models, SIZE executes
VHDMI1, a vehicle definition model which controls the evaluation of the
geometry, propulsion, and weight equations for a sequentially staged vehicle.
TRAJCEM =~ Trajectory Program Control Executive Model.

TRAJCEM executes TRIDMI, the trajectory definition model which controls

the trajectory simulation, (TRJDMI is a default model and is normally not
of concern to the program user.)

1-8
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1.2.3 Interaction of Function Generators

As mentioned above, the sizing problem may be set up as three distinct (but
dependent) subproblems, each subproblem solved by a particular function
generator (i.e., OPTSYS is responsible for determining variable values,
solving constraints, etc., SIZE is responsible for evaluating the weight
estimation equations, and TRAJCEM is responsible for evaluating the
trajectory equations). To solve the real problem, the function generators
must be linked together by the program user in a manner which insures that
the major dependencies are satisfied correctly. For example, generally,

a valirl optimization problem may have only a single objective function. If a
multi.case setup is being utilized where the vehicle parameters are optimized
within ths first case by extremizing a part’ :.tar objective function. then the
resulting vehile i8 flown in the second case extremizing a second objective
function, it iz the responsibility of the program user to insure that the ''two"
optimization prcblems Are not dependent,

Due to the nature of the sizing problem, the engineering design cycle for an
application will frequently involve repeated computer runs using alternate
function generator linkages. The repeated runs may be required to investigate
a specific subsystem prior to sizing the total vehicle and mission, the
alternate linkages may be required for the initial subsystem analysis cr to
minimize computer charges. The latter becomes eepecially important for
applications where many vehicles are being sized. This section will illustrate
the various function generaor linkages useful for sizing applications,

1. Evaluate Vehicle Configuration and Simulate Trajectory
(o optimization),

Figure ! illustrates two examples where SIZE and TRAJCEM are used in

a '""'stand alone' mode without optimization. The first example illustrated is

a two case job. The first case executes SIZE directly, which in turn calls

a vehicle definition model (e. g., VHDMI) to evaluate the vehicle geometry,
weight and propulsion quantities. The second case, which is optional, executes
TRAJCEM, which simulates the trajectory using the vehicle parameters
determined in case I. The second example illustrated is a single case job.
TRAJCEM is exeaited directly and SIZE is executed from a trajectory
initialization model type when vehicle parameters are required as input to

the trajectory models,

Since there is no optimization and associated constraint solving, the

above function generator linkages are not frequently used. The program user
must furnish input data values which will satisfy the vehicle geometry
constraints. Generally, these values, especially for the grain geometry,

are not known apriori.
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2. Optimize Vehicle Configuration, Then Optimize Trajectory.

Figure 2 illustrates a two case setup which optimizes the vehicle configuration
and trajectory separately, The first case executes OPTSYS which estimates
vehicle variable values and, when a function evaluation is required for
constraint solving or extremizing the objective function, calls SIZE. After
the vehicle optimization problem is solved, the second case is executed

if desired, OPTSYS estimates variable values and, when a function evaluation
is required, TRAJCEM uses the optimization determined trajectory variable

values, together with the vehicle parameters determined within the first case
to simulate the trajectory,

In practice, this function generator setup is used frequently. However, since
the '"two'" optimization problems solved may not be independent, it must be
used with extreme caution. The solution should be verified by rerunning the

final job with the function generator setup illustrated in Figure 3 and described
below,

3. Optimize Vehicle Configuration and Trajectory.

Figure 3 illustrates a single zase function generator setup which optimizes
the combined vehicle configuration and trajectory. OPTSYS estimates
vehicle and trajectory variables and, when a function evaluation is required,
TRAJCEM is executed from OPTSYS, TRAJCEM in turn calls SIZE out of
a trajectory initialization model type when vehicle data is required.

Since the optimization dependencies are always valid, this is the preferred
setup for sizing applications, No distinction is made between vehicle and
trajectory quantities since both sets of equations are evaluated simultaneously
with respect to the optimization. The only disadvantage is that for some
problems, many trajectories will be needlessly generated for solving the set
of vehicle constraints which are independent of the trajectory. Normally, it
is not recommended that the user attempt to determine dependencies of this
nature and economize by splitting the optimization problem into two parts. The
dependencies are very subtle and results are usually not valid. However,
some important, frequently used, basic sizing applications may be formulated
such that the vehicle optimization problem is independent of the trajectory
optimization problem.
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Case |

Case II
{Optional)

'

Case |

Fig. 1.2.3-1

Example 1

EXECUTE SiZe

Evaluate vehicle weight,
geometry, and propulsion
equations.

!

EXECUTE TRAJCEM

Simulate trajectory using
stage weights, thrust, etc.,
determined in Case 1, as
input data to the trajectory
models.

— — e e——— e csm—

Example 2

EXECUTE TRAJCEM

Simulate trajectory by calling
SIZE directly (via a trajectory
initialization model type) when
stage weights, thrust, etc,,

are required as input data to the
trajectory models,

SIZE
Evaluate vehicle weight,

.| geometry, and propulsion

equations when requested
by TRAJCEM.

Typical Function Generator Interaction. Determine

Vehicle Configuration and Simulate Trajectory.

(No Optimization)
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Case 1

Case 11
(Optional)

Figo 1. 24 3'?:

1-12

EXECUTE OPTSYS

Determine variable values
which optimize vehicle
configuration. Call SIZE
when a function evaluation
is required.

y

SIZE

Use variable values
furnished by optimization

to evaluate vehicle weights,

geometry and propulsion,

EXECUTE OPTSYS

Determine variable values
which optimize trajectory.
Call TRAJCEM when a
trajectory evaluation is
required.

TRAJCEM

Use variable values
furnished by optimization
to simulate the trajectory.

Typical Function Generator Interaction. Optimize

Vehicle Configuration, Then Optimize Trajectory.
(Optimization Problems Must Be Uncoupled, )

:
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Case 1

EXECUTE OPTSYS

Determine variable
values which optimize
the system. Call
TRAJCEM when a
function evaluation is
required,

Fig. 1.2.3-3

TRAJCEM

Simulate trajectory
by calling SIZE
directly (via a
trajectory initializa-
tion model type) when
stage weights, thrust,
etc., are required as
input data to the
trajectory models.

SIZE

Evaluate vehicle,
weights, geometry,

and propulsion equations
when requested by
TRAJCEM.

Typical Function Generator Interaction. Optimize

Sysiem by Combining Vehicle and Trajectory.
(Optimization Problem May Have Interdependent

Vehicle and Trajectory Quantities, )
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1.3 CLASSIFICATION AND PURPOSE OF WEIGHT ESTIMATION MODELS.

The weight estimation models within this volume are organized functionally
into three major clasaifications:

vehicle definition models
weight models

geometry, internal ballistics, and vropulsion models
Except for the vehicle definition models, which are precented first, the

individual model writeups are ordered alphabetically withir this document
starting with Section 10.

1.3,1 Vehicle Definition Models

The vehicle definition model is an executive model ( called by the SIZE function
generator) which controls the execution of the individual models required to
evaluate a specific application, The documentation for each vehicle definition
model (Section 10) lists the applicable model types and serves as a guide for
selecting models when setting up a new data deck,

1.3.2 Weigb_t Models

There arv two types of weight models--scaling models and synthesis models,

Scaling models predict subsystem weights using weight scaling equations which

are a functiou of design parameters selccted when the weight scaling equations
were develope.l, Whenever possible, parametric weight scaling is utilized,

However, because of subsystem complexity, insufficient data, etc., statistical
weight scaling an theoretical weight scaling are used for some component
weights., Typical Jesign parameters include:

length to dia.neter ratios
volumetric loading efficiency
propellent weight

vurn time

norzle expansion ratic
chaniber pressure

specific impulse

Preceding page blank
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Synthesis models are used to combine subsystem weights, evaluated by N
scaling models or other synthesis models, to form composite subsystems.

In addition to component weights peculiar to the subsystem being modeled,

each weight model outputs a gene:ral expended component weight breakdown
(for performance evaluation) of the following form:

W = W + W, + W

PP X NX
= +
WX wXI WXT
where
w is the total subsystem weight.
wpp is the primary propellent weight component associated

with the subsystem,

WX is the total expended weight component associated with
the subsystem.
WNX is the total non-expended weight componcnt associated
with the subsystem,
'l is the expended (non-thrust producing) weight component ~ -
XI . .
associated with WX.
WXT is the expended (thrust producing) weight component
associated with WX.

1.3.3 Geometry, Internal Ballistic and Propulsion Models

P TR TT ¥ Pragarg e rwery 3

The SOLE purpose of the geometry, internal ballistic, and weight models

is to determine the design parameter values required by the weight scaling
models. Note that what constitutes a ''design parameter' is specified by the
weight model, NOT the geometry, internal ballistics or propulsion model.

d

"

The geometrical configuration produced is of secondary importance and
requires considerable interpretation for correlation with geometrical
configurations produced by a '""hard point design'' analysi s.
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LW 2. NOMENGLATURE CONVENTIONS
The following conventions have been established to facilitate symbol
- identification within the weight estimation models. It must be emphasized
: that these are conventions, not rigid rules, and that exceptions will occur,
: Except for ratios and factors:
: the symbcl P
! SSxxx
f ' corresponds to the mnemonic PSSXXX
: where

P designates the primary attribute of the quantity

SS designates the secondary attribute of the quantity

XXX designates an identifier which makes the quantity

unique (up to three characters)
For ratios:
{ the symbol RPPSSSS
corresponds to the mnemonic RPPSSSS
where
R

designates > catio quantity

the first P designates the numerator primary attribute

T

the second P designates tlie dcnominator primary attribute

(if different troun. first P,
the first SS

L e

designates the numerator secondary attribute

the second SS designates the denominator secondary attribute

(if different from first SS)

3
For factors: :

the syrnbol Kpssxxx

corresponds to the mnemonic KPSSXXX
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where
K designates a factor quantity

PSSXXX designates the left hand member of the equation
containing the factor

Examples of primary attributes are:

Plane area (inz)

Burn rate (in/sec)

Constant (N, D.)

Diameter (in)

Impulse

Factor, coefficient or biay

Length (measured parallel to centerline) (in)
Number of (N. D.)

Pressure (psia)

Asgsociative quantity

Ratio (N. D.)

Surface area (in”)

Thickness (in), time (sec), temperature
Volume (in3) :

Weight (1b)

Centroid (in)

P =

HE<HVEDYZrR-DOW>

Examples of secondary attributes are:

SS = CH Chamber
CS Case
GN Grain
IN Insulation
IT Interstage
JT Joint
MT Motor
NZ Nozzle
FA Payload
PL Payload section
PP Primary propellent
PS Propulsion system
PT Port
SG Staga
SH Shroud
SK Skirt
SL Slot
SS Substage
ST Structure
TH Throat
TT Thrust termination

TV Thrust vector
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Examples of identifiers which make a quantity unique:

XXX = A
F

Aft
Forward

CLor C Closure
CH Closure hole
CYory Cylinder

H

I

o

Hole
Inside
Outside

Some examples using the conventions:

DCSO

DCSI

WN2

LNZ

LNzZCvVv

LNZDV

ANZTH

ANZEXT

ANZENT

DNZTH

DNZEXT

DNZENT

D
CSO

D
CSI

Wnz

Lynz

L
NZCV

L
NZDV

A
NZ.ru

A
NZpxT

A
NZpnT

D
NZTH

D
NZEX’I‘

D
NZENT

QOutside case diameter

Inside case diameter

Total nozzle weight
Total nozzle length

Length of convergent portion of nozzle

Length of divergent portion of nozzle

Nozzle throat area

Nozzle exit area

Nozzle entrance area

Nozzle throat diameter

Nozzle exit diameter

Nozzle entrance diameter

2-3

eI

il Sl L eyt



o

LNZB

KLNZB

RLDGNCY

L
NZB

K;NzB

Ripeney

Buried nozzle length i

Buried nozzle factor

Cylindrical grain length to diameter ratio
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VEHDEF VEHICLE DEFINITION VHDMI
10, 1

MODEL TYPE: VEHDEF (VEHicle DEFinition)

MODEL NAME: VHDMI] (Sequential stages with payload)
DESCRIPTION:

VHDMI] (VeHicle Definition Model number 1) i8 an executive model which
defines a rocket configuration consisting of a single propulsion system

(i. e., boost vehicle), with sequential stages, and a single payload section
(i.e., post-boost vehicle). The rocket is comprised of the following major
components, each of which has a separate data block for input of its models
and associated data (see figure 1),

The ''vehicle' is comprised of a single '"propulsion system'
and a single "payload section''. The ''vehicle' data is input
within the same data block as the vehicle definition model.
In addition to the vehicle definition model type, VEHDEF,
the following model types are applicable.

VEHG Vehicle geometry

VEHW Vehicle weight
The ''propulsion system' (i, e., boost vehicle) is comprised
of up to ten sequential "stages'’. Data is input using the data

block specified by DBPS(1) (see Intra-Model Input). The
following model types are applicable.

PROSYSG Propulsion system geometry
PROSYSW Propulsion system weight

A ''stage' is comprised of a single ''substage’ and a single
"interstage''. ‘''Stage'' data is input using the data block
specified by DBSG(i), 1 =1, 10, where i ic the stage number,
Stagzs are numbered consecutively, from the bottom to the top,
starting ~ith any integer less than, or equal to, 10, The
following n-odel types are applicable.

STAGEG Scage geometry

STAGEW Stage weight

" VT EPY I
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VEHDEF VEHICLE DEFINITION VHDMI

DESCRIPTION (Cont. ):

A ''substage'" is comprised of the motor and nozzle associated
with a "stage’’. '"Substage'' data is input using the data block
specified by DBSS (i), i = 1, 10, where i is the stage number,
The following model types are applicahle,

T e L alite XTI

CASEG . Case geometry

CASEW Case weight

GRAING (rain geometry

IBGAS Internal ballistics, gas
IBFLOW Internal ballistics, flow
IBPERF Internal ballistics, performance
INSULG Internal insulation geometry
INSU LW Internal insulation weight
MISCMTW Miscellaneous motor weight
MOTORG Motor geometry

MOTORW Motor weight

NOZZLEG Nozzle geometry

NOZZLEW Nozzle weight

PROPELW Propellent weight

PROPUL Propulsion characteristics
SUBSTGG Substage geometry
SUBSTGW Substage weight

TVCG Thrust vector control geometry
TVCW Thrust vector control weight
TTERMG Thrust termination geometry
TTERMW Thrust termination weight

An "interstage'' is comprised of the siructure to join either
"substages" or a '"substage'’ and the '"payload" (i.e., payload
adapter), The ''interstage'' associated with a ''stage'' is on
top of (forward of) the ''substage' associated with that ''stage''.
“Interstage'' data is input using the data block specified by
DBIT(i), i =1, 10, The following model types are applicable.

10,1-2
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VEHDEF VEHICLE DEFINITION VHDMI

DESCRIPTION (Cont. ):

INTINSW Interstage external insulation weight
INTSTGG Interstage geometry

INTSTGW Interstage weight

INTSTRW Interstage structure weight

The ''payload section' (i.e., post-boost vehicle) is comprised
of a single payload. ' Payload section'' data is input using the
data block specified by DBPL(l). The following model types
are applicable,

PAYSECG Payload section geometry
PAYSECW Payload section weight
SHROUDW Shroud weight

"Payload' data is input using the data block specified by
UEJI]”. The following model types are applicable.

PAYLODG Payload geometry
PAYLODW Payload weight

R
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VEHDEF VEHICLE DEFINITION VHDMI

N
PAYLOAD PAYLOAD SECTION
}DBPA (1) }DBPL (1)
INTERSTAGE )
DBIT (3)
}STAGE
| suBsTAGE [ DBSG (3)
DBSS (3)
- —
INTERSTAGE L
}DBIT 2) r VERICLE
, STAGE
|, suBsTAGE [ DBSG @) | pROPULSION SYSTEM
DBSS (2) nBPS (1)
< _ "
INTERSTAGE] f
DBIT (1) |
F STAGE 1
suBsTAGE | DBSG (1) b
DBSS (1) P
B
i
]
-Z.“_S . y, _ _4)

e

Fig. 10,1-1 Major Components arnd Data Block Designation
for a Typical I'hrer Stage Rocket ;

10.1-4
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VEHEDEF VEHICLE DEFINITION VHDM]1

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user,

Mnemonic Symbol Description; Ext. (Int.) Units
DBIT(i) DBIT (i) Name of data block containing interstage aata

for the interstage associated with the i-th
stage. i =1, 10 where i is the stage number.
The data block name is arbitrary (i.e., user
defined), except that it cannot be a previously
mentioned user-defined symbol or an existing
GTS symbol,

e.g., DBIT/1) = [INTSTGI];
Nl D.

DBPA{)) DBPA(l) Name of data block containing payload data.
The data block name is arbitrary (i.e., user
defined), except that it cannot be a previously
mentioned user-defined symbol or an cxisting
GTS symbol.

e.g., DBPA(l) = [PAYLOD];
N. D.

DBPL(1) DBPL(1) Name of data block containing payload section
(i. e., post-boost vehicle) data, The data
block name is arbitrary (i.e., user defined),
except that it cannot be a previousiy mentioned
user-defined symbol or an existing GTS symbol.

e.g., DBPL(1) = [PAYSEC];
N. LT,

DBPS(1) DBPS(1) Name of data block containing propulsion
system (i.e., boost vehicle) data. The data
block name is arbitrary (i.e., user defined),
except that it cannot be a previously mentioned
user-defined symbol or an existing GTS symbol.
e.g., DBP5(l) = [PROSYS];

N. D.

10.1-5
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VEHDEF VEHICLE DEFINITION VHDMI

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Symbol Description; Ext, (Int.) Units
DBSG(i) DBSG{i) Name of data block containing stage data for

the i-th stage. i =1, 10 where i is the stage
number. Note that stages are numbered
consecutivzly, from the bottom to the top,
starting with any integer less than, or equal ,
to, 10. The data block name is arbitrary .
(i.e., user defined), except that it cannot be t
a previously mentioned user-defined symbol
or an existing GTS symbol,

e.g., DBSG(l) = [STAGEI];
N. D.

DBSS(i) DRSS(1) Name of data block containing substage data
for the substage associated with the i-th
stage, i =1, 10 where i is the stage number,
The data block name is arbitrary (i.e., user
defined), except that it cannot be a previously
mentioned user-defined symbol or an existing
GTS symbol.

e.g., DBSS(1) = [SUBSTGI] ;
N. D.

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output frcm a
model of the specified model type, 1f the user has not specified such a
source for this dnta, then it must be input directly with the intra-model input,

Mnemonic Symbol Description; Ext. (Int.,) Units Model Type

None
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VEHDEF VEHICLE DEFINITION VHDMI

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

Mnemonic Szmbol Description; Ext. (Int.) Units
None
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CASEG CASE GEOMETRY CSGM1
20.1

MODEL TYPE: CASEG (CASE Geometry)

MODEL NAME: CSGM1 (Metal case)

DESCRIPTION:

CSGM1 (CaSe Geometry Model number 1) determines the pertinent geometry
for a solld Tocket motor metal case subject to internal pressure. This
model does not account for buckling or aerodynamic loads.

As illustrated by Figure 1, the basic case geometry is comprised of a
cylindrical section with forward and aft closure sections, The inside and
outside surfaces of a closure section form concentric hemi-ellipsoids
having coincident equatorial planes and, normally, unequal head ratios.
The closures may have cylindrical holes, centered on the hemi-ellinsoid
axis of revolution, for modeling geometry associated with the igniter,
submerged nozzles and TVC systems. Generally, the geometry may be
degenerated for simulating spherical motors, etc.

It should be noted that since the model does not include raceways or
external protrusions associated with segmented cases, the outside case
diameter is not necessarily the maximum diameter of the motor., I such
protrusions exist, they would be evaluated by the models specified for the
MOTORG (motor geometry) or SUBSTGG (substage geometry) model types,

PROCEDURE:

Prior to entering CSGM1, the models specified by the IBGAS and
NOZZLEG model types have determined the average chamber pressure
and buried nozzle diameter.

Upon the first entrance to CSGMI, the thickness, closure lengths, diameters,

head ratios, and closure hole geometry associated with a metal motor case
are evaluated,

The models specified for the INSULG and GRAING model types then evaluate
the remaining principal motor component geometry, the insulation and
the grain.

After determining the grain geometry, CSGMI is re-entered {second
entrance) and quantities associated with the total case length are evaluated.

20,1-1
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CASEG CASE GEOMETRY CSGMI
!

F.QUATIONS, FIRST ENTRANCE:

Case thickness, cylindrical section.
€1 s Pmeo Pes
e K

e

Tes KCS + KPS (1)

(0) ¢ uTs

Case thickness, center of aft closure.

T = (C, T K + K (2)
csCLA (2 CSCY) CS, cs,

Case thickness, center of forward closure,

Teserr

C. T

3 Teg + K (3)

K
cs oy) Fess FKes,

Case inside diameter,

= Deg - 2 T,

D¢ (4) ,

Outside equatorial diameter for case closures,
CSs )

Inside equatorial diamet<r for case closures,

D = D (6)
CScrr ~ ©S;

Outside lungth of aft case closure.

R
Les - —DeAC Des (7
CLAO CLO
Inside length of aft case closure.
Les " Les - Tes (8)

CLAl "“CLAO CLA
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CASEG CASE GEOMETRY CSGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

;; Inside head ratio of aft closure.
i L

2 . 5 SScLar (9)
DCSCAI TCS
CLI1
_ Qutside length of forward closure.
Rpescro Pes
- CLO
LCS = - (10)
CLFO
Inside iength of forward closure,
L =L -T (11) ]
CScrrr “Scrro CScur ]
Inside head ratio of forward closure. ? 1
2L ]
R : CScLrr 12) ;
DCSCF1 D(‘S a
“°CLI - 3
- Ll
Diameter of hole in aft outside case closure surface. 1
]
D = K D + K (13) i
CSHAO CS7 NZB C58 3
Diameter of hole in aft inside case closure surface. 1
D = D (14) ’
CSyar SSuao i
i
Diameter of hole in forward cutside case closure surface.
D = K D + K (15)
CSyro  ©S¢ CScro S50
Diameter of hole in forward inside case closure surface.
D =D (16)
CSyrr CSuro
il&
3 i
20.1-3 l
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CASEG CASE GEOMETRY CSGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

Diameter ratio. Aft outside case hole diameter to outside case
closure diameter.

D
. _ _ SSuao (17)
DCSHAO © Dgg
CLO

Outside length of aft case closure, adjusted for hole,

L =L

[ 2
1 -R (18)
CScHao CS:La0 \/ DCSHAO

Diameter ratio. Aft inside case hole diameter to inside case closure
diameter.

Des
R = HAI (19)
DCSHAI = Do
CScr

Inside length of aft case closure, adjusted for hole.

3
1 - Rpesyal (20)

L = L

CSCHAI Cs

CLAI

Diameter ratio. Forward outside case hole diameter to out<ides -ate
closure diameter.

D
5 . SSuro 21
DCSHFO © "By )
CLO

Outside length of forward case closure, adjusted fer hole,

2
L =L 1 - R (22)
CSecuro ©ScLro \/ DCSHFO

Diameter ratio, forward inside case hole diameter to inside case
closure diameter.

D
CSyrr

Rpcsurl © Des (23)
cLI

20,1-4
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CASEG CASE GEOMETRY CsGMl1
EQUATIONS, FIRST ENTRANCE (Cont, ):

Inside length of forward case closure, adjusted for hole.

Lcs = Les I - Rpcsurs (24)

CHF1 CLFI

Length of hole in aft case closure.

L =L - L (25)
CSya  "CScuao “Schar

Length of hole in forward case closure.

L = L - L (26)
CSur  "CScuro “Scuri

Case cross sectional area,

Acs = () D (27)
Cs Z CSO

Head ratio for use of models which define a single head ratio for forward

R

Associative quantities.
optional utilization by the program user.

DCSCHO

= R

and aft closures.

DCSCAO

(27-a)

The following quantities are intended solely for

Their primary usage within

this model is for forming constraint quantities.

Qpn
Qppp ©
Cp13

Qpol

T e TR Y S AT T T

* Kapn Pcs
Kaprz
= Kapis

= Kapo1 Dcs

1

D
CSI

D
CSl

O

- S e e I

(28)

(29)

(30)

(31)

20.1-5
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CASEG CASE GEOMETRY

EQUATIONS, FIRST ENTRANCE (Cont. ):

Qpoz = Kqpo2 Dcso

Qno3 = Kqpos Dcs.o

EQUATIONS, SECONC ENTRANCE:

Lengch of cylindrical case section,

Les o 7 Lg

cY Ney

Total case length,

L = L

cs cS t L

C

+ L
cy  SScuao ScHFO

Cylindrical case length to diameter ratio.

L

R =
_U——
LDCSCY CSO

Total case length to diameter ratio,
L

= CS

Ripcs © T
o

20.1-6

CSGM1

(3:)

(33)

(34)

(35)

(36)

(37)
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CASE GEOMETRY CSGM1
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CASECG CASE GEOMETRY CSsGMl1

INPUT DAYA, INTi*-MODEL: )

The following data 15 input direcily to this model by the program user. If
a value is not inp.t, the preset value is used.

Mnemonic Sxm‘ool Description; Ext. (Int,) Units Preset
CCsGl C1 Constant for TCSCY computation;

N. D. 1.05
CCsG2 CZ Proportionality constart relating the case

thickness at the center of the aft closure to
the case thickness of the cylindrical section;

N. D, 0.5

" AR APATTY | QMY AT A SR 47 T Y S TR T s SR Efj{m

CCSG3 C3 Proportionality constant relating the case
thickness at the center of the forward
closure to the case thickness of the cylindrical

PP R VT e ST T

section;
N. D. 0.5
DCSO DCS Motor case outside diameter. OQutside
O diameter of pressure vessel cylindrical case -
section, Does not include raceways,
] protrusions, etc.;
in Fig. 1 0
:
] KCS1 KCS Coefficient for TCSCY computation;
: N. D. 1
i KCS2 K Bias for TCSCY computation;
§ CSZ
in 0
KCS3 KCS Coefficient for TCSCLA computation;
3 N. D. 1
KCS4 KCS Bias for TCSCLA computation;
4 .
in 0




CASEG CASE GEOMETRY CSGMi

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Symbol Description; Ext. (Int.) Unite Preset
;. KCsSs Kes Coefficient for TCSCLF computation;
3 5 ;
iﬂ N. Do l .
E
E KCsé K Bias for TCSCLF computation; g
¢ CS6 o
E in 0
KCS7 Kcs Coefficient for DCSHAO computation;
7
%— No DQ 1 %
[
KCSs8 Kes Bias for DCSHAO computation; §
; 8 in 0
: KCs9 KC Coefficient for DCSHFO computation; g
‘ 9 N. D. 1 q
' KCS10 KCS Bias for DCSHF O computation; §
- : z
o ;
‘ KCSF'S Kes Case factor of safety. Ratio of minimum burst £
2 pressure to maximum expected operating i
_ pressure; %
] K]
f* N. D. 1 i
KCSUTS KUTS Ultimate tensile strength for metal case g
material; !
| > g
: 1b/in 0 5
KQDCSlI Kapi Associative quantity coefficient for QDCSI1 i
: computation;
é Nc DO 0
: KQDCSI2 KQDIZ Associative quantity coefficient for QDCSI2 §
% computatior.; %
i N. D. ) i
AT “
200 l - 9 ‘9":
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CASEG CASE GEOMETRY CsGMl

INPUT DATA, INTRA-MODEL (Cont. ): N
Mnemonic Symbol Description; Ext. (Int.) Units Preset
KQDCSI3 KQDI3 Associative quantity coefficient for QDCSI3
computation;
N. D. 0
KQDCSO1 KQDO). Associative quantity coefficient for QDCSOI
_computation;
N. D. 0
KQDCS02 Kapoz " Associative quantity coefficient for QDCSO2 3
computation; i
N. D. 0
2
KQDCSO3 KQDO3 Associative quantity coefficient for QDCSO3
computation; !
N. D. 0 ]
RDCSCAO RDCSCAO Head ra.tio of the ellipsoid associated with the ]
aft outside case closure surface., Ratio i

of twice the closure length to the closure
diameter, i.e., the aft outside case closure
surface is an oblate spheroid. The head ratio
is the ratio of the axis of revolution (minor
axis) to the equatorial diameter (major axis);

N. D, 1

PRI S S SR ¥

RDCSCFO R Head ratio of the ellipsoid associated with the 4
DCSCFO p . ,

nrward outside case closure surface. Ratio
of twice the closure length to the closure
diameter, i.e., the forward outside case
closure surface is an oblate spheroid. The
head ratio is the ratio of the axis of revolution
(minor axis) to the equatorial diameter
(major axis);

NI D' 1

20,1-10
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CASEG CASE GEOMETRY CSGM1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol Description; Ext, (Int.,) Units Model Type
DNZB D Buried nozzle diameter;
NZB

in NOZZLEG
PCHMEO pMEO Maximum expected operating chamber

pressure;

psia IBGAS
LGNCY LGN Length of cylindrical grain section. Includes

CcY all adjustments for submerged nozzle,
displaced propellent, cutouts, etc.;
in GRAING

OUTPUT DATA:

The following data is output from this model. ]t is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic Szmbol Description; Ext. (Int.) Units
ACS ACS Motor case cross sectional arsa, Area of

pressure vessel cylindrical case section.

Does not include raceways, protrusions, etc,;
in® Eq. 27

DCSCLI DCS Equatorial diameter of the ellipsoids formed
CLI by the inside surfaces of the forward and aft

case closure sections;
in Fig. 1 Eq. 6

DCSCLO Equatorial diameter of the ellipsoids formed

by the outside surfaces of the forward and aft
case closure section;

in Fig. 1 Eq. 5

-
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CASEG CASE GEOMETRY CSGM1

: OUTPUT DATA (Cont. ): ~
Mnemonic Symbol Description; Ext. (Int.) Units
DCSHAI DCS Diameter of circular hole, for the nozzle,
HAI centered on the axis of revolution of the hemi-

ellipsoid formed by the inside surface of the
aft case closure;

in Fig. 1 Eq. 14

DCSHAO DCS Diameter of circular hole, for the nozzle,
HAO centered on the axis of revolution of the hemi-
ellipsoid formed by the outside surface of the
aft case closure;

in Fig. 1 Eq. 13

DCSHF'1 DCS Diameter of circular hole, - for the igniter,
HF1 centered on the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the )
forward case closure; -

in Fig. 1 Eq. 16

DCSHFO DCS Diameter of circular hole, for the igniter,
HFO cantered on the axis of revolution of the hemi-
ellipsoid formed by the cutside surface of the
forward case closure;

in Fig. 1 Eq. 15

DCS1 DCS Case inside diameter, cylindrical section;
in Fig, 1 Eq. 4

LCS LCS Total case length. Distance between the
forward base of the hemi-ellipsoid frustum
associated with the forward outside closure -
surface to the aft base of the hemi-ellipsoid g
frustum associated with the aft outside closure
surface. Includes all adjustments to grain;

in Fig. 1 Eq. 35

LCSCHAI LCS Length of hemi-ellipsoidal frustum which
CHAI forms the inside surface of the aft case

closure. Includes adjustment for nozzle hole;
in Fig. 1 Egq. 20

i v

20,1-12
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CASEG

OUTPUT DATA (Cont, ):

Mnemonic

LCSCHAO

LCSCHF1

LCSCHFO

LCSCLAI

LCSCLAO

LCSCLFI1

LCSCLFO

LCSCY

Symbol

L
CScuao

CSeurF1

CScuro

CSCLAI

CScrao

CScLrF1

L
CSCLFO

CSCY

CASE GEOMETRY

CSGM1I

Description; Ext. (Int.) Units

Length of hemi-ellipsoidal frustum which
forms the outside surface of the aft case
closure. Includes adjustment for nozzle hole;

in Fig. 1 Eq. 18

Length of hemi-ellipsoidal frustum which
forme the inside surface of the forward case
closure, Includes adjustment for igniter hole;

in Fig. 1 Eq. 24

Length of hemi-ellipsoidal frustum which
forms the outside surface of the forward case
closure. Includes adjustment for igniter hole;

in Fig. 1 Eq. 22
Length of the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
aft case closure section;

in Fig. 1 Eq. 8

Length of the axis of revolution of the hemi-
ellipsoid formed by the outside surface of the
aft case closure section;

in Fig. 1 Eq. 7

Length of the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
forward case closure section;
in Fig. 1 Eq. 11
Length of the axis of revolution of the hemi-
ellipsoid formed by the outside surface of the
forward case closure section;

in Fig. 1 Eq. 10

Length of cylindrical case section. Includes all
adjustments to grain;

in Fig. 1 Eq. 34

20,1-13
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CASEG

OUTPUT DATA (Cont, ):

Mnemonic

LCSHA

LCSHF

QDCSII

QDCs12

QDCSs13

QDCSOl

QDCsO2

QDCSO3

RDCSCAI

20.1-14

Fexars e s grar o St

Symbol

L
CSHA

CS

HF

Qpn

Qpr2

Qpr3

Qpo1l

Qpo2

Qpos

RDCSCAI
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CASE GEOMETRY CSGM1

Description; Ext. (Int,) Units

Length of the cylindrical hole, for the nozzle,
in the aft case closure;

in Fig. 1 Eq. 25
Length of the cylindrical hole, for the igniter,
in the forward case closure;

in Fig. 1 Eq. 26
Associative quantity, inside case diameter
(see DCSI);

in Eq. 28
Associative quantity, inside case diameter
(see DCSI);

in Eq. 29
Associative quantity, inside case diameter
(see DCSI);

in Eq. 30
Associative quantity, outside case diameter
(see DCSO)j

in Eq. 31
Associative quantity, outside case diameter
(see DCSO);

n Eq. 32

Associative quantity, outside case diameter
(see DCSO);

in Eq. 33

Head ratio of the ellipsoid associated with the
aft inside case closure surface. Ratio of twice
the closure length to the closure diameter,
i.e., the aft inside case closure surface is an
oblate spheroid, The head ratio is the ratio of
the axis of revolution (miror axis) to the
equatorial diameter (major axis);

N. D. Eq. 9

]
j
E]
|
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CASEG CASE GEOMETRY CSCM1 N
vd
® OUTPUT DATA (Cont. ): '
Mnemoaic Symbol Description; Ext. (Int,) Units
RDCSCF1 RDCSCI-‘I Head ratio of the ellipsoid associated with the

forward inside case closure surface. Ratio of
twice the closure length to the closure
diameter, i.e., the forward inside case
closure surface is an oblate spheroid. The
head ratio is the ratio of the axis of
revolution (minor axis) to the equatorial
diameter (major axis);

st nwabbli o il B R ok s
b n e L et b g o de g Bl ) AR el o sy g cadeble o oc o "

N. D, Eq. 12
RDCSHAL R Diameter ratio, hole diameter to equatorial
DCSHAI . b
diameter, inside surface of aft case closure;
N. D. Eq. 19
RDCSHAO RDCSHAO Diameter ratio, hole diameter to equatorial
diameter, outside surface of aft case closure;
N. D. Eq. 17 P
.
RDCSHF1 R Diameter ratio, hole diameter to equatorial 4
- DCSHFI . Dt 4
diameter, inside surface of furward case : 3
b closure; 3
N. D. Eq. 23
RDCSHFO RDCSHFO Diameter ratio, hole diameter to equatorial 1 5
diameter, outside surface of forward case :
closure; .
N. D. Eq. 21 T
RDCSCHO RDCSCHO Head ratio for usage by models which define |
a single head ratio for forward and aft ;
closures; :
N. D. Eq. 27-a 3
RLDCS RLDCS Length to diameter ratio, total case; |
N. D, Eq. 37
RLDCSCY RLDCSCY Length to diameter ratio, cylindrical case
section;
N. D. Eq. 36
D.
20.1-15
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CASEG CASE GEOMETRY CsGM1

OUTPUT DATA (Cont, ): U
Mnemonic Symbol Description; Ext. (Int.) Units
TCSCLA TCS Case thickness at center of aft case closure,

CLA Distance between the aft inside and outside

hemi-ellipsoid surfaces, measured on the o5
axis of revolution; :

in Fig. 1 Eq. 2 4
TCSCLF TCS Case thickness at center of forward case
“CLF closure. Distance between the forward -
. inside and outside hemi-ellipsoid surfaces, E
| measured on the axis of revolution; 3
! in Fig. 1 Eq. 3
TCSCY T Case thickness, cylindrical section;
i CSCY

in Fig. 1 Eq. 1
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CASEG CASE GEOMETRY CSGM2

20,2

i MODEL TYPE: CASEG (CASE Geometry)
- MODEL NAME: CSGM2 (Glass case)

DESCRIPTION:

CSCM2 (GaSe Geometry Model number 2) determines the pertinent geometry
for a solid rocket motor fiberglass case subject to internal pressure. This
model does not account for buckling or aerodynamic loads.

As illustrated by Figure 1, the basic case geometry is comprised of a
cylindrical section with forward and aft closure sections, The inside and
outside surfaces of a closure section form concentric hemi-ellipsoids
having coincident equatorial planes and, normally, unequal head ratios,
The closures may have cylindrical holes, centered on the hemi-ellipsoid
axis of revolution, for modeling geometry associated with the igniter,
submerged nozzles and TVC systems. Generally, the geometry may be
degenerated for simulating spherical motors, etc,

e VBT (s 3 o 30D SAION, LRI ALY i K-
pkal T foay ) ik [

- —— -

1t should be noted that, since the model does not include raceways or

’ external protrusions associated with segmented cases, the outside case
diameter is not necessarily the maximum diameter of the motor, If such
protrusions exist, they would be evaluated by the models specified for the
MOTORG (motor geometry) or SUBSTGG (substage geometry) model types.

PR

-

PROCEDURE:

Prior to entering CSGM2, the models specified by the IBGAS and i
NOZZLEG model types have determined the average chamber pressure ?
and buried nozzle diameter,

Upon the first entrance to CSGMZ2, the thickness, closure iengths, ' .
diameters, head ratios, and closure hole geometry associated with a - 3
fiberglass motor case are evaluated. '

The models specified for the INSULG and GRAING model types then eval:
the remaining principal motor component geometry, the insulation and
the grain.

After determining the grain geometry, CSGM2 is re-entered (second
entrance) and quantities associated with the total case length are evaluated.

200 Z-l




CASEG CASE GEOMETRY

EQUATIONS, FIRST ENTRANCE:

Case thickness, cylindrical sectiore

C4 KpsPmEO (Pcsy) >

T = K
CScy “Ryrs Cs))

Case thickness, center of aft closure,

T * (%6 Tcs

K + K

Cs CS13 Cs

CLA CY)

14

Case thickness, center of forward closure,

+ K

=(C T s

K
7 Tes.,) Kes cs

T
CScLF C 16

Case inside diameter.

D = D ~2T

CSI CSO CSs

cYy
Outside equatorial diameter for case closures.

D =D

Cs CS

CLO o

Inside equatorial diameter for case closures

Outside length of aft case closure.

Rpescao

L = D
CSCLAO 2 CS

CLO
Inside length of aft case closure.

L = L

- T
CScral

CScLao Cs

CLA

20,2-2

+ K

Cs

12

CSGM2

(1)

(2)

(3)

(4)

(5)

(7)

(8)




CASEG CASE GEOMETRY CsGM2

EQUATIONS, FIRST ENTRANCE (Cont, ):

Inside head ratio of aft closure,
L

., _ SScLa
[CSCAL D

: )
CScia

R

Outside length of forward closure,

R D
L ) DCSCFO CSCLO

= - (10)
CScrro 2

‘ti
L
i
]
i
i
-3
4
=
£
2

Inside length of forward closure.

L - L - T (11)
CScrrFr CScLro  “ScLr

T AT L e

Inside head ratio of forward closure.

2 L
‘R : CScLr1 (12)
| DCSCF1 Des | ’ ,
cLr

2y

LTS

Diameter of hole in aft outsi.e cése closure surface.
D = K D + K (13)
CSyag  C517 NZg  "CS4

Diameter of hole in aft inside case closure surface,.

(14)
HAI  SSuao

Diameter of hole in forward outcide case closure surface.

D = K D + K (15) !
CSyro  ©8%19 CScro  CS |
Diameter f hole in forward inside case closure surface.

(16)
HF1I  SSuro

200 2-3
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CASEG CASE GEOMETRY CSGM2

EQUATIONS, FIRST ENTRANCE (Cont. ): {

Diameter ratio. Aft outside case hole diameter to outside case
closure diameter.

D
. . SSuao (17)
DCSHAO = Bgg
CLO

Outside length of aft case closure, adjusted for hole.

2
o = L \/: - R (18)
CSCHAO CSCLAO DCSHAO
Diameter ratio, Aft inside case hole diameter to inside case closure
diameter.
!
Des B
R - HAI (19)
DCSHAI DCS
CcLI
Inside length of aft case closure, adjusted for hole. <
i
L = L \ﬂ- R2 (20) !
CSCHAI CSCLAI DCSHAI :

Diameter ratio, Forward outside case hole diameter to outside case i g
closure diameter.
D
R . SSwro 1)
DCSHFO D

CS¢cLo

Outside length of forward cuse closure, adjustec for hole.

2

L = L 1 - R (22)
CSCHFO CSCLFO \/ DCSHFO

20.2-4
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CASEG CASE GEOMETRY CSGM2
;“;
- EQUATIONS, FIRST ENTRANCE (Cont. ): g
- Diameter ratio, forward inside case hole diameter to inside case closure g .
. g diameter, g3
2 Des :
;3, R - HF1 (23) .
ik DCSHF1 D
tE CSCLJ :
s Inside length of forward case closure, adjusted for hole. a ’
P — :
& L = L 1 - R® (24) i
%ér CSCHFI CSCLFI DCSHF1
£ } Length of hole in aft case closure,
‘ L = L - L (25)
E : CSua CSchao  “ScHal
{
4 Length of hole in forward case closure. ;
L L =L - L (26) '
Ly CSyr “Scuro  “Scuri ,
EER .
% : Case cross sectional area.
> !
| S H
N - m 2 .
’ Acs = () Pes,, @n 5
!
|
Head ratio for usage by models which define a single head ratio for the ’
= forward and aft closures.
= = -
[ Rpcscuo © Rpcscao (27-2)
: : Associative quantities. The following quantities are intended solely for
H optional utilization by the program user, Their primary usage within
& this model is for forming constraint quantities,
{
1 i1 * ¥apn Pes, (28)
1z * Kaprz Pes, (29)
i3 = ®op1s Pes (30)

20.2.5
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CASEG CASE GEOMETRY

EQUATIONS, FIRST ENTRANCE (Cont. ):

= K

Qpo1 QDOl Dc;so

“poz * ¥apoz Pcs
Q =

po3 - ¥qpo3 DcsO

EQUATIONS, SECOND ENTRANCE:

Length of cylindrical case section.

L = L
CSCY GNCY

Total case length.

L. =L + L L
Cs CScy CScHao  SScuro

Cylindrical case length to diameter ratio,

L

. | CScy
Lpcscy - B
Csq

Total case length to diameter ratio.

R . _Lcs
LDCS ° Deg —
csg

20.2-6
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CSGM2

(31)

(32)

(33)

(34)

(35)

(36)

(37)
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CASEG CASE GEOMETRY cscM2

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user,
If a value is not input, the preset value is used,

Mnemonic Symbol Description; Ext., (Int, ) Units Preset
CCSsG4 C4 Constant for TCSCY computation;
N. D. 1.18
CCsG5 CS Constant for TCSCY computation;
N. DO 1. 16
CCS5G6 Cq Proportionality constant relating the case
thickness at the center of the aft closure to
the case thickness of the cylindrical section;
N. D. 0.5
CCSG7 Cq Proportionality constant relating the case
thickness at the center of the forward
closure to the case thickness of the cylindrical
section;
N. D. 0.5
DCSO D Motor case cutside diameter, OQutside diameter
CsS ) -
o of pressure vessel cylindrical case section.
Does not include raceways, protrusions, etc,;
in Fig, 1 0
KCSl1 Keg Coefficient for TCSCY computation;
H N. D. 1
KCS12 K Bias for TCSCY computation;
CS
12 .
in 0
KCSs13 KCS Coefficient for TCSCLA computaticn;
13 N. D. 1
KCS14 K Bias for TCSCLA computation;
CS,4
in 0
20,2.8
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CASEG CASE GEOMETRY C3GM2

INPUT DATA, INTRA-MODEL (Cont. ):

& Mnemonic Symbol Description; Ext, (Int,) Units Preset
: KCS815 KCS Coefficiant for TCSCLF computation;
Y _ 15 N. D, 1
i =
| i KCS16 KCS Bias for TCSCLF computation;
! 16
Lo in 0
: KCS17 KCS Coefficient for DCSEAO computation;
- 17 N. D. 1
KCs18 K Bias for DCSHAO computation;
) CS)g
: KCS19 Keg Coeflicient for DCSHFO computation;
19 N. D. 1
KCS20 K Bias for DCSHF O computation;
! Cszo 1
! s in 0 i
S 3
KCSFS K Case factor of safety, Ratio of minimum ]
FS b E
nrst presaure to maximum expected 3
operating pressure;
3
N. D. 1 1
KCSUTS KUTS Ultimate tensile strength for fiberglass
filament case material; :
i 1b/in’ 0
KQDCs1l KQDH Associatiy 2 quantity coefficient for QDCSI] ]
computation;
N. D. 0 1
i
KQDCSI2 Korn Associative quantity coefficient for QDCSI2 {
computation;
N. D. 0
"4
el
20,2-9
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CASEG

INPUT DATA, INTRA-MODEL (Cont, ):

Mnemonic

KQDCsSI3

KQDCSOl

KQDCSO2

KQDCSO3

RDCSCAO

RDCSCFO

20.2-10

Sxmbol

K

K

K

QDI3

QDOl

QDO2

Kopos

R

R

DCSCAO

DCSCFO

CASE GEOMETRY CSGM2 -3
-
)
Description; Ext. (Int.) Units Preset __
Associative quantity coefficient for QDCSI3
computation;
N. D. )
Associative quantity coefficient for QDCSOIl
computation;
N. D. o
Associative quantity coefficient tor QDCS02 Do
computation;
N. D. 0
Associative quantity coefficient for QDCSQO3 i
computation;
N. D. 0
Head ratio of the ellipsoid associated with A
the aft outside case closure surface. Ratio §
of twice the closure length to the closure N

diameter, i,e., the aft outside case closure 9
surface is an oblate spheroid. The head ratio
is the ratio of the axis of revolution (minor

axis) to the equatorial diameter (major axis);

N. D. 1

Head ratio of the ellipsoid associated with
the forward outeside case closure surface,
Ratio of twice the closure length to the
closure diameter, i, e., the forward outside
case closure surface is an oblate spheroid.
The head ratio is the ratio of the axis of
revolution {minor axis) to the equatorial
diameter (major axis);

N. D. 1
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CASEG

CASE GEOMETRY

CsGM2

INPUT DATA, INTER-MODEL.:

Tais model requires as input certain data which is usually output from a

model of the specified model type.

If the user has not specified such a

source fcr this data, then it immust be input directly with the intra-model input,

Mneimonic Szmbol
DNZB D

N ZB
PCHMEO PME: o
LGNCY L

GN cY

OUTPUT DATA:_

The following data is output from this model.

L mwaemas waed SR

Description; Fxt, (Int.) Units Model Type
Buried nozzle diameter;
in NOZZLEG

Maximum expected operating chamber
pressure;

psia IBGAS

Length of cylindrical grain section, Includes
all adjustments for submerged nozzle,
displaced propellent, cutouts, etc.;

in GRAING

It is available for use as inter-

model input to other models and to print, plot, and optimization routines,

Mnemonic Szmbol
ACS ACS
DCSCLI D
CSeur
DCSCLO D
CScro

s T r— G AT TR
= It b QR T AT ~
e TGS N SE ST T R T T T &5 AR i
ST EATAEY S TASTYT NI R e ST - =

Description; Ext, (Int.) Units

Motor case cross sectional area, Area of

pressure vessel cylindrical case section.

Does not include raceways, protrusions, etc.;
2

in Eq. 27

Equatoriai diameter of the ellipsoids formed

by the inside surfaces of the forward and aft

case closure sectiu...;

in Fig. 1 Eq. 6

Equatorial diameter of the ellipsoids formed
by the outside surfaces of the forward and aft
case closure sections;

in Fig. 1 Eq. 5

20.2-11
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CASEG

QUTPUT DATA (Cont, ):

Mnemonic

JCSHAI

DCSHAO

DCSHF1

DCSHFO

LCSCHALI

20,2-12

(T e T T M RS

Sxmbol

D
CSyal

CSyao

CSyr1

CSuro

CSchar

CASE GEOMETRY

CSGM2

Description; Ext, (Int.) Units

Diameter of circular hole, for the nozzle,
centered on the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
aft case closure;

in Fig. 1 Eq. 14
Diameter of circular hole, for the nozzle,
centered on the axis of revolution of the hemi-
ellipsoid formed by the outside surface of the
aft case closure;

in Fig. 1 Eq. 13
Diameter of circular hole, for the igniter,
centered on the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
forward case closure;

in Fig. 1 Eq. 16
Diameter of circular hole, for the igniter,
centered on the axis of revolution of the hemi-
ellipsoid formed by tl.e outside surface of the
forward case closure;

in Fig. 1 Eq. 15

Case inside diameter, cylindrical section;

in Fig, 1 Eq. 4
Total case length. Distance between the
forward base of the hemi-ellipsoid frustum
associated with the forward outside closure
surface to the aft base of the hemi-ellipsoid
frustum associated with the aft outside closure
surface. Includes all adjustments to grain;

in Fig. 1 Fq. 35
Length of hemi-ellipsoidal frustum whicn forms
the inside surface of the aft case closure.
Includes adjustment for nozzle hole;

in Fig. 1 Eq. 20

L~ SR AT L SO R




b4 e Ay

- RANAN

n-'w:-‘ﬂM'd'!“'-, n“"':,v 4 4
IR A Caae- 2t +

ATt o e T

-

A1

CASEG

OUTPUT DATA (Cont. ):

Mnemonic Symbol
LCSCHAO Le SCHAO
LCSCHF1 LCSCHFI
LCSCHFO LCSCHFO
LCSCLA! LCSCLAI
LCSCLAO LCSCLAO
LCSCLF1 LCSCLFI
LCSCLFO LCSCLFO
LCSCY LCSC v

CASE GEOMETRY

CsGMz2

Description; Ext, (Int,) Units

Length of hemi-ellipsoidal frustum which
forms the outside surface of the aft case
closure. Includes adjustment for nozzle hole;

in Fig. 1 Eq. 18

Length of hemi-ellipsoidal frustum which
forms the inside surface of the forward case
closure. Includes adjustment for igniter hole;

in Fig. 1 Eq. 24

Length of hemi=ellipsoidal frustum which
forms the outside surface of the forward case
closure, Includes adjustment for igniter hole;

in Fig. 1 Eq. 22
Length of the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
aft case closure section;

in Fig. 1 Eq. 8

Length of the axis of revolution of the hemi-
ellipsoid formed by the outside surface of the
aft case closure section;

in Fig. 1 Eq. 7
Length of the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
forward case closure section;
in Fig., 1 Eq. 11
Length of the axis of revolution of the hemi-
ellipsoid formed by the outside surface of the
forward case closure section;

in Fig., 1 Eq. 10

Length of cylindrical case section. Includes
all adjustments to grain;

in Fig, 1 Eq. 34

e KT S IR -
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CASEG CASE GEOMETRY CsGMz2
7
OUTPUT DATA (Cont, ): i i
i
Mnemonic Symbol Description; Ext, (Int, ) Units ;
LCSHA Les Length of the cylindrical hole, for the nozzle, i
HA in the aft case closure; i
in Fig. 1 Eq. 25 i
3
LCSHF ng Length of the cylindrical hole, for the igniter, :
“HF in the forward case closure; :
in Fig. 1 Eq. 26
QDCSIL Q Associative quantity, inside case diameter ‘
DIl ; .
(see DCSI); .
in Eq. 28
i
QDCSI2 Q Associative quantity, inside case diameter P
DI2 i
(see DCSI); ;
in Eq. 29
QDCSI3 Q Associative quantity, inside case diameter
DI3 ot
(see DCSI); .o
in Eq. 30
QDCSOl QDOI Associative quantity, outside case diameter :
(see DCSO); :
in Eq. 31 !
QDCS0O2 QDOZ Associative quantity, outside case diameter
(see DCSO);
in Eq. 32
QDCSO03 QDOB Associative quantity, outside case diameter
(see DCSO);
in Eq. 33
RDCSCAIL RDCSCAI Head ratio of the ellipsoid associated with the

aft inside case closure surface. Ratio of twice
the closure length to the closure diameter,
i.e., the aft inside case closure surface is an
oblate spheroid. The head ratio is the ratio of
the axis of revolution (minor axis) to the
cquatorial diameter {major axis);

N. D. Eq. 9

20,2-14
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CASEG CASE GEOMETRY CSGM2

QUTPUT DATA (Cont, ):

PEREIY L 3 R WL R S
Ly o do i) o "

Mnemonic Symbol Description; Ext, (Int.) Units

-
.
EN

RDCSCFI Head ratio of the ellipsoid associated with the
forward inside case closure surface. Ratio of
twice the closure length to the closure :
diameter, i,e,, the forward inside case

closure surface is an oblate spheroid. The

head ratio is the ratio of the axis of

Rpescri

revolution (minor axis) to the equatorial ?
diameter {(major axis); ;
N. D, Eq. 12

RDCSHAI1 RDCSHAI Diameter ratio, hole diameter to equatorial ;
diameter, inside surface of aft case closure;
N. D. Eq. 19 ,

RDCSHAOQ RDCSHAO Diameter ratio, hole diameter to equatorial :
diameter, outside surface of aft case closure; »
N. D. Eq. 17 i

< RDCSHFI1 RDCSHFI Diameter ratio, Lole diameter to equatorial

diameter, inside surface of forward case =
closure; L
N. D. Eq. 23

RDCSHFO RDCSHFO Diameter ratio, hole diameter to equatorial
diameter, outside surface of forward case
closure;
N. D. Eq. 21

RLCCSCHO RDCSCHO Head ratio for usage by models which define
2 single head ratio for forward and aft closures;
Nl Do Eq- 27’3

RLDCS RLDCS Length to diameter ratio, total case;
N. D. Eq. 37

RLDCSCY R Length to diameter ratio, cylindrical case .

LDCSCY section; “

N. D. Eq. 36

20,2-15
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CASEG

OUTPUT DATA (Cont.):

; Mnemonic Symbol
TCSCLA T
: CsCLA
TCSCLF T
CScir
TCSCY T
CScvy
20, 2-16
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CASE GEOMETRY CsGM2

Description; Ext, (Int., ) Units

Case thickness at center of aft case closure.
Distance between the aft inside and outside
hemi-elilipsoid surfaces, measured on the
axis of revolution;

in Fig. 1 Eq. 2

Case thickness at center of forward case
closure. Distance between the forward
inside and outaide hemi-ellipsoid surfaces,
measured on the axis of revolution;

in Fig, 1 Eq. 3
Case thickness, cylindrical section;

in Fig., 1 Eq. 1
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CASEW CASE WEIGHT CSWMI
i L V4
- 30.1
% MODEL TYPE: CASEW (CASE Weight)

MODEL NAME: CSWMI1 (Metal Case, Parametric Scaling)
DESCRIPTION:

CSWMI1 (CaSe Weight Model number 1) utilizes parametric weight scaling
equations to determine the weight of a solid rocket motor, unjointed or
jointed, metal case, See references 8 and 34 for a description of the
equations and scaling coefficient rationale.

The model is applicable for performance parameters within the following
limits (see Input Data, Inter-Model).

PR LT S T Ny

e

500 < PCHMEO < 1950 psia
0.6 < RDCSCHO < 1.0

0.25 < RLDGNCY < 8.0

LN

3000 < WPPMT < 2,000,000 Ib,

PROCEDURE:

Prior to entering CSWMI, the models specified by the PROPELW &nd
IBGAS model types have evaluated the propellent and gas properties. The
models specified by the CASEG, GRAING and MOTORG have evaluated the
motor geometry.

The CSWMI model is then executed and the motor case weight is evaluated
using parametric weight scaling equations. In addition, the case weight is
broken down into expended and non-e»pended components.

These expended and non-expended cases weight components will later be used
by the model specified for the MOTMNRW model type to determine the motor
weights and mass fractions.

g

30.1-1
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CASEW CASE WEIGHT , CSwWM1l Co

EQUATIONS: ' ' -

Total case weight, no jointa.

Labia, . ok A, o

c
! , 3
i « = ~wooncy * ©1 [IRpescho - C,h T+ ¢C,) )
P i - :
- ! (Cpescuo), ¢ 5 B
F 3 s Rupeney :
t | ' :
;! Cosa1 Wep, . PMEO Brs fos i i
A = K
Lo ~ CSyogr WESNOJ “uts ‘PP, ™MT
S
£ 2 s
3 C¢ fcs Rpescuo Pes Krs Wpp
P ‘ + - O \ 7 MT
: \
P : w 7 UTS
L S , PRyt
- "Case ‘weight penalty per joint.
/ 2
L . ! Krs Pmeo Pcs | ;
o w = K o | (2}
, i \
E o MiTegy T TwaTCsU Ry7s 14 .
1 , b
" .
E Total joint weight penalty.
: _
y w = N w . 3)
i L JTcg JTU (
; Totzl case weight. :
: |
. :
W ..z K w + W (4) ?
L cs * Fwes (Mesyopp T MTes)
1
Total non-expended case weight component,
Wes, . © Bwesnx Yes (5)

NX

Total expended case weight component,

CSX
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CASEW CASE WEIGHT CSWMI 3
-
:% o
EQUATIONS (Cont. ): i
Expended (non-thrust producing) case weight component, :
w =0 (7) -
CSx1 i
Expended (thrust producing) case weight compoaent, 3
4
£ w =0 (8) ;
.. CSXT i

INPUT DATA, INTRA-MODEL:

The following data is input to this mod:l directly by the program user. Ifa !
value is not input, the preset value is used,

Mnemonic Symbol Description; Ext. (Int.) Unite Preset
CCsSwI Cy Sr:aling constant for WCS computation;
N. D, 0.5 :
;i, cCcswe C2 Scaling constant for WCS computation; ‘
N. D. 0,77
CCSW3 C3 Scaling constant for WCS computation;
N. D. 1.3
CCSw4 C4 Scaling constant for WCS computation;
N. D. 0.856
CCSW5 C5 Scaling constant for WCS computation;
N. D, 0.5
CCSWé 36 Scaling constant for WCS computation;
N. D. 9.0712
CCsSw7 C, Scaling constant for WCS computation;

N. D. 0,20288




CASEW

CASE WEIGHT CSWMI

INPUT DATA, INTRA-MODEL (Ccnt. ):

Mnemonic

CCswl4

NJTCS

KWCS

KWCSNOJ

KWCSNX

KWJTCSU

RHOCS

Sy_mbol

Cig

N
JTCS

Kwes

Kwesnos

WCSNX

WJITCSU

Description; Ext. (Int.) Units Preset

{ raling constant for WITCSU computation;
N. D, 7.7

Number of joints in motor case;

N. D. 0
Proportionality factor for total case weight,
includes joint penalty;

N. D. 1
Proportionality factor for total case weight,
does not include joint penalty;

N. D. 1
Proportionality factor for casne non-expended
weight, includes joint penalty;

N. D. 1
Proportionality factor for the weight of a
joint;

N. D. 1
Density of metal case material;

1b/in’ 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type, If the user has not specified such a

source for this data, the~ it must be input directly with the intra-model input,

Mnemonic

CCsal

30, 1-4
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Description; Ext. (Int.) Units Model Type

Constant for case thickness computation;
N. D. CASEG
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CASEW

INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic

DCSO

KCSFS

KCSUTS

PCHMEO

RDCSCHO

RLDGNCY

RHOPPMT

RVPPMT

WPPMT

Sxmbol

D
CSo

Kes

Kuts

PMEO

RpescHo

Ry poNCY

PPMT

MT

PPyuT

OUTPUT DATA:

The following data is output from this model.

CASE WEIGHT CSWMI
Description; Ext, (Int.) Units Model Type
Motor case outside diameter;

in CASEG
Case factor of safety;

N. D. CASEG

Ultimate tensile strength for metal case
material;

1b/in® CASEG

Maximum expected operating chamber
pressure;

psia IBGAS

Case closure outside surface head ratio;
N. D. CASEG

Ratio, cylindrical grain length to grain

diameter, Includec all adjustmeats to grain;
N. D. GRAING
Propellent density;

1b/in’ PROPEL

Motor volumetric loading efficiency;

N. D. MOTORG
Propellent weight;
1> PROPELW

It is available for use as inter-

model input to other models and to print, plot, and optimization routines.

Mnemonic

wCs

Szmbol

Wes

Description; Ext. (Int.) Units

Total case weight, includes joint penalty;
1b Eq. 4

30.1-5
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CASEW

OUTPUT DATA{Cont. ):

Mnemonic Symbol
WCSNOJT W

CSnosT
WCSNX w

CSyx
WCSX W

cs,
WCSXI W

CSyy
WCSXT w

CSyr
WITCS W

ITes
WJITCSU W

ITesy

CASE WEIGHT CSwMI

Description; Ext. (Int.) Units

Total case weight, no joints;

1b Eq.

Total non-expended case weight, includes
joint penalty;

1b Eq. 5
Total expended case weight;

1b Eq. 6
Expended (non-thrust producing) case weight
component;

b Eq. 7

Expended (thrust producing) case weight
component;

1b Eq.

Total joint weight penalty;

1b Eq.

Case weight penalty per joint;

1b Eq.
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CASE WEIGHT CSwM2
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MODEL TYPE: CASEW (CASE Weight)

MODEL NAME: CSWM2

(Glass Case, Parametiic scaling)

DESCRIPTION:

RERE: DRl

CSWM2 (CaSe Weight Model number 2) utilizes parametric weight scaling

equations to evaluate the weight of 2 solid rocket motor (unjointed or jointed)
fiberglass motor case.

The basic assumptions used to develop the equations were as follows:

1.

Bosses are made from aluminum with a minimum
ultimate tensile strength of 70 ksi,

2.

hr i

Bolts used for the attachment of the igniter and nozzle
to the bosses are heat treated 170 ksi (minimum).

3. Forward and aft boss diameters are 20% and 50% of the
: case diameter, respectively.

4. Equal margins of safety are maintained at all points on

the composite shell, :

The most important point for the engineer preparing input data is that
KCSUTS is a representative strength for the fiber under consideration. For
example, KCSUTS would be 350,000 psi for type S-901 (S-944) {fibers.,

See references 41-42 for a description of the unjointed case weight equation. B
The joint penalty is described in reference 44,

This model is applicable for performance parameters within the following
limits (see Input Data, Inter-Model).

600 < PCHMEO< 1950 psia

3000 < WPPMT < 2,000,000 1b.
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PROCEDURE:

Prior to entering CSWM2, the models specified by the PROPEL and IBGAS
model types have evaluated the propellent and gas properties. The models
epecified by the CASEG, GRAING and MOTORG have evaluated the motor
geometry,

The CSWM2 model is then executed and the motor case weight is evaluated
using parametric weight scaling equations. In addition, the case weight is
broken down into expended and non-expended components,

These expended and non-expended case weight components will later be

used by the model specified tor the MOTORW model type to determine
the motor weights and mass fractions.

EQUATIONS:

Total case weight, no joints,
C (1)

C3 "'FS5 MEO(DCSO) 9 PP

MT 2

K, = + C L D
1 K D, 7] 10 "M'T CS
UTS PPMT PPMT SKA

o

p3

K, = ¢ cso(l' * €12 Pmeo Krs)

w =K

K, +K
CSNOJT 1 2)

WCSNOJ (

Case weight penalty per joint,

K 2

Fs PMEO Dcso

w =

K
JTCSU WJITCSU

(2)
RUTs 13

Total joint weight penalty,

w = N_..W (3)
ITeg JT JTCSU

Total case weight,

wCS:K + W

(4)
NOJT JT

wes (Wes cs )
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CASEW CASE WEIGHT CSwM2
‘ EQUATIONS (Cont, }:

Total non-expended case weight component,

vm,ltm-.:aww! L
{ A -

w = K w (5)
CSnx WCSNX "CS

= Total expended case weight component.

00 AL AU L e A A b f O b el 12481

w =0 (6)
CSy

Expended (non-thrusting producing) case weight component.

W =0

(7)
CSyq
Expended (thrust nroducing)case weight component,
w =0 (8)
CSyr

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user., If
a value is not input, the preset value is used,

Mnemonic Symbol Description; Ext. (Int.) Units Preset
CCSWE Cq Scaling constant for WCSNOJT computation;
N. D. 0.16
CCsSw9 C9 Scaling constant for WCSNOJT computation;
N. D, 2,62
CCSwW10 C10 Scaling constant for WCSNOJT computation;
N. D. 6. 09
CCswill C11 Scaling constant for WCSNOJT computation;
N. D. 0.000016
CCswilz C12 Scaling constant for WCSNOJT computaticn;

N. D. 0, 01
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CASE WEIGHT CcswMe

INPUT DATA, INTRA-MODEL (Cont, ):

Mnemonic

CCswi13

NJTCS

KWCS

KWCSNOJ

KWCSNX

KWJITCSU

RHOCS

Szmbol

Ci3

JT

Cs

WCS

KwesNos

Kwecsnx

Kwrtcsu

pCS

Description; Ext. (Int.) Units Preset

Scaling constant for WITCSU computation;
N. D. 7.7

Number of joints in motor case;

N. D, 0
Proportionality factor for total case weight,
includes joint penalty;

N. D. 1

Proportionality factor for case weight, does
not include joint penalty;

N. D. 1

Proportionality factor fo. .ase non-expended
weight component, includes joint penalty;

N. D. 1

Proportionality factor for the weight of a joint;
N. D. 1

Density of composite glass case material;
. 3
1b/in 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-maodel input.

Mnemonic

LCso

30.2-4

Sxmbol

D

CSO

Description; Ext. (Int. ) Units Model Type
Outside case diameter;
in CASEG

3
3
3
i
!
i
i
k]
3
g
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INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic Symbol
KCSFS Keg
KCSUTS Kuyts
LMTSKA LMTSKA
PCHMEO Puro
RHOPPMT ppPMT
RVPPMT UPPMT
WPPMT Wo Pysr

QUTPUT DATA:

The following data is output by this model,

CASE WEIGHT CSwWM2
Description; Ext. (Int.) Units Model Type
Case factor of safety;

N. D. CASEG

Ultimate tensile strength for fiberglass
filament case material;

1b/in® CASEG

Aft motor skirt length. The model assumes
that the fore and aft skirts have equal lengths;

in MOTORG

Maximum sxpected operating chamber pressure;

psia IBGAS
Propellent density;
1b/in’ PROPELW

Motor volumetric loading efficiency:

N. D. - MOTORG
Propellent weight;
1b PROPELW

It is available for use as inter-

model input to other models and to print, plot, and optimization routines,

Mnemonic Symbol

wCSs Wes

WCSNOJT w
“Snost

g s, Rl e

Description; Ext. (Int.) Units

Total case weight, includes joint penalty;

1b Eq. 4

Total case weight, no joints;

1b Eq. 1
30.2-5
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OUTPUT DATA (Cont. ):

Mnemonic Szmbol
WCSNX w
CSyx
WCSX Woe
: CSy
WCSXI w
CSy;
WCEXT w
CSyr
WJITCS w
ITeg
WITCSU w
ITesu

CASE WEIGHT CSwMe

Description; Ext. (Int.) Units

Total non-expended case w.ight component.
Includes joint penalty;

lb Eq' 5 '-:
Total expended case weight component;

1b Eq. 6

_Expended (non-thrust producing) case weight

component;

1b Eq. 7

Expended (fhrust producing) case weight

component;

1b Eq. 8

Total joint weight penalty;
1b Eq. 3

Caée weight penalty per joint;
1b Eq. 2
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GRAING GRAIN GEOMETRY GNGM1

40,1

MODEL TYPE: GRAING (GRAIN Geometry)

MODEL NAME: GNGMI1 (cylindrical central perforate)

DESCRIPTION:

GNGM1 (Graill Geometry Model numberl) evaluates the pertinent geometry
for a solid rocket propellent grain to be enclosed within a motor case having
a cylindrical section with hemi-ellipsoida! closures and a single nozzle. The
port is a cylindrical central perforate with provision for lateral slot cutouts,
lateral motoxr joint cutouts, and a cone frustum section to accommodate

a submerged nozzle. Provision is also made for a cylindrical grain length

penalty for the propellent displacement due to internal insulation in the forward
and aft hemi-ellipsoid closures.

Reference 52, '""Some Useful Theorems Associated With Hemi-Ellipsoids
is the basis for the derivation of the equations.

PROCEDURE:

Prior to entering GNGMI1, the models specified by the NOZZLEG and CASEG
model types have determined the nozzle and case geometry. The model
specified by the INSULG model type has determined {first entrance) the

pertinent internal insulaticn quantities required for interfacing becween the
case and grain.

Upon the first entrance to GNGMI, the basic grain geometry is determined and
then adjusted for nozzle subinergence. The propellent surface area is computed

and the model specified by the IBFLOW model type is executed to determine
the slot length penalty.

GNGM1 is then entered for the second time and the grain is adjusted to account
for the slot and joint volumes. Using tnis corrected grain geometry, the
model specified for the INSULG rnodel type (second entrarce) evaluates the
internal insulation georietry .within the grain envelope.

Upon the third entrance to GNGMI, the cylindrical grain length is adjusted

to include the propellent displaced by the internal insulation, and the
remaining grain geometry quantities are evaluated.

40,1-1
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GRAING GRAIN GEOMETRY GNGM1

PROCEDURE (Cont. ):

After completing the grain geometry, the model specified for the INSULG
model type is entered for the third time and the internal insulation geometry
is completed.

A block diagram illustrating the inter -model coupling with the grain geometry
is included in the documentation of the model specified for the INSULG
model type.

NOTATION CONVENTIONS:

The following notation conventions are used within this mode! whenever
possible.

First character

. 2
Plane area. (in")
Diameter, measured normal to centerline, (in)
Coefficient or bias.
Length, measured parallel to centerline. (in)
Associative quantity.
Ratio. Mext character(s) will be L or D to incicate uiameter
or length ratio, (51. D.)
Surface area. (in“)
Thickness. §in)
Volume, (in’)

Next two characters.

<H®w VORI »>

GN Grain
PT Port

Next character(s)

A Aft

C or CL. Closure

CH Insulation liner closure hole
CYor Y Cylinder

E Ellipsoid

F Forward

H Insulation liner hole

PD Propeilent displaced

PP Propellent

NS Nozzle submergence

NZ Nozzle

DAY L burn o b e s R
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GR AING GRAIN GEOMETRY GNGM1

EQUATIONS, FIRST ENTRANCE:

GENERAL GRAIN AND BASIC PORT COMPUTATIONS:

Diameter of cylindrical grain section, (Figures 2, 6)

N

DGN = DILI (1)

Diameter of basic cylindrical port section. (Figures 2, 3, 4, 6)

DPpr = ¥ppr, Pon * Kppr, (2)

Crosgs-sectional area of basic cylindrical port section. (Figure 6)

Apr = [ ) D2 (3)
PT 3 PT

Area ratio, basic cylindrical port section area to nozzle throat area.

/
PT
R = — (4)
APTTH x‘ ;ZTH

Propellent web thickness for cylindrical grain and basic cylindrical port
sections, (Figures 2, 3, 6)

D - D
T GN PT ) (5)

4

PPy B (

Propellent web cross-sectional area for cylindrical grain and basic
cylindrical port sections. {(Figure 6)

App = () (péy - vér) (6)

BASIC CLOSURE SECTIONS (FORWARD /D AFT):

Equatorial diameter of grain closures. (Figures 2, 3, 4)

D = D (7)
GNCL GN

Cek dhedaibes .l &W

Y T N
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GRAING GRAIN GEOMETRY GNGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

BASIC CLOSURE SECTIONS (FORWARD AND AFT){(Cont. ):

Diameter ratio, basic cylindrical port section diameter to grain closure
equatorial diameter.

Dpr

RpprcL = Ton (8)
cL

BASIC FORWARD CLOSURE SECTION:

Head ratio of ellipsoid associated with the forward grain closure section.

* RpiLcrr (9)

RpGNeLF
Length of hemi-~cllipsoid associated with the forward grain closure sect.cn.
(Figures 2, 3)

= Lip (10)

L
GN CLFI

CLF

Volume of hemi-ellipsoid associated with the forward grain closure
section. (Figure 3)

2
v = (_6_” L D (11)
GNip ) GN GN.

Lengih of cylindrical portion of basic port within the hemi -ellipsoid
associated with the forward grain closure section. (Figure 3)

2
= L 1 -R& o (12)
PTycLr GNCLF\/ DPICL

Volume of cylindrical portion of basic port within the hemi-ellipsoid
assgociated with the forward grain closure section. (Figure 3)

L

n

VPTYCLF = ()L

(13)

o
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23 g
F 3 b 3 EQUATIONS, FIRST ENTRANCE (Cont. ): g
S BASIC FORWARD CLOSURE SECTION (Cont, ): z
| £ 5
: i Length ratio. Length of cylindrical portion of basic port within the hemi- L
Pz ellipsoid to the length of the hemi-ellipsoid, forward grain closure section. 3
L R . _Tycrr a4) g
- LPTCYF EGN i

v CLF K

Volume of ellipsoidal cap at tase of cylindrical portion of basic port section, :
within the hemi-ellipsoid associated with the foiward grain closure section.

b (Figure 3) i
f i
i v
: GN )
: CLF 3
' v =( 2-3R + R (15)
- ( )
i pTECLF Z LPTCYF LPTCYF
7 Volume of basic port within the hemi-ellipsoid associate¢d with the forward
grain closure section. (Figure 3)
\ =V +V (16)
E PTecrr PTecur Plyelrr
E Volume of propellent associated with the hemi-ellipsoid of the forward grain

closure section. Note that this volume is an intermediate quantity and does
not include corrections for insulation wedges, igniter, etc. (Figure 3)

v =V -V

(17)
PPerr  GNeor PTerp

Length of hemi-ellipsoid frustum associated with the forward grain closure
section, (Figures 2, 3)

L = L (18)
GNepyr ecenrr

Diameter of forward base of hemi-ellipsoid frusturn associated with the
forward grain closure section. {(Figures 2, 3)

D =D (19)
GNyr  Ilypr
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GRAING GRAIN GEOMETRY G. GM1

EQUATIONS, FIRST ENTRANCE (Cont.):

BASIC FORWARD CLOSURE SECTION (Cont. ):

; Length ratio. Length of hemi-ellipsoida! frustum to length of hemi-ellipsoid,
' forward grain closure section.
L
R . SNepur (20)
LGNCHF e
CLF

Volume of hemi-ellipsoid frustum associated with the forward grain closure
section. (Figurc 3)

v
. SNewr_ (3R - R (21)
GNeyy 5 2 RLaNeHF LGNCHE

BASIC AFT CLOSURE SECTION:

v

Head ratio of ellipsoid associated with the aft grain closure section.

= R

RpeNcLA DILCAI (22)

Length of hemi-ellipsoid associated with the aft grain closure section.
(Figures 2, 4)

L - L (23)
GNepa ILe LAl

Volume of hemi-ellipsoid associated with the aft grain clogsure section,
(Figure 5)

2
s = (- ) L D (24)
GNcLa ( ! GNera CNep

Length of eylindrical portion of basic port within the hemi-ellipsoid
associated with the aft grain closure section, (Figure ¢)

~
2

L = L., 1-R (25)

PTYCLA G.NCLA \/ DPTCL

40, 1-6
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CRAING GRAIN GEOMETRY GNGMI

EQUATIONS, FIRST ENTRANCE (Cont. ):

BASIC AFT CLOSURE SECTION (Cont. ):

Volume of cylindrical portion of basic port within the hemi-ellipsoid
associated with the aft grain closure section. (Figure 5)

18 2
v - L D (26)
PTycLa PTycra FT

Length ratio. Length of cylindrical portion of basic port within the hemi-
ellipsoid to the length of the hemi-ellipsoid, aft grain closure section.

T i wBA 4D oS ) MO ¥ PH
~.

BT O R a4 wiad L A ’H-’"FWWOQWW‘ m

L
R _ _Plycra 27)
LPTCYA r‘GN
CLA
. Volume of ellipsoidal cap at bage of cylindrical portion of basic port section 2
£ within the hemi-ellipsoid associated with the aft grain closure section.
¥ (Figure 5)
v
GN
CLA 3
v - ( (2 - 3R + R ) (28)
_ PTECLA LPTCYA LPTCYA
A O
Volun - of basic port within the hemi-ellipsoid associated with the aft grain
closure section. (Figure 5)
v =V +V (29)
PTera PTecra Plycra

Volum= of propellent associated with the hemi-ellipsoid of the aft grain
closure section. Note that this volume is an intermediate quantity and does

not include corrections for nozzle submergence, insulation wedges, etc.
(Figure 5)

v = v -V (30)
PPoia GNgora  FTepa

Length of hemi-ellipsoid frustum associated with the aft grain closure section,
(Figures 2, 4)

L z (31)
GNepa LILCHAI
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GRAING GRAIN GEOMETRY GNGM 1

EQUATIONS, FIRST ENTRANCE (Cont. ):

BASIC AFT CLOSURE SECTION (Cont. ):

Diameter of aft base of hemi-ellipgsoid frustum associated with the aft
grain closure section. (Figures 2, 4)

D = D

(32)
GNga IL

HAl

Length ratio. Length of hemi-ellipsoid frustum to length of hemi-ellipsoid,
aft grain closure section.

L
GN

) CHA

RioneHA ° T———— (33)

GNe)pa

Volume of hemi-ellipsoid frustum associated with the aft grain closure
section, (Figure 5)

Vv
GN
_ CLA 3
VGNCHA i < z )GRLGNCHA - RLGNCHA) (34)

BASIC CYLINDRICAL GRAIN SECTION:

Volume of propellent within basic cylindrical grain section. Does not

include displaced propellent corrections for nozzle submergence or internal
insulation,

Vep =Vpp _ - Vpp -V (35)

cyl MT CLF PPeya

Length of basic cylindrical grain section. Does not include length
penalties for nozzle submergence, slots, joints, or internal insulation.

(Figure 2)
VPP
cy! PP

WEB

Length of diameter ratio, basic cylindrical grain gsection. Does not include
penalties for nozzle submergence, slots, joints, or internal insulation.

L

GNey

RipeNYl © TTon (37)

40, 1-8




GRAING GRAIN GEOMETRY GNGM1

‘ EQUATIONS, FIRST ENTRANCE (Cont. ):

BASIC CYLINDRICAL PORT SECTION:

L ORURLIT L G hed 2 -

USRS ;3 MOENR 10 SR SR A R

Total length of cylindrical portion of basic port. Does not include
adjustments for nozzle submergence, slots, joints or internal insulation.

s
w

(38)

r

L - L + L + L
PTey;  “GNey PTycra  FTycLr

CORRECTIONS TO BASIC GRAIN FOR NOZZLE SUBMERGENCE:

Distance nozzle is submerged in port. (Figure 4)

L = - - L (39)
PTys - N2y L”"HA CSya

Distance nozzle is submerged in cylindrical grain section. (Figure 4)

L = L - L (40) ;
GNnscy Flns OGN

CHA

Diameter ratio, port cone frustuin section aft base diameter to grain closure
equatorial diameter.

: D f
. R ) PTCFA (1) :
DCFACL ~ DGN
CL

[

%
j
;
]
?

Length of portion of port cone frustum section within aft grain closure
section. (Figures 2, 4)

2
L =L 1 -R (42)
PTCFCA GNCI A DCFACL

Submerged nozzle inlet allowance. (Figure 4)

L = L - L (43) :
PTnz PTcrBa PTys )

I.ength of portion of port cone frustum section within cylindrical grain
section. (Figures 2, 4)

L = L (44)
PTcpcy ~ GN

+ Limm
NSCY PTnz1

40,1-9
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GRAING GRAIN GEOMETRY GNGM1

EQUATIONS, FIRST ENTRANCE (Cont.):

CORRECTIONS TO BASIC GRAIN FOR NOZZLE SUBMERGENCE (Cont. ):

Total length of port cone frustum section. (Figures 2, 4, 6)

L = L + L (45)
PTcr  PTerey  Flcrea
Half—anglé of port cone {frustum section. (Figure 2)
D - D
PT PT
§cp = arctan C};Afc CFF (46)
pTCF
Slant height of port cone frustum section. (Figure 4)
1 fo 2 2
L = 4 L. + (D - D (47)
PTcps (Z)V Prop * (PPTepa ™ PPTopg)
Total volume of port cone frustum section. (Figure 5)
(48)
_ i 2 2
A" = L D + D + D D
PTcp () PTep (PPTepa © PPTepp " PPTepn DPTopy)

Length ratio, length of portion of port cone frustum section within aft
grain closure section to length of aft grain closure section. (Figure 4)

L
PT

_ CFCA

Ricrca © T (49)

GNepA

Volume of ellipsoidal cap at aft base of port cone frustum section within aft
grain closure section. (Figure 5)

v
GN
CLA 3
A = C__——~—> (2- 3R + R > (50)
PTLcpA 2 LCFCA LCFCA

Volume of basic port portion of port cone frustum section within cylindrical
grain section, ( Figure 5)

n 2

\ = L D (51)
PTcpey (fr‘) PTepey PT

40.1-10
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GRAING GRAIN GEOMETRY GNGMI1

~
*

EQUATIONS, FIRST ENTRANCE (Cont. ):

CORRECTIONS TO BASIC GRAIN FOR NOZZ2LE SUBMERGENCE (Cont. ):

Volume of basic port section associated with nozzle submergence. (Figure 5)

=V + Vv (52)
cyck FPTecrcy PTcra

Volume of propelient displaced due to nozzle submergence. (Figure 5)

v =V + VvV -V (53)
PPppns  PTer PTecra  PTeycr

Cylindrical grain length penalty required for propellent displaced by nozzle
submergence. (Figure 2)

PP
K PDNS

L = + K (54)
GN GN A GN
PDNS 1 PPWEB 2

Adjusted length of cylindrical grain section, includes nvzzle submergence
penalty. (Figure 2)

1 = L + L (55)
GNgyz  GNgyy GNppNs

Length to diameter ratio, cylindrical grain section. Includes nozzle
submergence penalty.

RipGNY2Z ° B — (56}

Adjusted length of cylindrical port section. Includes nozzle submergence
penalty. (Figure 6)

L - L - L (57)
PT PTYCLA P

=L + L
cY2 PTeyva Tercy SNppns

PRCPELLENT BURNING SURFACE:

Port surface area component, lateral cylindrical port propellent surface
area. (Figure 6)

S =D L (£8)
pTCYZ PT pTCYZ

40,1-11
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GRAING GRAIN GEOMETRY GNGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

PROPELLENT BURNING SURFACE (Cont. ):

Port surface area component, lateral cone frustum port propellent surface

~area, (Figure 6)

_ e ,
SPTCFS = ("'2" ) Lpp Do + D (59)

CFs ( crF | FTcra)

Port surface area component, forward base of port cone frustum propellent
'surface area. (Figure 6)

SPTCFB : HT‘") (DETCFF - DEy) (60)

Propellent surface area associated with the port. Includes submerged
nozzle corrections.

S + SPT (61)

PT CFB

= § +S
PTey, & “PT

2 CFS

Initial propellent burning surface area, excluding slots. (Figure 6)

S = Spr (62)

BS 2

PT

EQUATIONS, SECOND ENTRANCE:

CORRECTIONS TO GRAIN FOR SLOTS AND JOINTS:

Cylindrical grain sectien length penalty for slots. (Figure 2)

L = K L
GNSL GN3 SLGN

+ K., (63)
GN4

Adjusted length of cylindrical grain section, includes nozzle submergence
and slot penalties. (Figure 2)

L s = L + L., (64)

cye SL

40,1-12
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GRAING GRAIN GEOMETRY GNGMI

EQUATIONS, SECOND ENTRANCE (Cont. ):

CORRECTIONS TO GRAIN FOR SLOTS AND JOINTS (Cont. ):

Length to diameter ratio, cylindrical grain section, Includes nozzle
submergence and slot penalties.

L
GNcys

LDGNY3 = ~Doy (65)

R

S 5 M B o S A 0, A1 O MUAMKTRUE

Adjusted length of cylindrical grain section, includes nozzle submergence,
slot and joint penalties. (Figure 2)

-
ol

L = L + L (66)
GNoyy  GNeys  ITeyr :

Length to diameter ratio, cylindrical grain section. Includes nozzle
submergence, slot and joint penulties.

K
Lon 1
LOGNYS T gy '
|
EQUATIONS, THIRD ENTRANCE: a

CORRECTIONS TO GRAIN FOR INTERNAL INSULATION: D

Cylindrical grain length penalty for precpellent displaced by internal i
insulation, (Figure 2) i

v

L - K s - N N (68) .
GN - "GN A GN S
PDIN 5 PP, B 6 {

Adjusted length of cylindrical grain section, includes nozzle submergence,
slot, joint, and internal insulation penalties. (Figure 2)

L = L + L. . (69)
GN GNgcys  CNppiy

Length to diameter ratio, cylindrical grain section. Includes nozzle
submergence, slot, joints, and internal insulation penalties.

L
GNeys

LDGNY5 ~ —D__-GN (70)

R
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GRAING ~ GRAIN GEOMETRY GNGM1

EQUATIONS, THIRD ENTRANCE (Cont. ):

TOTAL GRAIN GEOMETRY:

Length of cylindrical grain section. Includes nozzle submergence, slot,
joint and interual insilation penalties. (Figure 2)

L = K
GNgy TGNy

L., +K

(71)
GNEys

GN 8

Length to diameter ratio, cylindrical grain section. Ircludee nozzle
submergence, slot, joint-and internal insulation penaltics.

RipgNey © TTBen , (72)

Volume of cylindrical grain section. Includes port, submerged nozzle
penalty, slots, joints and intern:l insulation except liner.

= L) Lony e (73)

VvV
cy |

GN

Volume of grain envelope. Includes port, submerged nozzle penalty, slots,
joints and all internal insulation except liner. Note that the grain closures
are hemi-ellipsoid frustums, not hemi-ellipsoids.

GN = VGI\'pY + VGN

~

v + Von (74)

CHF CHA

Length of grain envelope. Includes nozzle submergence, slot, joint and
internal insulation penalties. (Figure 2)

L = L + L

GN GNey t Lon (75)

ASSOCIATIVE QUANTITIES:

The following associative quantities are intended solely for optional
utilization by the program user. Their primary ussge is for optional inter-
model coupling and for forming constraint quantities.

Q

= K D (76)
DCFAl QDCFAl pTCFA

T L U T IR T T T

Ven




GRAING GRAIN GEOMETRY GNGM1

' EQUATIONS, THIRD ENTRANCE (Cont. ):

ASSOCIATIVE QUANTITIES (Cont. ):

Q = K D (77)
ocraz - Xapcraz Pprp,

Q K D (78)
DCFA3 = “QDCFA3 "PT .,

Q = K D (719)
pcrrl ~ Kapcrri Ppr

Q = K D (80)
pcrrz © Kapcrrz Upr o

Q = K D (81)
pcrF3 © “apcrF3 Ppr o

Qen1 * ¥apeni Pon (82)

Uyenz T ®openz Pon (83)

Qpcns © Kopans Pon (84)

Qnpt1 * ¥opeT! PRT (85)

Qnprz © Koppr2 Pt (86)

Qppr3 = Kqpprs Ppr (87)

Qpaprhl * Kgrarul RaprTH (88)

Qraprhz * Kqraruz RapTTH (89)

QraprTH3 ~ KorAPH3I RAPTTH (90)

40,1-15




GRAING GRAIN GEOMETRY GNGM1

OPTIMIZATION CONSIDERATIONS:

Generally, the nature of the problem which would require usage of this

model would also require that the following variables and constraints be
set up by the program user.

Variables.

St

Suggested nominal values for initial estimates of the variable values and
bounds are included for each optimization variable listed below. These values
are only guidelines, applicable to a very wide clags of problems, and values

corresponding to the specific application (quantities within parenthesis)
should be used if they are easily available,

& caabiiilinci il

KDPTI Port fraction. The following values will insure that ]
a propellent vveb i8 always defined, 4

Upper bound: 0.9 <
Lower bound: 0,1 !
Initial estimate: 0.2 ;

b
DPTCFF Diameter of forward base of port cone frustum section. :
(Figures 2, 4)

[P ORPT

Upper bound: 500, (approximate case diameter)
Lower bound: 5. 2

Initial estimate: approximate port diameter

.

DPTCFA Diameter of aft base of port cone frustum section,
(Figures 2, 4)

Upper bound: 500, (approximate crse diameter) ;
Lower bound: 5. i

Initial estimate: approximate port diameter

—— e r— A
M A S il et s

LPTCFHA Distance from forward base of port cone frustum
section to aft base of grain envelope. (Figure 2)

Upper bouna: approximate length of case :

Lower bound: zero

Initial estimate: approximate length nozzle is buried
within case

Constraints,

The following set of inequality constraints are formulated such that the motor f
volumetric loading efficiency (see MOTORG model type) will be maximum if !
a minimum vehicle length (fixed diameter) objective function is being utiliz=d.

For other objective functions, some of these constraints may require

implementation as equality constraints.

40, 1-16
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GRAING GRAIN GEOMETRY GNGM!

OPTIMIZATION CONSIDERATIONS (Cont, ):

Constraints 91 through 96 are required for ''shaping' the port cone. frustum
grain cutout utilized for submerged nozzle geometry. It should be noted
that these constraints should always be set up, even if the nozzle is not
submerged,

The forward base diameter of the port cone frustum section is greater
than, or equal to, the port diameter, (Figures 2, 4)

PT (91)

The aft base diameter of the port cone frustum section is less than, or
equal to, the grain diameter. (Figures 2, 4)

D €D (92)
PTCFA GN

The aft base diameter of the port cone frustum section is greater than, or
equal to, the forward base diameter of the port cone frustum section.
(Figures 2, 4)

Dpr 2 Dpy (93)

The aft base diameter of the port cone frustum section is greater than, or
equal to, the diameter of the hole in the aft closure required for the nozzle.
(Figures 2, 4)

D > D (94)
PTera” GNya

Nozzle inlet allowance, Sufficient space must be provided forward of the
nozzle inlet to allow flow from the port cone frustum section to the nozzle
entrance. QDNZENT and QDNZTH are associative quantities which must
be set up, by the program user, in the nozzle geometry model. (Figure 4)

Lprp 2 QDNZENT (95)

D > QDNZTH (96)

PTcrp

The cylindrical grain section length must be greater than, or equal to,
zero for valid closure geometry. (Figure 2)

L 20 (97)
GNey

40, 1-17
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GRAING GRAIN GEOMETRY GNGMI

OPTIMIZATION CONSIDERATIONS (Cont. ):

The nozzle entrance must be within the port, (Figure 4)

L

P § Loy (98)

TCFHA

L > 0 (99)
PTNS

Considerations of structural integrity of the grain and acceptable internal
ballistics limit feasible values of the port fraction,

Kppry * 0-2 (100)

To avoid unacceptable nozzle erosion, a lower bound in placed upon the
ratio of the cylindrical port section cross sr.ction area to the nozzle throat

area, ( Note that this constrain’ corresp=ads to a lovwer limit of port
fraction.)

RAPTTH 21,15 (101)

40, 1-18
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Forward Grain Closure Geometry

Fig. 40,1-3

40.1-21

ot n s et i Statietaicn F s




T T T - o T TV LA TTTIULTTAR CSe TTTIRIIEG TR - - LTSIV AT ST
T = o g rotuen gt s Trkare b pae & oy it RASESE oUTITT . .

GRAING GRAIN GEOMETRY GNGM1
SEE FIGURE 5 FOR VOLUNMES LGN
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Fig. 40.1-4 Aft Grain Closure and Nozzle Submergence Geometry
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Fig. 40,1-6

40, 1-24
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GRAING

INPUT DATA, INTRA-MODEL:

GRAIN GEOMETRY

The following data is input directly to this model by the program user, If a
value is not input, the preset value is used.

Due to the nature of this model, many of the following required user inputs

will be optimization variables.

Mnemonic Smbol
DPTCFA D
PTera
DPTCFF D
PTerp
KDPT1 Kppr,
KDPT2 KDPTZ
LITCUT L
ITeur
LPTCFHA L
PTcrpa

See the '""Optimization Congiderations'' section.

Description; Ext. (Int.) Units Preset

Diameter of aft base of port cone frustum
section;

in Figs. 2, 4, 6 0

Diameter of forward base of port cone
frustum section;

in Figs. 2, 4, 6 0

Coefficient relating the diameter of the
cylindrical section of the port to the diameter
of the cylindrical grain section. See DPT
computation, equation 2.

N. D. 0

Bias for DPT computa-ion;
in 0
Total length of cutout, with n the cylindrical

grain section, for joints. Does not include

slot lengths if a slot is being utilized as a
joint;

in Fig. 2 0
Distance from forward base of the port
cone frustum section to the aft base of the

hemi-ellipsoid fruetum associated with the
aft grain closure section;

in Figs. 2, 4 0

40. 1.25
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GRAING

INPUT DATA, INTRA-MODEL (Cont. ):

GRAIN GEOMETRY

GNGM1

The following coefficient and bias quantities are made available for input.
However, in normal applications, the preset values are used for most, if not

all, of these quantities.
and the bias quantities are preset (0).

Description; Ext, (Int.) Units

Note that these coefficient quantities are preset (1)

Preset

Mnemonic Smbol
KGN1 KGNl

N. D.
KGN2 KGNZ Bias

in
KGN3 KGN3

N. D.
KGN4 KGN4 Bias

in
KGNS KGNS

N. D.
KGN6 KGN6 Bias

in
KGN7 KGN7

N. D.
KGNS KGNB Bias

in

Coefficient for LGNPDNS computation;

1

for LGNPDNS computation;
0

Coefficient for LGNSL computation;

1

for LGNSL computation;
0

Coefficient for LGNPDIN computation;

1

for LGNPDIN computation;
0

Coefficient for LGNCY computation;

1

for LGNCY computation;

The following associative quantity coefficients are intended solely for

optional utilization by the program user,
optional inter-model coupling and for forming constraint quantities.

Their primary usage is for
Note

that all associative quantity coefficients are preset (0).

KQDCFAl KQDCFAI

N. D.

40.1-26

Associative quantity coefficient for
QDCFAQ computation;
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INPUT DATA, INTRA-MODEL (Cont. ):
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GRAIN GEOMETRY

Mnemonic

KQDCFA2

KQDCFA3

KQDCFF1

KQDCFF2

KQDCFF3

KQDGN1

KQDGN2

KQDGN3

KQDPTI

KQDPT2

Symbel

KQDCFAZ

Kabcras

QDCFF1

Kapcrr2

KapcrF3

Kopont

KapoNz

KaDpGN3

KopPT1

QDPT2

Description; Ext. (Int.) Units

Preset

Associative quantity coefficient for
QDCFA2 computation;

N. D.

Associative quantity coefficient for
QDCFA3 computation;

N. D.

Associative quantity coefficient for
QDCFF'l computation;

N. D.

Asgsgociative quantity coefficient for
QDCFF2 computation;

N.D.

Associative quantity coefficient for
QDCFF3 computation;

NO D.

Asgsociative quantity coefficient for
QDGNI1 computation;

N. D.

Associative quantity coefficient for
QDGN2 computation;

N. D.

Associative quantity coefficient for
QDGN3 computation;

N. D.

Asgsociative quantity coefficient for
QDPT1 computation;

N. D.

Associative quantity coefficient for
QDPT2 computation;

N. D.

40.1-27
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GRAING GRAIN GEOMETRY GNGM1 :
INPUT DATA, INTRA-MODEL (Cont. }: L
Mnemonic Symbol Description; Ext, (Int.) Units Preset
KQDPT3 KQDP‘T3 Assoc’ative quantity coefficient for
QDPT3 computation;
N. D. 0
KQR APH1 K Associative quantity coefficient for ! 3
QRAPHL QRAPTH3 computation; 3
N. D. 0
KQR APH2 K Associative quantity coefficient for
QRAPH2 R APTH2 computation; :
N. D. 0
;
KQR APH3 K Associative quantity coefficient for |
QRAPH3 QRAPTH3 computation; ‘
N. D. 0

INPUT DATA, INTER-MODEL: ;

This model requires asg input certair data which is usually output from a
model of the specified model type. If the user has no' specified such a
source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol Description; Ext. {Int.) Units Model Type

ANZTH A‘NZ Nozzle throat area;

TH in NOZZLEG

DILHAI DIL Diameter of citcular hole, for the nozzle,
HAI within the inside surface of the insulation

liner associated with the aft closure section;
in INSULG

DILHFI Dyy, Diameter of circular hole, for the igniter,
HF1 within the inside surface of the insulation
liner associated with the forward closure
gsection;

in INSUILG

40,1-28
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GRAING

GRAIN GEOMETRY

GNGMI

INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic

DILI

LCSHA

LILCHAI

LI1CHFI

LILCLAT

LILCLFI

LILHA

LNZB

Smbol

D
ILI

L
CSHA

Lip

CHAI

Lenrr

ILeyar

Lo

HA

Inz

Description; Ext. (Int.) Units

Model Type

Inside diameter of the insulation liner
within the case cylindrical section;

in INSULG

Leength of hole, for the nozzle, within the
case associated with the aft case closure
section;

in Figs. 2, 4 CASEG

Length of hemi-ellipsoid frustum associated
with the inside surface of the insulation
liner within the aft case closure;

in INSULG

Length of hemi-ellipsoid frustum associated
with the ingide surface of the insulation liner
within the forward case closure section;

in INSULG

Length of the hemi-ellipsoid associated with
the inside surface of the insulation liner
within the aft case closure sectiun;

in INSULG

Length of the hemi-ellipsoid associated
with the inside surface of the insulation liner
within the forward case clocsure section;

in INSU LG

Length of the hole, for the nozzle, within
the insulation liner associated with the
aft case closure section;

in Figs. 2, 4 INSULG

Distance nozzle is buried w thin the case;

in Fig. 4 NOZZLEG

40, 1-29
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GRAING GRAIN GEOMETRY GNGM1

INPUT DATA, INTER-MODEL (Cont,. ):

Mnemonic Szmbol
LSLGN L

SLan
RDILCAI R DILCAI
RDILCF1 R DILCFI
VINPD Vv

Npp
VPPMT Vv

PPuT

OUTPUT DATA:

Description; Ext. (Int.) Units Model Type

Total slot length;
in IBFLOW

Head ratio, inside surface of insulation liner
associated with the aft case closure section;

N. D. INSULG

Head ratio, inside surface of insulation
liner associated with the forward case
closure section;

N. D. INSULG

Volume of propellent displaced by internal
insulation. excluding liner:

in> INSU LG

Propellent volume;

in? PROPW

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic er_'nbol

APPPWEB A
PPwEB

APT APT

40, 1.30

Description; Ext. (Int.) Units

Propellent web area. Cross sectional area
of propellent volume bounded by the
cylindrical grain section and basic
cylindrical port section;

in® Fig. 6 Eq. 6

Cross sectional area of basic cylindrical
section;

in® Fig. 6 Eq. 3

PRIV S VPN i




GRAING

GRAIN GEOMETRY GNGMI

OUTPUT DATA (Cont. ):

Mnemonic

DGN

DGNCL

DGNHA

DGNHF

DPT

LGN

LGNCHA

Smbol

Daon

D
GNcyp,

GNHA

GNHF

PT

GN

GNepa

Description; Ext. (Int.) Units

i
e
;.
;
.J.
4
1

Diameter of cylindrical grain section;
in Figs. 2, 6 Eq. 1

e

Equatorial diameter of hemi-ellipsoids
associated with the forward and aft grain
closure sections;

in Figs. 2, 3, 4 Eq. 7

e e e a

Diameter of aft base of the hemi-ellipsoid
frustum associated with the aft grain
closure section;

in Figs. 2, 4 Eq. 32

Diameter of forward base of the hemi-
ellipsoid frustum associated with the forward
grain closure section;

in Figs. 2, 3 Eq. 19

Diameter of basic cylindrical port section;
in Figs, 2, 3 4, 6 Eq. 2

Length of grain envelope. Distance between
the forward base of the hemi-ellipsoid
frustum associated with the forward grain
closure section and the aft base of the
hemi-ellipsoid frustum associated with the
aft grain closure section. Includes length
penalties for nozzle submergence, slots,
joints and internal insulation;

in Fig. 2 Eq. 75
Length of the axis of revolution of the hemi-

ellipsoid frustum associated with the aft
grain closure section;

in Figs. 2, 4 Eq. 31

40.1-31
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GRAIN GEOMETRY GNGM1

OUTPUT DATA (Cont. ):

Mnemonic

LGNCHF

LGNCLA

LGNCLF

LGNCY

LGNCY1

LGNCY2

LGNCY3

LGNCY4

40.1-32

_S.ymbol

L
GNepyr

GNeyA

GNeLF

GNCY

GNey)

L
GNey2

GNeys

GNcvys

L)

Description; Ext. (Int.) Units

Length of the axis of revolution of the hemi -
ellipsoid frustum associated with the forward
grain closure gection;

in Figs. 2, 3 Eq. 18

Length of the axds of revolution of the hemi-
ellipsoid associated with the aft grain
closure section;

in Figs. 2, 4 Eq. 23

Length of the axis of revolution of the hemi-
ellipsoid associated with the forward grain
clogure section;

in Figs. 2, 3 Eq. 10
Length of cylindrical grain section. Includes

length penalties for nozzle submergence,
slots, joints, and internal insgulation;

in Fig. 2 Eq. M

AR
. 1]
\v“

Length of basic cylindrical grain section.
Does not include length penalties for nozzle
submergence, slots, joints and internal
ingulation;

in Fig. 2 Eq. 36

Length of cylindrical grain section. Includes
length penalty for nozzle submergence;

in Fig. 2 Eq. 55

Length of cylindrical grain section. Includes
length penalties for nozzle submergence
and slots;

in Fig. 2 Eq. 64
Length of cylindrical grain section, Includes

length penalties for nozzle submergence,
slots and joints;

in Fig. 2 Eq. 66

=




GRAING

GRAIN GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

LGNCYS

LGNNSCY

LGNPDIN

LGNPDNS

LGNSL

LPTCF

LPTCFCA

LPTCFCY

LPTCFS

GNyscy

GNppiN

GNppNs

L
GNgy,

PTop

PTcrca

PTercy

PTers

CRG ALl 2

GNGM1

Description; Ext. (Int.) Units

Length of cylindrical grain section. Includes
length penalties for nozzle submergence,
slots, jnints and internal insulation;

in Fig. 2 Eq. 69
Distance nozzle ig submerged in cylindrical
grain section;

in Fig. 4 Eq. 40

Cylindrical grain section length penalty for
propellent displaced by internal insulation;

in Fig. 2 Eq. 68
Cylindrical grain section length penalty for
propellent displaced by submerged nozzle;
in Fig. 2 Eq. 54

Cylindrical grain section length penalty for
slot cutouts;

in Fig. 2 Eq. 03

Total length of port cone frustum section;
in Figs. 2, 4, 6 Eq. 45

Length of the pcrtion of the port cone frustum
section within the aft grain closure section;
in Figs. 2, 4 Eq. 42

Length of the portion of the port cone frustum
section within the cylindrical grain section;

in Figs. 2, 4 Eq. 44

Slant height of port cone frustum eection;

in Fig. 4 Eq. 47
40, 1-33
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GRAING

GRAIN GEOMETRY GNGM1

OUTPUT DATA (Cont. ):

Mnemonic

LPTCY1

LPTCYZ2

LPTNS

LPTNZI

LPTYCLA

LPTYCLF

QDCFAl

QDCFA2

QDCFA3

40.1-34

Smbol

L
PTCYI

PTeye

PTNS

pTN VA

PTycra

PTycLr

DCFAl

QDC FAZ

Qpcras

Description; Ext. (Int.) Units

Total length of cylindrical portion of basic
pcert. Does not include adjustments for
nozzle submergence, slots, joints nor
internal insulation;

in Fig. 2 Eq. 38
Length of cylindrical port section. Includes
nozzle submergence penalty;

in Figs. 2, 6 Eq. 47

Distance nozzle is submerged into port;
in Fig. 4 Eq. 39

Submerged nozzle inlet allowance;
in Fig. 4 Eq. 43
Length of cylindrical portion of the basic

port within the hem!:-ellipsoid associated with
the aft grain closure section;

in Fig. 4 Eq. 25
Length of cylindrical portion of the basic

port within the hemi -ellipsoid associated
with the forward grain closure section;

in Eq. 12
Associative quantity, port cone frustum

section aft base diameter. See DPTCFA,;
in q. 76
Associative quantity, port cone frustum

section aft base diameter. See DPTCFA;
in Eq. 77
Associative quantity, port cone frustum

section aft base diameter, See DPTCFA;
in Eq. 78
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B GRAING GRAIN GEOMETRY GNGM1 g
? OUTPFUT DATA (Cont. ): 4
f'g:: t - a . L 3 —
‘} Mnemonic Symbol Description; Ext. (Int.) Units . 1
L i
g QDCFF1 QDCFF] Associative quantity, port core frustum ;
v section forward base diameter. See DPTCFF; i
E in Eq. 79 i
5 QDCFF2 QDCFFZ Associative quantity, port cone frustum
1 section forward base diameter. See DPTCFF;

\. in Eq. 80 :
, QDCFF3 QDCFF3 Asgsociative quantity, port cone frustum .
) section forward base diameter. See DPTCFF; ;
in £q. 81 '
: QDGNI QDGNI Associative quantity, cylindrical grain section
: diameter. See DGN;
: in Eq. 82
7 QDGNZ2 QDGNZ Associative quantity, cylindrical grain section
diameter. See DGN;
Y in Eq. 83
QDGN?3 QDGN3 Associative quantity, cylindrical grain section
diameter. See DGN;
in Eq. 84
QDPTI QDPTI Associative quantity, basic cylindrical port
section diameter. See DPT;
in Eq. 85
QDPT2 QDPTZ Asgsociative quantity, basic cylindrical port
section diameter. See DPT;
in Eq. 86
QDPT3 QDPT3 Associative quantity, basic cylindrical port
gection diameter. See DPT;
in Eq. 87
s .
0,1-35
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GRAING

OUTPUT DATA (Cont. }:

Mnemonic

QRAPTHI

QRAPTH?2

QRAPTH3

RAPTTH

RDCFACL

RDGNCLA

RDGNCLF

RDPTCL

GRAIN GEOMETRY GNGM1
Symbol Desgcription; Ext. {Int.) Units
Q Associative quantity, port to nozzle throat
RAPTHI area ratio. See RAPTTH;
N. D. Eq. 88
Q Associative quantity, port to nozzle throat
RAPTH2 area ratio. See RAPTTH;
N. D. Eq. 89
Q Associative quantity, port to nozzle throat
RAPTH3 area ratio. See RAPTTH;
N. D. Eq. 90
RAPTTH Area ratio. Ratio of basic cylindrical port
section cross sectional area to nozzle throat
cross sectional area;
N. D, Eq. 4
R Diameter ratio. Ratio of port cone frustum
DCFACL sectinn aft base diameter to grain closure
equatorial diameter;
N. D. Eq. 41
RDGNCLA Head ratio of elhpsou% assocm?ed thh_the
aft grain closure section. Ratio of twice
the closure length to the closure equatorial
diameter;
N. D. Eq. 22
R Head ratio of ellipsoid associated with the
DGNCLF forward grain closure section. Ratio of
twice the closure length to the closure
equatorial diameter;
N. D, Eq. 9
RDPTCL Diameter ratio. Ratio of basic cylindrical

port section diameter to grain closure equato-
rial diameter;

N. D. Eq. 8




GRAING GRAIN GEOMETRY GNGM1

OUTPUT DATA (Cont. ):

RLDGNCY R

Mnemonic Symbol Description; Ext. (Int.) Units .
= R i
T RLCFCA R cFca Length ratio, Ratio of length of portion of '
; port cone frustum section within aft grain
5 closure section to length of aft grain closure :
A section; l
Lo !
= N. D. Eq. 49 A
o

Length to diameter ratio, cylindrical grain
LDGNCY gsection. Includes nozzle submergence, slot,
joint and internal insulation penalties;

N. D. Eq. 72

RLDGNY1 RLDGNYl Length to diameter ratio, basic cylindrical
grain section. Does not include nozzle
submergence, slot, joint and internal
insulation penalties;

Cr e et

N. D. Eq. 37 :

RLDGNY2 RLDGNY?. Length to diameter ratio, cylindrical grain

: section. Includes nozzle submergence .
g penalty; :
w l

N. D. Eq. 56 :

i

RLDGNY3 RLDGNYB Length to diameter ratio, cylindrical grain :

section. Includes nozzle submergence and i

slot penalties; !

N. D. Eq. 65 :

i

RL GNY4 RLDGNY4 Length to diameter ratio, cylindrical grain !

section. Includes nozzle submergence, slot
and joint penalties;

N. D. Eq. 67
RLDGNY5 RLDGNYS Length to diameter ratio, cylindrical grain
section. Includes nozzle submergence, slot,
joint and internal insulation penalties;

N. D. Eq. 70




GRAING

GRAIN GEOMETRY

OUTPUT DATA (Cont, ):

Mnemonic

RLGNCHA

RLGNCHF

RLPTCYA

RLPTCYF

SBSPT

SPT2

SPTCFB

SPTCFS

40,134

S__ymbol

R; oNeHA

R GNCHF

Ryprcya

R prcYF

GNGM1

Description; Ext. (Int.) Units

Length ratio, aft grain closure section.
Ratio of hemi-ellipsoid frustum length to
hemi-ellipsoid length;

N. D, Eq. 33

Length ratio, forward grain clogure section.
Ratio of hemi-ellipsoid frustum length to
hemi-ellipsoid length;

N. D. Eq. 20

Length ratio. Ratio of the length of the
cylindrical portion of the basic port within
the hemi-ellipsoid to the length of the hemi-
ellipsoid for the aft grain closure section;

N. D. Eq. 27

Length ratio. Ratio of the length of the
cylindrical portion of the basic port within
the hemi-ellipsoid to the length cf the hemi -
eilipsoid for the forward grain closure
section;

N, D, 2q. 14

Initial propellent burning surface area,
excluding slots;

in? Fig. 6 Eq. 62

Propellent surface area associated with the
port. Includes submerged nozzle corrections;

in’ Eq. 61
Port surface area component, Propellent
surface at forward ba-e =.f port cone frugtum
arction;

in® Fig. 6 Eq. 60

Port surface area component. Propellent
surface associated with lateral area of port
cone {rustum section;

in® Fig. 6 Eq. 59
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GRAING

GRAIN GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

SPTCY2

THETACF

TPPWEB

VGN

VGNCHA

VGNCHF

VGNCLA

VGNCLF

Symbol

GN

GNepa

GNeyr

GNepa

GNeLF

e R e s T A YT TR IR B Y S AR e R e 3 TR T e T TR T e e v = et .

Description; Ext, (Int.) Units

Port surface area component. Propellent
surface associated with the lateral area of
the cylindrical port section;

> .

in Fig. 6 Eq. 58

Balf-angle of port cone frustum section;
deg (rad) Figs. 2, 4 Eq. 46

Propellent web thickness. Thickness of
grain in section where both the grain and
port are cylindrical. Radial distance
between surface of cylindrical port section
and surface of cylindrical grain section;

in Fige. 2, 3, 6 Eq. 5

Volume of grain envelope. Includes port,
submerged nozzle penalty, slots, joints
and all internal insulation except liner.
Note that the grain closures of the grain
envelope are hemi-ellipsoid frustums, not
hemi-ellipsoids;

in3 Eq. 74

Volume of hemi-ellipsoid frustum associated
with the aft grain closure section;
in3 Fig. 5 Eq. 34
Volume of hemi-ellipsoid frustum associated
with the forward grain closure section;

in3 Fig. 3 Eq. 21
Volume of hemni-ellipsoid associated with
the aft grain closure section;
in3 Fig. 5 Eq. 24
Volume of hemi- ellipsoid associated with
the forward grain closure section;

3

in Fig, 3 Eq. 11

40,1-39

R




GRAING

GRAIN GEOMETRY

OQUTPUT DATA (Cont. ):

Mnemonic

VGNCY

VPPCLA

VPPCLF

VPPCY1

VPPPDNS

VPTCF

VPTCFCY

40, 1-40

Symbol

v
GNCY

PPeyaA

PPy p

PpCYI

PPbONS

PTep

PTercy

i e

GNGM1

Description; Ext, {Int.) Units

Volume of cylindrical grain section.
Includes port, submerged nozzle penalty,
slots, joints and internal insulation except
liner;

in’ Eq. 73

Volume of propellent associated with the
hemi-ellipsoid of the aft grain closure
section, Note that this volume is an inter-
mediale quantity and does noi include
corrections for nozzle submergence,
insulaticn wedges, etc.;

in3 Fig. 5 Eq. 30 i 3

Volume of propellent associated with the
hemi-ellipsoid of the forward grain closure
section, Note that this volume is an inter-
mediate quantity and does not include
corrections for insulation wedges, igniter,
etc.;

k]

-

in Fig. 3 Eq. 17

Volume of propellent withir basic cylindrical
grain section. Does not inciude displaced
»ropellent corrections for 1.uzzle submer-
gence,slots, joints nor intcrnal insulation;

in’ Eq. 35

Volume of propellent displ::ced due to
nozzle submergence;

in Fig. 5 Eq. 53
Total volume of port cone frustum section;
in3 Fig. 5 Eq. 48

Volume of basic port portion of the port cone
frustum section within the cylindrical
grain section;

in> Fig. 5 Eq. 51




oy e, B R = 2 e

e ey o

Durwr

11
L
n
&
b

rreeget Y

AL L S T

R LIRS

GRAING

N ANY AN Y

GRAIN GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

VPTCLA

VPTCLF

VPTCYCF

VPTECFA

VPTECLA

VPTECLF

VPTYCLA

VPTYCLF

Smbol

PTecLr

PTycra

PTycLF

GNGM1

Description; Ext. (Int.) Units

Volume of basic port within the hemi-ellipsoid
associated with the aft grain closure gection;

in3 Fig. 5 Eq. 29
Volume of basic port within the hemi-ellipsoid
associated with the forward grain closure
section;

in3 Fig. 3 Eq. 16
Volume of basic port section associated with
nozzle submergence;

in3 Fig. 5 Eq. 52

Volume of ellipsoidal cap at aft base of port
cone frustum section within aft grain closure
section;

in> Fig. & Eq. 50
Volume of ellipsoidal cap at base of cylindri-
cal portion of basic port section within the
hemi-ellipsoid associated with the aft grain

closure section;

in> Fig. 5

Eq. 28
Volume of ellipsoidal cap at base of cylindri-
cal portion of the basic port section within
the hemi-ellipsoid associated with the

forward grain closure section;

in> Fig. 3

Eq, 15
Volume of cylindrical portion of the basic
port within the hemi-ellipsoid associated
with the aft grain closure section;

in3 Fig. 5

Eq. 26
Volume of cylindrical portion of the basic
port within the hemi-ellipsoid associated

with the forward grain closure section;

in’ Fig. 3

Eq, 13
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IAFLOW INTERNAL BALLISTICS, FLOW IBFMI

50.1

b I R

[T VIRV A

MODEL TYPE: IBFLOW (Internal Ballistics, FLOW)

MODEL NAME: IBFMI1 (Cylindrical port, slot penalty)

DESCRIPTION:

i
1
:
2
!
i
!

IBFMI (Internal Ballistics, Flow Model number 1) evaluates the burn rate
and flow characteristics within a cylindrical ported grain to determine the
: effective slot volume required for a neutral pressure-time history. This
required volume (grain length penalty) is sometimes sizable, thereby
‘ resulting in a significant degradation of the motor volumetric loading
efficiency.

T The slot volume requirement is independent of the number of slots and is
‘ basically determined by the gas flow requirements from the slots into the
center perforate. The calculation of the length of the slots is based upon

the following assumptions:

. 1. The grain is cylindrical;
A
2. The port burning surface is cylindrical;
3. The gas leaves the slots and enters the center perforate at a

Mach number specified by the program user;

4, The pressure and temperature within the slot are equal to the
pressure and temperature respectively within the center perforate;

5. The gas flow upstream of the nozzle throat is isentropic flow of a
perfect gas.

. In addition to the slot penalty, this model also evaluates the maximum and

; minimum burn rates, These are available as constraint quantities to insure
; that the web is not thicker than that allowed by the maxiinum burn rate and

' E burn time or thinner than that allowed by the miniinum burn rate and burn

' time. The model evaluates a set nf associative quantities to facilitate setting
up these constraints, if required.

An appreciation for the slot geometry may be gained by referring to Figure 1,

50, 1-1




IBFLOW INTERNAL BALLISTICS, FLOW IBFMI

PROCEDURE: L

Prior to entering IBFM1, the models specified by the PROPELW, IBGAS
and IBPERF model types have evaluated the propellent density, gas, and
performance properties. The model specified by the GR AING model type
then determined the geometry required to design a cylindrical ported grain,
including accommodation for nozzle submergence.

The IBFMI model is then executed and the burn rates and grain length penalty
for slots is determined.

After executing IBFMI1, the model specified by the GR AING model type will
be reentered and the preliminary grain design will be corrected to account
for ‘the slot volume. The model specified by the INSULG model type may
then utilize data from IBFM1 and the grain geometry to assess internal
insulation requirements.

EQUATIONS:

Burn rate at ignition.

T
_ PPyEep "
GN Tp

B
PPI

Average burn rate.

BpP, v - KBPPAVG BRP | (2)

Maximum burn rate.

BPP,,,x ~ BPPMAX Pava (3)

Minimum burn rate,

Bep. = Kpppmn PAvG (4)
M™N

Weight flow rate fron: port surface, excluding slots.

L ]
Wor = Ppp S

B
MT BSpr

(5)
PP,vaG

50.1-2
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IBFLOW INTERNAL BALLISTICS, FLOW IBFMI

S EQUATIONS (Cont. ):
Weight flow rate required from all slots.
L J L J

L J
w =W - W (6)
SL‘REQ PPMT PT

Area of one burning surface of a slot.

A = A (?>
BSg;, " PPypp

Weight flow rate from a slot (two surfaces).

®
We, =2P A B (8)
SL PPMT BSSL PPAVG
Length of a slot,
[J
L - ¥sL Ccas )
SL = 7 Ppr B F ave MsL 8o
. Number cof slots re‘quired.
N []
W
_ Skreg
NSLR = (10)
EQ Wor
Grain length penalty for slots cutouts.
YLy NsLppg SL (11)

Associative quantities. The following quantities are in‘ended solely for
optional utilization by the program user. Their primary usage within this
model is for forming constraint quantities,

Qnr = K B (12)
BI QBI pPIGN

Q = K 3 (13)
BA QBA PPAVG

50.1.3
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IBFLOW INTERNAL BALLISTICS, FLOW IBFM1

EQUATIONS (Cont, ):

Q = K B (14)
BMX - "QBMX PP,y

Q = K B (15)
BMN QBMN PPMIN

OPTIMIZATION CONSIDERATIONS:

Generally, the nature of the problem which would require usage of this model
would also require that the following constraints be set up by the program user.

A maximum propellent burn rate constraint will insure that the propellent
web is not too thick. (Note that this constraint corresponds to a lower
limit on the port fraction.)

B ¢ B (16)
PPAveG PPy\sax

A minimum propellent burn rate constraint will insure that the propellent
web is not too thin, (Note that this constraint corresponds to an upper
limit on the port fraction,)

PP * Bpp (17)

50.1-4
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INTERNAL BALLISTICS, FLOW

IBFMI

s

| .
~Ls,——"2

SLOT l
EXIT

Nota thdt LI + Lz =L
Where L is the length such that Spr =7L DPT

Fig, 50,1-1 Slot Geometry
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IBFLOW INTERNAL BALLISTICS, FLOW IBFM1

INPUT DATA, INTRA-MODEL: U

Py e

The following data is input directly to this model by the program user. If a I
value is not input, the preset value is used. g
Mnemonic Symbol Description; Ext. (Int,) Units Preset é
EBPPMAX a Exponent for maximum radial propellent %
burn rate computation; g

N. D, 0. 39 :}

EBPPMIN b Exponent for minimum radial propellent 1
burn rate computation; %

N. D. 0.27 i

KBPPAVG K Coce ..cient for average radial propellent
BPPAVG burn rate computation; 3

N. D. 1.0 :

KBPPMAX KBPPMAX Coefficient for maximum radial propellent

burn rate computation;
N. D. 0.054 i

Tenne Y Adummi L vetoad 4

KBPPMIN KBPPMIN Coefficient for minimum radial propellent

burn rate computation;
N. D. 0.039

KQBAVG KQBA Associative quantity coefficient for
QBPPAVG computation; ‘ '

No Do 0 l

KQBIGN KQBI Associative quantity coefficient for "
QBPPIGN computation; .
N. D. 0

KQBMAX KQBMX Associative quantity coefficient for

QBPPMAX computation;
N. D. - 0

KQBMIN KQBMN Associative quantity coefficient for
QBPPMIN computation;

N. D. 0

50.1-6
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IBFLOW

INTERNAL BALLISTICS, FLOW

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic

MSLEXT

INPUT DATA, INTER-MODEL:

Smuol

Mg

Description; Ext. (Int.) Units

IBFMI

Preset

Maci. number of combustion products at slot

exit;
N. D.

0.2

This model requires as input certain data which is usually output from a

model of the specified model type.

If the user has not specified such a

source for this data, then it must be input directly with the intra-model input.

Mnemonic

APPWEB

CGAS

DPT

DWPPMT

PCHAVG

RHOPPMT

RSPHT

SBSPT

Symbol

A
PPy EB

Ccas

Dpr

[ ]
W
PPyr

Description; Ext, (Int,} Units Model Type
Cross sectional web area;

in GRAING
Speed of sound in gas;

ft/sec IBGAS
Port diameter;

in GRAING
Propellent weight flow;

1b/sec IBPERF
Average chamber pressure;

PslA IBGAS
Propellent density;

1b/in’ PROPELW
Specific heat ratio;

N. D. IBGAS
Port burning surface area;

in? GRAING

50,1-7
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INTERNAL BALLISTICS, FLOW
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INPUT DATA, INTER-MODEL (Cont, ):

Mnemonic

TBPPMT

TPPWEB

OUTPUT DATA:

The following data is output from this model.

Smbol

Tp

Tpp

WEB

IBFM1
Description; Ext. (Int.) Units Model Type
Propellent burn time;
sec IBPERF
Web thickness;
in GRAING

It is available for use as inter-

model input to other models and to print, plot, and optimization routines.

Mnemonic

ABSSL

BPPAVG

BPPIGN

BPPMAX

BPFMIN

DWBSNSL

DWSLREQ

50.1-8

Symbol

A
BSSL

B
PP,va

B
PPiaN

PPyax
PP

Wpr

*
w
ShpEqQ

Description; Ext. (Int,) Units

Area of one burning surface of a slot;

inz Eq. 7
Average radial propellent burn rate;
in/sec Eq. 2

Radial burn rate of propellent at ignition;
in/sec Eq. 1

Maximum radial propellent burn rate;

in/sec Eq. 3

Minimum radial propellent burn rate;

in/sec Eq. 4
Propellent weight flow rate from port surface
area, excluding slots;

1b/sec Eq. 5
Propellent weight flow rate required from
slute for balanced motnr flow;

lb/sec Eq. 6

P
-\"7

. L 6t
Ltk

o b
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IBFLOW

INTERNAL BALLISTICS, FLOW

OUTPUT DATA (Cont.):

Mnemonic

DWSL

LSLGN

NSLREQ

QBPPAVG

QBPPIGN

QBPPMAX

QBPPMIN

Symbol
[ ]
WsL

SL

SLGN

SLpEQ

Qamx

QpMmn

IBFM1

Description; Ext. (Int.) Units

Propellent weight flow rate from a slot (two

surfaces);
1b/sec

Eq. 8

Length of a slot required for balanced slot

flow;

in

Eq. 9

Grain length penalty for slot cutouts;

in

Number of slots required for balanced motor
flow, NSLREQ will normally be a fractional

Eq. 11

number. Note the distinction between

NSLREQ and NISIHO, NISIH!, which is input

to the internal insulation model;

N. D.

Associative quantity,
(see BPPAVG);

in/sec

Associative quantity,
(see BPPIGN);

in/sec

Associative quantity,
(see BPPMAX);

in/sec

Associative quantity,
(see BPPMIN);

in/sec

Eq. 10

average burn rate

Eq. 13

burn rate at ignition

Eq. 12

max. burn rate

Eq. 14

min. burn rate

Eq. 15

50,1-9
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IBGAS INTERNAL BALLISTICS, GAS IBGM1

69.1

MODEL TYPE: IBGAS (Internal Ballistics, GAS)

MODEL NAME: IBGM1 (Constant vacuum thrust)

DESCRIPTION:

IBGM1 (Internal Ballistics Gas Model numler 1) evaluates the gas
characteristics and chamber pressures associated with a constant vacuum
thrust solid rocket motor.

23S SRS R SRR SRS NI S T o B

EQUATIONS:
Average chamber pressure, :
f
1
Pave © Kave P (1) ;
, ( Maximum expected operating pressure.
P = K P (2)

Maximum chamber pressure.

e o 1 b I s a1 R

Pmax = PMEO (3)

Delivered characteristic velocity.

C* = €CHp (4)

Specific heat ratio constants,

H1=H+l (5)

U -

60. 11 .
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IBGAS INTERNAL BALLISTICS, GAS IBGM1 \

EQUATIONS (Cont. ): ~ - : \,

3
H, =H-1 1 (6)
H,
H, = 7 :
3R o i
H, :
Hy = o (8)
H, i
H_r, il - o (9)
H
3
e ) o)
H, H P 3
_ 2 76 L
H, -J——z-— (11) x

2H H;
H8 = ——ns— (12)

Gas constant,

H H G2

Rgas = — T — (13)

Speed of sound in gas.

Cgas =\/” Tc Rgas (14)

60.1-2




IBGAS INTERNAL BALLISTICS, GAS IBGM1 R
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INPUT DATA, INTRA-MODEL:
i E The following data is input directly to this model by the program user. Ifa
! % value is not input, the preset value is used.
E f: Mnemonic Symbol Description; Ext. (Int.) Unitse Preset
é‘» 4 CVTH C* Theoretical characteristic velocity;
& ™
T ft/sec 0
: % KPCHAVG KAVG Coefficient, average chamber pressure;
- N. D, 1
;¥ 3
P KPCHMEO KMEO Coefficient, maximum expected operating .
Pl chamber pressure; 3
!k N. D. 1 §
. :
,( i KCEF 3 Combustion etficiency factor;
é : PCH P Chamber pressure; '
% - PSIA 0 g
Ef RSPHT H Specific heat ratio; 3
E N. D. 0 .
: TCPP TC Propellent combustion temperature; ; ,
i o A
1 R 0
. i
; INPUT DATA, INTER-MODEL:
E None ‘
? :
: OUTPUT DATA:
! The following data is output from this model. It is available for use as inter-

model input to other models and to print, plot, and optimization routines.




IBGAS

OUTPUT DATA (Cont, ):

Mnemonic

CGAS

CVDELV

KRGAS

PCHAVG

PCHMAX

PCHMEO

RSPHT!

RSPHT2

RSPHT]

RSPHT4

RSPHTS5

RSPHTé6

60,1-4

Smbol

Ccas

C*%

GAS

AVG

MAX

INTERNAL BALLISTICS, GAS IBGM!
Description; Ext. (Int.) Units
Speed of sound in gas;
ft/sec Eq. 14
Delivered characteristic velocity;
ft/sec Eq. 4
Gas constant;
£t%/(sec? - °R) Eq. 13
Average chamber pressure;
PSIA Eq. 1
Maximum chamber pressure;
PSIA Eq. 3

MEO

Maximum expected operating chamber

pressure;
EsIA

Specific heat ratio quantity;
N. D.

Specific heat ratio quantity;
N, D.

Specific heat ratio quantity;
N. D.

Specific heat ratio quantity;
N. D,

Specific heat ratio quantity;
N. D.

Specific heat ratio quantity;
N. D,

Eq.

Eq.

Eq,

Eq.

Eq.

. 10




. E IBGAS INTERNAL BALLISTICS, GAS IBGM1
¥
% e
5':
e O OUTPUT DATA (Cont. ):
;
%’j Mnemonic Symbol Description; Ext. (Int.) Units -
i&; RSPHT7 H. Specific heat ratio quantity;
; N. D, Eq. 11
3
k RSPHT8 Hg Sp :ific heat ratio quantity; .
b N. D. Eq. 12 1
| z
(
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52 IBPERF INTERNAL BALLISTICS, PER FORMANCE

- 70.1 3
;
h MODEL TYPE: IBPERF (Lnternal gallisﬁcs, PERFormance) ;
P I

?::‘

MODEL NAME: IBPM1 (Conical nozzle divergence losses)

DESCRIPTION:

s S babinm s a1 i 30 4 0 L1 Y| OO

IBPMI1 (Internal Ballistice Performance Model number 1) evaluates the
propellent and nozzle dependent vacuum delivered performance quantities.
The specific impulse is degraded to account for the nozzle half angle

divergence loss (axial direction), due to the directional change of flow as
the gas expands in a conical nozzle,

ikt it A ot o e

e e R L

PROCEDURE:

Prior to entering IBPM1, the models specified for the PROPELW and IBGAS
inodel types have evaluated the propellent weight and gas properties.

Upon the first entrance to IBPM1, the propellent weight flow is computed and

the model specified by the NOZZLEG model type is executed to determine Pl
{ the nozzle geometry,

IBPM1 is then entered for the second time, the pressure ratio is solved
iteratively using Newton's method, and the remainder of the internal
ballistics performance dependent quantities are evaluated.

After the IBPMI] computations are completed, the motor geometry and

weights are determined, the model specified for the PROPUL model type is
executed, and the primary motor propulsion quantities are evaluated.

EQUATIONS (FIRST ENTRANCE):

Propellent weight flow,
w

. i PP, r
PPy r -T';_— (1

70.1-1
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IBPERF INTERNAL BALLISTICS, PERFORMANCE

K

EQUATIONS (SECOND ENTRANCE):

Pressure ratio, nozzle exit pressure to chamber pressure.
(transcendental equation solved iteratively for RP)

€ - Hy

Nz ©
R 5
P 1-Rp

Critical pressure ratio.
H
(w3)

- 2
Rpc = (‘rl )
Nozzle half angle divergence momentum loss.

A - 1+cos(0Nz)
2

Reference nozzle half angle loss.

A . l+cos(0R)
R -z

Vacuum thrust coefficient,

H,
Cy = AHg \J1-Rp™ + €, Ry

Reference thrust coefficient (exit pressure = atmospheric pressure},

c
Isp. = (’C“v) Isp
v R R
70.1-2

(2)

(3)

(4)

(5)

(6)

(7)

(8)
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IBPERF INTERNAL BALLISTICS, PERFORMANCE IBPM1

EQUATIONS (SECOND ENTRANCE) (Cont, ):

Delivered vacuum specific impulse,
1 = K 1 (9)
SPVD vD SPv

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user. Ilf a
value is not input, the preset value is used.

Mnemonic Smbol Description; Ext. (Int.) Units Preset
CIBP1 Cl Ratio of a reference nozzle exit pressure to

a reference chamber pressure. The

reference nozzle exit pressure must be equal
to sea level pressure;

N. D. 0.014696
ISPR ISP Specific impulse for the reference pressure
R ratio CIBPI and the reference nozzle half

angle NZHAR;

sec 0
KISPVD KVD Nozzle efficiency factor;

N. D. 1
NZHAR OR Reference nozzle half angle;

deg 0
TBPPMT TB Propellent burn time;

sec 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

70. 1 '3
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IBPERF INTERNAL BALLISTICS, PERFORMANCE IBPM1

INPUT DATA, INTER-MODEL (Cont. ): L
Mnemonic Symbol Description; Ext. (Int.) Units Model Type
COSNZHA cos oNZ Cosine of nozzle half angle;
N.D. NOZZLEG ?
RAEXTTH €Nz Nozzle expansion ratio at exit plane; i
N. D. NOZZLEG
|
RSPHT H Specific heat ratio} '
N. D. IBGAS
RSPHT1 I-l1 Specific heat ratio quantity; 3
N.D. IBGAS ]
RSPHT2 H, Specific heat ratio quantity; | !;
N. D. IBGAS -
Py
RSPHTS H5 Specific heat ratio quantity; 4
N. D. IBGAS I
B
RSPHT7 H, Specific heat ratio quantity; i
N. D. IBGAS P
cod
P4
RSPHTS Hg Specific heat ratio quantity; ! f
N, D. IBGAS o
WPPMT w Propellent weight; ‘
PPyt i
1b PROPELW ;

OUTPUT DATA.:

PRI U

The following data is output from this mndel, It is available for use as inter-
model input to cther models and to print, plot, and optimization routines.

Mnemonic Symbol Description; Ext. (Int.) Units
CFVAC CV Vacuum thrust coefficient;

N. D. Eq. 6
70.1-4



IBPERF INTERNAL BALLISTICS, PERFORMANCE IBPM1

7

. OUTPUT DATA (Cont.):
3
14 Mnemonic Symbol Description; Ext. (Int.) Units
1
i"_ CFR CR Reference thrust coefficient corresponding to
% the reference nozzle half angle NZHAR and
i the reference pressure ratio CIBPl. The
H reference nozzle exit pressure is sea level
v pressure;
R N.D. Eq. 7 ,
DWPPMT Wpp Propellent weight flow;
L MT
g 1b/sec Eq. 1
e ISPVC I Vacuum specific impulse;
. SP,,
? sec Eq' 8
l ISPVD Isp Delivered vacuum specific impulse;
. vD
sec Eq. 9
NZHAL A Nozzle half angle loss;
.t ( No Do Eq. 4
i -
' NZHALR )‘R Reference nozzle half angle loss;
N.D. Eq. 5
RPEPC Rp Pressure ratio. Ratio of nozzle exit
pressure to chamber pressure;
N. D, Eq. 2
RPEPCC RPC Critical pressure ratio. Pressure ratio
at nozzle throat;
N. D, Eq. 3

70.1-5
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% INSULG INTERNAL INSULATION GEOMETRY INGM1
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¢
S N 80. 1

PEEEEY

MODEL TYPE: INSULG (internal INSULation Qeometry)

ML 4

MODEL NAME: INGM1 (geometric parameter)

DESCRIPTION:

N AT W A AT 6 R b L xS A AN ¢

INGM1 (internal INsulation Geom :try yodel number 1) evaluates the internal
insulation geometry for a solid rocket motor case and propellent grain having
a cylindrical section and oblate closires. The basic components may include:

NN

insulation liner i :
ellipsoidal insulation wedges for the forward and aft closures
insulation required for unjointed grain designs

insulation required for jointed grain designs

The model includes provigsion for circular cutouts, '"holes' in the forward and
aft closures, required for the igniter and nozzle. See figures 1 and 2 for an
illustration of the basic insulation components and the interface with the case,
| grain, nozzle, and igniter geometry. Whenever possible, the equations have
' been formulated such that the geometry for the basic components degenerate
to basic geometric forms. In addition, user specified coefficient and bias
terms (preset to nominal values) are provided for the principal independent
quantities associated with each bagic geometric form. Consequently, the
actual insulation geometry capable of being simulated is to a large degree
a function of the ingenuity of the program user.

The ingulation liner, as illugtrated in figures 3 - 6, interfaces between the
inside case surface and the outside wedge surfaces or grain envelope.

Within the cylindrical case section, the liner has constant thickness. Within
the closures, the outside and inside liner surfaces are hemi-ellipsoids whose
equatorial planes are coincident witn the plane separating the closure and
‘cylindrical sections. The liner holes in the forward and aft closures are
cylindrical, centered on the axis of revolution of the liner surface hemi-
ellipsoids. The principle purposes of the liner geometry are to determine

a total volume for insulation weight computations and to specify the head
ratios and cylindrical diameter of the basic grain envelope.

80,1-1

:




INSULG INTERNAL INSULATION GEOMETRY INGM1

DESCRIPTION (Cont. ):

The insulation wedges (see figures 7 - 14) are associated with the forward
and aft closures and interface between the insulation liner and the grain.

The wedges may be completely within a closure, or may extend beyond a
closure into the cylindrical section, Since the principle purpose of the wedge
geometry is to determine an effective volume for weight ¢valuations, no
corrective action, except for a warning diagnostic, is taken by the program
if a wedg2 extends from within a closure beyond the cylindrical section.

If a wedge is completely within the closurs (see figures 7, 13), the inside

and outside wedge surfaces are hemi-ellipsoid frustums which are tangent

at their bases (the ''inside/outside wedge surface osculation plane''). The
axis of revolution of these frustums are coincident and the equatorial plane

of the homi-ellipsoid associated with the outside {rustumn surface is coincident
with the plane separating the case closure and case cylindrical sections.
However, the ''equatorial plane of the hemi-ellipsoid associated with the
inside frustum gurface' and tue 'inside/outside vvedg» surface o-culatiny
plane'’ are normally not coincident with each other or the ''plane separating
the case closure and case cylindrical sections'',

If a wedge extends beyond a closure into the cylindrical section (see figures 9,
14), the outside wedge surface is comprised of a hemi-ellipsoid and a
cylinder. The inside wedge surface is a hemi-ellipsoid tangent to the
cylindrical portion of the outside wedge surface (the ''inside/outside wedge
surface osculation plane'’). The axis of revolution of the inside and outside
wedge surfaces are coincident and the '"equatorial plane of the inside surface
ellipsoid is coincident with the '"inside/outside wedge surface osculation
plane', Further, the '"equatorial plane of the hemi-ellipsoid associated with
the outside wedge surface'' is coincident with the '‘plane separating the case
closure and case cylindrical section'. However, normally the equatorial
planes of the hemi-ellipsoids associated with the outside wedge surface and
the inside wedge surface are not coincident.

The length of the forward closure wedge (figures 7, 9) is normally a function
of the propeilent web thickness. The igniter cutout is zylindrical, centered
on the axds of revolution of the wedge surface hemi-ellipsoids.

The length of the aft closure wedge (figures 11, 13) is normally a functiou
the cone frustum grain cutout half angle. The nozzle cutout is a cone frus’
having a half angle equal to the cone frustum grain cutout half angle.

For the purpose of this model, a slot has none or one burning surface
inhibited, whereas a joint has both burning surfaces inhibited. The slot and
joint insulation, as illustrated in figures 15 - 20, is comprised of the
following components:

80,1-2
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INSULG INTERNAL INSULATION GEOMETRY INGM1

DESCRIPTION (Cont. ):

Port/Liner (PL) component, This component interfaces between
the port and the liner. It has a rectangular cross section and its
dimensions are normally a function of the maximum insulation
thickness and the slot or joint length.

Port/Grain (PG) component. This component, which inhibits a
burning surface, interfaces between the port and the grain, It
normally has a trapezoid cross section (although it may be a
pentagon, rectangle or triangle--see figures 16, 17) and its
dimensions are primarily a function of the maximum insulation
thickness, propellent web thickness, and a uger specified base
length. It should be noted that for joints, provision is made for
""overlapping' PG components. However, for slots, except for a
warning diagnostic, no corrective action is taken by the program
if the PG component exceeds the slot cutout length,

Grain/Liner (GL) component. This component interfaces between
the grain and the liner. It has a triangular cross section and its
dimensions are normally a function of the maximum insulation
thickness and the propellent web thickness. The GL component is
asgociated with each non-inhibited slot burning surface.

The number of slots and joints, for insulation purposes, is specified by

the program user and should not be a fractional number. The purpose of
the slot and joint geometry is to determine an effective volume for insulation
weight computations.

PROCEDURE:

INGM1 is a three-entrance model. Inter-model coupling is illustrated
by figure 22.

Prior to the first entrance to INGMI1, the models specified for the IBGAS,
IBPERF, INSULW, and CASEG model types have evaulated the gas
characteristics, insulation density and case geometry.

Upon the first entrance to INGMI1, the basic insulation material properties
are evaluated and, except for the length of the cylindrical section, the
insulation liner geometry is determined.

The grain geometry model, GNGM1, then uses the inside liner surface to
define the basic grain envelope. After adjusting the basic grain to account
for submerged nozzle, slot, and joint penalties, program control is
returned to INGM1,

’ 80.1-3
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INSULG INTERNAL INSULATION GEOMETRY INGM1

PROCEDURE (Cont. ):

o
s

Upon the second entrance to INGM1, the insulation wedge geometry,
associated with the forward and aft closures, is evaluated, the slot and joint
geometry is determined, and the propellent displaced by the closure wedges
and the slot/joint insulation components is computed.

The grain geometry model, GNGMI1, is then reentered, the cylindrical
grain length is adjusted to include the propellent displaced by the insulation,
and the total grain geometry is evaluated.

Upon the third entrance to INGM1, the grain geometry has been completely
determined and the cylindrical section of the liner is sized. After evaluating
the residual insulation volume, the total internal insulation volume is computed.

After executing INGMI1, the program evaluates the remaining substage
geometry. The model specified by the INSULW model type then uses the
volumes obtained in INGMI asg effective volumes to determine the internal
insulation weight breakdown.

REFERENCES:

‘Reference 52, ''Some Useful Theorems Associated With Hemi-Ellipsoids "
is the basis for the derivations of the following equations:

11, 17, 19, 20, 23, 25, 26, 28, 36, 42, 44, 45, 47, 50, 51, 53, 68,
8l, 85, 87, 88, 89, 92, 94, 96, 78, 100, 101, 104, 115, 131, 135,
137, 138, 140, 142, 144, 146, 147, 10,

Reference 54, '"Some Useful Thecrems Associated With Osculating
Ellipges'' contains the derivations for the following equations:

74, 75, 76, 126, 127, 128.
Reference 55, ''Derivaticn of LIWCFI and DIWCALI for the GTS INGM1
Initernal Ingulation Model*' contains the derivations and assumptions for

the following equations:

107a, 107h, 107¢, 107d, 107e, 117, 120, 121, 122, 123, 124.

Reference 56, '"PG Internal Ingulation Subcomponent for GTS INGM1
Internal Insulation Model' contains the derivations and rationale for
equations 156 through 210,

Refevence 57, ""Derivation of VIWCAPD and VIWCFPD for the GTS INGM!
Internal Insulation Model’' contains the derivations and assuinptions for
equations 211 through 222.




INSULG INTERNAL INSULATION GEOMETRY INGM1

NOTATION:

The following notation convention is used within this model whenever possible,
First Character

A 2

ane area. {in”)

Constant or intermediate quantity.

Diameter {measured normal to centerline). (in)

Coefficient or bias.

Length (measured parallel to centerline). (in) i

Ratio, Next characters will be D or L to indicate
diameter or length ratios. (N.D.)

Thickness. Sin)

Volume. (in~)

Centroid. (in)

g
5
:
1
E
;

“<Hl PCXROO»

Next two characters denote principal insulation component.

i IL Liner. i
§ 1J Joint. |
¢ IN General. i
1S Slot, !
. IW  Wedge. i
; i
S Next characters. [
i :
' A Aft. {
|
|
!
I
'.
i
H
3

1 Inside surface. N
o Outside surface, b

Cor CL Closure.

CH Closure Hole.

E Ellipsoid.

F Forward.

H Hole.

PD Propellent Displaced.

Final character.




INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE:

Equations 1 through 56 are evaluated at the first eatrance to the INGM1 model.

INSULATION PROPERTIES:

Approximate radiative heating rate.

T 4
Cpp

Qn.. = Sy Kmv, * Kin 1)

1 N,

Maximum insulation thickness for closure wedges. (See equations 61, 108)
C Ty Q
/ IN3 B INH

T = + (Z‘a)
w > Kiw Kiw
MAX \ Q' P rw 23 24

Maximum insulation thickness for a slot cutout. (Figure 16)
C Ty Q
N, 'B O, \

3
T = - + K (2-b)
IS e KIs 1S

MAX Q1 PIS / 1 2

Maximum insulation thickness for a joint cutout. (Figure 17)

/CIN3 Tg QINH \
13 = —~% Ky + Kyg (2-¢)
MAX \ Qe Ay / 1 2

T

INSULATION LINER, CYLINDRICAL SECTION:

Outside diameter of the cylinder which is the outside surface of the insulation
liner in the cylindrical case section. (Figure 2)

D =D (3)
ILO CSI

Inside diameter =f the cylinder which is the inside surface of the insulation

liner in the cylindrical case section., (Figure 2)

DILI = DILO -2 TILCY (4)

$0,1.6
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INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

INSULATION LINER, CLOSURE SECTIONS (FORWARD AND AFT):

Equatorial diameter of the ellipsoids formed by the outside surface of the

insulation liner associated with the forward and aft case closure sections,
(Figures 2, 3, 5) :

Dy, = Dy,

(5)
cLO (o

Equatorial diameter of the ellipsoids formed by the inside surface of the
insulation liner associated with the forward and aft case closure sections.
(Figures 2, 3, 5)

D

1L, - (6)

INSULATION LINER, FORWARD CLOSURE SECTION:

D =
ILeur

Head ratio of the ellipsoid formed by the outside surface of the ingulation
liner within the forward case closure section.

RprLcro = Rpescrr (7

Length of the axis of revolution of the hemi-ellipsoid formed by the outside

surface of the ingulation liner within the forward case closure section.
(Figures 3, 4)

Rpricro PiL
) CLO
L = (8)
1L
CLFO 2

Diameter of circular hole, for the igniter, centered on the axis of revolution
of the hemi-ellipsoid formed by the outside surface of the insulation liner
within the forward case closure section, (Figures 2, 3)

D =D + (9)
ILyro ©Syrr 1Ly, ML),

Diameter ratio, hole diameter to equatorial diameter, outside surface of
the insulation liner within the forward case closure section. (Figure 3)

D
R _ _yro (10}
DILHFO = T

ILc o

80. l '7

- A —— o V——

1 DAL =

ki mmmm-» ol

B |



INSULG INTERNAL INSULATION GEOMETRY INGML

EQUATIONS, FIRST ENTRANCE (Cont. ): U

INSULATION LINER, FORWARD CLOSURE SECTION (Cont. ):

Length of hemi-ellipsoid frustum associated with the outside surface of the
insulation liner within the forward closure section. (Figure 3)

L2

L 1 -R (11)
Lerro DILHFO

- 5

ILeyro

Thickness of insulation liner at center of forward case closure section,
Distance between inside and outside hemi-ellipsoid surfaces of the insulation
liner, measured on the axis of revolution. (Ficure 3)

T =T K

I (12)
cY

IL1 2

Loy

Length of the axis of revolution of the hemi-ellipsoid formed by the inside
surface of the insulation liner within the forward case closure saction. (Figure 3)

- Ty (13)

=L
LILCLFI LeLro CLF

Head ratio of the ellipsoid formed by the inside surface of the ingulation
liner within the forward case closure section,

¢ Ly

DILCFI ~ Bo)
ILernr

CLF1

R (14)

Diameter of circular hole, for the igniter, centered on the axis of revolution
of the hemi-ellipsoid formed by the inside surface of the ingulation liner
within the forward case closure section. (Figure 3)

(15)
ILyro

D =D
ILHFI

Diameter ratio, hnle diameter to equatorial diameter, inside surface of
the insulation liner within the forward case closure section, (Figure 3)

D
ILHFI

DILHFI © ~T; (16)
“cL

R

B8O, 1-8
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INSULG

INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

INSULATION LINER, FORWARD CLOSURE SECTION (Cont. ):

Length of hemi-ellipsoidal frustum associated with the inside surface of the
insulation liner within the forward case closure. (Figure 3)

N 2
R | \/l - ROy ()

. . o e 4 s -ugwﬂw 3 L
g gy W E e T i PR R d30 My b o

Length of the cylindrical hole, for the igniter, in the insulation liner within
the forward case closure section. (Figure 3)

Migp T MLgypo T ML

(18)
CHFI

Volume of the hemi-ellipsoid formed by the vutside surface of the insulation 3
liner within the forward case closure section.

(Figure 4)
2 .
v = (X D (19)
Lciro ) Mlerro Dllero
i Volume of the cylindrical section, associated with the igniter hole, within
’ the hemi-ellipsoid formed by the outside surface of the insulation liner i
within the forward case closure section. (Figure 4)
\ - ) D? (20) |
ILyroc ' ¥/ Ilcpro Mo
Length ratio, hemi-ellipsoid frustum to hemi-ellipsoid, outside surface,
insulation liner, forward case closure. (Figure 3)
R _ MLcyro (21) .
LILCFO 1573 3
CLFO

Volume of ellipsoidal cap at forward base of the cylindrical section,

i
associated with the ignitor cutout, within the hemi-ellipsoid formed by the '

outside surface of the insulation liner within the forward case closure : s
section, (Figure 4)

ILcrro

A
3
A = < 2-3R + R (22)
1Ly roE 2 > < LILCFO LILCFO)
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

INSULATION LINER, FORWARD CLOSURE SECTION (Cont. ):

Volume of cylinder with ellipsoidal cap, associated with the igniter cutout,
within the hemi-ellipsoid formed by the outside surface of the ingulation liner
within the forward case closure section. (Figure 4)

v
Lyro

Volume of hemi-ellipsoid frustum with hole cutout associated with the outside
surface of the insulation liner within the forward case closure section.
(Figure 4)

=V +V (23)
Lproe YWHroc

A4

I =V -

v (24)
Lewro  ™ecrro  Myro
Volume of the hemi-ellipsoid formed by the inside surface of the insulation
liner within the forward case closure section. (Figure 4)

2

m
v = D (25)
ILcLrr (=) LH"CLFI ILerr

Volume of the cylindrical section, associated with the igniter hole, within
the hemi-ellipsoid formed by the inside surface of the insulation liner within
the forward case closure section., (Figure 4)

- H) L, p’ (26}

v
ILypic cHF1 Heyrr

Length ratio, hemi-ellipsoid frustum to hemi-ellipsoid, inside surface,
insulation liner, forward case closure., (Figure 3)

LH‘CHFI

Riticrr © T (27)

CLFI

Volume of cllipsoidal cap at forward basge of the cylindrical section,
associated with the igniter cutout, within the hemi-ellipsoid formed by the
inside surface of the insulation liner within the forward case closure section,
(Figure 4)

< VIL <
CLFI \) 3 > i
v = 2-3R + R (28)
ILHFIE Z / LILCFI LILCF1
80,1-10
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

INSULATION LINER, FORWARD CLOSURE SECTION (Cont. ):

Volume of cylinder with ellipsoidal cap, associated with the igniter cutout,
within the hemi-ellipsoid formed by the inside surface of the insulation
liner within the forward case closure section. (Figure 4)

v =V + V (29)
ILgyge yrie yric

Volume of hemi-ellipsoid frustum with hole cutout associated with the

inside surface of the insulation liner within the forward case closure section.
(Figure 4)

v =V -V (30)
ILeyrr ermr Wym

Volume of insulation liner within the forward case closure section. (Figure 4)

v =(V -V K + (31)
Were (leypo ~ Myp) "Iy * NILy

INSULATION LINER, AFT CLOSURE SECTION:

Head ratic of the ellipsoid formed by the outside surface of the insulation
liner within the aft case closure section.

Rpricao © Rpeoscar (32)

Length of the axis of revolution of the hemi-:llipsoid formed by the outside
surface of the insulation liner within the aft case closure section, (Figures 5, 6)

R

U VYRR U TV W NI

D.
DILCAO ILCLO

Lerao 2 (33)

LI

Diameter of circular hole, for the nozzle, centered on the axis of revoiution
of the hemi-ellipsoid formed by the outside surface of the insulation liner
within the aft case closure section. (Figure 5)

[ T

D = D + (34)
ILgyao  CSyar K“-'5 Kn‘é

80.1-11
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

INSULATION LINER, AFT CLOSURE SECTION (Cont. ):

Diameter ratio, hole diameter to equatorial diameter, outside surface of
the insulation liner within the aft case closure section. (Figure 5)

RpiLHAO = B (35)

Length of hemi-ellipsoidal frustum associated with the outside surface of
the ingulation liner within the aft case closure section. (Figure 5)

) 2
LILCHAO = LILCLAO \/l - Rpyrpnao (36)

Thickness of ingulation liner at center of aft case closure section. Distance
between the ingide and outside hemi-ellipsoid surfaces of the insulation liner,
measured on the axis of revolution, (Figure 5)

T =T K

+ K (37)
ILCLA ILCY IL7 IL

8

Length of the axis of revolution of the hemi-ellipsoid formed by the inside
surface of the insulation liner within the aft case closure section, (Figure 5)

Ly = L - T

(38)
cLao Ilcra

Lepar

Head ratio of the ellipsoid formed by the inside surface of the insulation
liner within the aft case closure section., (Figure 5)

2 L’LCLAI

Rpircar = oy (39)
CLI

Diameter of circular hole, for the nozzle, centered on the axis of revolution

of the hemi-¢llipsoid formed by the inside surface of the insulation liner

within the aft case closure section, (Figures 2, 5)

D = D (40)

ILyar  Lyao

80.1-12
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE (Cont. ):

INSULATION LINER, AFT CLOSURE SECTION (Cont,. ):

Diameter ratio, hole diameter to equatorial diameter inside surface of the
insulation liner within the aft case closure section. (Figure 5)

D.

ILyar

R
D

(41)

DILHAI ©

Length of hemi-ellipsoidal frustum associated with the inside surface of the
insulation liner within the aft case closure. (Figure 5)

2

- 1 - R (42)
I‘ILCH AL L‘ILCLAI \/ DILHALI

Length of cylindrical hole, for the nozzle, in the insulation liner within the
aft case closure section. (Figure 5)

(43)

b, T b

CHAO LILCHAI

Volume of the hemi-~ellipsoid formed by the outside surface of the insulation
liner within the aft case closure section., (Figure 6)

2

m
A" = D, (44)
ILcLao =) LILCLAO Lecro

Volumne of the cylindrical section asgociated with the nozzle cutout, within
the hemi-ellipsoid formed by the outside surface of the ingulation liner
within the aft case closure section. (Figure 6)

(45)

v = - p?
ILyaoc ( L”"CHAO ILyao

Length ratio, hemi-ellipsoid frustum to hemi-ellipsoid, outside surface,
insulation liner, aft case closure. (Figure 5)

I"IL

Ritrcao © oy

CHAOQO (46)
CLAO

1 indind ek
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, FIRST ENTRANCE (Cont. ): )

INSULATION LINER, AFT CLOSURE SECTION {Cont. ):

Volumie of ellipsoidal cap at aft base of the cylindrical section, associated
with the nozzle cutout, within the hemi-ellipsoid formed by the outside surface
of the insulation liner within the aft case closure section. (Figure 6)

v
1L
CLAO 3
v = < ) (2 -3R + R ) (47)
ILH AOE < LILCAO LILCAQ

Volume of cylinder with ellipsoidal cap, associated with the nozzle cutout,
within the hemi-ellipsoid formed by the outside surface of the insulation
liner within the aft closure section. (Figure 6)

v =V
ILyao  yaor yaoc

Volume of the hemi-ellipsoid frustum with hole cutout associated with the
outside surface of the insulation liner within the aft case closure section.
(Figure 6)

+ VvV (48)

v =V

- -V (49)
IL cyao

ILcrao

HAO §
Volume of the hemi-ellipsoid formed by the inside su:‘face of the insulation
liner within the aft case closure section, (Figure 6)

2

v = LS L D (50)
ILCLAI ( 3 ) ILCLAI ILCLI

Volume of the cylindrical section, associated with the nozzle cutout, within
the hemi-ellipsoid formed by the inside surface of tlie insulation liner
within the aft case closure section. (Figure 6)

v = () L DY (51)

IL CHAI HAI

BAIC

Length ratio, hemi-ellipsoid frustum to hemi-ellipsoid, inside surface,
insulation liner, aft case closure. (Figure 5)

LH‘CHAI

Ruvear = o7 — (52)

CLAI

IL -
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INSULG INTERNAL INSULATION GEOMETRY INGMI

EQUATIONS, FIRST ENTRANCE (Cont. ):

INSULATION LINER, AFT CLOSURE SECTION (Cont. ):

Volume of ellipsoidal cap at aft base of the cylindrical section, associatcd
with the nozzle cutout, within the hemi-ellipsoid formed by the inside surface
of the insulation liner within the aft case closure section. (Figure 6)

v - < VILCLAI > (7. - 3R + R3 (53)
¢ - 2 mircar t Rurear

Volume of cylinder with ellipsoidal cap, associated with the nozzle cutout,
within the hemi-ellipsoid formed by the inside surface of the insulation liner
within the aft case section., (TFigure 6)

v = v + v (54)
ILyar yare Tpalc

Volume of hemi-ellipsoid frustum with hole cutout associated with the inside
surface of the insulation liner within the forward closure section. (Figure 6)

v =V -V (55)
ILcyar crar  Tpar

Volume of insulation liner within the aft case closure section. (Figure 6)

v = (v -V K.. + (56)
ILcra (ILCHAO ILcpar) ~ Ilg KIL10

80,1-15
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE: L

Equations 60 through 225 are evaluated at the second entrance to the INGM1
model.

INSULATION WEDGE, FORWARD AND A¥T CLOSURE:

Equatorial diameter of the hemi-ellipsoids formed by the outside surface of
the insulation wedges agsociated with the forward and aft closure sections,
(Figures 7, 9, 11, 13)

D = D (60)
IWWero Leur

INSULATION WEDGE, FORWARD CLOSURE:

Maximum thickness of the ingulation wedge associated with the forward
clngsure. Measured parallel to the motor centerline.

T

=T + (61)
Iw IWMAXK'I\VZI ISWZZ

FMAX

Diameter of the circular hole, for the igniter, centered on the axis of
revolution of the hemi-ellipsoid formed by the outside surface of the
insulation wedge associated with the forward case closure s=ction,
(Figures 7, 9) -

D =D + (62)
IWyro  Iluypr K””l KIW?.

Diameter of the circular hole, for the igniter, centered on the axis of
revolution of the liemi-ellipsoid formed by the inside surface of the
insulation wedge associated with the forward case closure section.
(Figures 7, 9)

D

= Diw (©3)

Iw HFO

HFI

Length of the cylindrical hole, for the igniter, within the insulation wedge
of the forward case clcsure section. (Figures 7, 9)

=T K + K (64)
LIWHF IWemax W3 Wy

80.1-16
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INSULG INTERNAL INSULATION GEOMETRY INGM1 4
a EQUATIONS, SECOND ENTRANCE (Gont. ):
INSULATION WEDGE, FORWARD CLOSURE (Cont. ): -ﬂ::
Head ratio of the ellipsoid associated with the outside surface of the i
insulation wedge within the forward closure section,
Rpiwcro = RpiLcrr (65) :
3 E
Length of the axis of revolution of the hemi-ellipsoid associated with the outside 4
surface of the insulation wedge in the forward closure section. (Figures 7, 9) ]
Rpiwero Prwg, o
LIW = vi (66) :
CLFO
Diameter ratic, hole diameter to equatorial diameter, outside surface of i i
the insulation wedge in the forward case closure section, (Figures 7, 9) L
D
DIWHFO ﬁIW |
CLO 3
Length of the hemi-ellipsoid frustum associated with the outside surface of 3
[ the insulation wedge in the forward case closure section. (Figures 7, 9) i
1
; )
= - R (68) ;
“Weiro T Werro \/ DIWHFO | !
Distance from the equatorial plane of the hemi-ellipsoid associated with the : ¢

outside surface of the insulation wedge in the forward closure to the inside base :
of the cylindrical hole cutout for the igniter within the insulation wedge in the '
forward closure. (Figures 7, 9)

L = L - Liw (69)

Wenrr WeHro HF

Distance from the inside/outside wedge surface osculation plane to the inside
base of the cylindrical hole cutout for the igniter. Note that the "inside/outside
wedge surface osculation plane' may be within the forward case closure section
or within the cylindrical case closure section. For the former case (see
Figure 7), it is defined by the circle of osculation formed by the tangency points
of the inside wedge surface hemi-ellipsoid and the outside wedge surface hemi-
ellipsoid section, For the latter case (see Figure 9), it is defined by the circle
of ogculation formed by the tangency points of the ingside wedge surface hemi-
ellipsoid and the outside wedge surface cylindrical section. Note that the
propcrtionality constant, KLIWFII must be determined by the user.

80.1-17
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ): L J

INSULATION WEDGE, FORWARD CLOSURE (Cont. ):

= +

=T K
LIWHFI PP, pp LIWFI

Kuwrn (70)

Distance from the equatorial plane of the hemi-ellipsoid associated with the ;
outside surface of the insulation wedge in the forward case closure to the
"inside/outside wedge surface osculation plane.' Note that the insulation
wedge is not completely within the forward closure section if LIW

is negative. (Figures 7, 9) CFI

= L - (71)
ch F1  Weurr LIWHFI

IWINFCL (Insulation Wedge IN Forward CLosure) is a logical variable which
specifies if the insulation wedge associated with the forward closure is
completely within the forward closure.

IWINFCL

. TRUE,, wedge is completely within the forward closure.
See Figure 7.

IWINFCL

.FALSE. , wedge extends beyond the forward closure into the
cylindrical section or extends to the intersection .
of the aft closure and cylindrical section. N
See Figure 9,

IWINFCL

L .GT.O
Wern

INSULATION WEDGE, COMPLETELY WITHIN FORWARD CLOSURE
(IWINFCL = .TRUE. ):

Equations 73 - 76 are evaluated if IWINFCL =, TRUE. (i.e., L[W > 0)
as illustrated in Figure 7. CF1

Diameter of the circle of osculation formed by the tangency points of the
inside wedge surface hemi-ellipsoid and the outside wedge surface hemi-
ellipsoid (Figure 7). See equation 77 for an alternate expression.
2 2
2 /L - L
Werro  ™Werr

D = (73)
Iw Rpiwero

CFIl
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, COMPLETELY WITHIN FORWARD CLOSURE
(IWINFCL = ., TRUE. }{(Cont. ):

Distance from the equatorial plane of the hemi-ellipscid associated with the
outgide surface of the insulation wedge in the forward closure to the
equatorial plane of the hemi-ellipsoid associated with the inside surface of
the insulation wedge in the forward case closure. (Figure 7) See equation 78

for an alternate expression, (741
2 2 2 2 2
- 4L -L \+R D -D
L 3 W | (MIWep W) RDtwero (Piw g I‘WHFL)_
w Z : z
CEFI 8 | - RS . - D
Mw gy fwyp ~ Rotwero (Prw i, T Prvg, )

Length of the axis of revolutior. of the hemi ellipsoid associated with the
inside surface of the insulation wedge in the forward case closure. (Figure 7)

See equation 8! for an alternate expression, (75)
2 2 2 A
- -D L - L
L N Wer( Weprr Werr) ~ Wypil ™Werr "Wegr)
YEFI Dfy - Dfy
CF1 HFI

Equatorial diameter of hemi-ellipsoid associated with the inside surface of the
ingulation wedge in the forward case closure, (Figure 7) See equation 79
for an alternate expression,

2 Ly Liw
_ EFI CF1
Diw__. = T ” o o (76)
EFI DIWCFO ( IWe WCEFI)

Equations 77 - 81 are evaluated if IWINFCL = .FALSE. (i.e., Lq,, < 0)
a¢ illvstrated in Tigure 9. "CFI

Diameter of the circle of osculation formed by the tangency points of the
inside wedge surface hemi -ellipsoid and the outside wedge surface cylinder.
(Figure 9) See equation 73 for an alternate expression.

D = D (77)
Iw IWe;: o

Distance from the equatorial plane of the hemi-ellipsoid associated with the
outside surface of the insulation wedge in the forward case closure to the
equatorial plane of the herai-ellipsoid associated with the ingide surface

of the insulation wedge in the forward case closure. (Figure 9) See
equation 74 for an alternate expression,

£0.1-19
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, EXTENDS BEYOND FORWARD CLOSURE
(IWINFCL =, FALSE. ) (Cont. ):

L = Ly (718)

WeEFI CFI1

Equatorial diameter of the hemi-ellipsoid agssociated with the inside surface
of the insulation wedge in the forward case closure. (Figure 9) See
equation 76 for an alternate expression.

D = D (79)
Werr ™Wero

Diameter ratio, hole diameter to equatorial diameter, inside surface of
insulation wedge in the forward case closure. (Figure 9)

D
R . HEL (80)
DIWHFI ~ Dy
EFI

Length of the axis of revolution of the hemi-ellipsoid associated with the
inside surface of the insulation wedge in the forward case closure. (Figure 9)
See equation 75 for an alternate expression.

Ly
L - HFI (81)

Werr [Tz
- Rprwhrl

INSULATION WEDGE, FORWARD CLOSURE:

Head ratio of the ellipsoid associated with the inside surface of the insulation
wedge in the forward case closure section.
2 LIW
= EFI {81 -a)
DIWCF1 DIW
EFI

R

Distance from the pole of the hemi-ellipsoid associated with the inside surface
of the insulation wedge in the forward closure to the equatorial plane of the
hemi-ellipsd d assouciated with the outside surface of the insulation wedge in
the forward closure. Note that i{ the wedge extends becyond the closure into
the cylindrical section, LIW has a negative value (Figures 7, 9)

CEFI

80,1-20
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. }:

INSULATION WEDGE, FORWARD CLOSURE (Cont, ):

LIWCLFI “Lw (“rw

@n) e

Distance from the pole of the hemi-ellipsoid associated with the inside

surface of the ingulation wedge in the forward closure to the forward closure
inside/outside surface osculation plane. Note that if the wedge extends beyond
the closure into the cylindrical section, LIW has a negative value.
(Figures 7, 9) ' CF1

= L - 83
L‘“’FI IWeLrr (Llwcm) (83)

Distance from the equatorial plane of the hemi-ellipsoid asgociated with the
inside surface of the ingulation wedge in the forward case closure to the inside
base of the cylindrical hole cutout for the igniter within the insulation wedge
in the forward closure., (Figures 7, 9)

= L - + (84)
LIWEHFI Werr LIWFI LIWHFI

Volume of the hemi-ellipsoid associated with the outside surface of the
insulation wedge within the forward case closure. (Figures 7, 8, 9, 10)

T - D,z 85
Werro (£ MWerro Wero (83)

Length ratio, hemi-ellipsoid frustum to hemi-ellipsoid, outside surface,
insulation wedge, forward case closure section., (Figures 7, 9)

. L‘Iwcmro
uwcrl © Ty (86)
CLFO

R

Volume of ellipsoidal cap, at forward base of the cylindrical section
associated with the igniter cutout, within the hemi-ellipsoid associated with

the outside surface of the insulation wedge in the forward case closure section.
(Figures 8, 10)

WerLro \ 3

v
v = < (z -3R + R > (87)
Wy o ) / LIWCFI LIWCF1

80,1-21
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INSU LG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, FORWARD CLOSURE (Cont. ):

Volume of the cylindrical section, associated with the ignitor hole, within
the hemi-ellipsoid associated with the outside surface of the insulation wedge
in the forward case closure gection., (Figures 8, 10)

- m 2
v - ) D (88)
Wyuroc L"""c:x-n-‘o IWyurr

INSULATION WEDGE, COMPLETELY WITHIN FORWARD CLOSURE
(IWINFCL = , TRUE. ):

Equations 89 - 93 are evaluated if the insulation wedge is completely within
the forward closure, i.e., L >0, (See Figures 7, 8)
Wer

Volume of the cylindrical section, associated with the igniter hole, within
the hemi-ellipsoid associated with the outside surface of the insulation wedge
in the forward case closure section. The bases of the cylindrical section are
the equatorial plane cf the hemi-ellipsoid and the 'ingide/outside wedge
surface osculation plane'. (Figures 7, 8)

uii 2
\ = L D (89)
WhroL ) Werr  ™Wars
Volume of the cylinder with ellipsoidal cap, associated with the igniter hole,
within the hemi-ellipsoid associated with the outside surface of the insulation
wedge in the forward case closure section. The cylindrical base is the
"ingide/outside wedge surface osculation plane', (Figures 7, 8) See cquation
95 for an alternate expression,

v =V + Vv Y (90)
Wuro "™uroe  ™Wuroc  ™MuroL

Length ratio, hemi-ellipsoid frustum (with equatorial and "inside/outside
wedge surface osculation plane'' bases) to hemi-ellipsoid, outside surface,
ingulation wedge, forward base closure section, (Figures 7, 8)

L
LIWCF2 I'IW
CLFO

80.1.22
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EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, COMPLETELY WITHIN FORWARD CLOSURE
(IWINFCL = . TRUE, ) (Cont. ):

! INSULG INTERNAL INSULATION GEOMETRY INGM1 K
g

#

g

9

Volume of the ellipsoidal cap formed by the intersection of the "inside/
' outside wedge surface osculation plane' and the hemi-ellipsoid associated

with the outaide surface of the insulation wedge in the forward case closure
section. (Figures 8, 9)

AT Y SRS L

RN ¢

<V1w
CLFO 3

v = 2 -3 + R (92)
4 ) ( )

IWeroR Riiwerz * Ruwerz

Volume of the ellipsoidal cap with hole cutout for the igniter, formed by the
intersection of the "inside/outside wedge surface osculation plane'' and the
hemi-ellipsoid associated with the outside surface of the insulation wedge in
the forward case closure section. (Figure 8) See equation 97 for an alternate

expression,
v =V -V (93)
Weuro  ™Weroe Wuro
L. INSULATION WEDGE, EXTENDS 3<YOND FORWARD CLOSURE |

(IWINFCL = .FALSE,):

Equations 94 - 97 are evaluated if the insulation wedge is not completely
within the forward closure, i.e,, LI € 0, (See Figures 9, 10)
Werr

Volume of the cylindrical section, associated with the igniter hole, within
the cylindrical case section associated with the outside surface of the
ingulation wedge in the forward case closure section. The bases of the
cylindrical section are the.equatorial plane of the hemi-ellipsoid and the
"inside/outside wedge surface osculation: plane'. (Figures 9, 10) Note that
this is a positive volume. See equation 90 for an alternate expression.

0

v

IWuroy ()¢ l"""'cm) DIZWHFO (54)




INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, EXTENDS BEYOND FORWARD CLOSURE
(IWINFCL = ,FALSE]) (Cont. ):

Volume of the cylinder, with ellipsoidal cap, associated with the igniter hole,
in the hemi-ellipsoid and cylinder associated with the outside surface of the
insulation wedge in the forward case closure section. (Figure 10) See
equation 90 for an alternate expression.

A% = V.., +V +V (95)
Wyuro  ™Wyroe  ™Wyroc  Wuroy

Volume of the cylindrical section agsociated with the outside surface of the
insulation wedge in the forward case closure section. (Figures 9, 10)
Note that this is a positive volume.

2

VWeoy (~) Lrw ) Piw (96)

Volume of hemi-ellipsoid and cylinder, with hole cutout for the igniter, which
forms the outside surface of the insulation wedge in the forward case closure
section., (Figures 8, 10) See equation 93 for an alternate expression,

v =V

w 1w ¥ VIWF - Viw (97)

CHFO CLFO (0) § HFO

INSULATION WEDGE, FORWARD CLOSURE:

Volume of the hemi-ellipsoid associated with the inside surface of the
insulation wedge within the forward case closure section. (Figures 7, 9)

m 2

v = ) L D (98)
Wepr = Werr TWeR

Length ratio, hemi-ellipscid frustum (with equatorial and inside cylindrical

holc cutout for the igniter bases) to hemi-ellipsoid, inside surface,
‘nsulation wedge, forward case closure section, (Figures 7, 9)

L
~ Weprr

R, .., = (99)
LIWCF3 ‘EI—_—‘W

EFI

80,1-24




=
[
=
£
z
¥
F
15
i. .
B
¥
t-
b
[be
o
¥
H
ir‘
:—,
i
T

proy

i —m aesz s aZaaE.-al A S

oy 4 P AR b e i

INSULG INTERNAL INSULATION GEOMETRY

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, FORWARD CLOSURE (Cont. ):

Volume of ellipsoidal cap, at forward base of the cylindrical section
associated with the igniter cutout, within the hemi-ellipsoid associated with

the inside surface of the insulation wedge in the forward case closure
section., (Figures 8, 10)

Viw
EFI ) (z 3 R + R ) (100)
vV = -
—EF1_
Wy e LIWCF3 LIWCF3

Voiume of the cylindrical section, associated with the igniter hole, within

the hemi-ellipsoid associated with the inside surface of the ingsulation wedge
in the forward case closure section. (Figures 8, 10)

2
Vv = T D ( 101 )
IWoric ) LIWEHFI IWer

Volume of the cylinder with ellipsoidal cap, associated with the igniter hole,
in the hemi-ellipsoid associated with the inside surface of the insulation
wedge in the forward case closure section. (Figures 8, 10)

+ VvV (102)
vr1 Yyrie  Wyric

Length ratio, hemi-ellipsoid frustum (with equatorial and "inside/outside
wedge surface osculation plane' bases) to hemi-ellipsoid, inside surface,
insulation wedge, forward case closure section. {(Figures 7, 9)

2 . (L‘WEFI ) L’Wm)

= 103)
LIWCF4 (
r”"1-:1?1

Volume of the ellipsoidal cap associated with the inside surface of the
insulation wedge in the forward case closure section.

If the insulation wedge
extends beyond the closure, VIW is the hemi-ellipsoid volume,
(Figures 8, 10) EFIE
v . ( VIWE“ ) (z - 3R + R3 ) (104)
IWEFIE 2 LIWCF4 LIWCF4 :
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INSU LG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, FORWARD CLOSURE (Cont. ):

Volume of the ellipsoidal cap, with hole cutout for the igniter, which forms
the inside surface of the insulation wedge in the forward case closure
section, (Figures 8, 10)

v = (v -V : (105)
IWenrr <IWEFIE IWhr1)

Volume of insulation material required {or the insulation wedge associated
with the forward case closure section. (Figures 8, 10)

v -V

WerLr <Iwcm=‘o IWCHFI) Iw, K””e

INSULATION WEDGE, AFT CLOSURE, BOUNDS FOR AN ACCEPTABLE
SOLUTION:

The following conditions must be satisfied for acceptable solutions in
determining the insulation wedge volume requirements associated with the
aft closure. If the conditions are not satisfied, a diagnostic is usually
printed and computations of sizing quantities may be terminated. See
Figures 11, 13 and the figures associated with the GR AING model type.

The forward base of the submerged nozzle cone frusturn grain cutout inust
not be aft of the aft closure.

L < (107-2)
(CPCY> LIWCLAO

If the forward base of the submerged nozzle cone frustum grain cutout is in
the cylindrical section, its diameter may not exceed the diameter of the
inside surface of the insulation liner within the cylindrical section,

For (-LCF )sO; 0<D

<D (107-b)
cy CFF 1L,

If the forward base of the submerged nozzle cone frustum grain cutout is
in the closure section, its diameter may not exceed the diameter of the inside
surface of the insulation liner within the closure section,

L2 - L2

D IL CF
; CFF < CLAI CY
20; 0((_._2__.) \/ X I -

(107-¢)

For (- LCFcy)

80.1-26
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, AFT CLOSURE. BOUNDS FOR AN ACCEPTABLE
SOLUTION (Cont. ):

v s oot CEALCES, OGN, | 3
! .
. i Pl d ’ ' N

The "inside/outside wedge surface osculation plane' must be forward of the
forward base of the submerged nozzle cone frustum insulation wedge cutcut.
See Figures 11, 13,

MWy ar [

(107-d)
L“"’cmx

+ L
CF CY]

The forward base of the submerged nozzle cone frustum grain cutout must
be forward of the aft base of the submerged nozzle cone frustum grain cutout.

- (“?"") < bcr <(_271_) (107-e)

INSULATION WEDGE, AFT CLOSURE:

Maximum thickness of the insulation wedge associated with the aft closure.
Measured parallel to the slant height of the cone frustum grain cutout.

See Figures 11, 13.

T =T K + (108)
IWamax - Waax We © 51w,
Diameter of the aft base of the cone frustum hole, for the nozzle cutout,
centered on the axis of revolution of the hemi -ellipsoid formed by the
outside surface of the insulation wedge associated with the aft case closure
section. (Figures 11, 13)

D (109)

= D + K
Wyao - tlyar (IWyp * FTW,
Diameter of the forward base of the cone frustum hole, for the nozzle cutout,
centered on the axis of revolution of the hemi-ellipsoid formed by the inside
surface of the insulation wedge associated with the aft case closure section.
(Figures 11, 13)

(110)

+
Kiw KIW16

D = |p K -[ZT sin (8 ]Kl
WAL Whao W55 IW AsMAX (ecx) Wig

80, 1-27
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INSULG INTERNAL INSULATION GEOMETRY INGM1
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EQUATIONS, SECOND ENTRANCE (Cont, ):

INSULATION WEDGE, AFT CLOSURE (Cont.):

Altitude of the cone frustum, for the nozzle cutout, within the insulation '
wedge of the aft case closure section. (Figures 11, 13)

Liw.,, [le

Head ratio of the ellipsoid associated with the outside surface of the
insulation wedge in the aft case closure section. See equation 39.

cos (OCF)] Klw” + KIW (111)

HA AMAX 18

‘R = R

DIWCAO DILCAI (112) ;
Length of the axis of revolution of the hemi-ellipsoid associated with the

outside surface of the insulation wedge in ther aft closure section.
(Figures 11, 13)

R D
LI ) DIWCAO IWCLO

- (113)
Yerao ¢

Diameter ratio, aft base of cone frustum hole to equatorial diameter,
outside surface of the insulation wedge in the aft case closure section.
(Figures 11, 13)

D
R - Whao (114)
DIWHAO Dr
CLO

Length of the hemi-ellipsoid frustum associated with the outside surface l
of the insulation wedge in the aft case closure section. (Figures 11, 13) ;

2
L = L 1 - R (113)
IWehAO IWe1A0 \/ DIWHAO

Distance from the equatorial plane of the hemi-ellipsoid associated with the
outside surface of the insulation wedge in the aft case closure section to
forward base of the cone frustum hole, for the nozzle cutout, within the
insulation wedge in the aft case closure section, (Figures 11, 13)

=L - L (116)
LIWCHAI Wepao Wua

:.-«-ﬂm-y». -~ o

R
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INSULG INTERNAL INSULATION GEOMETRY

EQUATIONS, SECOND ENTRANCE (Cont. ):

DETERMINATION IF AFT CLOSURE WEDGE EXTENDS BEYOND
THE CLOSURE:

To determine if the insulation wedge lies completely within the aft case
closure section (see Figure 11), or extends beyond the aft closure section
into the cylindrical section (see Figure 13), the following procedure

is utilized.

I“[W is first evaluated using the cylindrical geometry of equation 117,
CAl

If Ly < 0, (i.e., IWINACL = .FALSE.),
CAI the "inside/outside wedge surface osculation plane' lies
within the cylindrical section and equation 119 is used to
evaluate DIW . See Figure 13,
CAl

If L‘[W >0, (i.e., IWINACL = .TRUE.),
CAI the 'ingide/outside wedge surface osculation plane' lies
within the aft closure section and the ellipsoidal geometry
of equations 120 - 124 must be used to reevaluate

and D .
Liwe IWe o

For a derivation of equations 117 - 124, and root selection rationale, see
reference 55.

Distance from the ''equatorial plane of the aft closure outside wedge surface
hemi -ellipgoid' to the 'inside/outside wedge surface osculation plane''.
Measured along the axis of revolution, positive sense aft., A positive value
indicates that the wedge is combpletely within the aft closure. A negative
value indicates that the wedge extends beyond the aft closure into the
cylindrical section. See IWINACL, equation 118. See equation 124 for an
alternate expression.

1

Liwe g © ('LCFCY) - (=) Crwe o Dcpr) tan bcr (117)
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont, ):

DETERMINATION IF AFT CLOSURE WEDGE EXTENDS BEYOND THE
CLOSURE (Cont. ):

IWINACL (Insulation Wedge IN Aft CLosure) is a logical variable which
specifies if the insulation wedge associated with the aft closure is completely
within the aft closure.

If ININACL = . TRUE.; the insulation wedge is completely within the
aft closure. Equations 124, 123 are used to
evaluate L. and D See Figures 11, 12.
Wear Wear
If IWINACL = ,FALSE.; the insulation wedge extends beyond the :ft closure

into the cylindrical section, or extends to the
intersection of the aft closure and cylindrica!l
section. Equations 117, 119 are used to evaluate

and D .+~ See Figures 13, 14,
MW r Wear
For the following logical expression, wa is evaluated using equation 117.
CAI
IWINACL = LIW .GT.O (118)
CAI

INSULATION WEDGE, EXTENDS BEYOND AFT CLOSURE
(IWINACL = .FALSE. ):

Equation 119 is evaluated if the insulation wedge extends beyond the aft
closure into the cylindrical section, i.e., L g€ 0.
Wear

Note that L, ., is evaluated using equation 117 above.
IWear

Diameter of the "'ingide/outside osculation circle' associated with the
aft closure insulation wedge. (Figure 15) See equation 123 for an alternate
expression,

D = D (119)
Wear ™Mero

-
N b
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é
' EQUATIONS, SECOND ENTRANCE (Cont, ):
__ INSULATION WEDGE, COMPLETELY WITHIN AFT CLOSURE }

(IWINACL = , TRUE,):

Equations 120 - 124 are evaluated if the insulation wedge lies completely :
within the aft closure, i.e., L’IW > 0 as evaluated by equaticn 117.

CAl {
Note that L‘IW is reevaluated using equation 124.
CAI
Equations 120 - 122 are intermediate computations for DIW as shown
in reference 55. CAI
_ 2 \ 2
Crw, =t (6cH * Rhiwcao (120)
C = <tan [Z -L + D tan J (121)
IWB @CF) ( CFCY) CFF @C
- (122)
e D .
2 2 CFF CFF
. we T Yeroy T MWerao z (cE) %P ¢ CFey,

Diameter of the "inside/outside osculation circle' associated with the aft
closure insulation wedge. Se IWINACL, equation 118 and Figure 11. See
equation 119 for an alternate expreassion.

> .
-C + / C -4C C
Iw Iw Iw W

D

IWear Crw
A

Distance from the ''equatorial plane of the aft nlosure oviside wedge surface
hemi-ellipsoid' to the "ineide/:utside wedge surface osculation plane''.
Measured along the axis of resolution, positive sensec aft, Since the wedge is
completely within the aft closure, the value will be positive. Se IWINACL,
equation 118, and Figure 11, See equation 117 for an alternate expression.

LIWCAI = ('LCFCY) - (‘é‘) (DIWCAI - Bcrr) tan(d ) (124)

80. 1'31




INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ): J

INSULATION WEDGE, AF¥T CLOSURE:

Distance from the "inside/outside wedge surface ogculation plane'' to the
inside base of the cone frustum hole cutout of the insulation wedge for the
nozzle. Note that the 'inside/outside wedge surface osculation plane'' may

: be within the aft case closure section or within tha cylindrical case closure

g section. For the former case (see Figure 11), it is defined by the circle

; of osculation formed by the tangency points of the inside wedge surface hemi-
: ellipsoid and the outside wedge surface hemi-ellipsoid section. For the
latter case (see Figure 13), it is defined by the circle of osculation formed by

the tangency points of the inside wedge surface hemi-ellipsoid and the outside
wedge surface cylindrical section.

T T T ey ST @R (] et T S e e

L - - L (125)
IWhAr LIWCHAI IWc Al

INSULATION WEDGE, COMPLETELY WITHIN THE AFT CLOSURE
(IWINACL = TRUE.):

Equations 126 - 128 are evaluated if the insulation wedge lies completely

within the aft closure. See equations 129 - 131 if the wedge extends b=yond
the aft closure into the cylindrical section.

Distance from the equatorial plane of the hemi-ellipsoid associated with the
outside surface of the insulation wedge in the aft case closure section to the
equatorial plane of the hemi-ellipsoid associated with the inside surface of
the insulation wedge in the aft case closure section. (Figure 11) See
equation 129 for an alternate expression, (126)

2 2 2 2 2
- 4L - +R D -D )
. _ "‘MCM[ ( IWe g LerHAI) DIWCAO( L (T l
IWeEar 8 L

2 ra r3
L - R D -D
IWCAI IWHAI DIWCAO ( IwCAI IWHAI)

————— A

'}

3

Length of the axis of revolution of the hemi-ellipsoid associated with the 3
ineide surface of the insulation wedge in the aft case closure. (Figure 11)
F See equation 131 for an alternate expression, (127)

) 3 3

-D -L +D L L. )

L i IWhar (LIWCAI IWCEAI)Z Iwc.u( Wepar  “Weear !

Iw ) 5 .
EAI D e D

Wear  ™Whar

M

R o el
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):
: INSULATION WEDGE, COMPLETELY WITHIN THE AFT CLOSURE
(IWINACL = . TRUE. )(Cont. ):

Equatorial diameter of the hemi-ellipsoid associated with the inside surface
of the insulation wedge in the aft case closure section, (Figure 11) See
equation 139 for an alternate expression.

2 LIWFAI LIWCAI
DIW = X d -1 - {128)
EAI DIWCAO ( W 1"IWCEAI)

INSULATION WEDGE, EXTENDS BEYOND AFT CLOSURE
(IWINACL. = .FALSE. ):

B T L L WSV PENP T * W R STy ) ““""'*”'m‘?‘f‘ﬂi‘biﬁﬁ';m
gl
. T .

Equations 129 - 131 below are evaluated if the insulation wedge extends ‘
beyond the aft closure into the cylindrical section, as illustrated by Figure 13.

Distance from the equatorial plane of the hemi-ellipsoid associated with the
outside surface of the insu'ation wedge in the att case closure gsection to
the equatorial plane of the hemi-ellipsoid azgociated with the inside surface
of the insulation wedge in the aft case closure section. (Figure 13) See
equation 126 for an alternate expression,

L[

Equatorial diameter of the hemi-ellipsoid associated with the ingide surface
of the insulation wedge in the aft case closure section, (Figure 13) See
equation 128 for an alternate expression.

D... =D (130)
Wear ™eLo

I

= (129)
YeEAl L‘wcm

Length of the axis of revolution of the hemi-ellipsoid associated with the
inside surface of the insulation wedge in the aft case clogure section.
(Figure 13) See equation 127 for an alternate expression.

L
IwW
L‘I - HAI (131)
2

D
- W AT

1w

EAI




INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont, ):

INSULATION WEDGE, AFT CLOSURE:

Head ratio of the ellipsoid associated with the inside surface of the insulation
wedge in the aft case closure section.
2

MW

DIWCAL ~ \ ™ B (131-a)
EAl

R

Distance from the pole of the hemi-ellipsoid associated with the inside surface
of the insulation wedge in the aft closure to the equatorial plane of the hemi-
ellipsoid associated with the outside surface of the insulation wedge in the aft
closure. Note that if the wedge extends bevond the closure into the cylindrical

section, LIW has a n=gative value. (Figures 11, 13)
CEAI

L - y /L (132)
IWerLar LIWEAI (IWCEAI)

Distance from the pole of the hemi-ellipsoid associated with the inside surface
of the insulation wedge in the aft closure to the aft clogure 'inside/outside

wedge surface osculation plane'. Note that if the wedge extends beyond the
closure into the cylindrical section, LIW has a negative value.
(Figures 11, 13) CAl

= L - L (133)
Fwy T Pwep g T (Frwe )

Distance from the equatorial plane of the hemi-ellipsoid associated with the
inside surface of the insulation wedge in the aft case closure to the inside
base of the cone frustum cutout within the insulation wedge in the aft case
closure section. (Figures 11, 13)

= L - + L (134)
LIWEHAI IWEar LIWAI IWhAL

Volume of the hemi-ellipsoid associated with the outside surface of the
insulation wedge in the aft case closure section, (Figures 11, 13, 14)

2
v = n L D (135)
IWCLAO ( [ ) 1 IWCLO

80,1.34
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% 6 EQUATIONS, SECOND ENTRANCE (Cont. ):

£ INSULATION WEDGE, AFT CLOSURE (Cont, ):

if Length ratio, hemi-ellipsoid frustum to hemi-ellipsoid, outside surface,

%’ insulation wedge, aft case closure section. (Figures 11, 13)

¢ . MWepno

1 Ruwea = Too (136)
IWeLAo

E

Volume of the ellipsoidal cap, at aft base of the cone frustum section associated
with the nozzle cutout, within the he:ni-ellipsoid associated with the outside
surface of the ingulation wedge in the aft case closure section. (Figures 12,14)

< Werao 3

v = 2-3R + R (137)
— A0

Wy A0F LIWCAL LIWCAL

Volume of the cylindrical section, associated with the nozzle cutout, within
the hemi-ellipsoid frustum associated with the outside surface of the
insulation wedge in the aft case closure section. (Figures 12, 14)

ey e

e

et

o

_ 2
ViWy 00 ) (L’wcm.o i L‘WCAI) PIWyar (138)

INSULATION WEDGE, COMPLETELY WITHIN CLOSURE (IWINACL =.TRUE.):

Equations 139 - 14] are evaluated if the insulation wedge lies completely within
the aft closure. See Figures 11, 12,

Length ratio, hemi-ellipsoid frustum (with equatorial and "inside/outside
wedge surface osculation plane' basesg) to hemi-ellipsoid, outside surface,
insulation wedge, aft case closure section. (Figures 11, 12)

Liw

CAl

Riiwcaz ™ T (139)

CLAO

80,1-35
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, COMPLETELY WITHIN CLOSURE
(IWINACL = , TRUE, )(Cont, ):

Volume of the ellipsoidal czp formed by the intersection of the "inside/outside
wedge surface osculation plane' and the hemi-ellipsoid associated with the
outside surface of the insulation wedge in the aft case closure section.

(Figure 12)

) CLAO 3
vIWCAOE = \—=—/\? - 3 Ryywcaz * Ruwcaz (140)

Volume of the hemi-ellipsoid frustum, with cylindrical hole cutout,
associated with the outside surface of the insulation wedge in the aft case
closure section. (Figure 12) See equation 143 for an alternate expression,

v -V -V (141)

=V
Wenao  ™Weaoe  ™Whaoe  ™MHaoc

INSULATION WEDGE, EXTENDS BEYOND AFT CLOSURE
(IWINACL =.FALSE. }):

Equations 142, 143, are evaluated if the insulation wedge extends beyond
the afi cicsure into the cylindrical section. See Figuresl3, 14.

Volume of the cylindrical section associated with the outside surface of the
insulation wedge in the aft case closure section. (Figures 13, 14) Note
that this is a positive volume.

v - Ty 2

= -L 142
Waoy - T8 (Frweyy) Prweio i

Volume of the hemi-ellipsoid frustum, with cylindrical hole cutout,
associated with the outside surface of the insulation wedge in the aft closure
section, (Figure 14) See equation 141 for an alternate expression,

v =V

Wepao - + V. -V, -V (143)

Wiory YecrLao Wyaoe  ™Whaoc
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont, ):

INSULATION WEDGE, AFT CLOSURE:

Volume of the hemi-ellipsoid associated with the inside surface of the
insulation wedge within the aft case closure. (Figures 11, 13)

\ = (<X pl (144)
IWE A1 (5 )Llwl-:u IWear

Length ratio, hemi-ellipsoid frustum (with equatorial base and inside nozzle
cutout base) to hemi-ellipsoid, ingside surface, ingulation wedge, aft case
closure section. (Figures 11, 13)

Liw
Rijweas = _EI__E!’AI_ (145)
w

EAI

Volume of the ellipsoidal cap, at the aft base of the cone frustum section
associated with the nozzle cutout, within the hemi-ellipsoid associated with

the ingide surface of the ingulation wedge in the aft case closure gection.
(Figures 12, 14)

v
IWpar 3
VIWHME = \—=2— \? - 3Rgwcas * RLiwcas (146)

Volume of the cylindrical section, associated with the nozzle cutout. within
the hemi-ellipsoid associated with the inside surface of the insulation wedge
in the aft case closure section. (Figures 12, 14)

2
Viw (-4—) Lyw (147)
YHaAIC IWHAI

Volume of the cylinder, with ellipsoidal cap, associated with the nozzle

cutout cone frustum, in the hemi-ellipsoid associated with the inside surface

of the insulation wedge in the aft case closure section. (Figures 12, 14)

v =V + Vv (148)
Wyar  "Wuaie  ™Whalc

80,1-37
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INSU LG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, AFT CLOSURE (Cont. ):

Length ratio, hemi-ellipsoid frustum (with equatorial and "inside/outside
wedge surface osculation plane' basges) to hemi-ellipsoid, inside surface,
insulation wedge, aft case closure section. (Figures 11, 13)

(L‘Iw - L

R . Wegar)
LIWCA4 L w

(149)

EAl

Volume of the ellipsoidal cap associated with the inside surface of the

insulation wedge in the aft case closure. If the insulation wedge extends

beyond the closure, V is the hemi-ellipsoid volume. (Figures 12, 14)
IWEAIE

v
IWE Al 3
VIWEAIE = \—7>——) \2-3Rpuwcas * RLiwcad (150)

Volume of the ellipsoidal cap, with cylindrical hole cutout associated with the
core frustum hole cutout for the nozzle, which forms the inside surface of
the insulation wedge in the aft case closure section. (Figures 12, 14)

V.. =V .V (151)
IWepar ™Wgeale  Wpar

Area of triangular section, associated with the cone frustum cutout for the
nozzle, within the aft case rclosure gection, (Figures 12, 14)
1
]_.Iw (152)

= D -
AIWHAT =) (PWhao ~ PWyar)

Distance from axis of revolution to centroid of triangular section in insulation
wedge, associated with the cone frustum cutout for the nozzle, within the
aft cace closurc section, (Figures 11, 13)

Drw

HAIL 1

Y = + D,,.. (153)

—_—
IWHAT (3 ) IWHAO

Volume of triangular section in the insulation wedge, associated with the
cone frustum cutout for the nozzle, within the aft case closure section.

(Figures 12, 14)

§0,1-38
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

INSULATION WEDGE, AFT CLOSURE (Cont, ):

v 2wy (154)
IWyaT IWpAT AIWHAT

Volume of insulation material required for the insulation wedge associated
with the aft case closure section. (Figures 12, 14)

v - -V .V + (155)
IWera (IWCHAO IWenal IWHAT) K“"'le KIWzo

SLOT AND JOINT INSULATION, BOUNDS FOR ACCEPTABLE SOLUTIONS:

The following conditions must be satisfied for acceptable solutions in
determining the insulation slot and joint volume requirements. If the
conditions are not satisfied, a diagnostic is usually printed and computations
of sizing quantities may be terminated. (Figures 16, 17)

D > T (156-a)
IL; © "PPypp
T > 0 (156-b)
PPy EB
T =T (156-c¢)
PPyrs = IBSmax
T T (156-d)
PPurp > "Wpax
T >0 (156-¢)
ISy Ax
T 20 (156-£)
Max
20 (156-g)
L'Is’cv'r
Lyy >0 (156 -h)
CUT
Lys >0 (156-1)
PG1
Lys 0 (156-)
PG1
80. 1'39
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

SLOT AND JOINT INSULATION, CUTOUT REQUIREMENTS:

Number of slot cutouts in grain to be insulated. Integer valued real number
(floating point integer).

N =N + N (157)
Scur " BSmo B

CUTOUTS (CUT QUT in grain for Slot) is a logical variable which specifies
if there are slof cufouts within the grain which require insulation.

If CUTOUTS =.TRUE.; there is at least one slot cutout requiring
insulation. Either one or no slot burning surface
may be inhibited.

If CUTOUTS = . FALSE.; there are no slot cutouts requiring ingulation.

CUTOUTS = N .GT.O (157-a)

Scur

If CUTOUTJ =.TRUE.; there is at least one joint cutout requiring
insulation. Both burning surfaces of a joint
are inhibited.
If CUTOUTJ = .FALSE.; there are no joint cutouts requiring insulation.
CUTOUTJ = Ny¢; .GT.O (157-b)

CcuT

SLOT INSULATION, COMPONENT VOLUMES (CUTOUTS =, FALSE, ):

If CUTOUTS = . FALSE.; there is no slot ingulation and equations 158-160
are evaluated. See Figures 15, 16, 20. See
equations 162, 164, 165, 170 for alternate expression

80, 1-40
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

SLOT INSULATION, COMPONENT VOLUMES (CUTOUTS = . FALSE, )(Cont. ):

e v W

v =0 (158)
ISpL
v =0 (159)
‘5 ISqL
3
V. =0 (160)
: ISpg

SLOT INSULATION, COMPONENT VOLUMES (CUTOUTS = . TRUE. ):

&
Ex
F
b8
:t_;"_
5
¥

L M N T G R

If CUTOUTS =, TRUE.; equations 162 - 170 are evaluated to determine the
slot insulation component volumes, as illustrated

: b by Figures 15, 16, 20. E :
. P
- Length of a single slot cutout for insulation computations. (Figure 16) i
Loy . : ]

. = 162) ;
Lis Kis, * Kis ( 'R

E v CcuT IScyT 3 4 5

Volume of port/liner insulation component for a slot cutout. (Figures 15, 16,
20) See equation 158 for an alternate expression.

Vig = |m(Py - T T Ko + (163)
SpL ["( Ly ” Tisyax) “Scur ISMAX] 155 s

Volume of grain/liner insulation component for a slot cutout. (Figures 15,
16, 20) See equation 159 for an alternate expression.

T
L, ) _ ISpax

vISGL ""[—Z“‘

(164)
T

tadarad

T Ko +
PPy pp Iyax| 15, * Ksg

Volume of the port/grain insulation component for slot cutouts. See
Figures 15, 16, 20. See equations 160, 170 for alternate expressions.

o I AR i) L e it and ] WA R AL D oA LT B Y Jidr s sl d ¥ Y

If NIS =0, there are no slots having one grain burning surface
IH1 inhibited, and equation 165 is used to evaluate Vig .
PG
v =0 (165)
ISpg
i <
80.1-41
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INSULG INTERNAL INSULATION GEOMETRY INGM1

.

EQUATIONS, SECOND ENTRANCE (Cont. ):

SLOT INSULATION, COMPONENT VOLUMES (CUTOUTS = . TRUE, }(Cont. ):

If Nyo >0, equations 166 - 170 are evaluated to determine Vig. -
TH1 PG

Altitude of the polygon cross section associated with the port/grain
ingulation component for slot cutouts. (Figure 16;

T =T - T (166)
5pg1 PPyer  ISmax

Length of outside base of the polygon cross section associated with the

port/grain insulation component for slot cutouts. (Figure 16)

Ly = Byax T - T + Ly (167)
Seo  \Tep, ./ \ FPwes  max Spor

Area of the polygon cross section associated with the port/grain insulation
component for slot cutouts. (Figure 16)

T
L + L ) (168)
< ISpg1 Spco

Centroid, measured with respect to the motor centerline, of the polygon
cross section associated with the port/grain insulation component for slot
cutouts., (Figure 16)

ISpGi

A =

D T 2 + L
v ] < ”’1) o _/ ISpai > LISPGI ISpgo
ISpg Z ISpax A 32 Lis AR ST

PG PGO

Volume of the port/grain insulation component for slot cutouts. (Figures 15,
16, 20) See equations 160, 165 for alternate expressions.

v = |2 m7Y

A K. + (170)

80, 1-42
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3 INSULG INTERNAL INSULATION GEOMETRY INGM1 %
:r @ EQUATIONS, SECOND ENTRANCE(Cont, ):
SLOT INSULATION, PORT/GRAIN COMPONENT POLYGON CLASSIFICATION:
- {
: The following logical expressions are used to classify the polygon cross 1

section associated with the port/grain insulation component for slot cutouts.

e b, - 0 WL 1 STBAD hh S (e b B BAEIY PSP S Wb did

& If NI = 0; there is no port/grain insulation component and all ;
i Smi elements of the PGIS logical valued array are . FALSE.
If Nig > 0; one, and only one, of the elements of the PGIS logical :
. TH1 array must have a . TRUE, value for an acceptable k

port/grain insulation component solution. :

{

If Nig > 0; and either all of the elements of PGIS evaluated using ;

TH1 equations 171, 177 are . FALSE., or more than one
element is . TRUE,, the logical variable PGISBAD
is set . TRUE,

See Figure 18 for a geometrical interpretation and '"Optimization Considera- %
tiona' of the REMARKS gection for discontinuity considerations.

Vertical line solution.

i PGIS(1) = (TIS s

.EQ.O) . AND, (LI .EQ.O) (171)

MAX PGl

Horizontal line solution.

PGIS(2) = (TPPWEB. EQ. TISMAX) (172)
Intermediate quantity, solution is not a line.
ISNOTLN =, NOT, IPGIS(I).OR. PGIS(Z)] (173)
Triangle solution.
PGIS(3) = ISNOTLN ., AND. (LISPGI. EQ.O) (174)
. AND, <TISMAx' GT. o)
80.1-43
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont, ):

SLOT INSULATION, PORT/GRAIN COMPONENT POLVYGON
CLASSIFICATION (Cont. ):

Trapezoid solutions.

PGIS(4) = ISNOTLN . AND. .LT. (175)
(LISPGI LISpc;o.)
. AND, .GT.O
o (1sper )
PGIS(S) = ISNOTLN . AND. (Tzs .GT.O) (176)
MAX
. AND, JEQ. L
(TISMAX 'ISPGI)
PGIS(6) = ISNOTLN .AND. (Lis _.GT. Ly (177)
. par PGO)

JOINT INSULATION, COMPONENT VOLUMES (CUTOUTJ = . FALSE. ):

If CUTOUTJ = , FALSE., there is nc joint insulation and equations 178,
179 are evaluated. See Figures 15, 17, 20, and
equations 182, 195 for alternate definition
i{t CUTCUTJ = . TRUE, .

v -0 (178)
U,

v =0 (179)
UPG

JOINT INSULATION, COMPONENT VOLUMES (CUTOUTJ = .TRUE,):

If CUTOUTJ = . TRUE., equations 181-195 are evaluated to determine
the joint insulation component volumes as
illustrated by Figures 15, 17, 20.

i.ength of a unit joint cutout for ingulation zomputations, (Figure 17)

L
T
_ cuT
Yeur T \NT Kis, * i, (181)
7 TCuT
80,1.44
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. }):

JOINT INSULATION, COMPONENT VOLUMES (CUTOUTJ =.TRUE. ){Cont. ):

Volume of port/liner insulation component for joint cutouts. (Figures 17, 20)

% =gﬂ(DIL -T

L T
Upp I UMAX) YUeur

K + K (182)
Upmaxl Hs e

Intermediate quantity required for the determination of the outside base

of the polygon cross section associated with the port/grain insulation
component for joint cutouts. (Figure 17)

T
o [ Pmax

T - T + (183)
MIpg;s PP, <PPWEB Umax LUPGI)

PGIJLAP is a logical valued variable which indicates overlapping of the
polygon cross sections associated with the port/grain insulation component
for joint cutouts. (Figure 19)

PGIJLAP = . TRUE.,, PG components overlap.
PGIJLAP = .FALSE,, PG components do not overlap.
"eur
PGIJLAP = LIJ .GT. (183-a)
PG3

Outside base of the polygon cross section associated with the port/grain
insulation components for grain cutouts. (Figure 17)

If PGIJLAP = . FALSE., L (184)

I. =
Upgo Dpgs

b
If PGIJLAP = .TRUE., L = Q__‘z:_‘JE_; (185)
PGO

Component altitude of the polygon cross section associated with the
port/grain insulation component for joint cutouts. (Figure 17)

T
T - T PPy EB
1J PP

N . (186)
PG3 WwEB  max g - 1 L‘”pc;o

IMAX

80, 1-45
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INSULG LITERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTR ANCE (Cont, ):

JOINT INSULATION, COMPONENT VOLUMES (CUTOUTJ =.TRUE, )(Cont. ):

Component altitude of the polygon cross section associated with the port/grain
insulation component for joint cutouts. (Figure 17)

T
PPwEB

T - - L (187)
Ut IIJM AX 1 pco UYpar

Area of the polygon cross section associated with the port/grain insulation
component for joint cutouts. (Figure 17)

T
< Upg) > <
= |- L + + T L (188)
Mipg Upar LIJPGO) Upgs Upco

Centroid,measured with respect to the motor centerline, of the polygon
cross section for joint cutouts. (Figure 17)

2
T
13
PG1 )
< 2L + (189)
2 < Upar L‘“'pc;o>

Y =
Y, = T T L . (190)
3 Ups1 Ypgs ( Upar L‘”pc;o)
Yy = TIZJ Lis (191)
rPG3 YpGo
Y, =T L + L 2T (192)
3 ”pcl< Ypar IJPco) Upgs L‘”pco
Y. + Y. + Y .
Y, Y Y,
Yl = —Ys (193)

Y = —Z—'; -T -Y (194)
IJPG _ UMAX 1
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont, ):

JOINT INSULATION, COMPONENT VOLUMES (CUTOUTJ =, TRUE, }'Cont. ):

Volume of a port/grain insulation component for slot cutouts. (Figure 20)
See equation 179 for an alternate expression.

= emy + K (195)

v A K
Upg Upg “Upg| Wy 1

JOINT INSULATION, PORT/GRAIN COMPONENT POLYGON CLASSIFICATION:

The following logical expressions are used to classify the polygon crosr
section asgociated with the port/grain insulation component for joint cutouts.

If C'"TOUTJ = . FALSE., there is no joint insulation and all elements of
the PGIJ logical valued array are . FALSE.

If CUTOUTJ =.TRUE., one, and only one, of the elements of the PGIJ
logical valued array must have a , TRUE. value
for an acceptable port/grain insulation component
solution,

If CUTOUTJ =.TRUE., and either all of the elem ats of the PGIJ array

are false, or more than one elemen! is true, the
logical variable PGIJBAD is set . TRUE.

See Figure 19 for a geometrical interpretation and ""Optimization
Consgiderations' of the REMARKS section for discontinuity considerations.

Vertical line solution.

PGIJ(1) = ( .EQ.O) . AND. (L . EQ. o) (196)

Tyy 13

MAX PGI

Horizontal line solution,

. EQ.

PGLI(2) = ('r Ea T”MAx)

PPw

Intermediate quantity, solution is not a line.

IJNOTLN = .NOT. [PGIJ(1) .OR. PG1J(2)]

80, 1-47
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont, ):

JOINT INSULATION, PORT/GRAIN COMPONENT POLYGON
CLASSIFICATION (Cont. ):

Triangle solution.

PGIJ(3) = .EQ.O) . AND. IJNOTIN (199)

« AND, (L]J PGI‘ EQ. O)
.GT. O)

T
( Upes

. AND, (TUMAX

Trapezoid soiutions.

PGIJ(4) = U .EQ.O) . AND, IJNOTLN (200)
PG3 . AND, (I_.U .LT.L;; )
PGI PGO,
. AND. { .GT.O
(“mmI )
PGIJ(5) = ( \J .EQ.0O) . AND. IJNOTLN (207)
PG3 . AND, (TU .GT. o)
MAX
. AND, (LUPGI' EQ. TIJMAX)
PGI1J(6) =<T”pc;3' EQ. 0) QNNB IJNOTLNGT L 7 (202)
' ' (L”PGI' *“pgo)
PGI1I{7) =(TIJPG3.GT.O‘) . AND. (L”PGI TIJMAX) (203)
PG1J(8) =('rIJPG .GT.O) . AND. (L”pc,r' EQ. 0) (204)
3
. AND. (T”MAX' GT.O)
Pentagon solution.
PGLJ(9) = (T .GT.O) .AND. (L .GT.O) (205)
(T pgs ) (M3 gy )
. AND, (L”PGI' LT. L Jpco)
80, 1-48
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INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND EN'TRANCE (Cont. ):

o
S
;f

3 SLOT AND JOINT VOLUMES:
'E :: Volume of insulation for a slot with no sides inhibited. (Figure 20)
v v = [v + 2V ] + K (206)
| ISiho ISpL, 15gr) (18, * 18y,
: Volume of insulation for a slot with one side inhibited. (Figure 20)
r :
b
;! v = [v +V + vV ] K + (207)
¢ ISim1 18py, T Visgy * Vispg) F1s,5 T s,
3 — Total volume of insulation required for slots.
v. = [N v + N v ]K + K (208)
IS [ Siwo Biwo S Bl 1815 155,
E Volume of insulation required for a joint. (Figure 20)
v =[v + 2V ]K + K (209)
- Utz UpL Upa) e Uy
v Total volume of insulation required for joints,
V,y = N A ik (210)
1J Ueyr Uy 1

11 1352

PROPELLENT DISPLACEMENT:

Volume of propellent displaced by the insulation wedge associated with
the forward closure. (Figure 21)

o 2 b
YWeppp | Werr (1) RDIWCFOP" IWHFO) (D‘ CLO-DPT> ]
" Mweper (PWhpo D%’T) (211)

2 2 ¥ 2 ¢
+RDIWCFI[(D1W ~Ppr) (DI Wepr 1% HFO)é]

+ K
PD, i
1
bl
{
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont. ):

PROPELLENT DISPLACEMENT (Cont. ):

Determination of propellent displaced by the insulation wedge associated
w.th the aft closure.

If GCF =0, the grain cone frustum is a cylinder and equation 212
is used to evaluate VIW .
CAPD
I L... >0, and 6 # 0, the grain cone frustum intersects the
CE CA CF
ellipsoid portion of the aft outside insulation wedge and
equations 213 - 221 are used to evaiuate VIW .
CAPD
IfL.. =0, and G- # 0, the grain cone frustum intersects the

cylindrical portion of the aft outside insulation wedge
and equaticns 213 - 220, 222 are used to evaluate VIW .
CAPD

Volume of propellent displaced by the insulation wedge associated with the
aft closure (cylindrical grain cone frustum). See equations 221, 222 for
alternate expressions. (Figure 21)

¥ Y
v, v, - EAIR [DZ -D2 -(D? -D?
We rpp | TWera trz) R prweao |( We 1o PTW, o) “(PTwe, o CFA_)
2 A (212)
+3 , D - D~
Lrw, g P, o © PGFa)
¥ 2 2
+R [Dz -p¢ - (DA -D%,, ]% Ko +K
prweat|(Ptw, - Pcra) ~(Piwg,, “Piw,, o | ([ ¥PD, KeD,

Equations 213 - 220 are intermediate computations required for the evaluation
of equations 221 and 222. They are evaluated if GCF £ 0,

Drw
Liw, . = biw - ( 2HAO> cot(6
Al CHAO

CF) (213)

80,1.50
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cont, ):

PROPELLENT DISPLACEMENT (Cont. ):

D
CFA
L‘“"Az = Lcr‘cA - H °°‘(9cr) (2i4)

i s b, MR

D

CFA
= -L tan (0 : (215)
Prw,, CF, bcr) | o
c = R2 tanz(a +1 (216) f e
w,p - Roiwcy cF)
2 : :
C = 2R tan (0 -2 (217) :
Wyp prwcar Prw | tan | cr) YW pag :
2 2 2 2 X
o - D R -L + (218)
Wep - Piw,, Rorwear " Mrwp ot lwp o

Distance from the equatorial plane nf the hemi-ellipsoid associated with the
outside surface of the insulation wedge in the aft closure to the intersection of
the grain cone frustum cutout with the inside surface of the insulation wedge
in the aft closure. Measured parallelto centerline. (Figure 21)

3
-C + e -4C c
" ] Wop \/ W oo W, W p 219
Yeral 2 Cp

IW.p

Diameter of the circle formed by the intersection of the grain cone frustum
cutout with the ingide surface of the insulation wedge associated with the aft
closure section. (rfigure 21)

D -2|D +1 tan (8 ] (220)
Werar [IWAI Werar (cr)
Volume of propellent displaced by the insulation wedge associated with the aft

clogsure (LCF >O) . See Figure 21. See equations 212, 222 for alternate
expressions, A

11
E
1:
3
1
1
3
k:

St varm s o SN

o e R s Aok i A

80,1-51
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INSULG INTERNAL TNSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Coat. ):

PROPELLENT DISPLACEMENT (Cant. ):

2 2 2 2 %
R [ D -DZ,, 3&- D -D ]
3 prwcao | (Pwe, o7 Prwy o) T Wep o TWeps)

[ > 3 3
(D_ . p? e 2 12 é]

Wear © Wepar)

* Rprweal

2
+ 3 L - L D..
[LIWAI WhHao “ WL2 IWCEAI) Weral

2 2
+ (L . D -L D (221)
( W g g LIWAI) W, w,, CF‘A]

3 3 3 |
+ D2y D}, DCFA]cot (OCF)( KPD3+ Kpp

3
+|p -
[ IWyao CFAI Yial

Volume of propellent displaced by the insulation wedge associated with the aft
closure CF <0 . See Figure 21. See equations 212, 221 for alternate
A

4

expressions,

I s - 2 - 2
VIWCAPD ity $3(LIWAZ LIWCEM)(DCFA DIWCFAI)
( CFA - D CFAI) cot (OCF) (222)

2 2 -
+ R D -D /32 -(D ]f“pp”<
DIWCAI [( IWg,p CF Crwear” IWCFAI Dy

Volume of propellent displaced by the insulation wedges associated with
the forward and aft closures. (Figure 21)

v = 4V +V K + K (223)
("tWeapp  Weppn)  PPs PD¢

IWPD Iw

B0, 1-52
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INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, SECOND ENTRANCE (Cant. ):

T NI LA R L

PROPELLENT DISPLACEMENT (Cont. ):

Volume of propellent displaced by the grain/liner components of the slot
insulation. (Figure 21)

et

v = (2N + N v K + K (224)
ISpp ( 51140 ISD_“) IS5, PD, * "PDg

.-
>

Total volume of propelient displa~ed by the insulation wedges and slots.
(Figure 21)

v

= (V +V K + K (225)
Npp = (iwep * Visp,) Kepg * KeDy
]
-
|
«
-
§
3
i
o
¥
1
i
‘i
§
'%
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INSULG INTERNAL INSULATION GEOMETRY INGM1

EQUATIONS, THIRD ENTRANCE:

Equations 226 - 230 are evaluated at the third entrance to the INGMI model,

INSULATION LINER, CYUNDRICAL SECTION:

Length of insulation liner within the cylindrical case section. Includes length
adjustment for submerged nozzle, slots and joints. (Figure 2)
L., = e S, F, (226)

cY Ncvys

S e ) b e imn

Volume of cylindrical insulation liner section within the cylindrical case
section.

2 2
v z (—H’ D -D5 K + K (227)
Loy ( 1L, " PrL) L‘]LCY L), L,

INSULATION LINER, TOTAL VOLUME:

Total volume of insulation material required for the insulation liner. Includes
adjustment for igniter hole in forward closure, nozzle hole in aft closure,
length penalty for submerged nozzle, slots, and joints in the grain.

V.. =(V ‘v F Vv K v X, (228) -
LS (ViLgy * ViLg et Vingp,) Ming
RESIDUAL INSULATION:
Volume of regidual ingulation,
Ying, © Tmv L Kin, ¥ Ko (229)
R R \"ILy 5 6

TOTAL INSULATION VOLUME:

Total internal insulation volume. Includes liner, wedges in forward and aft
closure, inhibited slots and joints. (Figures 1, 2)

Vi * (VIL + Vi + Vi t Vgt vu) Mg, * KINs (230)

CLA CcL«w 7
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INSULG INTERNAL INSULATION GEOMETRY INGMI

FORWARD CLOSURE SECTION < =—|

L
. T IL
e p—t=—— "CLFO———»
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N

EQUATORIAL AXIS, INSIDE AND OUTSIDE LINER SURFACE ELLIPSOIDS

L ]
ILe 71

SEE FIGURE 4 FOR LINER VOLUMES

Fig, 80,1-3 Liner Within Forward Closure, Detailed Geometry
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INSULG INTERNAL INSULATION GEOMETRY INGM1

Leuro

'q + % EQUATION 23

v v SEE FIGURE 3 FOR
'"“wroE '"“WFOC  DETAILED GEOMETRY

Wﬂﬂ\
-
- o
-
o ~

D

- % EQUATION 24

ar
L

v

v
ILeero 'tHFO

<
r
(8)
I
mn .
O

8

- | EQUATION 29

v v \'
ey , 'twrie bHFIC
|
| | |
< ' i
- A\ |
:-{—-—{— = - EQUATION 30
‘ )
I & |
Iv v v
D tewrr | teerr wr
I ' 1:
l I :
l l i
| i l 1
|é | ! @ !
A e

—-T EQUATION 31

il

v v
Cenro Leuri

Fig. 80,1-4 Liner Within Forward Closure, Volumes
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AFT CLOSURE SECTION
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SEE FIGURE 6 FOR LINER VOLUMES

Fig. 80.1-5 Liner Within Aft Closure, Detailed Geometry
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'LeLao

§' = + EQUATION 48
' :

VL v, SEE FIGURE S5 FOR
HAO | ''Haoc ''HAOE  DETAILED GEOMETRY

EQUATION 49

EQUATION 54

EQUATION 55

I

EQUATION 56

v v
Lera iLewao 'LcHal

Fig. 80.1-6 Liner Within Aft Closure, Volumes
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Fig, 80.1-7 Wedge Within Forward Closure, Detailed Geometry
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INSULG INTERNAL INSULATION GEOMETRY INGM1

L INSIDE/QUTSIDE WEDGE SURFACE OSCULATION PLANE
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Fig. 80.1-8
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SEE FIGURE 16 FOR DETAILED GEOMETRY
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! INSULG INTERNAL INSULATION GEOMETRY INGM1 i

IBGAS IBPERF INSULW CASEG “
e Evaluate gas e Evaluate ® Determine e Evaluate case i
characteristics performance insulation geometry :
characteristics densities 7 i
TCPP ATTBPPMT RHOLJ DCSHAL i
RHOIL DCSHFI :
l RHOIW DCS !
1

INGMI, FIRST ENTRANCE R Descn g

e Evaluate insulation properties. Eq. 1, 2 ‘

e Evaluate liner insulation geometry. Eq. 3-56 i
DILHAI, DILHFI, DILI ’
LILCHAI, LILCHFI, LILCLAI, LILCLFI, LILHA !
RDILCFI

GRAING, FIRST ENTRANCE l *
e Evaluate basic grain geometry. : -
e Adjust grain for submerged nozzle. I i

‘ — .

IBFLOW
e Evaluate burn and flow rates. ; E,
e Determine slot requirements., | ) : 3

LSLGN <o

GRAING, SECOND ENTRANCE i
e Adjust grain for slots and joints J

DPTCFA, DPTCFF, DPT
LTPCFCA, LPTCFCY, LJTCUT, TPPWEB, THETACF i

INGM1, SECOND ENTRANCE

® Evaluate insulation closure wedge geometry. Eq. 60-155 ,
e Evaluate insulation slot and joint geometry. Eq. 156-210
® Determine propellent displaced by insulation. Eq. 211-225

VINPD

GNGMI1, THIRD ENTRANCE
¢ Adjust grain for propellent displaced by insulation. !
y LGNCY4
INGM1, THIRD ENTRANCE
® Complete insulation liner geometry. Eq. 226-228
e Evaluate residual insulation geometry. Eq. 229
e Evaluate total insulation volume. Eq. 230

Fig, 80.,1-22 Inter-Model Coupling
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INSULG INTERNAL INSULATION GEOMETRY INGM1

< INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user.
If 3 value is not input, the preset value is used,

Mnemonic

CING1

CING2

CING3

KLIWFI1

KLIWFI2

LIJPGI

LISP3I

NIJCUT

NISIHO

Smbol
C
IN,

C
IN2

C
IN3

KLIWFII

KLIWF 12

Lis PG

LISPGI

Uecur

IS110

Description; Ext. (Int.) Units Preset

Constant for QINH computatior..
0.43

Constant for QINH computation.
1000.

Consgtant for TIWMAX, TISMAX and
TITMAX computations.

0.00868

Proportionality coefficient for LIWHFI
computation;

N. D. 1

Bias for LIWHFI computation;
in 0
Inside base of the polygon cruss section

associated with the port/grain insulation
component for joint cutouts;

in Fig. 17 1

Inside base of the polygon cross section
associated with the port/grain insuiation
component for slot cutouts;

in Fig. 16 .1

Number of joint cutouts having both grain
burning surfaces inhibited. Integer valued
real number (floating point integer);

N. D. 0

Number of slot cutouts having no grain
burning surfaces inhibited. Integer valued
real number (floating point integer);

N, D. 0

80.1-77
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INSU LG INTERNAL INSULATION GEOMETRY INGM1

INPUT DATA, INTRA-MODEL (Cont,. ):

Mpemonic Symbol Qescription; Int. (Int.) Units Preset
NISTHI Nig Number of slot cutouts having one grain
IH1 burning surface inhibited. Integer valued
real nuinber (floating point integer);
N. D. 0
v
QINSTAR QIN Effective heat of ablation of internal
insulation;
btu/lb 0
TILCY TIL Thickness of insulation liner in the
0h ¢ cylindrical section;
in Fig. 2 0
TINR TI'N Thickness of residual insulation;
R .
in .1

Due to the nature of this model, a very large number of coefficient and bias
quantities (mnemonic with first character K) are made available for input.
However, in normal applications the preset values are used for most, if
not all, of these quantities. Note that these coefficient quantities are
preset (1) and the bias quantities are preset (0),

LINER INSULATION COEFFICIENTS AND BIAS

KILl KIL Coefficient for TILCLF computation;
1 N. Dh 1
KIL2 KIL Bias for TILCLF computation;
2 in 0
KIL3 KIL Coefficient for VILCLF computation;
3 N. D. 1
80,1-78
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INSULG INTERNAL INSULATION GEOMETRY INGM1

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Sywnbol Description; Ext, (Int.) Units Preset
KIl4 KIL Bias for VILCLF computation;
4 in3 0
KILS KIL Coefficient for DILHAO computation;
> N.D. 1
KIL6 KlL Bias for DILHAO computation;
6 in 0
KIL7 KIL Coefficient for TILCLA computation;
7 N. D. 1
KILS KIL Bias for TILCLA computation;
8 in 0
KIL9 KIL Coefficient for VILCLA computation;
1 9 N. D, 1
KIL10 KIL. Bias for VILCLA computation;
10 .3
in 0
KIL11 KIL Coefficient for LILCY computation;
1 N. D. 1
KIL12 KIL Bias for LILCY computation;
12 .
in 0
KIL13 KIL Coefficient focr VILCY computation;
13 N. D. 1
KIL14 K]L Bias for VILCY computation;
14 .
in 0
80.1-79




INSULG INTERNAL INSULATION GEOMETRY INGM1

INPUT DATA, INTRA-MODEL (Cont. ): ‘.
Mnemonic Symbol Description; Ext. (Int.) Units Preset
KIL15 KIL Coefficient for VIL computation;
15 N. D. 1
KIiL1lé KIL Bias for VIL computation;
16 .3
in 0
KIL17 KIL Coefficient for DILHFO computation;
17
N. D. 1
KiL18 K.IL Bias for DILHFO computation;
18 .
in 0

JOINT INSULATION COEFFICIENTS AND BIAS

KIJ1 KIJ Coefficient for TITMAX computation;
! N. D. 1 -
K1J2 KIJ Bias for TITMAX computation;
2 .
in 0 :
KI1J3 K‘IJ Coefficient for LIJCUT computation; ;
3 N. D. 1
K1J4 KIJ Bias for LIJCUT computation;
4 in 0
11J5 KIJ Coefficient for VIJPL computation;
> N. D. 1
6 K1Jé6 KIJ Bias for VIJPL computation;
! 6 .3
. in 0

80,1-80




INSULG INTERNAL INSULATION GEOMETRY INGM1

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Symbol Description; Ext. (Int.) Units Presget
K1J7 KIJ Coefficient for VIJPG computation;
7 N. D. 1
KI1J8 KIJ Bias for VIJPG computation;
8 in3 0
K1J9 KIJ Coefficient for VIJIH2 computation;
9 N. D. 1
KiJl0 KI Bias for VIJIH2 computation;
J10 3
in 0
Ki1J11 KIJ Coefficient for VIJ computation;
11 N. D. 1
KIJ12 KIJ Bias for VIJ computation;
12 . 3
in 0

GENERAL INSULATION COEFFICIENTS AND BIAS

KIN1 K'IN Coefiicient for QINH co:nputation;

1 N. D. 1
KIN2 KIN Bias for QINH computation;

2 0
KIN3 KIN Coefficient for TINMAX computation;

3 N. D. 1
KIN4 KIN Bias for TINMAX computation;

4 in 0

80,.1-81
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INSULG INTERNAL INSULATION GEOMETRY INGM]

INPUT DATA, INTRA-MODEL (Cont. ): "
Mnemonic Symbol Description; Ext. (Int.) Units Preset
KINS KIN Coefficient for VINR computation;
5 . D. 1
KING K Bias for VINR computation;
IN6 ;
.3 j
in 0 '
KIN7? KIN Coefficient for VIN computation;
7 N. D. 1
KINS K Bias for VIN computation;
IN8 in3 0

SLOT INSULATION COEFFICIENTS AND BIAS

KISI KIS Coefficient for TISMAX computation;
1
N. D, 1
KIS2 KIS Bias for TISMAX computation;
2 ' 0
in
KIS3 KIS Coefficient for LISCUT comoutation;
3
N. D, 1
K154 KIS Bias for LISCUT computation;
4 in 0
KIS5 K‘[S Coefficient for VISPL computation;
5
N, D. 1
KIS6 KI Bias for VISPL computation;
S6 in3 0]

80,1-82
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INSULG INTERNAL INSULATION GEOMETRY INGM1

INPUT DATA, INTRA-MODEL (Cont.):

Py wﬂ‘ﬂmuﬁ"m

;A
IS
I8
b

Mn emonic Symbol Description; Ext, (Int.) Units Preset
g KIS7 K'IS Coefficient for VISGL computation;
; 7 N.D 1
3 KIS8 K Bias for VISGL computation;
¥
- 8 in3 0
KIS9 K Coefficient for VISPG computation;
9
N. D. 1
: KIS10 K, Bias for VISPG computation;
S 10 in3 0
KIsil KIS Coefficient for VISIHO computation;
11
N. D, 1
Kislz2 K Bias for VISIHO computation;
182 3 o
i
KIS13 KI Coefficient tor VISIH] computation;
513 N.D 1
KISl4 K1 Bias for VISIHI computation;
514 in3 0
KIsls KI Coefficient for VIS computation;
515 N. D 1
KIS16 KI Bias for VIS computation;
516 i‘!3 0
8J.1-83




INSULG INTERNAL INSULATION GEOMETRY INGM1

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Symbol Degcription; Ext, (Int.) Units Presct

WEDGE INSULATION COEFFICIENTS AND BIAS

KIiw] KIW Coefficient for DIWHFO computation;
1
N. D' l
KIw2 KIW Bias for DIWHFO computation;
2 in 0
KIW3 KIW Coefficient for ILIWHF computation;
3 N. D 1
KIwW4 wa Bias for LIWHF computation;
4 in 0
Kiw? KIW Coefficient for VIWCLF computation;
7 N. D. 1
KIW{i KI% Blas for VIWCLF computation;
¥ 'in3 0
KIw?9 KIW Coefficient fo1r TIWAMAX computation;
9 N. D. 1 ;
Kiwlo Kiw, g Blas for TIWAMAX computation; 3
1
in 0
Kiwll K.) Coefficient for DIWHAQO computation;
11 N, D 1
Kiwll KIW Bias for DIWHAO computation; }
12
in 0 ;
1
KIwl3 KIW Coefficient for DIWHAI computation;
13 !
N. I3, 1 {
!
i
i
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INTERNAL INSULATION GEOMETRY INGM1

?g S INPUT DATA, INTRA-MODEL (Cont. ):
£ Mnemonic Symbol Description; Ext. (Int.) Units Preget i
g JJemone Symbol
i KIwl4 KIWM Coefficient for DIWHAI computation;
¢ N. D. 1
¢ KIwls KIWIS Coefficient for DIWHAI computation;
N, D, |
? KIwWl16 Kiw Bias for DIWHAI computation;
16 in 0 '
: KIW17 K Coefficient for LIWHA computation;
- Wit N. D 1
. . !
Kiwlsg KI Biag for LYWHA computation; '
R in 0 i
KIwl9 K, Coefficient for VIWCLA computation; !
w19 N.D 1-
( . L4 ;
o KIw20 Kiw Bias for VIWCLA computation; :
20 in3 0 i
KIw21 K, Coefficient for TIWFMAX computation; Iy
Va1 N.D 1 i
1
Kiwz22 KIW Bias for TIWFMAX computation; !
22 < 0 | 2
in ;
KIw23 K Coefficient for TIWMAX computation; ]
a3 N.D 1 i
KIwz4 K.l Bias for TIWMAX computation;
Wu in 0

80.1-85
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INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Symbol Description; Ext. (Int,) Units _ Preset
Ki'Dl KPD Coefficient for VIWCFPD computation;
1 N.D. 1
KPD2 K bias for VIWCFPD computation;
PD2 3
in 0
KPD3 KPD Coefficient for VIWCAPD computation;
3 N. D, 1
KPD4 K Bias for VIWCAPD computation;
PD4
.3
i 0
KPD5 KPD Coefficient for VIWPD computation;
> N, D. 1
KPD6 K Bias for VIWPD computation;
PDg 3
in 0
KPD7 KPD Coefiicient for VISPD computation;
7 N.D. 1
KPDg K Bias for VISPD computation;
PD
8 .3
in 0
KPD9 KPD Coefficient for VINPD computation;
9 N, D. 1
KPDI10 KPD Biaz for VINPD computation;
10 . 3
in 0
80.1-86
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INTERNAL INSULATION GECMETRY INGM1

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a

Mnemonic

DCSHAI

DCSHF1

DCSI

DPT

DPTCFA

DPTCFF

LGNCY4

LITCUT

Smbol

D
CSyar

CSypr

GNcyq

ITcyr

. source for this data, then it must be input directly with the intra-model input.

Description; Ext, (Int,) Units Model Type

Diameter of hole in aft inside case
closure surface;

in Figs. 2, 22 CASEG

Diameter of hole in forward inside case
closure surface;

in Figs. 2, 22 CASEG

Inside case diameter, cylindrical section;
in Figs. 2, 22 CASEG

Diameter of cylindrical section of port;
in Figs. 2, 21, 22 GRAING

Aft base diameter of the port cone frustum
section required for nozzle submergence;

in Figs. 21, 22 GRAING

Forward base diameter of the port cone
frustum section required for nozzle
submergence;

in Figs. 11,13,21,22 GRAING

Length of cylindrical grain section,
Includes length penalty for nozzle
submergence, joint cutouts and slot cutouts;

in Figs. 2, 21, 22 GR AING

Total length of cut in grain for joints;

in Fig. 22 GRAING
80, 1-87

~a e

anm

A

o M e s S G saM

e ] et A Db Y e a1

oo

L_Am_......




F‘YTT"- b et )

INSULG INTERNAL INSULATION GEOMETRY INGM1
5 INPUT DATA, INTER-MODEL (Cont, ):
: Mnemonic Symbol Description; Ext. (Int.) Units Model Type
LPTCFCA LCF Length of the portion of the port cone frustum
: CA section, required for nozzle submergence,
. within the aft closure. Positive sense from
: closure equatorial plane towards aft;
in Figs. 21, 22 GRAING
’ LPTCFCY LCF Length of the portion of the port cone frustum
CcY which is within the cylindrical section;
in Figs, 11, 13, 21, 22 GRAING
LSLGN L Total slot length;
Skan
in Fig. 22 IBFLOW
RDCSCAI RDCSCAI Head ratio, aft inside case closure surface;
N. D. Fig. 22 CASEG
RDCSCFI RDCSCFI Head ra'tio, forward inside case clogure
surface;
N. D, Figs, 21, 22 CASEG
RHOILJ pIJ Density of insulation for joint cutouts;
1b/in> Tig. 22 INSULW
RHOIS pIS Density of insulation for slot cutouts;
1b/in’ Fig. 22 INSULW
RHOIW Prw Density of insulation for closure wedges;
1b/in’ Fig. 22 INSULW
TBPPMT TB Propellent burn time;
sec Fig., 22 IBPERF
80.1-88
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INSULG INTERNAL INSULATION GEOMETRY INGM1

INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic Smbol
TCPP TC
PP
THETACF OC F
TPPWEB T
PPWEB

Description; Ext. (Int.) Units Model Type

Propellent combustion temperature;
°R Fig. 22 IBGAS

Half-angle of port cone frustum section;
deg (rad) Figs. 2, 11,13,21, 22 GRAING

Thickness of propellent web;
in Figs. 2,16, 17, 22 GRAING

80,1-89
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INSULG

OUTPUT DATA:

INTERNAL INSULATION GEOMETRY

macs o atrem o a el E AT A T

INGM1

The following data is output from this model. It is available for use as inter-
model input to cther models and to print, plot, and optimization routines,

Mnemonic

AIJPG

AISPG

AIWHAT

COSTCF

CUTOUTJ

CUTOUTS

80.1-90

Sm bol

Atw

HAT

cos (OCF)

CUTOUTJ

CUTOUTS

Description; Ext. (Int.) Units

Area of the polygon cross section associated
with the port/grain insulation coraponent for
joint cutouts;

in® Fig. 17 Eq. 188

Area of the polygon cross section associated
with the port/grain insulation component for
slot cutouts;

in2 Fig. 16

Eq, 168
Area of triangular wedge section, associated
with the cone frustum cutout for the nozzle,

within the aft case closure section;

2

in Figs. 12, 14 Eq. 152

Cosine of THETACF;
N. D.

CUTOUTJ (CQT OUT in grain for Jbint) is
a logical variable which specifics f there
are joint cutouts within the grain which
require insulation.

. TRUE.; there is at least one joint
cutout requiring insulation.
Both surfaces of a joint are
inmbited.

. FALSE. ; there are no joint cutouts
requiring insulation;

N. D, Eq. 157-b

CUTOUTS (CUT OUT in grain for Slot) is a
logical variable which specifies if there are
slot cutouts witl.in the grain which require
insuiation.

> war g g LS




INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic Symbol
CIwWA CIWA
CIWAP chAP
CIWB CIWB
CIWBP CIWBP
CIwC CIWC
CIWCP CIWCP
DILCLI Dy
CLI

/|
i
P
Description; Ext., (Int.) Units P
.TRUE,; there is at least one alot cutout ; f
requiring insulation. Either one D
or no slot burning surface may :
be inhibited. -
.FALSE.; there are no slot cutouts
requiring insulation, ol
N. D. Eq. 157-a ’*
Intermediate computation for DIWCAI
evaluation;
N. D. Eq. 120
Intermediate computation for LIWCFAI
evaluation;
N. D, Eq. 216
Intermediate computation for DIWCAI
evaluation;
in Eq. 121
Intermediate comprtation for LIWCFAI
evaluation;
in Eq. 217
Intermediate computation for DIWCAI
evaluation;
in® Eq. 122
Intermediate computation for LIWCFAI
evaluation;
in2 Eq. 218
Equatorial diameter of the ellipsoids formed
by the inside surface of the insulation liner
associated with the forward and aft case
closure sections;
in Figs. 3, 5 Eq. 6
80.1-91
i
l‘



ey

P T SICIPTCPRE TR v S, U PR B TRE e i bt et & el

INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic Smbol
DILCLO D

ILeLo
DILHAI D

ILyar
DILHAO D

L0
DILHFI D

L et
DILHFO D

ILyro
DILI Dy,

I

DILO D

1L,

80. 1-92

Description; Ext. (Int,) Units

Equatorial diameter of the ellipsoids formed
by the outside surface of the insulation liner
associated with the forward and aft case
clogure sections;

in Figs. 3, 5 Eq. 5

Diameter of circular hole, for the nozzle,
cantered on the axis of revolution of the
hemi-ellipsoid formed by the inside surface
of the insulation liner within the aft case
clogure section;

in Figs. 2, § Eq. 40

Diameter of circular hole, for the nozzle,
centered on the axis of revolution of the
hemi-ellipsoid formed by the outside surface
of the insulation liner within the aft

case clogsure section;

in Fig- 5 Eq. 34

Diameter of circular hole, for the ignitor,
centered on the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
insulation liner within the forward case
closure section;

in Fig. 3 Eq. 15

Diameter of circular hole, for the ignitor,
centered on the axis of revolution of the
hemi-ellipsoid formed by the outside surface
of the insulation liner within the forward
case closure section;

in Fig. 3 Eq. 9
Inside diameter of the cylinder which is

the inside surface of the insulation liner in
the cylindrical case section;

in Fig. 2 Eq. 4
Outside diameter of the cylinder which is

the outside surface of the insulation liner
in the cylindrical case section;

in Fig. 2 Eq. 3
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INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont, ):

Mnemonic

DIwWAl

DIWCAI

DIWCFAI

DIWCFI

DIWCLO

DIWEAI

DIWEF1

Smbol

D
IwAl

IWear

IWerar

Werr

IWg Al

Wer

Description; Ext. (Int.) Units

Intermediate computation for LIWCFAI,
DIWCFAI evaluation;

in Eq. 215

Diameter of the circle of osculation formed
by the tangency points of the inside aft
wedge surface hemi-ellipsoid and the outside
aft wedge surface hemi-ellipsoid. See
IWINACL;

in Figs. 11, 15 Eqgs. 119,123
Diameter of the circle formed by the inter-
secticn of the grain cone frustum cutout with
the inside surface of the insulation wedge
associated with the aft closure section;

in Eq. 220

Diameter of the circle of osculation formed
by the tangency points of the inside forward
wedge surface hemi-ellipsoid and the outside
forward wedge surface hemi-ellipsoid. See
IWINFCL;

in Figs. 7, 9 Eqs. 73, 77

Equatorial diameter of the hemi-eliipsoids
formed by the outside surface of the insula-
tion wedges associated with the forward and
aft closure sections;

in Figs. 7,9,11,13 Eq. 60
Equatorial diameter of the hemi-ellipsoid
assoziated with the iriside surface of the

insulation wedge in the aft case closure
section. See IWINACL;

in Figs. 11, 13 Eqs. 128,130
Equatorial diameter of the hemi-ellipsoid

associated with the inside surface of the

insulation wedge in the forward case closure.
See IWINFCL;

in Figs. 7, 9 Eqs. 76, 79

80,1-93
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INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic

DIWHAI

DIWHAO

DIWHFI

DIWHFO

GOODPGJ

80, 1-94

er_n bol

D
IWHAI

IWhao

IWar

Wyro

GOODPGJ

Description; Ext, {Int.) Units

Diameter of the forward vase of the cone
frustum hole, for the nozzle cutout,
centered on the axis of revolution of the
hemi-ellipsoid formed by the inside surface
of the insulation vedge associated with the
aft case clogure section;

in Figs. 11, 13 Eq. 110

Diameter of the aft base of the cone frustum
hole, for the nozzle cutout, centered on the
axis of revolution of the hemi-ellipsoid
formed by the outgside surface of the insulation
wedge associated with the aft case clogure
section;

in Figs. 1, 13 Eq. 109

Diameter of the circular hole, for the ignitor,
centered on the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
insulation wedge associated with the forward
case closure section;

in Figs. 7, 9 Eq. 63

Diameter of the circular hole, for the ignitor,
centered on the axis of revolution of the hemi-
ellipsoid formed by the outside surface of the
ingulation wedge associated with the forward
cage closure section;

in Figs. 7, 9 Eq. 62

GOODPGJ is a logical valued variable which
indicates an acceptable polygon cross section
for the port/grain insulation component
associated with tne joint cutouts.

=. TRUE.; PG component for joint ingula-
tion is an acceptable polygon.
The particular polygon may be
determined by referring to PGIJ,




INSULG

OUTPUT DATA (Cont. ):

Mnemonic Smbol
GOODPGS GOODPGS
IJNOTLN IJNOTLN
ISNOTLN ISNOTLN
IWINACL I

WIN, cL

INTERNAL INSULATION GEOMETRY

Description; Ext. (Int,} Units

INGM1

=, FALSE.; PPG component for joint insula-

tion is not an acceptable
polygon. Joint insulation
geometry may be bad.

N. D.

GOODPGS is a logical valued variable which
indicates an acceptable polygon cross section

for the port/grain insulation component
agsociated with the slot cutouts;

=, TRUE.,

=. FALSE.,

N. D.

PG component for slot insula-
tion is an acceptable polygon.
the particular polygon may be
determined by referring to
PGIS.

PG component for glot insula-
tion is not an acceptable
polygon, Slot insulation
geometry may be bad;

Intermediate logical quantity for PGIJ

computation;
N. D.

Eq. 198

Intermediate logical quantity for PGIS

computation;
N. D.

Eq. 173

IWINACL (;_nsulation Wedge IN Aft Closure)
is a logical variable which specifies if the
insulation wedge associated with the aft

closure is completely within the aft closure;

=, TRUE.;

the insulation wedge is

completely within the aft
closure. See Figs. 1, 12,

80,1-95
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INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic Smbol
IWINFCL IWINFCL
LIJCUT

13 CUT
LIJPG3

L”PG3
1.132GO

b PGO
80, 1-96

Description; Ext. (Int.) Units

=. FALSE.; the insulation wedge extends
beyond the aft closure into the
cylindrical section, or extends
to the intersection of the aft
closure and cylindrical section,
See Figs. 13, 14;

N. D. Eq. 118

IWINFCL (Insulation Wedge IN Forward
CLosure) is a logical variabfe lwhich speci~-
fies if the insulation wedge associated with
the forward closure is completely within the
forward closure;

=. TRUE.; wedge is cuiapletely within the
forwzcd closure. See Fig. 7.

=. FALSE.; wedge extends beyond the forward
closure into the cylindrical
section or extends to the inter-
section of the forward closure
and cylindrical section. See
Fig. 9;

N. D. Eq. 72

Length of a single joint cutout for insulation
computation;

in Fig. 17 Eq. 181

Intermediate quantity required for the
determination of the outside base of the
polygon cross section associated with the
port/grain insulation component for joint
cutouts;

in Fig. 17 Eq. 183
Outside base of the polygon cross section

associated with the port/grain insulation
components for grain cutouts;

in Fig. 17 Eqs. 184,185
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INTERNAL INSULATION GEOMETRY

AR ey -, Mt . e e e e e
E INSULG
P OUTPUT DATA (Cont. ):
Mnemonic Symbol
'f LILCHAI
MLyar
LILCHAO
L”"CHAO
: LILCHFI
: LH"CHFI
‘ LILCHFO
‘ LILCHFO
LILCLAI
LH"CLAI
LILCLAO
LILCLAO
LILCLFI
I"u‘c LFI
|

Adrae odvirpes v - gk 28 oo u % priaz =i L ARG R ST

INGM1

Description; Ext. (Int,) :Units

Length of hemi-ellipsoidal frustum
associated with the inside gsurface of the
insulation liner within the aft case closure;

in Fig. 5 Eq. 42
Length of hemi-ellipsoidal frustum
associated with the outside surface of the
insulation liner within the aft case
closure section;

in Fig. 5 Eq. 36
Length of the hemi-ellipsoidal frustum
associated with the inside surface of the
insulation liner within the forward case
closure;

in Figs. 2, 3 Eq. 17
Length of hemi-ellipsoidal frustum
associated with the outside surface of the
insulation liner within the forward closure
gection;

in Figs. 2, 3 Eq. 11
Length of the axis of revolution of the hemi-
ellipsoid formed by the inside surface of the
insulation liner within the aft case closure
section;

in Fig. 5 Eq. 38
Length of the axis of revolution of the hemi-
ellipsoid formed by the outside surface of
the insulation liner within the aft case
closure section;

in Figs. 5, 6 Eq. 33
Length of the axis of revolution of the hemi-
ellipsoid formed by the ingide surface of the
insulation liner within the forward case
closure section;

in Fig. 3 Eq. 13

80, 1-97
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INGM1

e o

OUTPUT DATA (Cont. ): <5

Mnemonic Symbol Description, Ext. (Int.) Units

LILCLFO Length of the axis of revolution of the hemi-

I.‘II"CI.:I-"O ellipsoid formed by the outside surface of
the insulation liner within the forward case
closure section;

in Figs. 3, 4 Eq. 8

B AR LI

s
ottt ol £ shl(hlh S it bl hiiind inite L

LILCY L Length of insulation liner within the i
(o) ¢ cylindrical case sect’on. Includes length 3

adjustment for subraerged nozzle, slots
and joints;

in Fig. 2 Eq. 226

LILHA L‘IL Length of cylindrical hole, for the nozzle,
HA in the insulation liner within the aft case
clogsure section;

in Fig. 5 Eq. 43

LILHF L[L Length of cylindrical hole, for the ignitor, ]
HF in the insulation liner within the forward Lo
case closure section; i

Mt kea o e Wttt !

in Fig. 3 £q. 18

LISCUT L‘IS Length of a single slot cutout for insulation ;
cuT computations;

in Fig. 16 Eq. 162

IR SRS TR NUPUNPHEE ~WF Y W22

LISPGO Length of outside bise of the polygon cross J

I-‘Isl:‘GO section associated with the port/grain .
insulation component for slot cutouts; P

in Fig. 16 Eq.

)

LIWAI LIW Distance from the pole of the hemi-elli
Al associated with the inside surface of the
insulation wedge in the aft closure to the a..
closure ''inside/outside surface wedge
csculation plane'!;

in Figs. 11, 13 Eq. 133

80,1-98
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INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic

LIWAL

LIWA2

LIWCAI

LIWCEAI

LIWCEFI

Symbol
Liw,,

Liw

A2

Liw

CAl

Liw

CEAl

L[

YeEFI

Deacription; Ext. (Int.) Units

Intermediate computation for VIWCAPD

evaluation;

in Eq. 213
Intermediate computation for VIWCAPD
evaluation;

in Eq. 214

Distance from the ''equatorial plane of the

aft closure outside wedge surface hemi-
cllipsoid' to the "inside/outside wedge sur-
face osculation plane', Measured along the
axdis of revolution, positive se- se aft. A
positive value indicates that the wedge is
completely within the aft closure. A negative
value indicates that the wedge extends beyond

the aft closure into the cylindrical section.
See IWINACL;

in Figs. 11, 13 Eqe. 17, 124
Digtance from the equatorial plane of the
hemi-ellipsoid associated with the outside
surface of the insulation wedge in the aft
cage closure section to the equatorial plane
of the hemi-ellipsoid associated with the
inside surface of the insulation wedge in the
aft case closure section. See IWINACL;

in Figs. 11, 13 Eqs. 126,129

Distance from the equatoriai plane of the
hemi-ellipsoid associated with the eutside
surface of the insulation wedge in the forward
case closure to the equatorial plane of the
hemi-ellipsoid agsociated with the inside
surface of the insulation wedge in the forward
case closure;

in Figs. 7, 9 Eqs. 74, 78
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INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic SEr_lbol
LIWCFAI
L“""CF.AJ
LIWCFI
LIWCFI
LIWCHAI
L‘WCHAI
LIWCHAO
LIWCHAo
LIWCHFI
Iﬁwcnpx
80.1-100

Description; Ext. (Int.) Units

Distance from the equatorial plane of the
hemi-ellipsoid associated with the outside
surface of the insulation wedge in the aft
closure to the intersection of the grain cone
frustum cutout with the inside surface of the
ingulation wedge in the aft closure,.
Measured parallel to centerline;

in Eq. 219

Digtance from the equatorial plane of the
hemi-ellipsoid associated with the outside
surface of tie insulation wedge in the forward
case closure (o the "inside/outside wedge
surface osculati»n plane,' Note that the
insulation wedge is not completely within the
forward closure section if LIWCFI is
negative. See IWINFCL;

in Figs. 7, 9 Eq. 71

Distance from the equatorial plane of the
hemi-ellipsoid associated vith the outside
sur face of the insulation wedge in the aft case
closure section to forward base of the cone
frustum hole, for the nozzle cutout, within
the ingulation wedge in the aft case closure
section;

in Figs. 11, 13 Eq. 116

Length of the hemi-ellipsoid frustum
associated with the outside surface of the
insulation wedge in the aft case closure
section;

in Figs. 11, 13 Eq. 115

Distance from the equatorial plane of the
hemi-ellipsoid associated with the outside
surface of the ingulation wedge in the forward
closure to the inside base of the cylindrical
hole cutout for the ignitor within the
insulation wedge in the forward clogure;

in Figs. 7, 9 Eq. 69
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OUTPUT DATA (Cont. ):

g
L g
,

Mnemoni_c. Smbol
LIWCHFO
. I"“"'cm*o
LIWCLAI
LIWCLAI
LIWCLAO
LIWCLAO
i
LIWCLFI
L‘WCLFI
LIWCLFO
LIcho
LIWEAI
L‘[WE Al

-

.

INTERNAL INSULATION GEOMETRY

INGM1

Description; Ext. (Int,) Units

Length of the hemi-ellipsoid frustum
associated with the outside surface of the
insulation wedge in the forward case
closure section;

in Figs. 7, 9 Eq. 68
Distance from the pole of the hemi-ellipsoid
associated with the ingide surface of the
insulation wedge in the aft closure to the
equatorial plane of the hemi-ellipsoid
asgociated with the outside surface of the
insulation wedge in the aft closure;

in Figs. 11, 13 Eq. 132
Length of the axis of revolution of the hemi -
ellipsoid associated with the outside surface
of the insulation wedge in the aft closure
section;

in Figse. 11, 13 Eq. 113
Distance from the pole of the hemi-ellipsoid
associated with the ingide surface of the
ingulation wedge in the forward closure to
the cquatorial plane of the hemi-ellipsoid
associated with the outside surface of the
insulation wedge in the forward closure;

in Figs. 7, 9 Eaq. 82

Length of the axis of revolution of the hemi-
ellipsoid associated with the outside surface
of the insulation wedge in the forward
closure section;

in Figs. 7, 9 Eq. 66

Length of the axis of revolutior of the hemi-
ellipsoid associated with the inside surface
of the insulation wedge in the aft case
closure section;

in Figs. 11, 13 Eqs. 127,131

80,1101
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INSULG

OUTPUT DATA (Cont. ):

Mnemonic

LIWEFI

LIWEHAI

LIWEHFI

LIWFI

LIWHA

LIWHAI

Smbol

L‘WEFI

Liw

EHAI

Liw

EHFI

IWFI

LIWHA

LIWHAI

INTERNAL INSULATION GEOMETRY INGH 1

Description; Ext. (Int.) Units

Length of the axis of revolution of the hemi-
ellipsoid associated with the inside surface
of the insulation wedge in the forward case
closure. See IWINFCL;

in Figs, 7, 9 Eqs. 75, 81
Distance from the equatorial plane of the
hemi-ellipsoid associated with the inside
surface of the insulation wedge in the aft
case closure to the inside base of the cone
frustum cutout within the insulation wedge in
the aft case closure section;

in Figs. 11, 13 Eq. 134
Distance from the equatorial plane of the
hemi-ellipsoid associated within the inside
surface of the insulation wedge in the forward
case clogure to the inside base of the
cylindrical hole cutout for the ignitor within
the insulation wedge in the forward closure;

in Figs, 7, 9 Eq. 84

Distance from the pole of the hemi-ellipsoid
associated with the ingide surface of the
insulation wedge in the forward closure to
the forward closure inside/outside wedge
surface osculation plane;

in Figs. 7, 9 Eq. 83

Altitude of the cone frustum, for the nozzle
cutout, within the insulation wedge of the
aft case closure section;

in Fige. 11, 13 Eq. 111

Distance from the "ingide/outside wedge
surface usculation plane' to the inside base
of the cone frustum hole cutout of the
insulation wedge for the nozzle;

in Figs., 11, 13

Eq. 125

Pl



INSULG INTERMAL INSULATION GEOMETRY INGM1 3
3 OUTPUT DATA (Cont. ): -
Mnemonic Symbol Description; Ext. (Int.) Units g
P - - 5 ‘
i LIWHF Lyw Length of the cylindrical hole, for the g '
HF ignitor, within the insulation wedge of the 13
forward case closure section; i3
in Figs. 7, 9 Eq. 64 § -,
LIWHFI LIW Distance from the inside/outside wedge E 4
HF1 surface osculation plane to the inside base i 3

of the cylindrical hole cutout for the ignitor; i

i

in Figs. 7, 9 Eq. 70 {

NISCUT NIS Number of slot cutouts in grain to be

cuT insulated. Integer valued real number

(floating point integer);

N. D. Eq. 157 i

PGIJ(i) PGII{i) Logical value array which identifies the

particular polygon cross section of the
port/grain insulation component associated
with joint cutouts., The i-th element of
PGIJ will have the value . TRUE, (all other
elements will be . FALSE. ), ihereby
indicating the particular polygon shape
(e.g., line, triangle, trapezoid, pentagon)
for the PG component. See Fig., 19 for

the key identifying the i-th element;

N. D. Fig. 19 Eqgs. 196-205

[

PGIJLAP PGIJLAP Logical valued variable which indicates
overlapping of the polygon cross sections i
associated with the port/grain insulation
component for joint cutouts;

=, TRUE.; PG components overlap.
=. FALSE.; PG components do not overl ap; ,
N. D. Fig. 19 Eq. 183a ’

80,1-103
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i INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic Symbol Description; Ext. (Int.) Units
PGIS(i) PGIS(i) Logical valued array which identifies the

particular polygon cross section of the
port/grain insulation component associated
with slot cutouts., If a slot burning surface is
inhibited, the i-th element of PGIS will have
the value . TRUE, {all other elements will

be . FALSE. ), thereby indicating the
particular polygon shape (e.g., line,
triangle, trapezoid) for the PG component.
See Fig. 18 for the key identifying the i-th
element;

N. D, Fig. 18 Egs. 171-177

QINH QIN Approximate radiative heating rate;
N. D. Eq. 1

RDILCAI RDILCAI Head ratio of the ellipsoid formed by the
ingide surface of the insulation liner within
the aft case closure section;

N. D, Eq. 39

RDILCAO R Head ratio of the ellipsoid formed by the
DILCAO . . . .
outside surface of the insulation liner
within the aft case clogure section:

N. D, Eq. 32

RDILCFI RDILCF‘I Head ratio of the ellipsoid formed by the

inside surface of the insulation liner within
the forward case closure section;

N. D, Eq. 14
RDILCFO RDILCFO Head ratio of the ellipsoid formed by the

outgside surface of the insulation liner
within the forward case closure section;

N. D. Eq. 7

80,1-104
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INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. }:

Mnemonic Symbol
RDILHAI RDILHAI
RDILHAO RDI LHAO
RDILHFI RDILHFI
RDILHFO RDILHFO
RDIWCAI RDIWCAI
RDIWCAO RDIWCAO
RDIWCFI RDIWCFI

Description; Ext. (Int.) Units

Diameter riatio, hole diameter to equatorial
diameter, inside surface of the insulation
liner within the aft case closure section;

N. D. Eq. 4l

Diameter ratio, hole diameter to equatorial
diameter, outside surface of the insulation
liner within the aft case closure section;

N. D. Eq. 35

Diameter ratio, hole diameter to equatorial
diameter, inside surface of the insulation
liner within the forward case closure section;

N. D. Eq. 16

Diameter ratio, hole diameter to equatorial
diameter, outside surface of the insulation
liner within the forward case closure
section;

N. D. Eq. 10

Head ratio of the ellipsoid associated with
the ingide surface of the insulation wedge
in the aft closure section;

N. D. Eq, 131-a
Head ratio of the ellipsoid associated with

the outside surface of the insulation wedge
within the aft case closure section;

N. D, Eq. 112
Head ratio of the ellipsoid associated with the

inside surface of the insulation wedge in the
forward closure section;

N. D. Eq. 8l-a

80.1-105
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INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic Symbol

RDIWCFO RDIWCFO

RDIWHAO RDIWHAO
RDIWHFI R oIwHFI
RDIWHFO RywHFO
RIJLCAI RLILCAI
RLILCAC RLILCAO
RLILCFI RotLCEI
80,1-106

Description; Ext, (Int.) Units

Head ratio of the ellipsoid associated with
the outside surface of the insulation wedge
within the forward case closure section;

N. D. Eq. 65

Diameter ratio, aft base of cone frustum

hole to equatorial diameter, outside surface

of the insulation wedge in the aft case
closure section;

N. D. Eq. 114

Liameter ratio, hole diameter to equatorial
diameter, inside surface of insulation wedge

in the forward case closure;

N. D. Eq. 80

Diameter ratio, hole diameter to equatorial
diameter, outside surface of the insulation
wedge in the forward case closure section;

N. D, Eq. 67
Length ratio, hemi-ellipsoid frustum to

hemi-ellipsoid, inside surface, insulation
liner, forward case closure;

N. D. Eq. 52

Length ratio, hemi-ellipsoid frustum to
hemi-ellipsoid, outside surface, insulation
liner, aft case closure;

N. D. Eq. 46

Length ratio, hemi-ellipsoid frustum to
hemi-ellipsoid, inside surface, insulation
liner, forward case closure;

N. D. Eq. 27
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INSULG

INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont, ):

Mnemonic

RLILCFO

RLIWCAI

RLIWZTZAZ

RLIWCA3

RLIWCA4

RLIWCF!

Smbol

Rir1.cro

Ri1wcal

Riiwcaz

Ritwcas

Ritwcas

R;1wcrl

Description; Ext. (Int.) Units

Length ratio, hemi-ellipsoid frustum to
hemi-ellipsoid, outside surface, insulation
liner, forward case closure;

Nl Do Eq. 21

Length ratio, hemi-ellipsoid frustum to
hemi-ellipsoid, outside surface, insulation
wedge, aft case closure section;

N.D. Eq. 136

Length ratio, hemi-ellipsoid frustum (with
equatorial and "inside/outside wedge surface
osculation plane' bases) to hemi-ellipsoid,
outside surface, insulation wedge, aft case
closure section;

N. D, Eq. 139

Length ratio, hemi-ellipsoid frustum (with
equatorial base and inside nozzie cutout
base) to hemi-ellipsoid, inside surface,
insulation wedge, aft case closure section;

N. D. Eq. 145

Length ratio, hemi-ellipsoid frustum (with
equatorial and "inside/outside wedge surface
osculation plzne'' bases) tc hemi-ellipsoid
inside surface, insulation wedge, aft case
closure section;

N. D. Eq. 149
Length ratio, hemi-ellipsoid frustum to

hemi-ellipsoid, outside surface, insulation
wedge, forward case closure section;

N. D. Eq. 86

80, 1-107
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INSULG

INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic

RLIWCF?2

RLIWCF3

RLIWCF4

SINTCF

TANTCF

TIJMAX

TIJPGI

80,1-108

Smbol

Riiwcr2

Rytwcrs

Riiwcrs

tan (OC F)

Upax

Ui

Description; Ext. (Int.) Units

Length ratio, hemi-ellipsoid frustum (with
equatorial and “inside/outside wedge surface
osculation plane' basges) to hemi-ellipsoid
outside surface, insulation wedge, forward
base closure section;

N. D. Eq. 91

Length ratio, hermi-ellipsoid frustum (with
equatorial and inside cylindrical hole cutout
for the ignitor bases) to hemi-ellipsoid,
inside surface, insulation wedge, forward
case clogsure section;

N. D, Eq. 99

Length ratio, hemi-ellipsoid frustum (with
equatorial and '"inside/outside wedge surface
osculation plane'’ bases) to hemi-ellipsoid,
inside surface, insulation wedge, forward
case closure section;

N. D. Eq. 103

Sin of THETACF;
N. D.

Tangent of THETACF;
N.D.

Maximum insulation thickness for a joint
cutout;

in Fig, 17 Eq. 2-c
Component altitude " 'he polygon cross
section associated with the port/grain
insulation component for joint cutouts;

in Fig. 17 Eq. 187

~
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INSULG

INTERNAL INSULATION GEOMETRY

OUTPUT DATA (Cont. )t

Mnemonic

TIJPG3

TILCLA

TILCLF

TISMAX

TISPGI

TIWMAX

TIWAMAX

Sym bol

T
Upgs

ILepa

ILeLr

INGM1

Description; Ext. (Int.) Units

Component altitude of the polygon cross
section associated with the port/grain
insulation component for joint cutouts;

in Fig. 17 Eq. 186

Thickness of insulation liner at center of aft
case closure section. Diatance between

the inside and outside hemi-ellipsoid surfaces

of the insulation liner, measured on the
axis of revolution;

in Fig. 5 Eq. 37
Thickness of insulation liner at center of
forward case closure section. Distance
between inside and outside hemi-ellipsoid
surfaces of the insulation liner, measured
on the axis of revolution;

in Fig. 3 Eq. 12

Maximum insulation thickness for a slot
cutout;

in Fig. 16 Eq. 2-b

Altitude of the polygon cross section
associated with the port/grain insulation
component for slot cutouts;

in Fig. 16 Eq. 166
Maximium insulation thickregs for closure
wedgee (excluding liner);

in Eq. 2-a
Maximum thickness of the insulation 'wedge
associated with the aft closure, Measured

parallal to the slant height of the cone
frustum grain cutout;

in Eq. 108

80.1-109
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INSULG INTERNAL INSULATION GEOMETRY

OUTPUT DATA (Cont. ):

7
S

&
v
g,,

ey

Mnemonic

TIWFMAX

viJ

VIJIH2

ViIPZ

VIJPL

VIL

VILCHAI

VILCHAO

80,1-110

Symbol

T
IWEMAX

1J

By

17
1J

PL

IL

ILeyar

ILsnao

Description; Ext. (Int.) Units

Maximum thickness of the insulation wedge
associated with the forward closure.
Measured parallel to the motor centerline
See LIWHF;

in Eq. 61
Total volume of insulation required for
joints;

in3 Eq. 210
Volume of insulation required for a joint;
in? Fig. 20 Eq. 209

Volume of a port/grain insulation component
for slot cutouts;

in3 Fi3. 20 =qs. 179,1¢5

Volume of port/liner insulation component
for joint cutouts;

in’ Figs. 17, 20  Eqs. 178,182

Total volume of insulation material required
for the insulation liner. Includes adjustment
for ignitor hole in forward closure, nozzle
hole in aft closure, length penalty for
submerged nozzle, slots and joints in grain;

in’ Eq. 228

Volume of hemi-ellipsoid frugstum with hole
cutout associated with the inside surface of
the insulation liner within the aft case
closure section;
in> Fig. 6 Eq. 55
Volume of the hemi-ellipsoid frustum with
hole cutout associated with the outside
surface of the insulation liner within the
aft case closure section;

3

in Fig. 6 Eq. 49
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INSULG

INTERNAL INSULATION GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

VILCHFI1

VILCBFO

VILCLA

VILC LAI

VILCLAO

VILCLF

VILCLFI

VILCLFO

Smbol

v
ILeyrt

ILcyro

ILera

v
ILcpar

ILsLao

ILeLr

ILeLrr

ILcLro

INGM1

Description; Ext. (Int, ) Units

Volume of hemi-ellipsoid frustum withk hole
cutout associated vith the inside surface of
the insulation liner within the forward case

closure section;

in> Fig. 4

Eq. 30
Volume of hemi-ellipsoid frustum with hole
cutout associated with the outeide gsurface of
the insulation liner within the forward case
closure section;

in3 Fig. 4

Eqg. 24
Volume of insulation liner within the forward
case closure section;

in3 Fig. 6

Eq. 59
Volume of the hemi-ellipsoid formed by
the inside surface of the insulation liner
within the aft case closure section;

in3 Fig. 6

Eq. 50
Volume of the hemi-ellipsoid formed by
the outside surface of the insulation liner
within the aft case closure section;

in3 Fig. 6

Eq. 44
Volume >f insulation liner within the forward
case closure section;

in2 Fiq. 4

Eq. 31
Volume of the hemi-ellipsoid formed by
the inside surface of the insulation liner
within the forward case closure section;

in3 Fig. 4 Eq. 25

Volume of the hemi-ellipsoid formed by the

outside surface of the insulation liner within

the forward case closure gection;
3

in Fig. 4 Eq. 19

80.1-111
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INTERNAL INSULATION GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

VILCY

VILHAI

VILHAIC

VILHAIE

VILHAO

VILHAOC

80,1-112

Bt s kA e 4

Smbol

A
ILCY

Lyl

ILyalc

ILpale

ILyao

Ilyaoc

FOSRRNTELI T AR WAON S RARLIOC e v o LD O ety T a3 e AR s TREEITTT

R I e N ST

INGM1

Description; Ext, (int,) Units

Volume of cylindrical ingulation liner section
withir. the cylindrical case section;

in> Eq. 227

Volume of cylinder with ellipsoidal cap,
associated with the nozzle cutout, within
the hemi-ellipsoid formed by the ingide
surface of the insulation liner within the
aft case section;

in3 Fig. 6 Eq. 54
Volume of the cylindrical section, associated
with the nozzle cutout, within the hemi-
ellipsoid formed by the inside surface of

the insulation liner within the aft case
closure section;

in? Fig. 6 Eq. 51

Volume of ellipsoidal cap at aft base of the :
cylindrical section, asscciated with the bk
nozzle cutout, within the hemi-ellipsoid

formed by the inside surface of the insulation

liner within the aft case closure section;

in’ Fig. 6 Eq. 53
Volume of cylinder with ellipsoidal cap,
associated with the nozzle cutoat, within
the hemi-ellipsoid formed by the outside
gsurface of the ingulation liner within the aft
closure section;

in3 Fig. 6 Eq. 48
Volume of the cylindrical section associated
with the nozzle cutout, within the hemi-
ellipsoid formed by the ontside surface of
the inasulation liner within the aft case
closure section;

in’ Fig. 6 Eq. 45

sl

3k o |

it L e S i

i bt 8§




B R al

B athathia AL O 4. -’U“"ﬁm‘m i, % 4

o

INSULG

P e et T

INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic

VILHAOE

VILHFI

VILHFIC

VILHFIE

VILHFO

ILyrics

v
ILyrig

ILyro

Description; Ext. (Int.) Units

Volume of ellipsoidal cap at aft base of the
cylindrical section, associated with the
nozzle cutout, within the hemi-ellipsoid
formed by the outside surface of the
insulation liner within the aft case closure
section;

>0 3 MDA i LRI T LI I
- e : - * )

in3 Fig. 6 Eq. 47
Volume of cylinder with ellipsoidal cap,
agsociated with the ignitor cutout, within
the hemi-ellipsoid formed by the inside
surface of the insulation liner ¢ .thin the
forward case closure sectio..,

in3 Fig. 4 Eq. 29

PRV e X LML

Volume of the cylindrical section, associated
with the ignitor hole, within the hemi-
ellipsoid formed by the inside surface of the
insulation liner within the forward case
closure section;

in3 Fig. 4 Eq. 26

Iy i A

Volume of ellipsoidal cap at forward base
of the cylindrical section, associated with
the ignitor cutout, within the hemi-ellipsoid
formed by the ingide surface of the
ingulation liner within the forward case
clogure section;

in3 Fig. 4 Eq. 28

Volume of cylinder with ellipsoidal cap,

associated with the ignitor cutout, within
the hemi-ellipsoid formed by the outside
surface of the insulation liner within the

forward case closure section;

in’ Fig. 4 Eq. 23

80,1-113




INSULG INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. }:

Mnemonic Symbol
VILHFOC VIL
HFOC
VILHFOE VIL
HFOE
VIN VIN
VINPD \Y
INPD
VINR v
MNg
VIS VIS
VISGL A"
ISGL
VISIHO v
1110
80.1-114

Description; Ext. (Int,) Units

Volume of the cylindrical section, associated
with the ignitor hole, within the hemi-
ellipsoid formed by the outside surface of
the insulation liner within the forward case
closure section;

in3 Fig. 4 Eq. 20

. wlume of ellipsoidal cap at forward base
of the cylindrical section, associated with
the ignitor cutout, within the hemi-ellipsoid
formed by the outside surface of the
insulation liner within the forward case
closure section;

in3 Fig. 4 Eq. 22

Total internal insulation volume. Includes
liner, wedges in forward and aft closures,
inhibited slots and joints;

in3 Eq. 230

Total volume of propellent displaced by the
closure insulation wedges and the slot
grain/liner insulation components;

in> Eq. 225
Volume of residual insulation;
in3 Eq. 229

Total volume of insulation required for slots;

in> Eq. 208

Voiume of ¢rain/liner insulation component
for slot cutout;

in> Figs.15,16,20 Eqs. 159, 164

Volume of ingulation for a slot with no
sides inhibited;
in3 Fig. 20 Eq. 206

AR b D,

RSP UV

- ———r




T
.o:u.-.'{‘;.".;: > B

g mrragiet » Jo P
[N St Ior g€ i 0

PRI VTS I St b

VP e e

INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic

VISIHI

VISPD

VISPG

VISPL

VIWAQOY

VIWCAOE

VIWCAPD

Symbol

Vv
ISIH 1

A
ISPD

1S

1Sp,

IW p0Y

IW cAOE

IWeAPD

Description; Ext. (Int,) Units

Volume of insulation for a slot with one
side inhibited;

in3 Fig. 20 Eq. 207

Volume of propellent displaced by the slct
grain/liner insulation components;

in3 Eq. 224

Volume of the port/grain insulation
component for slot cutouts;

in3 Figs. 15,16, 20 Eqs. 160, 165,

170

Volume ¢f port/liner insulation component
for a slot cutout;

in> Figs. 15, 16,20 Eqgs. 158, 163

Volume of the cylindrical section associated
with the outside surface of the insulation
wedge in the aft case closure section;

in3 Fig. 13 Eq. 142

Volume of the ellipsoidal cap forimed by the
intersection of the "inside/outside wedge
surface osculation plane' and the hemi-
ellipsoid associated with the outside surface
of the insulation wedge in the aft closure
section;

in3 Fig. 12 Eq. 140

Volume of propellent displaced by the
insulation wedge associated with the aft

closure;
in’ Egs. 212, 221,
222
80,1-115
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INSULG

INTERNAL INSULATION GEOMETRY INGM1

OUTPUT DATA (Cont. ):

Mnemonic

VIWCFOE

VIWCFPD

VIWCHAI

VIWCHAO

VIWCHFI

VIWCHFO

VIWCLA

80,1-116

§_Zmbol

v
IWeroE

IWerpD

Wenar

IWenao

IWenrr

Wenro

Wera

Description; Ext. (Int.) Units

Volume of the ellipsoidal cap formed by the
intersection of the "inside/outside wedge
surface osculation plane'' and the hemi-
ellipsoid associated with the outside surface
of the insulation wedge in the forward case
closure section;

in3 Figs. 8, 9 Eq. 92

Volume of propellent digsplaced by the
insulation wedge associated with the forward
closure;

in3 Eq. 211

Volume of the ellipsoidal cap, with
cylindrical hole cutout associated with the
cone frustum hole cutout for the nozzle, which
forms the inside surface of the insulation
wedge in the aft case closure section;

in’ Figs. 12, 14 Eq. 151
Volume of the hemi-ellipsoid frustum, with
cylindrical hole cutout, associated with the
outside surface of the insulation wedge in
the aft closure section;

in3 Figs. 12, 14  Egs. 141,143

Volume of the ellipsoidal cap, with hole
cutout for the ignitor, which forms the
ingide surface of the insulation wedge in the
forward case closure section;

in’ Figs. 8, 10

Eq. 105
Volume associated with the outside surface
of the insulation wedge in the forward case

closure section, adjusted for ignitor hole;

in’ Figs. 8, 10 Egs. 93, 97

Volume of insulation material required for
the insulation wedge associated with the aft

casec closure section;

in’ Figs. 12, 14 Eq. 155
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INSULG

INTERNAL INSULATION GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

VIWCLAO

VIWCLF

VIWCLFO

VIWEAI

VIWEAIE

VIWEFI

VIWEFIE

Symbol

V
IWerLa0

IWeLr

IWerro

IWEAl

IWpAIE

Werr

IWErIE

Description; Ext. (Int.) Units

Volume of the hemi-ellipsoid associated with
the outside surface of the insulation wedge

in the aft ~ase closure section;

in> Fig. 14

Eq. 135
Volume of insulation material required for
the insulation wedge associated with the

forward case closure section;

in3 Figs. 8, 10

Eq. 106
Volume of the hemi-ellipsoid associated with
the outside surface of the insulation wedge

within the forward case closgure;

in> Figs. 8, 10

Eq. 85
Volume of the hemi-ellipsoid associated with
the inside surface of the insulation wedge

within the aft case closure;
in’ Eq. 144

Volume of the ellipsoidal cap associated
with the inside surface of the insulation
wedge in the aft case closure. If the
ingulation wedge extends beyond the closure,
VIWEAIE is the hemi-ellipsoid volume;

in3 Figs. 12, 14 Eq. 150
Volume of the hemni-eilipsoid associated

with the inside surface of the insulation

wedge within the forward case closure section

in’ Figs. 7, 9 Eq. 98
Volume of the ellipsoidal cap associated with
the inside surface of the insulation wedge in
the forward case closure section. If the
insulation wedge extends beyond the closure,
VIWEFIE is the hemi-ellipsoid volume;

in> Figs. 8, 10 Eq. 104

8u.1-117
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INSULG

INTERNAL INSULATION GEOMETRY INGML

OUTPUT DATA (Cort.):

Mnemonic

VIWFOY

VIWHAI

VIWHAIC

VIWHAIE

VIWHAOC

VIWHAOE

80.1-118

Symbol

v
IWrov

IWHAI

IWiAIC

IWHAIE

IWpaocC

IWyAOE

Description; Ext. (Int.) Units

Volume of the cylindrical section associated
with the outside surface of the ingulation
wedge in the forward case closure section;

in3 Fig. 10 Eq. 96

Volume of the cylinder, with ellipsoidal
cap, associated with the nozzle cutout cone
frustum, in the hemi-ellipsoid agssociated
with the inside surface of the insulation
wedge in the aft case closure section;

in’ Figs. 12, 14 Eq. 148
Volume of the cylindrical section, associated
with the nozzle cutout, within the hemi-
ellipsoid agsociated with the inside surface
of the insulation wedge in the aft case
closure section;

in’ Figs. 12, 14

Eq. 147
Volume of the ellipsoidal cap, at the aft
base of the cone frustum associated with
the nozzle cutout, within the hemi-ellipsoid
associated with the inside surface of the
insulation wedge in the aft case closure
section;

in’ Figs. 12, 14

Eq. 146
Volume of the cylindrical section, associated
with the nozzle ¢utout, within the hemi-
ellipsoid frustum associated with the outside
surface of the insulation wedge in the aft
cagse closure section;

in’ Figs. 12, 14

Eq. 138
Volume of the ellipsoidal cap, at aft base
of the cone frustum section associated with
the nozzle cutout, within the hemi-ellipsoid
agsociated with the outside surface of the
ingulation wedge in the aft case closure
section;

in3 Figs. 12, 14 Eq. 137
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INSULG

INTERNAL INSULATION GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

VIWHAT

VIWHFI

VIWHFIC

VIWHFIE

VIWHFO

VIWHFOC

Symbol

v
IWyAT

Wurr

IWurIC

IWuFIE

Wyro

Iw

HFOC

VS TET T At e e anea

INGM1

Description; Ext. (Int.) Units

Volume of triangular section, in insulation
wedge, associated with the cone frustum
cutout for the nozzle within the aft case
closure section;

in3 Figs. 12, 14 Eq. 154
Volume of the cylinder with ellipsoidal cap,
i1ssociated with the ignitor hole, in the hemi-
ellipsoid asgociated with the inside surface
of the insulation wedge in the forward case
closure section;

in3 Figs. 8, 10 Eq. 102
Volume of the cylindrica section, associated
with the igritor hcle, within the hemi-
ellipsoid associated with the inside surface of
the insulation wedge in the forward case
closure section;

in’ Figs. 8, 10 Eq. 101
Volume of ellipsoidal cap, at forward base
of the cylindrical section associated with
the ignitor cutout, within the hemi-ellipsoid
associated with the ingide surface of the
insulation wedge in the forward case
closure section;

in3 Figs. 8, 10 Eq. 100
Volume of the cylinder, with ellipsoidal cap,
associated with the ignitor hole, in the hemi-
ellipsoid and cylinder associated with the
outside surface of the insulation wedge in
the forward case closure section;

in3 Figs. 8, 10  Eqs. 90, 95
Volutae of the cylii.drical section, associated
with the ignitor hole, within the hemi-ellipsoid
associated with the outside surface of the
insulation wedge in the forward case closure
section;

3

in Figs. 8, 10 Eq. 88

80.1-119
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INTERNAL INSULATION GEOMETRY INGM1

QUTPUT DATA (Cont. ):

Mnemonic

VIWHFOE

VIWHFOL

VIWHFOY

VIWPD

YIJ1

YiJy2

80,1-120

[ - e

O

Symbol

v
WyroEe

IWuroL

IWuroy

IWPD

Description; Ext. (Int.) Units

Volume of ellipsoidal cap, at forward base
of the cylindrical section associated with the
ignitor cutout, within the hemi-ellipsoid
associated with the outside surface of the
insulation wedge in the forward case closure
section;

in3 Figs. 8, 10 Eq. 87

Volume of the cylindrical section, associated
with the ignitor hole, within the hemi-
ellipsoid associated with the outside surface
of the insulation wedge in the forward case
closure section. The bases of the cylindrical
section are the equatorial plane of the hemi-
ellipsoid and the "inside/outside wedge
surface osculation plane';

in3 Figs. 7, 8 Eq. 89

Volume of the cylindrical section, associated
with the ignitor hole, within the cylindrical
case section associated with the outside
surface of the insulation wedge in the forward
case clogurc gsection. The bases of the
cylindrical section are the equatorial plane
of the hemi-ellipsoid and the "inside/outside
wedge surface osculation plane'’;

in3 Fig. 10 Eq. 94

Volume of propellent displaced by the
insulation wedges associated with the
forward and aft closures;

3

in Eq. 223
Intermediate quantity for YIJPG computation;
in? Zq. 153

Intermediate quantity for YITPG computation;

in3 Eq. 189
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INSULG INTERNAL INSULATION GEOMETRY INGM1

QUTPUT DATA (Cont, ):

Mnemonic Symbol Description; Ext. (Int.) Units
Y1J3 Y3 Intermediate quantity foar YIJPG computation;
in Eq. 190
YIJ4 Y, Intermediate quantity for YIJPG computation;
in3 Eq. 191
YIJ5 Ys Intermediate quantity for YIJPG computation;
in2 Eq. 192
YIIPG YIT Centroid, measured with respect to the motor
PG centerline, of the polygon cross section for
joint cutouts;
in Fig. 17 Eq. 194
YISPG YIS Centroid, measured with respect to the motor
PG centerline, of the polygon cross section

associated with the port/grain insulation
component for slot cutouts;

in Fig. 16 Eq. 169
YIWHAT YIW Distance from axis of revolution to centroid
HAT of triangular section in insulation wedge,

associated with the cone ‘rustum cutout for
the nozzle, within the aft case closure section;

in Figs. 11, 13 Eq. 153

80,1-121
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INSULW INTERNAL INSULATION WEIGHT INWM1

90,1

MODEL TYPE: INSULW

(internal INSULation Weight)

MODEL NAME: INWM! (Geometry dependent)

DESCRIPTION:

INWM1 (internal INswlation Weight Model number 1) uses volumes,
determined by anTinsulation geometry model, to evaluate the internal
insulation component weights for a solid rocket motor. The computed
insulation weight breakdown may include the following components.

Insulation liner.

Insulation wedges associated with the forward and aft closures.
Joint ingulation.
Slot insulation.

Residual insulation.

PROCEDURE:

This is a two entrance model. At the first entrance, the insulation

densities are picked up and made available to define the insulation properties
required for the insulation geometry computations.

The internal insulation gecmetry is then evaluatéd by the model specified for
the INSULG model type and the component volumes are evaluated.

The second entrance of INWMI1 uses these volumes to evaluate the component

weights, then uses these component weights to compute the internal insulation
weight breakdown.

EQUATIONS:

Weight of insulation liner within forward case closure section,

w p

IL vIL (1)

= K
ILCLF WILCLF CLF

90.1-1

No equations are evaluated.
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INSULW INTERNAL INSULATION WEIGHT INWM1

EQUATIONS (Cont. ):

Weight of insulation liner within aft case closure section.

w = K P, V (2)
1 wiLcLaiL ‘i,

Weight of insulation liner within cylindrical case section,

w = K LP .V (3)
ILCY WILCY 'IL ILCY

Total weight of insulation liner. Includes forward closure, aft closure and
cylindrical section components,

P

w = K 1L VIL (4)

IL WIL

Weight of insulation wedge associated with forward case closure section.

w = K P, V (5)
Wepp wIWCLF 1w VIw_, o

Weight of insulation wedge associated with aft case closure section.

w = K PV (6)
Wera WIWCLA "IW “IW | .

Total weight of closure insulation wedges. Includes forward case closure
and aft case closure components,

WIW=K + W

(7)
CLF IWCLA)

wiw (Viw

Weight of insulation for a single slot having no sides inhibited.

ISIHO WISIHO 'IS ISIHO

Weight of insulation for a single slot having one side inhibited.
= K P Vv

w (9)
IS14 WISIH] 1S "1ISp
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F BIEE TR NRT W Myttt o3 2= 5 - e gy T AT . - n ey
g INSULW INTERNAL INSULATION WEIGHT INWM1
Pow @
: £ EQUATIONS (Coaat. ):
i g
f T'otal weight for slot insulation,
'
D Wis = Kwis As Vis (10)
f =
H Weight of insulation for a single joint having both sides inhibited.
!
’ v/ = K s Pre V (11)
E ”IHZ WIJIHZ '1J IJIHZ
E Total weight for joint insulation.
i ; = P
a Wiy * Bwy " Vi (12)
E Dengity of residual internal insulatici, material.
1 Pr = Bor, P1L * ¥ory 1 * ¥orw Piw * ¥ors As ¥ ¥or (12-a)
! Total residual insulation weight,
Y
¢ Y = K Y (13)
t INR WINR R "INp
i Total internal insulation weight, Includes liner, closure wedge, slot,
H and joint component...
| Win By (Wit Wiw * Wt W) (14)
Total non-axpended internal insulation weight cornponent.
w = K w (15)
INNX WINNX I'NR
Total expended internal insulation welght component,
w = K W, = W (16)
INg = Mwinx (Miv e Ying)
F Expended (thrust producing) internal insulation weight component.
INXT WINX1T INX
‘ Expended (non-thrust producing) internal insulation weight component.
w © W - W (18)
INX! INy INXT




INSULW INTERNAL INSULATION WEIGHT INWMI

INPUT DATA, INTRA-MODEL: s

The following data is input directly to this model by the program user, If a

value is not input, the preset value is used.

Mnemonic Symbol Degcription; Ext. (Int.) Units Preset
KRHOINR KPR Bias for RHOINR computation;
1b/in> 0 |
KRHOIRJ Kop 5 Coefficient for RHOINR computation; !_
N. D. 0 i
KRHOIR L KPRL Coetficient for RHOINR computation;
N. D. 1 '
KRHOIRS KPRS Coefficient for RHOINR computation;
N. D. 0
KRHOIRW Kpr Coefficient for RHOINR computation;
N. D. 0
KwIJ KWIJ Coefficient for WIJ computation;
N. D. 1
KWIJIH2 mele Coefficient for WIJTH2 computation;
N. D. l
KWwWIL KWIL Coefficient for WIL compgutation;
N. D. 1
KWILCLA KWILCLA Coefficient for WILCLA computation;
N. D, 1
KWILCLF KWILCL}‘ Coefficient for WILCLF computation;
_ M. D, 1
KWILCY KyiLcy Coefficient for WILCY computation;
N. D. 1
KWIN KWIN Coefficient for WIN computation;

N, D.




INSULW

INTERNAL INSULATION WEIGHT

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic

KWINR

KWINNX

KWINX

KWINXT

KWIS

KWISIHO

KWISIHI

KwWIw

KWIWCLA

KWIWCLF

RHOLJ

RHOIL

Svmbol
Kwinr

KwINNX

Kwinx

KWINXT

Kwis

KyisiHo

Kwisinl

Kwiw

KwiwcLa

KwiwceLr

pIJ

IL

INWM1
Description; Ext. (Int.) Units Preset
Coefficient for WINR computation;
N. D. 1

Coefficient for WINNX computation;
N. D, 1

Coefficient for WINX computation;
N. D. 1

Coefficient for WINXT computation;
N.D. 1

Coefficient for WIS computation;
N. D. 1

Coefficient for WISIHO computation;
N.D. 1

Coefficient for WISIH]1 computation;
N.D. 1

Coefficient for WIW computation;
N. D. 1

Coefficient for WIWCLA computation;
N. D. 1

Coefficient for WIWCLF computation;
N. D, 1
Density of internal insulation material
for joints;

Ib/in’ 0

Density of internal ingulation material
for liner;

1b/in’ 0

IR TN PP B R NPy CR

Pk NI
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INSULW

INPUT DATA,

era e

Bt T Jr—— AT e o e

INTRA-MODEL (Cont. ):

Mnemonic

RHOIS

RHOIW

INPUT DATA, INTER-MODEL:

Smbol

Pis

1w

This model requires as input certain data which is usually output from a

model of the specified model type.

source for this data, then it must be input directly with the intra-model input.

Mnemonic

viJ

VIJIHZ

VIL

VILCLA

VILCLF

90. 1‘6

Symbol

Vis

IJIHZ

IL

Lera

LeLr

INTERNAL INSULATION WEIGHT INWMI I i
o
B HE |
SPARE
Description; Ext. (Int.) Units Preset i
Density of internal insulation material f :
for slots; v
1b/in3 0 |
Density of internal insulation material g
for closure wedges; ; ;
1b/in> 0 ;
}
i
}
If the user has not specified such a 3
Description; Ext. (Int.) Units Model Tvpe _
i
Total volume of internal insulation required i
for joints; :
in? INSULG
Volume of internal insulation required for
a single joint having both sides inhibited;
in3 INSULG
Total volume of internal insulation required
for insulation liner. Includes cylindrical
section and closure components;
in3 INSULG
Volume of internal insulation liner within
the aft closure;
in3 INSULG
Volume of internal insulation liner within
the forward closure;
in3 INSULG
__ U |

i
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INSULW

INTERNAL INSULATION WEIGHT

INWMI

INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic Smbol
VILCY v

ILey
VINR v

Ng
VIS Vig
VISIHO v

18145
VISIH1 v

IS1m1
VIWCLA v

WerLa
VIWCLF v

WerLr

OUTPUT DATA:

Description; Ext. (Int.) Units Model Type

Volume of internal insulation liner within
the cylindrical case section;

in> INSULG

VYolume of residual internal insulation;

in3 INSULG

Total volume of internal insulation required
for slots;

in? INSULG

Volume of internal insulation required for a
single slot having no sides inhibited:

in3 INSULG

Volume of internal insulation required for
a single slot having one side inhibited;

in’ INSULG

Volume of internal insulation wedge
agssociated with the aft closure;

in> INSULG

Volume of internal irsulation wedge
associated with the forward closure;

in3 INSULG

The following data is8 output from this model. It ig available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonlic Smbol
RHOINR pR

Description; Ext. {Int.) Units

Density of residual insulation material;
Ib Eq. 12-a

90, 1-7
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INSULW INTERNAL INSULATION WEIGHT INWMI

OUTPUT DATA (Cont. ):

F- ¥
|
]
;
é

Mnemonic Symbol Description; Ext. (Int.) Units
' wiJ Wiy Total weight for joint insulation;
' 1b Eq. 12
WIJTH2 Wy Weight of insulation for a single joint having
H2 both sides inhibited;
: : b Eq. 11
WIL wIL To.al weight of insulation liner. Includes
forward closure, aft closure, and cylindrical
section components;
; . 1b Eq. 4
WIIC LA wIL Weight of insulation liner within aft case
CLA closuie gection;
| 1b Eq. 2
: WILCLF w Weight of insulation liner within forward
1L s
CLF case closure section;
i 1b Eq. 1
£ _
) WILCY Wi Weight of insulation liner within cylindrical '
‘: cYy cage section; ;
’; 1b Eq. 3 ;
| WIN Win Total internal insulation weight. Includes
; liner, closure wedge, slot and joint :
i components; |
E 1b Eq. 14
i WINNX WIN Total non ~xpended internal insulation :
NX weight exjsunent; i
1b Eq. 15 ;
WINR WIN Weight of residual internal insulation;
R 1b Eq. 13 ]
WINX wI‘N Total expended internal insulation weight 1
X component; !
1b Eq. 16

90,1-4
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INSULW

INTERNAL INSULATION WEIGHT INWMI

OUTPUT DATA (Cont. ):

Mnemonic

WINXI

WINXT

wIs

WISIHO

WISTHI

wIiw

WIWCLA

WIWCLF

Symbol

w
Nyt

IN XT

1S

w
IS1H0

S

Iw

IWera

WeLr

Description; Ext. (Int.) Units

Expended (non-thrust producing) internal
insulation weight component;

1b Eq. 18
Expended (thrust producing) internal
insulation weight component;

1b Eq. 17

Total weight for slot insulation;

1b Eq. 10
Weight of insulation for a single slot
having no sides inhibited;

1b Eq. 8
Weight of insulation for a single slot having
one side inhibited;

1b Eq. 9
Total weight of insulation of insulation

wedges. Includes forward case closure and
aft case closure components;

1b Eq. 7

Weight of insulation wedge associated with
aft clogsure section;

1b Eq. 6
Weight of insulation wedge associated with

forward closure section;
1b Eq. 5

90,1-9




s
=
Z

INTERNAL INSULATION WEIGHT

INSULW
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INTSTGG INTERSTAGE GEOMETRY ITGMI
100.1

MODEL TYFE: INTSTGG (INTerSTaGe Geometry)

MODEL NAME: ITGMl (Cone frustum)

DESCRIPTION:

ITGMI] (InTerstage Geometry Model number 1) evaluates the geometry for
a simple cone frustum or cylindrical interstage conaecting either two
substages (see figure 1) or the top substage and the payload (see figure 2).

PROCEDURE:

Prior to entering ITGMI, all substage and payload models have been executed.

ITGMI is then executed. If this is not the uppermost interstage in the
propulsion system, the geometry requirements of the substage below and
the substage above this interstage are used to determine the pertinent
interstage geometry, If this is the uppermost interstage in the propulsion

system, the substage below and the payload above are utilized to determine
interstage geometry.

After leaving ITGMI, the weight models for this particular interstage are
evecuted, Afcer all interstages are sized, the stage models will be executed
and, utilizing the interstage and substage data, the stage will be sized.

EQUATIONS:

Required interstage length component associated with the substage above
this interstage. Figs. 1, 2

L ={L (1)
Tssr < SsITA)
above

Required interstage length component associated with the substage below
this interstage. Figs. 1, 2

L = (L > (2)
IT SS
SSA ITF below

100.1-1
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INTSTGG INTERSTAGE GEOMETRY

EQUATIONS (Cont. ):

Interstage length, Figs. 1, 2

L = L + L + L

1T IT

IT  "ITggp SSF

S

Forward intcrstage base diameter. Figs., 1, 2

D = (D
oy e
F ITA above

Aft interstage base diameter. Figs., 1, 2
D =(D
ITh ( SSITF)

Interstage half angle. Figs. 1, 2

- D

Prr, T
OIT = arctan -

1T

below

Interstage slant height. Figs. 1, 2

LIT

IT

L =
ITL cos

Interstage surface area,
”

Sy = L + D

T = ) ir, (Prrg * Pit,)
Interstage aft base cross-sectional area.

1 2

A = H D

ITA ITA
Interstage forward base cross-sectional area,

: 2
Arr e (“77!7") DITF

100,1-2

ITGMI

(3)

(4)

(5)

(6)

(7)

(8)

{9)

(10)
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INTSTGG INTERSTAGE GEOMETRY ITGM1

7

SUBSTAGE

SUBSTAGE
ABOVE (FOREWARD)

. BELOW (AFT)

L L L
| ‘TSSF——T‘_ ITS——I-’- 'TSSA"—.'

Fig. 100,1-1 Geometry, Interstage Between Substages

100,1-3
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NTSTGG INTERSTAGE GEO‘METBY 1TGM1

cUBSTAGE
PAYLOAD BELOW (AFT)

o amm et

Fig- 100. 1-2 Geometry: interstage Between Substage and Payload

100.1-4
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INTSTGG

INPUT DATA, INTRA-MODEL:

a value is not input, the preset value is used.

INTERSTAGE GEOMETRY ITGM1
The following data is input to this model directly by the program user. If
Mnemonic Symbol Description; Ext. (Int.) Units Preset
LITS L
ITg

Spacing distance assoctated with the
interstage. (Figs. 1, 2);

in 0

INPUT DATA, INTER-MODEL:

This model requires as input certair. data which is usually output from a

model of the specified model type,

If the user has not specified such a

source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol
DSSITA DSSITA
DSSITF DSSITF
LSSITA LSSITA
LSSITF LSSITF

Description; Ext. (Int.) Units Model Type

Substage aft diameter for interstage attachment
Associated with the substage above, or forward
of, the interstage;

in SUBSTGG

Substage forward diameter for interstage
attachment. Associated with the substage
below, or aft of, the interstage;

n SUBSTGG

Length of interstage required for substage
abore, or forward of, the interstage. Ilncludes
noz:le protruding beyond aft substage skirt, etc.;

in SUBSTGG

Length of interstage required for substage
be:ow, or aft of, the interstage. Includes
closure protruding beyond forward skirt, etc.;

in SUBSTGG

100,1-5
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INTSTGG INTERSTAGE GEOMETRY ITGMI1

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic Symbol Description; Ext. (Int.) Units
AITA AIT Cross-sectional area, interstage aft base;
A .2
in Eq. 9
AITF Arr Cross-sectional area, interstage fore base;
F .2
in Eq- 10
DITA DIT Interstage aft (below) base diameter;
A in Figs. 1, 2 Eq. 5
DITF DIT Interstage forward (above) base diarneter;
F in Figs. 1, 2 Eq. 4
ITHA OIT Interstage half angle. (internal units, radians);
deg Figs. 1, 2 Eq. 6
LIT LIT Interstage length. Measured along centerline,
Altitude of cone frustum or cylinder;
in Figs. 1, 2 Eq. 3
LITL L Interstage slant height;
IT,
in Figs. 1, 2 Eq. 7
LITSSA LIT Required interstage length component
SSA associated with the substage above (forward);
in Figs. 1, 2 Eq. 2
LITSSF LIT Required interstage length component
SSF associated with the substage below (aft);
in Figs. 1, 2 Eq. 1
SIT SIT Interstage surface area;
in Figs. 1, 2 Eq. 8

100.1-6
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INTERSTAGE GEOMETRY

INTSTGG
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INTINSW INTERSTAGE EXTERNAL INSULATION WEIGHT ITIWMI

110.1

MODEL TYPE: INTINSW (LN_’I‘erstage External ﬁulation _V!eight)
MODEL NAME: ITIWMl (Geometry Dependent)

DESCRIPTION:

ITIWMI (InTerstage external Insulation Weight Model number 1) uses a
geometry dependent equation to evaluate the interstage external insulation
weight as a function of the interstage surface area and the external
insulation weight per unit area.

PROCEDURE:

Prior to entering ITIWMI, the model specified for the INTSTGC model
type has determined the interstage surface area,

The ITIWMI model uses the interstage surface area, together with the
externzl insulation weight per unit area, to determine the external
insulation weight breakdown.

After leaving ITIWMI, the model specificd for the INTSTGW model type
will uge the external insulation weights to evaluate the interstage weights,

EQUATIONS:

Total interstage external insulation weight.

W = K K S, W + K (1)
1T = ¥wimie (¥wimier St ity * Kwitiez)

Total non-expended interstage external insulation weight component,

Wy = Kyrrinx Wit (2)

TiEnx IE

Total expended intirstage external insulation weight component,

Wip, o = K

w (3)
IEX WITIX "IT

1IE

110.1-1
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INTINSW INTERSTAGE EXTERNAL INSULATION WEIGHT ITIWMI

EQUATIONS (Cont. ):

Expended (non-thrust producing) interstage external iiisulation weight
component,

w =W (4)
T E X1 ITiex

Expended (ti:rust producing) interstage external insulation weight component.

w = 0 (5)
MExT

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. If
a value is not input, the preset value is used,

Mnemonic Symbol Description; Ext., (Int.) Units Preset
KWITIE KWIT)E Coefficient for WITIE computation;

N. D. 1
KWIT.E] KWITIEI Coefficient for WITIE computation;

N. D. 1
KWITIEZ KWITIEZ Bias for WITIE computation;

1b 0
KWITINX KWITINX Coefficient for WITIENX computation;

N. D. 1
KWITIX KWITIX Coefficient for WITIEX computation;

N. D. 0
WITIUA wIT Weight of interstage external insulation

IVA per unit interstage surface area;

lb/in2 0

110,1-2
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INTINSW

INTERSTAGE EXTERNAL INSULATION WEIGHT

ITIWMI!

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such >
source for this data, then it must be input directly with the intra-model input,

Mnemonic

SIT

Szmbol

SIT

OUTPUT DATA:

The following data is output {rom this model.

Description; Ext. (Int,) Units Model Type
Interstage surface area;
in? INTSTGG

model input to other models and to print, plot, and optimization routines,

Mnemonic

WITIE

WITIENX

WITIEX

WITIEXI

WITIEXT

-S_ozlnbol

 e————

w
ITIE

w
ITIEIN)(

ITIEX

W
IT i px1

Tipxt

Description; Ext. (Int.) Units

Total interstage external insulation weight;

1b Eq. 1

Total non-expended interstage external
insulatior. weight component;

1b Eq. 2

Total expended interstage external insulation
weight component;

1b Eq. 3

Expended (non-thrust producing) interstage
external insvlation weight component;

1b Eq. 4

Expended (thrust producing) interstage
external insulation weight component;

1b Eq. 5

110,1-3
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INTSTRW INTERSTAGE STRUCTURE WEIGHT ITSWMI
$ 120. 1

MODEL TYPE: INTSTRW (INTerastage STRucture Weight)

MODEL NAME: 1ITSWMI (Puarametric weight scaling)

DESCRIPTION:

ITSWM] (InTerstage Structure Weight Model number 1) utilizes a parametric
weight scaling equation to determine the interstage structure weight. The
actual flight loads are not used explicitly as parameters by this model,

However, axial thrust loads are implicitly accounted for since the theorstical
equation, upon which the correlation analysis is based, uces motor thrust

as a loading parameter. See reference 8 for a description of the equation
and scaling rationale.

The interstage structure includes all of the interstage except the external
insulation.

The model is applicable for performance parameters within the following
limits (see Input Data - Inter Model).

5 € RAEXT H < 75
300 < PCHAVG < 1C00 psia
40 < TBPPMT < 140 sec.

30C0 < WPPMT <« 2,000,000 1lbs.

PROCEDURE:

Prior to entering ITSWMI, the geometry, weights, internal ballistics, and
propulsion chacacteristics for all of the substages have been evaluated,

For the substage immediately above this interstage, the models specified

for the IBGAS, I3PCRF, and NOZZLEG model types have evaluated the
internal ballistics and nozzle geometry. For the substage immediately

below this interstage, the models specified for the IBPERF and PROPELW
model types have evaluated the internal ballistics and propellent characteristica

The ITSWMI motlel is then executed and the interstage structure weight is
evaluated using parametric weight scaling equations. In addition, the inter-

stage structure weight is broken down into expended and non-expended
components.

120,1-1
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INTSTRW INTERSTAGE STRUCTURE WEIGHT ITSWMI

PROCEDURE (Cont. ):

After leaving ITSWMI], these expended and non-expended components will be
used by the model specified for the INSTGW model type to detern:ine the
interstage weights,

EQUATIONS:

Tctal interstage structure weight,
C

Wep _ Isp 2
w = K c MT YD (1)
1Tgp © NwirsT €1 | | K
below
w c* 1%
— PPy
Rinze (Venz = 1) P T,
‘ above

Total non-expended intcrstage structure weight component,

w = Kyrrsnx W (2)
ITgrnx WITSNX "IT o

Total expended interstage structure weight component.

W =0 (3)
ITgrx

Expended (non-thrust producing) interst age structure weight component,

W =0 (4)
ITsrxi

Expended (thrust producin;) interstage structure weight component.

W, =0 (5)
ITgrxt

! INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user, If
a value i8 not input, the preset value is used.

wm—

120,1-2
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INTSTRW INTERSTAGE STRUCTURE WEIGHT ITSWMI

INPUT DATA, INTRA-MODEL (Cont, ):

Mnemonic Symbol Description; Ext. (Int. ) Units Preset
CITSTI1 Cl Scaling constant for WITST computation;

N. D. 0,00114
CITSTZ C, Scaling constant for WITST computation;

N. D. 0. 665
CITST3 C3 Scaling constant for WITST computation;

N. D. 0.828
KWITST KWITST Proportional%ty f.actor for total interstage

structure weight;

N. D. 1
KWITSNX KWITS\IX Proportionality factor for non-expended inter-

! stage structure weight component;
N. D. 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol Description; Ext. (Int.) Units Model Type
CVDELV C# Delivered characteristic velocity of substage
above this interstage;
ft/sec IBGAS
ISPVD Isp Delivered vacuum specific impulse of substage
vD below this interstage;
sec IBPERF
PCHAVG P Average chamber pressure of substage above
AVG this i .
18 interstage;
psia IBGAS
120.1-3
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INTSTRW INTERSTAGE STRUCTURE WEIGHT ITSWMI

INPUT DATA, INTER-MODEL (Cont, ): i
Mnemonic Symbol Descrijtion; Ext, (Int, ) Units Model Type
RAEXTTH ‘Nz Expansicn ratio of substage above this
interstag>;
N. D, NOZZLEG
RLNZP RynzP Protruding nozzle ratio of substage above
this interstage; '
N. D. NOZZ1.EG
TBPPMY Ty Propellent l:Lrn time of substage above this
interstage;
sec IBPERF
" TBPPMT Ty Propellent burn time of substage below this
interstage;
sec IBPERF
WPPMT wPP Propellent weight of substage above this
MT interstage;
sec PROPELW )
WPPMT wPP Propellent weight of substage below this
MT interstage;
1b PROPEL

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-

model input to other models and to print, plot, and optimization routines. LS
Mnemoni_c Sxmbol Description; Ext. (Int,) Units -;_\'
WITST Wit Total interstage structure weight. Includes
E g ST all interstage weight except external
incsulation;

Ib Eq. 1
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INSTRW

INTERSTAGE STRUCTURE WEIGHT

QUTPUT DATA (Cont. ):

Mnemonic Symbol
WITSTNX Wit
STNX
WITSTX w
Msx
WITSTXI Wit
STXI
WITSTXT wIT
STXT

Description; Ext, (Int,) Units

ITSWMI

Total non-expended interstage structure weight

component;
b

Total expended interstage structure weigh.

component;
b

Expended (non-thrust producing) interstage
structure weight component

Ib

Expended (thrust producing) interstage
structure weight component;

Ib

Eq. 2

Eq. 3

Eq. 4

Eq. 5

120.1..5




.uw
M
M
M

T R TR AR

REEERTR A et e A

ITSWMI

INTERSTAGE STRUCTURE WEIGHT

INTSTRW

n £ISIID CISLID TISLID
on XNSLIMN ISLIMM
IXISLIM IXISLIM s XISLIM XNISLIM ISIIM
LHOLIM JUALOMHIS TOVISHAINI TRMSLI MHISINI

*(811e313p 3yy 105 syapows jndino uo uo13}238 9yYj) I3s)
p?8e3addns 10 pajurad 3y Aew moroq uaard saull ays yo Aue ‘indur Ag -pajurxd
°q [ I3quunu Jul 3yj §o 3337 Y3 03 }S1I918E UE PIM BIUL] 280Y3 ATUO ‘A[[RuUTUION

(AN AD0Td LNIdd

120,1-6

e ol



TENP TRTRIP PR W I YT g T LITETI

e e e G e e A R A Af—————— A e O B i m s e e 04 AT A

INTSTRW INTERSTAGE STRUCTURE WEIGHT ITSWM2

120. 2 }

MODEL TYPE: INTSTRW (INTerstage STRucture Weight)
P

MODEL NAME: ITSWM2 (Geometry Dependent Weight) '

DESCRIPTION:

ITSWM2 (InTerstage Structure Weight Model number 2) uses a geometry
dependent equation to evaluate the interstage structure weight as a function

of the interstage surface area and the weight per unit surface area. Although
this model may be utilized ior any interstage, its primary usage is for
simulating the top interstage within the propulsion = /stem (i, e., payload
adapter).

The intersiage structure includes all of the interstage :xcept the external
insulation,

PROCEDURE:

EQUATIONS:

Prior to entering ITSWM2, the model specified for the INTSTUG model
type has determined the interstage surface area.

The ITSWMZ model then uses the interstage surface area, together with
the structure weight per unit surfacz area, to determine the interstage
structure weight breakdown.

After leaving ITSWM2, the model specified for the INTSTGW model type
will use the interstage structure weight to determine the interstage weight.

Total interstage structure weight,

Wir . = K
S

Sit Wi, t ¥witsT?) (1)

wiTsT(XwITST1 SUA

Total non-expended interstage structure weight component,

W, =W (2)
HSTNX ITST i

Total expended interstage structure weight component.

w =0 (3)

hame Bk s At Sear

120, 2-1
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INTSTRW INTERSTAGE STRUCTURE WEIGHT ITSWM2Z 2

EQUATIONS (Cont. ): N

Expended (thrust producing) interstage structure weight component.

W =0 (4)
ITgrxT

Expended (non-thrust producing) interstage structure weight compraent.

v =0 (5) .
ITgrx1 i

INPUT DATA, INTRA-MODEL:

The follov’ing data is input to this model directly by the oprogram user., If
a value is not input, the preset value is used.

Mnemonic Symbol Description; Ext. (Int, ) Units Preset
KWITST KWITST Coefficient for WITST computation;
N. D. 1
KWITST1 KWITSTI Coefficient for WITST computation;
N' D. l
KWITST2 KWITSTZ Bias for WITST computation;
b 0
WITSUA wIT Interstage structure weight per unit surface ','
SUA area;
1b/in? 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol Description; Ext. (Int.) Units Model Type
SIT SIT Interstage structure surface area;
in® INTSTGG

120,2-2
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INTSTRW

INTERSTAGE STRUCTURE WEIGHT

OUTPUT DATA:

ITSWM2

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic Symbol
WITST w
ITgp
WITSTNX Wi
STNX
WITSTX w
ITgrx
WITSTXI w
ITgrx1
WITSTXT Wi
STXT

Description; Ext. (Int. ) Units

Total interstage structure weight, includes all
interstage weight except external insulation;

1b Eq. 1

Total non-expended interstage structure
weight component;

1b Eq. 2

Total expended interstage structure weight
component;

1b Eq. 3

Expended (non-thrust producing) interstage
structure weight component;

1b Eq. 5

Expended (thrust producing) interstage
structure weight component;

1b Eq. 4

120, 2-3
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INTSTGW INTERSTAGE WEIGHT ITWMI

130.1

MODEL TYPE: INTSTGW (INTerSTaGe Weight)

MODEL NAME: ITWM]1 (Weight Synthesis)

DESCRIPTION:

ITWM! (InTerstage Weight Model number 1) is a weight synthesis model

which evaluates the interstage weight breakdown. The interstage weight
is comprised of the following subsystems:

Interstage structure

Interstage external insulation

PROCEDURE:

Prior to entering ITWMI, the models specified by the INTSTRW and
INTINSW model types have evaluated the interstage structure and external
insulation weights. In addition to evaluating subcomponent weights peculiar
to their particular requirements, they have defined a set of component
weights in terms of expended or non-expended attributes.

These expended and non-expended weight components are input to ITWMI,

The ITWMI model will combire these quantities to determine the interstage
weigzht components,

After all of the interstages are sized, the model specified by the STAGEW

model type will use the substage and interstage quantities to determine the
stage weights and mass fractions,

EQUATIONS:

Total interstage weight,

wIT=K

WIT (WITS *Wor (1)

Y

130.1-1
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INTSTGW INTERSTAGE WEIGHT ITwWMI

EQUATIONS (Cont, ):

.

Total non-expended interstage weight component.

w s K w + W (23
Ty~ wmx (Mg Vi)

Total expended interstage weight component,

w = K w + W (3)
1Ty = Fwirx (Wirg o, * Vit o)

Expended (thrust producing) interstage weight component,

w = K W + W (4)
1ITyp - SwITXT (Mg * VIT o)

Expendcd (non-thrust producing) interstage weight component,

w = K w + W (5)
17y, = ®wirxt (Witg 1y ¥ VI o)

INPUT DATA, INTRA-MODEI.:

The following data is input to this model directly by the program user, If
a value is not input, the preset value is used,

o beat i ek

Mnemonic Symbol Description; Ext, (Int.,) Units Preset
KWIT K Proportionality factor for total interstage
wIT

weight;

N. D. 1
KWITNX KWITNX Proportionality factor for total non-expended

interetage weight component;

N. D. 1
KWITX KWITX Proportionality factor for total expended

interstage weight component;

M. D. 1
KWITX1 KWITXI Proportionality factor for expended (non-

thrust producing) interstage weight component:

N. D. 1

130,1-2
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INPUT DATA, INTRA-MODEL (Cont. ):

. e S AN SR AL

- Mnemonic Symbol Description; Ext. (Int.) Units Preset
¥ [N
o KWITXT KwiTxT Proportionality factor for expended (thrust
e producing) interstage weight component;

N. D, 1

LOREL LU

INPUT DATA, INTER-MODEL:

This model requires as input certain data which i{s usually output from a
model of the specified model type. If the user has not specified such a
source for this date:, then it must be input directly with the intra-model input,

P

Mnemonic Szmbol Description; Ext. {Int, ; Units Model Type
{ B—— i
: :
E WITIE Wit Total interstage external insulation weight;
f 1= Ib INTINSW
L WITIENX wI’I‘ Total non-expended interstage external
E { IENX insulation weight component;
E Ib INTINSW
i WITIEX Wit Total expended interstage external insulation
i IEX weight component;
E b INTINSW
f WITIEXI wlT Expended (non-thrust producing) external
1IEXI insulation weight component;
1b INTINSW
WITIEXT W”. Expended (thrust producing) external
IEXT insulation weight component;
1b INTINSW
WITST Wit Total interstage structure weight;
51 1b INTSTRW
WITSTNX wIT Total non-expended interstage structure weight
[ STNX component;
Ib INTSTRW

130,13




INTSTGW

INTERSTAGE WEIGHT ITWMI

INPUT DATA, INTER-MCDEL (Cont. ):

Mnemonic Symbol
WITSTX w

ITgTx
WITSTXI w

ITgrx1
WITSTXT W

ITgrxT

OUTPUT DATA:

Description; Ext. (Int.} Units Model Type

Total expended interstage structure weight
component;

1b INTSTRW

Expended (non-thrust producing) interstage
structure weight component;

1b INTSTRW
Expended (thrust producing) interstage
structure weight component;

1b INTSTRW

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

Mnemonic Symbol
WIT wIT
WITNX w
| ITx
: WITX w
; Ty,
)
I
WITXI w
1Ty

130.1-4

Description; Ext. (Int.) Units

Total interstage weight. Includes structure
and external insulation;

1b Eq. 1
Total non-expended interstage weight

component, Includes structure and external
insulation;

Ib Eq. 2
Total expended interstage weight component.
Includes structure and external insulation;
1b Eq. 3
Expenied (non-thrust producing) interstage

weight component. Includes structure and
external insulatisn;

1b Eq. 5

a0 b

Mt el




INTSTGW

OUTPUT DATA (Cont. ):

Mnemonic Szmbol
WITXT w
ITX’I‘

INTERSTAGE WEIGHT ITWMI

Description; Ext. (Int.) Units

Expended (thrust producing) interstage
weight component, Includes structure and
external insulation;

1b Eq. 4

130,1-5

] _
i
.l..‘ 8
A .
3 _
‘ »
3 8
.
B
4
. .-..A:;
ol
ok




=
S
g

INTERSTAGE WEIGHT

INTSTGW

LXLIMN DGIMN 2 XLIM INLIMN hASY |
IXLIN IXIIM T XLIM XNLIN IInM
JHOLIN FOVISHEILNT TWALLI MOLSLNI

‘(s[te13p ay3 10j syapowr IndINO UO WOIIIE I I3§)
p2es31ddns 1o pajurad 3q Lew moraq usarld samy ay3 jo Aue ‘indut Ag  -pajurad
2Q 1M I3quinu July 3 JO 3J3] 3Y) O] YslIAse Ue YIm saul] asoyy A[uo ‘Aremwron

AT ID0TE INIdd

130, 1-6



cwees SR H
. D

Shad Y e

gyt

¥

b RN R o e

MISCMTW MISCELLANEOUS MOTOR WEIGHT MMWMI1
140.1
MODEL TYPE: MISCMTW (MISCellaneous }iiol‘or yeight)

MODEL NAME: MMWMI

{Collective Miscellaneous Subsystems,
Parametric Scaling)

DESCRIPTION:

MMWM1 (Miscellaneous Motor Weight Model number 1) utilizes a
parametric scaling equation to determine collectively the weight of a set

of miscellaneous solid rocket motor subsystems., The subsystems
considered are:

Raceways

Base heat protection
Igniter
Ordnance

See reference 8 for a description of the equation and parametric scaling
rationale,

The model is applicable for performance paramecters within the following
limite (see Input Data, Inter-Model and reference 8, figure 15).

1000 1b < WFPMT < 5,000,000 1b
PROCEDURE:

In addition to evaluating the miscellaneous motor weight, the MMWMI

model determines the weoight breakdown in terms of expended and non-
axpended components,

These expoended and non-expended component weights will later be used by

the model apecified for the MOTORW model type to determine the motor
veights and mass fractions.

140,1-1
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MISCMTW MISCELLANEOUS MOTOR WEIGHT MMWMI1

EQUATIONS:

Total miscellaneous molor weight,

c
W =K c, (W 2 (1)
Mm = Kwmm €1 PP, 1)

Total non-expended miscellaneous motor weight component.

WMMNX = Kymmnx WMm (2)

Total expended miscellaneous motor weight component.

Wum =0 (3)
X

Expended (thrust producing) miscellaneous motor weight component.

w =0 (4)
MM

Expended (non-thrust producing) miscellaneous motor weight component.

w =0 (5)
MM, 1

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. If

a value i3 not input, the preset value is used.

Mnemonic Symbol Description; Ext. (Int. ) Units Preset
cCMMwli CI Scaling constant for WMM computations;

N. D. 0. 05
CMMw2 C, Scaling constant for VMM computation;

N. D. 0.8
140,1-2
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g MISCMTW MISCELLANEQOUS MOTOR WEIGCHT MMWMI ..
:.
i i
'3
‘.L INPUT DATA, INTRA-MODEL (Cont, ):

Mnemonic Symbol Description; Ext, (Int.) Units Preset
( KwWwMM KarmMm Proportionality factor for total miscellaneous
: motor weight;

N. D. 1

; KWMMNX

K Proportionality factor for non-expended
WMMNX miscellaneous motor weight component;

N, D. ]

INPUT DATA, INTER-MODEL:

This m~el requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, :hen it must be input directly with the intra-model input.

Ar e ma—— e g

Mnemonic Symbol Description; Ext. (Int.) Units Model Type
, WPPMT w Propellent weight; .
t PPyt
' 1b PROPELW .y

QUTPUT DATA:

.
The following data is output by this model, It is available for use as inter- '

model input to other models and to print, plot, and optimization routines.

Mnemonic Symbol Description; Ext. (Int, ) Units
WMM wMM Total miscellaneous motor weight, includes

weights of raceways, base heat protection,
igniters, and ordnance;

1b Eq. 1

WMMNX wMM.N Total non-expended miscellaneous motor
X

weight component, includes weights of 2
raceways, base heat protection, igniters, 3
and ordnance;

1b

Eq. 2




MISCMTW MISCELLANEOUS MOTOR WEIGHT MMWMI

OUTPUT DATA (Cont. ):

Mnemonic Szmbol
WMMX wMM
X
WwWMMX1 Wl M
XI
WMMXT W.
MMXT
140.1-4

Description; Ext, (Int.) Units

Total expended miscellaneous motor weight
component, includes weights of raceways,
base heat protection, igniters, and ordnance;

ib Eq. 3
Expended (non-thrust producing) miscellaneous
motor weight component, includes weights of

raceways, base heat protection, igniters,
and ordnance;

1b Eq. 4

Expended (thrust producing) weight component,
includes weights of raceways, base heat
protection, igniters, and o:dnance;

ib s Eq. 5
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£ MOTORG MOTOR GEOMETRY MTGM1
¥

150, 1

!

{ MODEL TYPE: MOTORG (MOTOR Geometry)

MODEL NAME: MTGMI (Solid Rocket Motor)

{ DESCRIPTION:

MTGMI1 (MoTor Geometry Model number 1) evaluates the geometry of a
basic solid rocket motor. The motor includes only the cylindrical case
section, forward case closure section and aft case closure section. It may
include diameter corrections for raceways, etc., but does not include the
protruding portion of the nozzle, thrust termination ports, etc. The latter
quantities are evaluated by the substage geometry model. The motor
geometry is illustrated by figure 1,

PROCEDURE:

Prior to entering MTGMI, the models specified by the PROPELW, CASEG,

and GRAING model types have evaluated the geometry of the major motor
components,

—

MTGMI! then determines the basic motor geometry.

After executing MTGMI, the model specified by the SUBSTGG model type

will utilize the motor geometry and nozzle geometry to determine the suhstage
geometry.

EQUATIONS:
Length of forward motor closure, (Figure 1)

L = K L + K (1)
MToyy  MT) "CScupo  MT,

Length of aft motor closure. (Figure !;

L = ¥ Lo . 1R, (2)
MT MT, CS AL MT,

150, 1-1
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MOTORG MOTOR GEOMETRY

EQUATIONS (Cont. ):

Length of motor cylindrical section, (Figure 1)

L = K L + K
MTCY l\"IT5 CSCY MT6

Total motor length. (Figure 1)

L = L + L + L
MT MTCY MTCHF MTCHA
Total motor diameter, (Figure 1)

D = K D + K
MT MT7 CSO MTgq

Motor cross sectional area.
- (7 2
Ayr = () Dur
Ratio; motor length to cage diameter,
R . Lmr
LDMTCS D

CSO

Ratio; motor length to motor diameter.

R _ Lmr
LDMT = Do

Motor volume.

v =V

MT GN

Motor volumetric loading efficiency.

v
n = PPMT
PPyt MT

150.1-2

MTGMI1

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)




" T T Y WA WY 4

TN

e et

MOTORG MOTOR GEOMETRY MTGMI

EQUATIONS (Cont. ):

Motor forward skirt length. (Figure 1)

L = K . D + K (11)
MTg - MTSKF1 ~CS g MTSKF2

Motor aft skirt length, (Figure 1)

L = K D + K (12)
MTgy o MTSKAl ~CS, MTSKA2

150,1-3
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Fig. 150.1-1 Basic Motor Geometry
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MOTORG MOTOR GEOMETRY MTGM!
g INPUT DATA, INTRA-MODEL:
The following data is input directly to this model by the program user. Ilf a
value is not input, the preset value is used,
Mnemonic Symbol Description; Ext, (Int, ) Units Preset
KMTSKAI KMTsKaAl Proportionality factor relating the motor aft
skirt length to the outside case diameter;
N. D. 0.1
KMTSKAZ2 KMTSKAZ Bias for motor aft skirt length computation;
in 0
KMTSKF1 KMTSKFI Proportionality factor relating the motor
: forward skirt length to the outside case
diameter;
N‘ D. 0. l
KMTSKF2 K Bias for motor forward skirt length
MTSKF2 computation;
{ in 0

The following coefficient and bias quantities are made available for input,
However, in normal applications, the preset values are used for most, if

not all, of these quantities, Note that these coefficicnt quantities are preset
(1) and the bias quantities are preset (0).

KMT1 . KMTI Coefficient for LMTCHF computation;

N. D. 1
KMT2 KMTZ Bias for LMTCHF computation;

in 0
KMT3 KMT3 ‘ Coefficient for LMTCHA computatinn:

N. D. l
KMT# KMT4 Bias for LMTCIIA compu ‘on;

in 0

150. 1'5
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MOTOR GEOMETRY

INPUT DATA, INTRA-MODEL (Cont, ):

Mnemonic

KMT5

KMTé6

KMT7

KMT8

Symbol

KuTs

KMTé6

Kyvre

KmTs

MTGM1
Description; Ext, (Int.) Units Preset
Coefficient for LMTCY computation;
N, D. 1
Bias for LMTCY computation;
in 0
Coefficient for DMT computation;
N. D, 1
Bias for DMT computation;
in 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a

modei of the specified model type,

Mnemonic

DCSO

LCS

LCSCY

LCSCHAO

I.CSCHF O

150. 1-6

Sz mbol

D
CSO

Les

L
CSCY

L
CSCHAO

L
CScuro

If the user has not specified such a
source for this data, then it must be input directly with the intra.model input,

Description; Ext. (Int.) Units Model Type
QOutside case diameter;

in Fig, 1 CASEG
Case lenpth;

in CASEG
Cylindrical case section length;

in CASEG
Aft case closure length;

in CASEG
Forward case closure .ength;

in CASEG
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MOTOR GEOMETRY

INPUT DATA, INTER-MODEL (Cont, }):

Mnemonic Szmbol

VGN v GN

VPPMT \'
PPMT

OUTPUT DATA:

The following data is output from this mod=l.

MTGMI
Description; Ext. (Int.) Units Model Type
Volume of grain envelope;
in GRAING
Propellent volume;
in3 PROPELW

model input to other models and to print, plot, and uptimization routines,

Mnemonic Szmbol
AMT AMT
DMT DMT
LMT LM‘I‘
LMTCHA L

MTeya
ILMTCHF L

MTcur
ILMTCY L

MTCY

Description; Ext. (Int.) Units

Motor cross sectional area, May include
raceways and other protrusions;

in Eq. 6
Motor diameter. May include allowance for
raceways and other protrusions;

in Fig. 1 Eq. 5
Motor length, Does not include protruding
nozzle, outside igniter attachment, thrust
termination parts, etc,;

in Fig. 1 Eq. 4
Aft motor closure length;

in Fig. 1 Eq. 2
Forward motor closure length, Does not

include outside igniter attachments, thrust
termination ports, etc.;

in Fig. 1 Eq. 1
Motor cylinder length;

in Fig. 1

Eq. 3

It is available for use as inter-
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MOTORG MOTOR GEOMETRY MTGMI

OUTPUT DATA (Cont. ):

Mnemonic Symbol Description; Ext. (Int,) Units

LMTSKA LMT Motor aft skirt length. Measured along
SKA outside of skirt from intersection of
cylindrical motor section and zft closure
section;

in Fig. 1 Eq. 12

LMTSKF LMT Motor forward ski-t length. Measured along
""SKF outside of skirt frcm intersection of cylindrical
motor section anu forward motor section;

in Fig. 1 Fq. 11

RLDMT RLDM’I‘ Ratio, motor length to motor diameter;
N, D. Eq. 8

RLDMTCS RLDMTCS Ratio, motor length to case outside diameter;

N. D. Eq. 7

RVPPMT n Motor volumetric loading efficiency. Ratio
PPy

of propellent volume to motor volume;
Nc Dc Eq. 10
YMT VMT Motor volume, Volume of grain envelopc.

Excludes case liner;

1n3 Eq. 9

156,1-8
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MOTORW MOTOR WEIGHT MTWMI
160.1

MODEL TYPE: MOTORW (MOTOR \l’eight)

MODEL NAME: MTWMIL (Wei av Synthesis)

DESCRIPTION:

MTWMI (MoTor Weight Model number 1) is a weight synthesis model
which evaluates the motor weight breakdown, The raotor weight is
comprised of the following subsystems,

Propellent

Case (includes joint weight penalty if applicable)

Thrust term’nation mechanism

Internal insulation

Thrust vector control system

Miscellaneous motor weight (includer raceways, base heat

protection, igniters, and ordnance)

Note that the above subsystems do NOT include the nozzle, See the
SUBSTGW model type for substage (motor plus nozzle) weight quantities,

PROCEDURE:

Prior to entering MTWMI, all of the models which evaluate motor subsystem
weights have been executed. In addition to evaluating sub-component weights
peculiar to its particular requirement, each model haes Jefined a set of com-
ponent weights in terms of expended or non-expended attributes,

These expendad or non-expended sulisystern weights are input to the MTWMI
model which, in turn, combines these quantities to determine the inotor
weight breakdown, The motor mases {ractions are also evaluusted.

After MTWMI {s executed, the model specified by the SUBSTGW model type

will utilize thesc motor quantities, with the nozzle quantities, to determine
the total substage weights and mass {ractiones,

160, 1-1

TR T N Y PIIRE PRPQI LAY U SUPT |

i,



e T, B

) 5 - A BLL ean e s e TH L e ATARL VRO S - . - "
STEO AN PPV RS (R e e

PP XS R zaw

Tt T WA W —vj

MOTORW MOTOR WEIGHT MTWMI

EQUATIONS:

Total motor weight.

Wur = Bwmr (Wep, ot Wes P Wrr t Wvm Y Wi Wrv) (1)
Total non-expended motor weight component, (2)
w = K w +Ww +Ww +w +w
MTyx - KwMtNx (Wesyy * Wrrgy * WMy, * Wing,  Wvy )
Total expernided motor weight component (excluding propellent).
w = K w + W + W + W, +W (3)
MTx WMTX( CSX TTX MMX Il\x TVX)
Expended (thrust producing) motor weight component,
(4)
w = K w + W + W + W + W..
MTyp © Bwmrxt(Yes,p * Yot F WMy P Vit W )
Expended (non-thrust rroducing) motor weight component,
w = K w + W + W +w + W {5)
MTy; - Swmrxr(Mesy * Wrry, * Wmmg, * Ving, * vy,
INPUT DATA, INTRA-MODEL: E
The following data is input to this model directly by the program user, If 3
a value is not input, the preset value is used. ;
Mnemonic Szmbol Description; Ext., (Int.) Units Preset ;
1
KWMT KWMT Proportionality factor for total motor weight, |
N, D. 1
KWMTNX K Proportionality factor for non-expended
WMTNX motor weight componert; :
!
N.D 1 |
J,.
160,1-2
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MOTORW MOTOR WEIGHT MTWMI1

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Symbol Description; Ext, (Lit.) Units Preset
KWMTX K Proportiorality factor for total expended
WMTX .
motor weight component;
N. D. 1
KWMTXI KWMTXI Proportionality factor for expended (non-thrust

producing) motor weight component;
N. D. |

KWMTXT KWMTXT Proportionality factor for expended (thrust

producing) motor weight component;

N. D. 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol Description; Ext, (Int,) Units Model Type
»
WwWCS wCS Case weight, total;
1b CASEW

WCSNX wCS Case weight component, total non-expended;

NX 1b CASEW
WCSX WCS Case weight component, total expended;

X 1b CASEW
wCsXl1 WCS Case weight component, expended, (non-

X1 thrust producing);

b CASEW

160,1-3
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MOTORW MOTOR WEIGHT MTWMI
INPUT DATA, INTER-MODEL (Cont. ): .-
Mnemonic Symbol Description; Ext. (Int.) Units Model Type
WCSXT wCS Case weight component, expended, (thrust
XT producing);
1b CASEW
WIN wIN Internal insulation weight, total;
1b INSULW
WINNX wIN Internal insulation weight component, total
NX non-expended;
1b INSULW
WINX wIN Internal insulation weight component, total
X expended;
1b INSULW
WINXI WIN Internal insulation weight component,
XI expended, (non-thrust producing);
1b INSUL W
WINXT Win Internal insulation weight component,
XT expended, (thrust producing);
1b INSULW
wMM wMM Miscellaneous motor weight, total;
1b MISCMTW
WMMNX WM Miscellaneous motor weight component, total é
M'NX non-expended; [
1b MISCMTW
WMMX WMM Miscellaneous rnotor weight component,
X total expended; !
1b MISCMTW "
wWMMXI WMM Miscellaneous motor weight component,
XI expended, (non-thrust producing);
1b MISCMTW
1600 l -4



MOTORW MOTOR WEIGHT MTwWMI

B
» \
5 7 INPUT DATA, INTER-MODEL (Cont. ):
Mnemonic Symbol Description; Ext, {(Int,) Units Model Type
%‘ WMMXT wMM Miscellaneous motor weight component, =
- XT expended, {thrust producing); o
b MISCMTW
z WPPMT w Propellent weight;
P PPur
: 1b PROPELW
WTT wTT Thrust termination weight, total; ;
1b TTERMW
WTTNX w Thrust termination weight component, total
TT
NX non-expended; i
1b TTERMW ﬁ
WTTX Wor Thrust termination weight component, total ;
X expended;
' 1b TTERMW :
WTTXI Wot Thrust termination weight component, 7
X1 expended, (non-thrust producing); !
1b TTERMW . -
WTTXT WTT Thrust termination weight component, . ‘
XT expended, (thrust producing); )
1b TTERMW
wWTV WTV Thrust vector control weight, total; .
1b TVCW '
WTVNX wTV Thrust vector control weight component, total :
_ NX non-expended; ]
' 1b TVCW
WTVX w Thrust vector control weight component, total ‘
TV
! X expended;
1b TVCW

160,1.5 2
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MOTOR WEIGHT MTWMI

INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic Symbol
WTVXI w
TVx1
WTVXT w
TVXT

OUTPUT DATA:

Description; Ext, (Int,) Units Model Type

Thrust vactor coatrol weight component,
expended, (non-thrust producing);

b TVYCW
Thrust vector control weight component,
expended, (thrust producing):

1b TVCW

The following data is output from this model. It is available for use as inter-
mode!l input to other models and to print, plot, and optimization routines.

Mnamonic Symbol
wMT Wyt
WMTNX w

MT\x
WMTX WMTX
160.1-6

Description; Ext, (Int.) Units

Total motor weight. Includes propelle:t,
case, thrust termination, miscellaneous,
internal insulation, and thrust vector control
rubsystems, Does not include nozzle;

1b Eq. 1

Total non-e¢xpended motor weight component,
Includes case, thrust terraination,
miecellaneous, internal insulation, and thrust
vector control subsystems. Does not include
nozzle;

Ib Eq. 2

Total expended motor weight conmiponent,
Includos case, thrust termination,
miscellaneous, internal insulaticn and thrust
vector control subeystems, Does not include
propellent or nozzle;

1b Eq. 3
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P MOTORW MOTOR WEIGHT MTWMI
Lo ]
£ OUTPUT DATA (Cont, ): P4
i Mnemonic Symbol Description; Ext. {Int.) Units i
' —_— ; 4
b i3
T WMTXI WMT Expended (none«thrust producing) motor weight P

XI component, Includes case, thrust termination,

miscellaneous motor, internal ineulation, and
. thrust vector control subsystems, Does not
: include nozzle;

1b Eq. 5

- — T Y

WMTXT w

MT Expended (thrust producing) motor weight !

XT component, Includes case, thrust termination,
miscellaneous, internal insulation, and
thrust vector controi subsystems. Does not
include propellent or nozzle;

1b Eq. 4

1
i
3
4
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NOZZLEG NOZZL% GEOMETRY NZGM1

170.1

MODEL TYPE: NOZZLEG (NOZZLE Geometry)

PRI

MODEL NAME: NZGM1 (Conical nozzle)

R * LM e O 3 ARG ol T 5 1 B o A

DESCRIPTION:

NZGM]! (NoZzle Geometry Model number 1) evaluates the geometrical
expressions required for a simple conical nozzle design having circular
convergent and transition section contours. Due to the requirement that the
nozzle contour be smooth (continuous function and continuous first derivative) :
where the major sections join at the throat and transition planes, the conical '
section half angle is equal to the transition section arc angle. '

- A

The model assumes:

1, The length of the convergent section is directly proportional to the
throat diameter.

2. The radius of curvature of the convergent section contour is directly
proportional to the throat diameter,

3. The radius of curvature of the transition section contour is directly
proportional to the throat diameter.

4. The conical section half angle is equal to the transition section
arc angle,

5. The nozzle has zero thickness.

It should be noted that the placement of the buried nozzle plane with respect
to the motor is not determined by this model. Although always associated
with the outside surface of the aft case closure, the actual placement of the

buried nozzle plane is normally specified by the model associated with the
GRAING mode! type.

For an appreciation of the basic nozzle terminclogy used within this model,
see figure 1, Figures 2 through 5 illustrate the nozzle geometry and are
useful when referring to the symbol definitions and equations,

170,1-1
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PROCEDURE:

Prior to entering NZGM1, the models specified by the IBGAS and IBPERF
model types have evaluated the gas characteristics, chamber pressures and
propellent weight flow for the solid rocket motor.

The NZGMI is then executed and the conical nozzle geometry is evaluated.
After executing NZGM1, the model specified by the IBPERF model type is
reentered (if required) to evaluate the performance quantities which are
dependent upon the nozzle geometry.

EQUATIONS:

Nozzle throat area.
L ]
wPP C%

_ MT
- 1
ANZTH g, FAvG ()

Nozzle throat diameter. (Figures 2, 3, 4, 5]

Ay Zos '
DNz, TN T (2)
TH n

Proportionality factor relating nozzle entrance diameter to nozzle
throat diameter.

_ [z 2
KpENT 1+z(cz- cs - C) ) (3)

Porportionality factor relating nozzle transition diameter to nozzle
throat diameter.

Kypp = L+ 2C, [1 - cos {oNZ)] (4)
Ratio, nozzle transition diameter to nozzle throat diameter.

R K

DTRTH - EpTR (5)

Expansion ratio at nozzle transition plane.

‘TR © (RDTRTH>2 (6)

170,1-2
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NOZZLEG NOZZLE GEOMETRY

EQUATIONS (Cont. ):

Ratio, nozzle exit diameter to nnzzle throat diameter.

Radius of curvature, convergent nozzle section. (Figure 3;

i

TH

R = C, D
'CCV 2 "NZ

Radius of curvature, transition nozzle section. (Figure 4)

R =C, D
CTR 3 NZ’I‘H

Nozzle entrance diameter, (Figure 3)

D = K D,
NZENT DENT NZTH

Nozzle transition diameter. (Figure 4)

D R

= D
NZog DTRTH ~NZp,

Nozzle exit diameter, (Figure 5)

D = R D
NZEXT DEXTTH NZTH

Nozzle entrance area. (Figure 3)

= i DZ
ANZENT (1) NZ

Nozzle transition area. (Figure 4)

A . LT pe
NZog = M3 DNz,

NZGMI

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

170,1-3
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NOZZLEG NOZZLE GEOMETRY

EQUATIONS (Cont. ):

Nozzle exit .rea. (Figure 5)

ANZpyr H—) DilzEx'r

Convergent nozzle section length. (Figure 3)

= C, D
LNZCV 1 PNz

Transition nozzle section length. (Figure 4)

Nz oo T I"'(:TR sin 0 ;)

Conic nozzle section length, (Figure 5)

(DNZEXT ) DNZTR)

LNZCN = Z ﬁ(&Nz)

Body nozzle section length, (Figure 2)
L = +
NZppy = NZey & Nz
Divergent nozzle section length, (Figure 2)

= + L
Lnz oV "‘NZTR NZ

Total nozzle length, (Figure 2)
L = + L
Nz T MNzoy, t otz

Buried nozzle section length. (Figure 2)

Inzg * KinzB Inz

170, 1-4
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(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)
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EQUATIONS (Cont. ): . 3

Protruding nozzle section length. (Figure 2} .

»
s i i '-"."”W"."'."mwm

= - (23)
Inz, vz - Inzg
: Buried nozzle length ratio.
: LNZB (23-a)
RinzB © T -2

Protruding nozzle length ratio.
L
‘sz

= 23-b
RinzP T (23-b)

Length buried in convergent nozzle section, (Positive sense towards
entrance.) (Figure 4)

- —————

= - L (24) f
| INzgey & Nz, T BNz |
Length buried in transition nozzle section, (Pogitive sense towards exit. )

(Figure 4)
L = L - L (25)
NZgrr NZg NZ.y

Length buried in conic nozzle section, (Positive sense towards exit, )
(Figure S)

= -1 +(26)
LNZBCN LNZB NZppy

Buried nozzle diameter evaluation:

If the buried nozzle plane is within the convergent nozzle section, (Figure 3)

2 2
D = D,.. + 2 (R -, /R - L ) (27)
NZp  "Nigpy Cev \/ Ccv Nigey

Sedmdti2 T

170, 1-5
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NOZZLEG NOZZLE GEOMETRY NZGM1

EQUATIONS (Cont. }):

If the buried nozzle plane is within the transition nozzle section, (Figure 4)

2 )
D =D + 2 (r - R -L ) (28)
NZg "NiZpy ( Crr \/ Crr  NZprg

If the buried nozzle plane is within the conic nozzle section, (Figure 5)

D

NZ + 2L

NZ tan (0 ;) (29)

= D
B NZrg BCN

Associative Quantities. The following quantities are intended solely for

optional utilization by the program user. (Their primary usage within this
model is for forming constraint quantities. )

Qpp ~ Kqps DNZB (30)
9pENT * KapEN PNz (31)
Spext * ¥apEX PNz, (32)
ANz * KoL Inz (33)
s * ®aLp Mz (34)
Uty © KaprH PNz, (35)
170,1-6
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Fig. 170,1-2 Conical Nozzle, Total Geometry
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NOZZLEG NOZZLE GEOMETRY NzZGM1

INPUT DATA, INTRA-MODEL: R

The following data is input directly to this model by the program user, Ifa
value is not input, the preset value is used,

Mnemecnic Symbol Description; Ext. (Int.) Units Preset

CNZz1 C1 Proportionality factor relating convergent :
nozzle section length to nozzle throat ;
diameter; i
N. D. .4

CNz2 C2 Proportionality factor relating the radius

of curvature of the convergent nozzle
section contour to the nozzle throat diaineter;

N. D, 1

CNZ3? C3 Proportionality factor relating the radius of
curvature of the transition nozzle section
contour to the nozzle throat diameter;

N. D. .2
KQDNZB KQDB Asgoclative quantity coefficient for

QILNZB computation;

N.D. 0

KQDNZEN KQDEN Associative quantity coefficlent for

QDNZENT computation;

Nl Dl O
KQDNZEX KQDEX Asgociative quantity coefficiert for

GDNZEXT computation;

N. D. 0
KQDNZTH KQD’I‘H Associative quantity ccefficient for

QDNZTH comput: tion;

N. D. 0

KQLNZB KQLB Associative quantity coefficient for
QLNZB computation;

Nl DI 0

KQINZ KQL Associative quantity coefficient for
QLNZ coraputation;

N. D. 0

170, 1-12
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NOZZLE GEOMETRY NZGM1

INPUT DATA, INTRA-MODEL (Cont. ):

KINZB

NZHA

RAEXTTH

INPUT DATA, INTER-MODEL;

«

LNZB

‘NZ

Proportionality factor relating buried nozzle
length to total nozzle length;

N. D. 0

Nozzle half angle;
deg Figs. 2, 4, 5 0

Nozzle expansior ratio at nozzle exit plane.

Ratio of nozzle exit area to nozzle throat area;

N.D. 0

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic

CVDELV

DWPPMT

PCHAVG

Symbol

C*

.
w

PPy

P

AVG

OUTPUT DATA:

Description; Ext. (Int.) Units Model Type

Delivered characteristic velocity;

ft/sec IBGAS
Propellent weight flow;

1t /sec IBPERF
Average chamber pressure;

PSIA IBGAS

The following data is output from this model. It is avallable for use as inter-
model input to other models aad to print, plot, and optimization routines.

Mnemonic

ANZENT

ANZEXT

Szmbol

ANZpyT

ANz

b dassma

EXT

Description; £xt. (Int.) Units

Nozzle entrance area;

inZ Eg. 13
Nozzle exit area;
in? Eq. 15

170,1-13
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NOZZLEG

NOZZLE GEOMETRY NZGMI

OUTPUT DATA (Cont. ):

Mnemonic

ANZTH

ANZTR

DNZB

DNZENT

DNZEXT

DNZTH

DNZTR

KDNZENT

KDNZTR

170,1-14

Smbol
Anz

TH

ANz g

D
NZB

Dz

ENT

NZexT

NZTH

NZTR

DENT

DTR

Lyz

Description; Ext. (Int,) Units

Nozzle throat area;

inz Eq. 1
Nozzle transition area;
in2 Eq. 14

Buried nozzle diameter. Nozzle diameter
measured at buried nozzle plane;

in Figs. 3, 4, 5 Eqs.27,
28, 29

Nozzle entrance diameter. Diameter of
nozzle measured at nozzle entrance plane;

in Fig. 3 Eq. 10
Nozzle exit diameter. Diameter of nozzle
measured at nozzle exit plane;

in Fig. 5 Eq. 12
Nozzle threat diameter. Diameter of nozzle
n.easured at nozzle throat plane;

in Fig. 2 Eq. 2
Nozzle transition diameter. Diameter of

nozzle measured at transition plane separating
transition and conic sections;

in Fig, 4 Eq. 11
Proportionality factor relating nozzle
entrance diameter to nozzle throat diameter;
N. D. Eq. 3
Proportionality factor relating nozzle
transition diameter to nozzle throat diameter;
N. D. Eq. 4
Total nozzle length., Distance from nozzle
entrance plane to nozzle exit plant;

in Fig. 2 Eq. 21
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NOZZLEG

NOZZLE GEOMETRY

OUTPUT DATA (Cont. ):

Mnemonic

LLNZB

LLNZ BCN

LNZBCV

LNZBDY

LNZBTR

LNZCN

LNzZCV

LNZDV

Smbol
Lyz

B

Inz

BCN

Lnz

BDY

Inz

BTR

Inz

CN

NZCV

vz

DV

NZGMl1

Description; Ext. (Int.) Units

Buried nozzle section length, Distance from
nozzle entrance plane to nozzle buried plane;

in Fig. 2 Eq. 22
Length buried in conic nozzle section.
Distance from nozzle transgition plane to

nozzle buried plane. (Positive sense
towards exit);

in Fig. 5 Eq. 26

Length buried in convergent nozzle section.
Distance from nozzle throat plane to nozzle
buried plane. {Positive sense towards
entrance);

in Fig, 3 Eq. 24

Body nozzle section length. Distance from
nozzle entrance plane to nozzle transition
plane;

in Fig., ? Eq. 19
Length buried in transition nozzle section.

Digtance from nozzle throat plane to nozzle
buried nlane. (Positive sense towards exit);

in Eq. 25
Conic nozzle section length. Distance from
nozzle transition plane to nozzle exit plane;
in Fig. 5 Eq. 18
Convergent nozzle section length. Distance

from nozzle entrance plane to nozzle throat
plane;

in Fig. 3 Eq. 16

Divergent nozzle section length. Distance
from nozzle throat plane to nozzle exit plane;

in Fig, 2 Eq. 20

170, 1-15
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! OUTPUT DATA (Cont. ): ]
Mnemonic Symbol Description; Ext. (Iat.) Units i
| :
f LNZP LNZ Protruding nozzle seciion length. Distance P
: P from nozzle buried plane to nozzle exit plane; I
i in Fig. 2 Eq. 23 i
! ]
; LNZTR LNZ Transition nozzle section length, Distance i
: TR from nozzle throat plane to nozzle transgition g
plane;
. in Fig. 4 Eq. 17 :
I QDNZB Qpgp Asgociative quantity, buried nozzle diameter. ’
: (See DNZB); !
in Eq. 30 '
5 QDNZENT QDENT Associative quantity, nozzle entrance
diameter. (See DNZENT);
in Eq. 31
QDNZEXT QpExT Associative quantity, nozzle exit diameter.
(Sce DNZEXT);
in Eq. 32
QONZTH QDTH Associative quantity, nozzle throat diameter.
(See DNZTH);
in Eq. 35
QLNZ Q Associative quantity, total nozzle length.
{See LNZ);
in Eq. 33
QLNZB QLB Associative quantity, buried nozzle length.
{(See LNZB);
in Eq. 34
RATRTH €1R Expansion ratio at trangition plane. Ratio
of nozzle transition area to nozzle turoat
area;
N. D. Eq. 6
170,1-16
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OUTPUT DATA (Cont, ):

Mnemonic

RCNZCV

RCNZTR

RDEXTTH

DTRTH

RINZB

RLNZP

Smbol

Cev

TR

ROEXTTH

DTRTH

RiNzZB

LNZP

Description; I'xt. (Int.) Units

Radius of curvature, convergent nozzle
section contour;

in Eg. 8
Radius of curvature, transition nozzle
gsection contour;

in Eq. 9
Ratio, nozzle exit diameter to nozzle
throat diameter;

N, D. Eq. 7
Ratio, nozzle transition diameter to nozzle
throat diameter;

N. D. Eq. 5
Buried nozzle length ratio. Ratio of buried
nozzle scction length to total nozzle length;
N. D. Eq. 23-a
Protruding nozzle length ratio. Katio of

protruding nozzle section length to total
nozzle length;

N. D, Eq. 23-b

170,1-17
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NOZZLEW NOZZLE WEIGHT NZwWM1

180.1

MOD?~L TYPE: NOZZLEW (NOZZLE Weight)

MODEL NAME: NZWMI (Single, Ablative, Parametric Scaling)
DESCRIPTION:

NZWMI!l (NoZzle Weight Model number 1) utilizes parametric welight scaling
equations to determine the weight of a solid rocket motor fixed or gimballed
nozzle, A detailed description of both the equations and parametric scaling
rationale may be found in reference 8,

The model is applicable for performance parameters within the following
limits
15 « NZHA < 30 deg
300 < PCHAV(G < 1000 psia
5 < RAEXTTH < 75
30 <« TBPPMT < 140 se-z
500 < WPPMT <« 2,000,000 1b

where NZHA is associated with the NOZZLEG model type and the remaining
gquantities are defined in the Ilnput Data, Inter-Model section below.

PROCEDURE:

Prior to entering NZWMI, the models specified by the IBGAS and IBPERF
model types have evaluated the gas and performance properties of the
propellent, and the model spccified by the NOZZLEG model type evaluated
the nozzle geometry. The nozzle weight penalty due to gimballed or other
thrust vector control systems has been determined by the model spe-ified
for the TVCW model type.

The NZWMI miodel is then execvted and the nozzle weight is evaluated using
a parametric weight scaling equation. The expended weights, due to ablation
during thrusting, are also computed.

After leaving NZWMI1, the remaining component weights of the motor are
evaluvated. The NZWMI output data will then be used by the models specified
by the SUBSTGW and PROPUL model types to evaluate the substage weights
and propulsion characteristics.

180. 1.1
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EQUATIONS:

Total nozzle weight.

S, € &1
KWPPC ) €
w = K K C
NZ WNZ ""TVNZ ~1 C4 t5 C6

pAVG TB (tan @)

Total expended nozzle weight component,

C

. 9
"Nz, * Kwnzx Cs (Pava T) = Wnz

Expended (non-thrusting producing) nozzle weight component,

w = K w
NZXI WNZXI NZX

Expended (thrust producing) nozzle weight component.

w =0
NZXT

Total non-expended nozzle weight cormnponent,

w = K Wyo = W
NZyy - SwNznx (YNz - Wiz, )

INPUT DATA, INTRA-MODEL:

NZwMl

(1)

(2)

(3)

(4)

(5)

The following data is input directly to this model by tlie program user, Ifa

value is not input, the preset value is used.

Mnemonic Symbol Description; Ext, (Int,) Units

Preset

CNzZwl C
N. D.

130.1.2

i At Boic A Rk CAMK NS Xaa L AME o - o o -

1 Scaling constant for WNZ computation;

0. 0000772
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INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic

CNZwZ

CNZWw3

CNZWw4

CNZW5

CNzZwé

CNZwW?

CNZ W8

CNZW9

KWNZ

KWNZNX

KWNZX

KWNZXI

Szmbol

C.

WNZ

WNZNX

WNZX

WNZXi1

Description; Ext. (Int.) Units Preset

Scaling constant for WNZ computation;
N. D. 1.2

Scaling constant for WNZ computation;
N. D. 0.7

Scaling constant for WNZ computation;
N. D. 0.8

Scaling constant for WNZ computation;
N. D. o' 6

Scaling constant for WNZ computation;
N. D. 0.4

Scaling constant for WNZ computation;
N. D. 0.916

Scaling constant for WNZX computation;
N. D. 0.00032

Scaling constant for WNZX computation;
N. D. 0.5

Proportionality factor for total nozzle weight;
N. D. 1
Proportionality factor for nozzle non-expended
weight component;

N. D. 1
Proportionality factor for total expended nozzle
weight component;

N. D. 1
Proportionality factor for non-thrust producing
component of expended nozzle weight;

N. D. 1

180,1-3
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NOZZLEW

NOZZLE WEIGHT

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a

If the user has not specified such a

model of the specified model type.
source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol
| 3
CVDELV C
KTVNZ Krvnz
PCHAVG Pave
RAEXTTH Nz
TANNZHA tan (6)
TBPPMT Ty
WPPMT Wop

OUTPUT DATA:

The following data {8 output from this mdel.
model input to other models and to print, plot, and op!:

Mnemonic Symbol
WNZ wNZ
180.1-4

Description; Ext. (Int,) Units

NZwWMI

e ot bt ok 28w

Model Type

Delivered characteristic velocity;

ft/sec

Thrust vector control factor;
N. D.

Average chamber pressure;
psia

Nozzle expansion ratio;
N. D,

Tangent of nozzle half angle;
N' Dl

Propellent burn time;

sec

Propellent weight;
ib

Description; Ext. (Int, ) Units

wdbd L Nk o o S i o Bl b

IBGAS

TVCW

IBGAS

NOZZLEG

NOZZLEG

IBFERF

PROPELW

It is available for use as inter-
-ation routines,

Total nozzle weight;
1b

e A i et e — -

Eq. 1
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NOZZLEW NOZZLE WEIGHT NZWMI

OUTPUT DATA (Cont, ):

Mnemonic Symbol
WNZNX w
NZNX
WNZX w
NZy4
WNZXI w
NZXI
WNZXT w
NZXT

Description; Ext, (Int, ) Units

Total non-expended nozzle weight component;
1b Eq. 5
Total expended nozzle weight component;

1b Eq. 2

Expended (ncn-thrust producing) nozzle
welight component;

1b Eq. 3

Expended (thrust-producing) nozzlec weight
component;

1b Eq. 4

180, 1-5
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NOZZLE WEIGHT

NOZZLEW

DZNAY

XZNMY XNZNMI NN 118 6AZND |MZND LMZND
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PAYLODG PAYLOAD GEOMETRY PAGMI
190,1

MODEL TYPE: PAYLODG (PAYLOaD Geometry)

MODEL NAME: PAGM!] (Single, Simple Payload)

DESCRIPTION:

PAGMI (PAyload Geometry Model number 1) evaluates the geometry for a
simple single payload which may be defined in terms of its length and base
diameter. See figure 1 and the figure associated with the model used as the

top interstage (INTSTGG model type) for an appreciation of the pertinent
geometry.

PROCEDURE:

Prior to entering PAGMI, all of the solid rocket motor substages have
been sized.

PAGM! then determines both the basic payload geometry and the payload
requirements for interstage design.

After PAGMI {s executed, the interstages will be sized. The top interstage
for the propulsion system will use PAGMI output, together with the geometry
of the top substage in the propulsion systein, to determine its design reqiiire-
ments, After all of the interstages, stages, and the propulsion system have

been sized, the payload geometry is used for sizing the payload section and
shroud,

EQUATIONS:

Total payload length.

Lpa ® Lpa_ . * Lpa_ * Lpa

(1)
SF B SA
Payvload cross-sectional area,
m 2
Apa * (<) PPa, (2)

1900 l"’
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PAYLODG PAYLOAD GEOMETRY PAGMI

EQUATIONS (Cont, ):

Payload aft diameter for interstage attachment,

(3)

Length of interstage required for the paylcad.

LSS = L

{4)
ITA PAga
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PAYLODG PAYLOAD GEOMETRY

NOTE: The conical payload is for illustration only.

The paylood geometry is defined by the
center line lengths and DPAA

~” PAYLOAD

2%;2%;2‘ﬁ LJ“ {

e e o eI T

PAGM!

PAYLOAD
SECTION

f

A ok et

INTERSTAGE

TOP SUBSTAGE

Fig. 190,1-1 Payload Geometry
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PAYLODG PAYLOAD GEOMETRY PAGMI

INPUT DATA, INTRA-MODEL:

The fnllowing data is input to this model dir.:ctly by the program user. If
a value is not input, the preset value is used,

Mnemonic Symbol Descaription; Ext. (Int.) Units Preset
DPAA DPA Payload base (i.e., aft) diameter, required
A for defining the aft interstage attachment;
in 0
LPAB LPA Basic p~rvload length component;
B in 0
LPASA LPA Payload aft spacing distance;
SA .
in 0
LPASF L Pavload forward spacing diatance;
PASF
in 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
modet of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol Description; Ext, (Int.} Units Model Type
None

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

Mnemonic Symbol Description; Ext. (Int. ) Units
APA APA Payload cross-sectional area;

in? Eq. 2
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PAYLODG

QUTPUT DATA (Cont. ):

Mnemonic Sxmbol
DSSITA D
SSi1TA
LPA LpA
LSSITA L
SSiTA

PAYLOAD GEOMETRY PAGMI

Description; Ext, (Int, ) Units

Payload aft diamete: for interstage attachment;

in Eq. 3

Total payload lengtt;

in Eq. 1

Length of interstage required for the payload; 3

in Eq. 4 g
]
7
j
!
i
i

190, 1-5
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PAYLODW PAYLOAD WEIGHT PAWMI
200, 1

MODEL TYPE: PAYLODW (PAYLOaD Weight)

MODEL NAME: PAWMI (Direct Input)

DESCRIPTION:

PAWMI (PAyload Weight Model number 1) is a simple pé'.,'load weight
model for which the payload weaight is input directly by the program user,

Note that the payload weight does NOT normally include the weight of
the shroud, payload adapter, etc.

PROCEDURE:

Prior to entering PAWMI, the substages have been sized and the model
specified for the PAYLODG model type has evaluated the payload geometry.

PAWMI then defines the payload weight.

After leaving PAWMI, the interstages, stagzes, and propulsion system are
sized, The model specified for the PAYSECW model types then uses the
payload weight, together with the shroud weight, etc., to determine the
payload section weight,

EQUATIONS:

Total payload weight.

Woa © Kwpa Ypavrop (1)

Total non-expended payload weight component.

w = W (2)
PANX PA

Total expended payload weight component.

w = 0 (3)
PAX

200, -1
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PAYLODW PAYLOAD WEIGHT PAWMI

EQUATIONS (Cont. ):

Expended (thrust producing) payload weight component.

w =0 {4)
PAx.r

Expended (non-thrust producing)} payload weight component.

W =0 ()
PAx1 |

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. If
a value is not input, the preset value is used.

Mnemonic Symbol Description; Ext, (I nt.) Units Preset
KWPA Kpr Coefficient for WPA computation;

N. D. !
WPAYLOD w

PAYLOD Payload weight input by user;
1b 0

INPUT DATA, INTER-MODEL.:

This model requires as input certain data which is usually output from a
model of the specified model type., If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol Description; Ext, (Int.) Units Model Type

None

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

200.1.2
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PAYLODW

OUTPUT DATA (Cont. ):

Mnemonic Symbol
WPA WPA
WPANX w

PANX
WPAX WPA

X

WPAXI] w

pAXI
WPAXT w

PAXT

PAYLQAD WEIGHT PAWMI

Description; Ext. (Int.) Units

Total payload weight;

1b Eq. 1
Total non-expended payload weight component;
1b Eq. 2
Total expended payload weight component;

1b Eq. 3

Expended (non-thrust producing) payload
weight component;

1b Eq. 5

Expended (thrust producing) payload
weight component;

1b Eq. 4

200,1-3
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PROPUL PROPULSION CHARACTERISTICS PCMI

210, 1

MODEL TY_PE: PROPUL (PROPULsion Characteristics)
MODEL NAME: PCM! (Constant Thrust, Single Engine)
DESCRIFTION:

PCM] (Propulsion Characteristics Modei number 1) evaluates the thrust
and weight flow breakdown for a single constant thrust solid rocket engine.
The engine is comprised of the following subsystems:

Motor
Nozzle

In addition to the thrust derived from the propellent, thrust components

assoclated with the following subsystem expended weight components are
evaluated,

Internal insulation
Thrust vector control
Nozzle

PROCEDURE:

Prior to executing PCMI1, the model specified for the IBPE 1F model type
has determined the propellent weight flow, burn time and specific impulse.
The model specified for the NOZZLEG model type has determined the

nozzle exit area and the models specified for the NOZZLEW and MOTORW

model types have broken down the principle subsystem weight into expended
components.

PCM]1 is then executed and the expended subsystem weights are used to
determine the inert and thruat producing weight flow components, These
weight {low components are then used, together with the required apecific
impulses, to determine the vacuv nrust components. [inally, the vacuum
thrust components are zurmmed anu the total engine vacuum thrust and
sea-level thrust degradation are ¢valuated.

210,1-1
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PROPUL PROPULSION CHARACTERISTICS PCMI

PROCEDURE (Cont. ):

After PCM! is executed, the remaining substages are sized and the
propulsion characteristics for each engine within the vehicle are evaluated.
After the entire vehicle is sized, the PCMI output data is input to the
applicable weight and propulsion model for the mission simulation, See

R EMARKS,

EQUATIONS:

Expended motor weight flow, excludes propellent.

W
. MT,

w = (1)
MTX TB

Expended {thrust producing) motor weight flow component, excludes
propellent.

. YMT
Wy = .__T,lﬂl (2)
XT B

Expended (non-thrust producing) motor weight flow component.

¥Mmr
¥mrp, = —— (3)
X1 B
Expended nozzle weight flow.
. Nz,
w = (4)
NZ, B

Expended (thrust producing) nozzle weight flow component,

W
NZyr

®

w z (5)
NZyr Ts

Expended (non-thrust producing) nozzle weight flow component.

NZx1

W = (6)
NZy Ty

210,1-2
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PROPUL PROPULSION CHARACTERISTICS PCM!
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EQUATIONS (Cont, ):

Weight flow associated with expended (thrust producing) internal

insulation, §

. YINg 1 §

w = -1 {7} H
INyT B

Weight flow associated with expended (thrust producing) thrust vector control
system material,

w

st O . J S B

. - Vv, o
TV Tg

Thrust producing engine weight flow component, (Includes propellent);

o
tw + W + W ) (9)
T DWENT ‘" PP MTy ¢ NZym

. -
wEN = K

Inert (non-thrust producing) engine weight flow component,

® L]
w = K (W + W ) (10)
EN1 DWENI MTXI NZXI
Total engine weight tiow,
[ _ ﬁ] () l
¥en * *pwen Yen * Ven) (ty

Vacuum thrust component associated with the propellent.

L ]
F = K 1 w (12)
Vpp FVPP SPVD PP

Vacuum thrust component associated with expended (thrust producing)
internal insulation,

[ ]
Fv... *KeyinIsp. - YN (13)

IN IN XT

210,1-3
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PROPUL PROPULSION CHARACTERISTICS PCMI1

EQUATIONS (Cont. ):

Vacuum thrust component associated with expended (thrust producing)
thrust vector control material,

F w
SPTV TV

= K

1
TV FVTV

(14)
v XT

Vacuum thrust component associated with expended (thrust produciag)
nozzle materisl,

F = K

NZ

®
Isp w (15)

v Nz NZxr

FVNZ

Engine vacuum thrust.

¥ = K

EN

+ F + F + Fv ) (16)

(F
FVFEN V' V VIN VTV NZ

v PP

Engine thrust degradation due to atmospheric pressure,

8Fpn * KperLren ©1 Anz (17)

EN EXT

INPUT DATA, INTRA-MODEL:

The {o’lowing data is input to this model directly by the program user. If a
value is not input, the preset value is used,

Mnemonic Symbol Description; Ext, (Int.) Unite Preset
CPCl Cl Constant for DELFEN computation,

Corresponds to atmospheric sea-level

pressure;

1b/ (in) 14. 695972
KDELFEN KDELFEN Coefficient for DELFEN computation;

N. D. i
KDWEN KDWEN Coefficient for DWEN computation;

Nl D‘ l
210.1-4
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PROPULSION CHARACTERISTICS PCMI

INPUT DATA, INTRA-MODEI, (Cont, ):

Mnemonic Symbol
KDWENI KyweENI
KDWENT KpweNT
KFVEN KevEN
KFVIN KeviN
KFVNZ KF‘VNZ
KFVPP KFVPP
KFVTV KevTy
ISPIN ISPIN
ISPNZ ISPNZ
ISPTV ISPTV

Description; Ext. (Int.) Units Preset

Coefficient for DWEN! computation;
N. D. |

Coefficient for DWENT computation;
N. D, 1

Coefficient for FVEN computation;
N.D. 1

Coefficient for FYIN computation;
N. D. )

Coafficiunt for FYNZ computation;
No Do ' l

Coefficient for FVPP computation;
N' Dl l

Coefficient for FVTV computation;

M. D, |
Specific impulse of expended (thrust producing)
internal {nsulation matorial;

sec 0
Specific impulse of expended (thrust producing)
norule material;

sec 0

Specific impulse of expended (thrust producing)
tiirust vector control material;

secC 0

210, 1.4
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PROPUL PROPULSION CHARACTERISTICS PCMI

INPUT DATA, INTER-MODEL:

This model requires as input certain data which ig usually output from a
model of the specified model type, If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol Description; Ext. (Int.) Units Model Type
ANZEXT A Nozzle exit area;
NZpxT 2
in NOZZIEG
DWPPMT ' Propellent weight flow;
PPMT
1b/sec IBPERF
ISPVD 1 Vacuum delivered specific img 1lse;
SPVD
sec IBPERF
TBPPMT TB Propellent burn time;
sec IBPERF
WINXT wIN Expended (thrust producing) internal
XT insulation weight component;
1t INTINSW
WMTX WM'I’ Total expended motor weight component;
X 1b MOTORW
WMTXI WMT Expenced (non-thrust producing) motor
X1 welight component;
1b MOTORW
WMTXT w Expended (thrust producing)} motor weight
MT \
XT component;
1b MOTORW
WNZX WN7 Total expended nozzle weight component;
X b NOZZLEW
WNZ¥1 WN7 Expended (non-thrust producing) nozzle
‘X1 weight component;
1b NOZZLEW
210,1-06
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PROPUL PROPULSION CHARACTERISTICS PCMI

INPUT DATA, INTER-MODEL (Cont. ):

1b

OQUTPUT DATA:

The following data is output from this model.

Mnemonic Symbol Description; Ext. (Int, ) Units Model Type
WNZXT WN7 Expended (thrust producing) nozzle weight
“XT component;
1b NOZZLEW
WTV wTV Expended (thrust producing) thrust vector
XT XT control weight component;

TVCW

It is available for ugse as inter-

model input to other models and to print, plot, and optirnization routines,

Mnemonic ﬂ(mbol Description; Ext. (Int.) Units
DELFEN AFEN Engine sea-level thrust degradation.

DELFEN corresponds to DELF in the
trajectory simulation models;

lb

Te

DWEN

Eq. 17

EN Total engine weight flow. Includes

propellent, motor, and nozzle weight flow;

1b/sec
DWENI

Eq. 11

EN, Inert (non-thrust producing) engine weight

flow component (includes motor and nozzle);

1b/sec

Lo

DWENT

Eq. 10

EN Thrust producing cngine weight flow component,

T (Includes propellert, motor, and nozzle.)
DWENT corresponds to DWVAC in the
trajectory simulation models;

1b/ sec
DWINXT w

Eq. 9

IN Motor weight flow associated with expended

XT (thrust producing) internal insulation material;

1b/sec

Eq. 7

210,1.7
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PROPULSION CHARACTERISTICS PCMI1 P 3

OUTPUT DATA (Cont, ):

Mnemaonic

DWMTX

DWMTXI

DWMTXT

DWNZX

DWNZXI

DWNZXT

DWTVXT

FVEN

FVIN

mbol

e

e

MTX

L4
w
I\IITx1

Description; Ext, (Int,) Unite

Expended motor weight flow, Excludes
propellent and nozzle;

1b/sec Eq. 1
Expended (non-thrust producing) motor weight
flow component, excludes nozzle;

1b/sec Eq. 3
Expended (thrust producing) motor weight

flow component, Excludes propellent and
nozzle;

1b/sec Eq. 2

Expended nozzle weight {1l w;
1b/sec Eq. 4

Expended (non-thrust producing) nozzle weight
flow component;

1b/sec Eq. 6

Expended (thrust producing) nozzle weight
flow component;

1b/sec Eq. 5

Motor weight flow asso.lated with expended
(thzust producing) thrust vector control system
material;

1b/sec Eq. B

Total engine vacuum thrust, FVEN
corresponds to FVAC in the trajectory
simulation models;

1b Eq. 16
Vacuum thrust componont associated with the

expended (thrust producing) internal
{neulation material;

1b Eq, 13
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PROPUL PROPULSION CHARACTERISTICS PCM1
¢ & OUTPUT DATA (Cont. ):
b
[a
i Mnemonic Symbol Description; Ext. (Int.) Units
r,
g, FVNZ Fv Vacuum thrust component associated with the
E NZ expended (thrust producing) nozzle material.
i Note that this is not associated with the nozzle
{ half angle divergence loss;
1b Eq. 15
!; FVPP Fv Vacuum thrust component associated with cthe
i PP propellent;
. 1b

FVTV Fv Yacuum thrust component associated with the

TV expended (thrust producing) thrust vr.ctor

control system material;

1b Eq. 14
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PAYSECG PAYLOAL SECTION CEOMETRY PLGMI
220.1

MODEL TYPE: PAYSECG (PAYload SECtion geometry)

MODEL NAME: PLGM1 (Single Payload, No Shroud Geometry)
DESCRIPTION:

PLGM]1 (Payload section Geometry Model number 1) evaluates the geometry
for a simple payload section comprised of a single payload without shroud
geometry. Although provigsion is made for defining a payload section length
bias, Intra-Model Input is not normally required for this model, See figure !
and the figures associated with the payload model utilized (PAYLODG model
type) for an appreciation of the payload section geometry,

Note that this model is not applicable if a shroud geometry model (see
SHROUDG model type) is utilized. However, this model may be used if a
non-geometry dependent shroud weight model (see SHROUDW model type)
is used,

PROCEDURE:

Prior to entering PLGMI1, all vehicle subsystems within the propulsion system
have Leen sized and the model specified for the PAYLODG model type has
determined the payload gcometry.

PLGMI then uses the payload geometry to determine the payload section
geometry.

After PLGMI {8 executed, the payload section weight will be determined,

The total vehicle geometry is then evaluated using the payload section geometry
and propulsion system gecometry.

EQUATIONS:

Payload section length, Figure 1

(1)
Lyr

L +Lp

PL © Lpa

220,1-1
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PAYSECG PAYLOAD SECTION GEOMET RY

EQUATIONS (Cont, ):

Payload section diameter, Figure 1

D =D
PL PAA

Payload section cross-sectional area,

2
ApL = () Dpy,

220,1.2

PLGM1

(2)

(3)
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PAYLOAD SECTION GEOMETRY PLGMI
: jﬁ “PLge }
T
boL
1 PAgp
' }
Lo
\\ Lpa
PAYLOAD
PAYLOAD
SECTION

I M
v

~——on-
PROPULSION
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Fig. 220, 1-1
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PAYSECG PAYLOAD SECTION GEOMETRY PI;CMI _

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user, If
a value is not input, the preset value is veed. ’ :

Mnernonic Symbol Description ; Ext, (Int,) Units Preset
LPLSF L Payload eection forward spacing distance;
PLSF . : _

in . Fig. . . 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is uvsually output {rom a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol Deascription; Ext., (Int.) Units Model Type
DPAA DPA Payload aft diameter;
A
in PAYLODG
LPA LPA Total payload length;
in Fig. 1 PAYLODG

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic Symbol Description: Ext. (Int, ) Units
APL ApL Payload section cross-sectional arc=;

in Eq. 3
DPL Dp, Payload section diuineter at interstage

attachment;

in Eq. 2
LPL Loy Payload section isngth;

in Eq. 1
2200 1'4
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PAYSECW PAYLOAD SECTION WEIGHT PLWMI

230.1

MODEL TYPE: PAYSECW (PAYload SECtion Weight)

MODEL NAME: PLWM! (Single Payload, no Shroud)

DESCRIPTION:

PLWMI (PayLoad section Weight Model number 1) is 2 weight syntheeis
model which evaluates the weight breakdown for a sirople payload section
comprised of a single payload without a shroud.

PROCEDURE:

Prior to entering PLWM], all vehicle subsysterns within the propulsicn
system have beein sized and the model specified {or the PAYLODW niadel
type has evaluater the payload weight breakdown.

PLWMI! usea the payload weight breakdown to evaiuate the payload section
weight breakdown.

After PLWM! is executed, tha payload section weight breakdown, together
with the preralsion system weight breakdown, will be utilized by the model
apecified jor the VEHW model type to determine venicle weight quantities.

EQUATIONS:

Total payload section weight,

WpL ® Kwpr ¥pa (1)

Total non-expended payload section weight component.

w K w (2)
Plyx WPLNX " PAyy

Total expended payload section weight component.

w s K w {3)
PLX wPLX PAX

230,1-1



PAYSECW PAYLOAD SECTION WEIGHT PLWMI

EQUATIONS (Cont. ):

Expended (non-thrust producing) payload section weight component.

w <1 Kwprxt Wpa (4)

PL X1

Expended (thrust producing) payload section weight component,

w = K w (S)
XT WPLXT ' PA

PL XT

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. U
a value is not input, the preset value is used,

Mnemonic Symbol Description; Ext. (Int, ) Unite Preset
KWPL KWPL Coefficient for WPL computation;

N. D. 1
KWPLNX KWPLNX Coefficient for WPLNX computation;

N. D 1
KWPLX KWPLX Coefficient for WPLX zomputatior;

N. D. 1
KWPLXI KWPLXI Coefficient for WPLXI computation;

N. D' l
KWPLXT KWPLXT Coefficient for WPLXT computation;

N, D. 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which i{s usually output from a
model of the specifind model type. I the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

2300 l-Z
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Sy
£ INPUT DATA, INTER-MODEL (Cont. ):
Mnemonic Symbol Description; Ext. (Int.) Units Model Type
5\ WPA pr Total payload weight;
- 1b PAYLODW
L WPANX Wp A Total non-expended payload weight component;
; NX 1b PAYLODW
WPAX pr Total expended payload weight component;
X 1b PAYLODW
WPAXI wPA Expended (non-thrust producing) payload
XI weight component;
b PAYLODW
WPAXT wPA Expended (thrust producing) payload weight
XT component;
1b PAYLODW

OUTPUT DATA: ’

[

The following data is output from this model, It is available for use as inter-
model input to other models and to print, plot, and optimization routines, |
Mnemonic Symbol Dee-~~iption; Ext. (Int,) Ualts !
woL wPL Total payload section weight; i
1b Eq. 1 i
|
WPLNX Ve Total non-expended pavload section weight :
Lnx component; :
1b Eq. 2 i
WPLX wPL Tota. exprnded payload section weight "‘

X component;
Ib Eq. 3

230,1-3




T
‘

PAYSECW PAYLOAD SECTION WEICHT PLWMI

OUTPUT DATA (Cont. ):

Mnamonlie Symbol

WPLXI w
PX..J|u

WPLXT v

230, 1-4

D"crlgttoni Ext, (Int.) Units

Expended (non-thrust producing) payload
section weight component;

Expended (thrust producing) payload section
weight component;

b Eq. 8
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PAYSECW PAYLOAD SECTION WEIGHT PLWM2
230,2

MODEL TYPE: PAYSECW (PAYload SECtion Weight)

MODEL NAME: PLWMZ2 (Single payload, shroud)

DESCRIPTION:

PLWMZ (PayLoad section Weight Model number 2) is a weight synthesis
model which evaluate= the payload section weight breakdown, The model
is applicable for a payload section comprised of the following subsystem:

Payload
Shroud

PROCEDURE:

Prior to entering PLWM2, all vehicle subsystems within the propulsion
system have been sized and the models specified for the PAYLODW and

SHROUDW model types have evaluated the payload and ghroud weight
breakdown.

PLWM2 uses these payload and shroud weights to evaluate the payload
section weight breakdown.

After PLWM2 is executed, the payload seccion w eight breakdown, together
with the propulsion system weight breakdown, will be utilized by the model
specified for the VEHW model type to determine vehicle weight quantities.

EQUATIONS:

Total payload section weight,
w

Dpeve-peep— =)

pL = KypL (Wpa * Yoy) (1)

Total non-expended payload section weight component,

W - K w bW (2)
PLyx WPLNX ( PAyy SHyy )

230,2-1




PAYSECW PAYLOAD SECTION WEIGE . PLWMZ

EQUATIONS (Cont. ):

Total expended payload seci‘on weight component.

w = K w + W,
PL, wPLX ( PAy .»Hx)

Expended (non-thrust producing) payload section weight component,

w

PLy, - KwpLx1(¥pa,, * ¥su (4)

X1 X1 )

Expended (thrust producing) payload section weight component.

W = K w ' W
PLy.r WPLXT( PA SH

(5)
XT

x7)

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. If
a value is not input, the preset value is used,

Mnemonic Szmbol Description; Ext. (Int.) Units Preset
KwPL Kpr Coefficient for WPL computation;

N. D. 1
KWPLNX KWPLNX Coefficient for WPLNX computation;

N. D. 1
KWPLX KWPLX Coefficient for WPLX computation;

N' D. l
KWPLXI KWPLXI Coefficient for WPLXI computation;

N. D. 1
KWPLXT KWPLXT Coefficient for WPLXT computation;

Nl D. l

230,2-2
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g PAYSECW PAYLOAD SECTION WEIGHT PLWM2 .
B R
i N INFUT DATA, INTER-MODEL:
This model requires as input certain data which is usually output from a
model of the specified model type, If the user has not specified such a
source for this data, then it must be input directly with the intra-model input,
; Mnemonic Symbol Description; Ext. (Int.) Units Mode!l Type
WPA Wpa . Total payload weight;
: 1b PAYLODW
WPANX Wp!. Total non-expended payload weight component;
NX 1b PAYLODW
WPAX Wpa Total expended payload weight component;
X 1b PAYLODW 3
WPAXI w Expended (non-thrust producing) payload ] .
PA ' . .
X1 weight component; oK
1b PAYLODW f
WPAXT WPA Expended (thrust producing) payload weight i
XT component; :
Ib PAYLODW
WSH WSH Total shroud weight; '
1b SHROUDW '
WSHNX Went Total non-expended shroud weight component;
NX b SHROUDW
WSHX WSH Total expended shroud weight component;
X 1b SHROUDW
WSHXI wSH Expended (non-thrust producing) shroud ,
X1 weight componert; :
1b SHROUDW
_ WSHXT wSH Expended (thrust producing) shroud weight
; XT component;
' 1b SHROUDW
b
230.2-3
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OUTPUT DATA: -

The following data is output from this model. It is available for vae as inter-
model input to other models and to print, plot, and optimizatir n routines,

Mnemonic Symbol Description; Ext. (Int.) Units
WPL w Total payload gection weight. Includes
PL ) ;
payload and shroud; i
1b Eqg. 1
WPLNX WP Total non-expended payload secticn weight 3
Lnx component. Includes payload and shroud; 3
b Eq. 2 i
i
WPLX WoL Total expended payload saction weight %
X component. Includes payload and shroud; ;
Ib Eq. 3
WPLXI1 w

Expended (non-thrust producing) payload

X1 section weight component, Includes payload
and shroud;

PL

el - LA e e T

1o Eq. 4 T
WPLXT pr Expended (thrust producing) payload section ‘
XT weight component, Includes payload and ‘
shroud; ;
b Eq. 5 f-

239.2-4
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PROPELW FROPELLENT WEIGHT PPWMI1

240, 1

MODEL TYPE: PROPELW (PROPELlent Weight)

MODEL NAME: PPWMI1 (Dirc =t input of propellent weights)

DESCRIPTION:

PPWMI (ProPellent Weigiit Modal namber 1) determineg the basic propellent
properties (weight, volume, “density) of a solid rocket motor for which the
propellent weight is specified directly,

EQUATIONS:

Propellent volume.

w
PPyt

v - )
PPy DPPMT

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program usger. If a
value is not input, the preset value is used.

Mnemonic $ymbol Description; Ext. (Int,) Units Presget
RHOPPMT P Propellent densgity;
PPyt 3
1b/in 0
WPPMT Wop Propellent weight;
MT 1b 0

INPUT DATA, INTER-MODEL:

None

240, 1-~1
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OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic Symbol Description; Ext. (Int.) Units
VPPMT VPP Propellent volume;
MT . 3
in

'?
j
1
1
1
!

240.1-2
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PROSYSG PROPULSION SYSTEM GEOMETRY PSGM1

250, 1

MODEL TYPE: PROSYSG (E_R_(_D_pulsion _S_them Qeometry)
MODEL NAME: PSGM1 (Sequential Stages)

DESCRIPTION:

PSGMI1 (Propulsion System Geometry Model number |) eval::ates the
geometry for a propulsion system comprised of sequential stages. See
figure 1 for an illustration of the geometry associated with a typical
propulsion system.

PROCEDURE:

Prior to entering PSGMI1, all of the stages have been sized and the models
specified for the STAGEG model types have determined the stage lengths
for all stages comprising this propulsion system.

PSGMI1 then sums these stage lengths and determines the total propulsion
system length,

After PSGMI1 uhas determined the propulsion system geometry, the propulsion
system weight is evaluated. After all of the propulsion systems nave been
sized, the model specified for the VEHG model type will use the propulsion
system geometry, together with the payload section geornetry, to determine
the total vehicle geometry. After the total vehicle geometry is evaluated, a
final pass is made through all of the models and any remaining quantities
dependent upon the total propulsion system length are evaluated.

EQUATIONS:

Total propulsion system length.

Lps =& Lgg (1)

Where the summation includes all stages
within the propulsion system.

250,1-1
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PAYLOAD
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SYSTEM
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Fig, 250,1-1 Typical Three Stage Boost Vehicle
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PROSYSG PROPULSION SYSTEM GEOMETRY PSGM1

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. If
a value is not input, the preset value is used.

Mnemonic Szmbol Description; Ext. (Int,) Units Preset
Nonc¢

INPUT DATA, INTER-MODEL:

This model requires as inpat certain data which is usually output from 1
model of the specified model type, If the user has not specified such a
source for this data, then it must be input direc*ly with the intra-model input.

Mnemonic Symbol Description; Ext. (Int. ) Units rModel Type
LSG LSG Stage length for each stage comprising the
propulsion system;
in STAGEG

OUTPUT DATA

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

Mnemonic Symbol Description; Ext. (Int, ) Units
LPS LPS Total propulesion system length;
ft Eq. 1

250,1-3
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E PROSYSW PROPULSION SYSTEM WEIGHT PSWMI
B

¥

£ & 260. 1

i MODEL TYPE: PROSYSW (PROpulsion SYStem Weight)

i

b MODEL NAME: PSWM1 (Weight Synthesis)

{

¢

i DESCRIPTION:

PSWM1 (Propulsion System Weight Model number 1} is a weight synthesis'
model which evaluates the propulsion system weights. The propulsion
system: is comprised of the following subsystems.

Stages

L R e

PROCEDURE:

Prior to entering PSWMI1, the models specified for the STAGEW model type
have evaluated the stage weights and mass fractions which are not dependent
upon the propulsion system or vehicle weights.

4 i

PSWMI then uses the pertinent stage weight to determine the propulsion
system weight qiantities,

After leaving PSWMI, the total vehicle geometry and weights are evaluated.
After the vehicle has been sized, the model specified for the STAGEW model
type {(and other major subsystem model types if required) is reentered and
mass fractions dependent upon propulsion system quantities are eviluated,

PR VI RpET 7Y

EQUATIONS: -

In the equations below, the summation includes all stages within the
propulsion system, ¥

Total propellent weight associated with the propulsion system.

w = Tw (1) i
PPpg PP

G

Total propulsion system weight.

Wps = Z Wgg (2)

ey o Tyt sy e




PROSYSW PROPULSION SYSTEM WEIGHT PSWM1

L)
EQUATIONS (Cont. ):

Total non-expended propulsion system weight component.

w =L W

(3)

PSyx SGnx ¥
Total expended propulsion system weight component. :
Wps =L W (4)

PSx SGx ¥

Expended (non-thrust producing) propulsion system weight component.

PSXI SGXI !

Expended (thrust producing) propulsion system weight component.

w ST W (6) "
PSyr SGy 1

INPUT DATA, INTRA-MODEL: -

The following data is input to this model directly by the program user. I’
a value is not input, the preset value is used.

Mnemonic Sxmbol Description; Ext. {Int,) Units Preset
Ncne

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol Description; Ext, (Int.) Units Model Type
WPPSG w Propellent weight for each stage comprising
PP
SG this propulsion system;
1b . STAGEW
260.1-2
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PROSYSW PROPUILSION SYSTEM WEIGHT PSWMI

INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic Symbol Description; Ext. (Int. ) Units  Model Type
WSsG wSG Total stage weight for each stage comprising
this propulsion system;
1b STAGEW
WSGNX wSG Total non-expended stage weight component;
NX 1b STAGEW
WSGX wSG Total expended stage weight component;
X 1b STAGEW
VSGXl wSG Expended (non-thvust producing) stage weight
XI component;
1b STAGEW
WSGXT wSG Expended (thrust producing) stage weight
XT component;
1b STAGEW

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic Symbol Description; Ext, (Int,) Units
WPPPS Wop Total propellent weight associated with the
PS propulsion system, Includes propellent weights
of all stages comprising the propulsion system;
1b Eq. 1
WPS wPS Total propulsion system weight, Includes

propellent, non-expended and total expended
weight components for all stages comprising
the propulsion system;

1b Eq. 2

e e = e v
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PROSYSW PROPULSION SYSTEM WEIGHT " PSWMI

OUTPUT DATA (Cont. ):

Mnemonic Symbol Description; Ext. (Int.) Units
WPSNX wPS Total non-expendcd propulsion system weight ]
NX component. Includes non-expended weight '3

components for all stages comprising the I
propulsion system;

Ib Eq. 3 3
WPSX wPS Total expended propulsion system weight x
X component, Includes expended weight '

components for all stages comprising the
propulsion system. Excludes propellent

weight; . :
1b Eq. 4 2
WPSXI WPS Expended (non-thrust producing) propulsion
X1 system weight component, Includes non-

thrust producing weight components for all :
stages comprising the propulsion system; !

1b Eq. 5
WPSXT WPS Expendcd (thrust prc-lucing) propulsion system C
XT weight component. Includes thrust producing :

weight components for all stages comprising
the propulsion system, Excludes propellent
weights;

1b Eq. 6
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STAGEG STAGE GEOMETRY SGGML1
270.1

MODEL TYPE: STAGE (STAGE Geometry)

MODEL NAME: SGGMI1 (Single Sequential Stage and Interstage)
DESCRIPTION:

SGGM1 (StaGe Geometry Model number 1) evaluates the geometry for a
stage comprised of a single substage and interstage as illustrated in figure 1,
By inputting coefficients and bias terms, considerable flexibility is provided
for specifying the stage length, diameter, and cross.sectional area.
However, since the Intra-Model Input Data is preset to the nominal stage
configuration, user input data is not normally required for this model,

PROCEDURE:

Prior to entering SGGMI1, the models specified for the SUBSTGG and
INTSTGG model types have determined the final geometry for the substage
and interstage.

SGGMI (first entrance) then uses these primary component diameters anu
lengths to determine the overall stage geometry,

After leaving SGGMI1, the weight for this particular stage is evaulated.

After all the stages are sized, the models specified for the PROSYSG and
VEHG model types will be executed and, utilizing the stage geometry together
with their individual requirements, the overall propulsion system and

vehicle is sized.

SGGMI is then entered for the second time and stage fractions dependent
upon propulsion system and vehicle quantities are evaluated.

EQUATIONS (FIRST ENTRANCE):

Stage length, Fig, 1

Lsg * Kisg1 Lss t Fiscz it * Krsas (1)

S

270, 1-1




STAGEG STAGE GEOMETRY SGGMI

EQUATIONS (FIRST ENTRANCE) Cont, ):

Stage diameter.

Dsg = Kpsai Pss * Kpsaz Pita * ¥pscs Pirr * Kpsaa (2)
Stage cross-sectional area.
A5G = Kasg1 Ass * Kascz 1ma * Kasas 211 * Kasca (3)
Stage length to stage diameter ratio,
L
- SG
RLpsG = Too — (4)
EQUATIONS (SECOND ENTRANCE):
Propulsion system length to stage diameter ratio.
L
- PS
Rippssc ° B (5)
SG ‘
Vehicle length to stage diarneter ratio.
R - I"VH (6)
LDVHSG USG

270.1-2
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! STAGEG STAGE GEOMETRY SGGMI
|
SUBSTAGE 13
, ABOVE {3
I g 4
4 ] !
|
Ly } A
L !
ITS i
L
|
Lsg
Lss
Lut

Fig, 270,1-1 Stage Geometry




STAGEG STAGE GEOMETRY SGGM1

INPUT DATA, INTRA-MODEL:

|
i The following data is input to this model directly by the program user, If
‘; a value is not input, the preset value is used.
N Mnemonic Symbol Description; Ext. (Int.) Units Preset
T
4
E KASGI KASGI Coefficient for stage area computation; I
E‘ N. D, 1
: KASG2 KasG2 Coefficient for stage area computation;
N. D. 0
i .
; KASG3 KASG3 Coefficient for stage area computation; '
' N. D, 0 '
L
£ KASG4 KASG4 Bias for stage area computation; j
! in2 0
1
. KDSG1 Kpsal Coefficient for stage diameter computation; :
i N. D. 1 o
E KDSG2 KDSGZ Coefficient for stage diameter computation; :
N. D, 0
; KDSG3 KDSG3 Coefficient for stage diameter computation; ;
N. D. 0 ?
KDSG4 Kpsca Bias for stage diameter computation; |
in 0 i
| KLSG! KLSGI Coefficient for stage length computation;
N. D. 1
; KLSGZ KLSGZ Coefficient for stage length computation;
N. D, 1
1
! KLSG3 KL’S-’J3 Bias for stage length computation;
in 0
i

270.1-4
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STAGEG STAGE GEOMETRY SGGM1
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INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it muat be input directly with the intra-model input,

Mnemonic Symbol Description; Ext. (Int.) Units Model Type
AITA Afy Cross-sectional area, interstage aft base;
A in’ INTSTGG
AITF AI'I‘ Cross-sectional area, interstage fore base;
F in® INTSTGG
ASS ASS Cross-sectional area, substage;
in? SUBSTGG
DITA Dy Diameter, interstage aft base;
A in INTSTGG
DITF DIT Diameter, interstage fore base;
F in INTSTGG
DSS Dss Outside diameter, substage;
in SUBSTGG
LITS L Spacing distance associated with the
ITS . )
interstage;
in Fig, 1 INTSTGG
LFS LPS Total propulsion system length;
in PPOSYSG
LSS L’SS Total substage length;
in Fig. 1 SUBSTGG
LVH Lyy Total vehicle length;
in VEHG
270.1-5
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STAGEG

OUTPUT DATA:

STAGE GEOMETRY

SGGMI

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

Mnemonic Symbol Description; Ext. (Int. ) Units
ASG ASG Stage crosse-sectional area;
in® Eq. 3
DSG DSG Stage diameter;
in Eq. 2
LSG Le Stage length;
in Fig. 1 Eq. 1
RLDPSSG RLDPSSG Pro.pfmlsion system length to stage diameter
ratio;
N. D, Eq. 5
RLDSG RLDSG Stage length to stage diameter ratio;
N. D. Eq. 4
RLDVHSG RLDVHSG Vehicle length to stage diameter ratio;
N. D. Eq. 6
270.1-5
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STAGEW STAGE WEIGHT SGWMI
280.1

MODEL TYPE: STAGEW (STAGE Weight)

MODEL NAME: SGWMI1 (Single substage and interstage)
DESCRIPTION:

SGWMI1 (StaGe Weight Model number 1) is a weight synthesis model which
evaluates the stage vveight breakdown and stage mass fractions for a ztage
having a single substage and interstage. Thc stage weigat is compri_es of
the following subsystemns:

Substage

Interstage

PROCEDURE:

Prior to entering SGWMI, the mod.1ls specified by the SUBSTGW and
INTSTGW model types have evaluated the substage and interstage weighta.
In addition to evaluating subcomponent weights peculiar to their particular
requirements, they have defined a set of component weights in terms of
expended or non-expended attributes,

Upon the first entrance to SGWMI1, these expended and non -2xpended, sub-
stage and interst age, weight components are used in determi -ing the stage

weight breakdown, In addition, mass fractions which are aot .‘ependent upon

nropulsion system or vehicle quantities are evaluated,

The remainder of the stagec are then sized and the models specified for the
PROSYSW and VEHW model types will determine the propulsion system and
vehicle weights,

After the entire vehicle has been sized, a second entrance is made to SGWM1!
and the stage mass fractions which are dependent upon propulsion system and

vehicle quantities are evaluated.
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STAGEW STAGE WEIGHT

EQUATIONS (FIRST ENTRANCE):

Weight of propellent associated with this stage.

Wep = Wpp

SG SS

Total stage weight.

Wsg = Kwsg (Wss * Wir)
Total non-expended stage weight component,

w = K w +w
SGyx wsanx (Vss IT

NX NX)

Total expended stage weight component.

w = K

5Gy - Fwscx (wssx * Wiy

Expended (thrust producing) stage weight component,

w =K

+ W
SGXT

wSGXT (Vs IT

XT XT)

Expended (non-thrust producing) stage weight component,

w

SG + W

= K w
wscx1 (Wss,, ¥ VT

X1 X1 )

Total weight of stage expendables.

w = K

. + W
SGXX S

wsoxx (Vep

SG Gy)

Total stage expended inert weight flow.
[ ] ®
Wsc;I = Kpwsar wENI

Stage propellent n.ass fractioa,

W
PPgq

K =
——
SGpMmF SG

280,1-2

SGwMI

(1)

(2)

(3)

(4)

(5)

(6)

(7

(8)

(9)
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STAGEW STAGE WEIGHT SGWMI
E L. EQUATIONS (FIRST ENTRANCE)(Cont. ):
' Stage expended mass fraction,
¥sG
Ksg = ——— (10)
XMF SG

Stage structure mass fraction.

; Ysa
: Kgg =

NX

-— ' (11)
SMF SG

EQUATIONS (SECOND ENTRANCE):

Stage weight proportion

Wsg {

Rywscops * ~Wos (12) i

Stage propellent weight proportion,

L Yep |
R - SG (13) ' ]
WPSGPS pr |

PS i

!

]

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user, If |
a value is not input, the preset value is used. P

Mnemonic Symbol Description; Ext. (Int.) Units Preset
KDWSGI KDWSGI Coefficient for DWSGI computation;
N. D. -1
KWSG KWSG Proportionality lactor for total stage weight; ‘
N.D. 1
KWSGNX KWSGNX Proportionality factor for non-expended s:age

weight component;

N. D. 1




STAGEW

STAGE WEIGHT SCwWMI

INPUT DATA, INTRA-MODEL (Cont. ):

Mnemonic Symbol
KWSGX KWSGX
KWSGX1 KWSGXI
KWSGXT KWSGXT
KWSGXX KWSGXX

Description: Ext, (Int,) Units Preset

Proportionality factor for total expended stage
weight component;

N. D. 1

Proportionality factor for expended (non-
thrust producing) stage weight component;

N. D. 1

Proportionality factor for expended (thrust
producing) stage weight component;

N. D. 1

Coefficient for WSGXX computation;
N. D' l

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
mocel of the cpecified model type. If the user has not opecified such a
source for this data, then it must be input directly with the intra-model input,

Mnemonic Szmbol
[
DWENI wENI
wIT WIT
WITNX w
ITNX
WITX WIT )
b
280,1-4

Description; Ext. (Int.) Units Model Type

Inert engine weignt {low;
1b PROPUL
Total interstage weight;
ib INTSTGW

Total non-expended interstage weight
component;

Ib INTSTGW

Total expended interstage weight component;
1b INTSTGW
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E STAGEW STAGE WEIGHT SGWMI
HE
: R -
E » INPUT DATA, INTER-MODEL (Cont, ):
:s' é Mnemonic Symbol Description; Ext. (Int.) Units Model Type
19 v
2
E b WITX1 Wn. Expended (non-thrust producing) interstage
: {- XI weight component;
E : 1b INTSTGW
: :E‘ WITXT “"m‘ Expended (thrust producing) interstage
E e XT weight component; &
£ Ib INTSTGW §
P _
Cos WPPPS Wpp Weight of propellent associated with the ER
i PS propulsion system; %
14 - I 3
i 1b PROSYSW o
t : -
P WPPSS wPP Weight of propellent associated with the :
SS substage; H
; 1b SUBSTGW :
E WPS wPS Total propulsion system weight;
; ( 1b PROSYSW ]
I 4
; WSS Weg Total substage weight, Includes propellent; :
1b SUBSTGW
1 WSSMX WSSNX Total non-expended substage weight component;
Ib SUBSTGW .
p wsSSX wSS Total expended substage weight component, ;
X does not include propellent; :
[ 1b SUBSTGW i
{ WwSSX1 Wgg Expendad (non-thrust producing) substage
X1 wyight component;
1b SUBSTGW
WSSXT Wee Expended (thrust producing) substage weight
XT component, does not include propellent;
1b SUBSTGW

280,1-5




STAGEW STAGE WEIGHT

[ AR e

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
mode!l input to other models and to print, plot, and optimization routines.

i
A J..‘L‘)‘.ﬂm

Mnemonic Symbol Description; Ext. (Int.) Units i
. i
DWSGI WS Total stage expended inert weight flow, A
Gl negative value indicates weight loss from the 1
stage (see KDWSGI), DWSGI corresponds to i
DWINERT in the trajectory simulation models;
1b/sec Eq. 8
KSGPMF KSG Stage propellent mass {raction, Ratlo of
PMF propellent weight to stage weight;
N. D. Eq. 9
KSGSMF KSG Stage structure mass fraction, Ratio of non-
SMF expended stage weight to total stage weight;
N. D. Eq. 11
KSGXMF KSG Stage expended mass fraction, Ratio of
XMr experded stage weight (excluding propellent) _
to total stage welght; .
N. D. Eq. 10
RWSGPS RWSGPS Stage weight proportion., Ratio of stage weight
to propulsion system weight;
N. D. 12
RWPSGPS RWPSGPS Stage propellent weight proportion. Ratio of
propellent weight associated with the stage to
the propellent weight associated with the
propulsion system;
N. D, Eq. 13
WPPSG w Welight of propellent associated with this
PP .
SG stage;
1b Eq. 1
wsG Wso Total stage weight. Includes substage and
interstage;
1b Eg. 2
280.1-6
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E STAGEW STAGE WEIGHT SGWMI v
b
LU OUTPUT DATA (Cont. ):
3 Mnemonic Symbol Description; Ext. (Int, ) Units
L - ]
£
¥ WSGNX WSG Total non-expended stage weight component.
; NX Includes substage and interstage. WSGNX
Y corresponds to WTSTS in the trajectory
" simulation models;
¢ 1b Eq. 3 ,
£
3 WSGX wSG Total expended stage weight component, i 3
) X Includees substage and interstage. Does not K
include propellent; X 3
b Eq. 4 :
'3
WSGKXI LY Expended (non-thrust producing) stage weight i
X1 component. Includes substage and interstage; -
1b Eq. 6 3 ‘
WSGXT WSG Expended (thrust producing) stage weight % g
XT component, Includes substage and interstage. 5
Does not include propellent; i ’
{ 1b Eq. 5 ‘ :
WSGXX wSG Total weight of stage expendables. Includes J
XX propellent, expended thrust producing, and

expended non-thrust producing stage weight
components. WSGXX corresponds to WTANK
in the trajectory simulation models;

1b Eq. 7
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g SHROUDW SHROUD WEIGHT SHWM!
o .
: 290.1 j
: ; 3
: MODEL TYPE: SHROUDW (SHROUD Weight) i
MODEL NAME: SHWM1 (Direct Input) g
DESCRIPTION: 1
SHWMI! (SHroud Weight Model number 1) is a simple non-geometry dependent :!
shroud weight model for which the shroud weight is input directly by the '
program user. It should be noted that shroud simulations will normally J
require a shroud weight model but not a shroud geometry model. i
See the PAYSECW model type for payload section weight models which are ‘
applicable if this shroud weight model is used. Lo
: B
: PROCEDURE: ':
Prior to executing SHWMI1, all vehicle subsystems within the propulsion Lo
system have been sized and the model specified for the PAYLODW model Lo
' type has evaluated the payload weight breakdown. T
SHWMI1 is then executed and the shroud weight is evaluated, .
After SHWMI is executed, the model specified for the PAYSECW model '
type will use the payload and eshroud weights to evaluate the payload section :
weight breakdown,
EQUAT.ONS:
Total shroud weight.
Wsu ¥ Xwsu Wsuroup (1)
Total non-expended shroud weight component,
w = W (2)
SHNX SH i
¢
{
}
i
290.1-1 i
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SHROUDW SHROUD WEIGHT SHWMI

EQUATIONS (Cont. ):

Total expended shroud weight component,

w =0 (3)
SHx

Expended (non-thrust producing) shroud weight component,

W =0 (4)
SHyq

Expended (thrust producing) shroud weight component,

w =0 (5)
SHy

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. I
a value is not input, the preset value i8 used.

Mnemonic Szmbol Description; Ext. (Int,) Units Preset
KWSH KWSH Coefficient for WSH computation;

N. D. l
WSHROUD WSHROUD Shroud weight input by user;

1b 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Symbol Description; Ext, (Int,) Units Model Type

None
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% SHROUDW SHROUD WEIGHT SHWM1
POy,

OUTPUT DATA:

¢ The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

Mnemonic §-'mbol Description; Ext. (Int.) Units
i WSH Wep Total shroud weight;
; : Ib Eq. 1
L, WSHNX wSH Tctal non-expended shroud weight component;
E NX b Eq. 2
é WSHX WSH Tutal expended shroud weight component;
1 X b Eq. 3
WSHX1 wSH Expended (non-thrust producing) shroud
X1 weight component;
E 1b Eq. 4
WSHXT WSH Expended (thrust producing) shroud weight
! .
XT component;
1b Eq. 5

260.1-3




SHROUD WEIGHT SHWMI

SHROUDW

Cx ANOYHSM HSM
LXHSM IXHSM T XHSM XNHSM HSM
JHOTIM QNOYHS THMHS MINCYHS
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SUBSTGG SUBSTAGE GEOMETRY 3sGM1
300.1

MODEL TYPE: SUBSTGG (SUBSTaGe Geometry)

MODEL NAME: SSGM1 (Single Solid Rccket Motor)l
DESCRIPTION:

SSGMI1 (SubStage Geometry Model number 1) evaluates the geometry of &
completé solid rocket motor substage, incfuding the motor case, protruding
nozzle and spacing required ahead of the forward closure for the igniter
attachment, thrust termination, etc. Since this is the final geometry model

executed in the substage geometry design, substage requirements for inter-
stage design are also evaluated., See figure 1.

PROCEDURE:

Prior to entering SSGMI1, the models specified for the CASEG, NOZZLEG

and MOTORG model types have determined the final geometry for the case,
nozzle and basic motor.

SSGM] then uses these primary component diameters and lengths to determine

the overall substage geometry, including interstage requirements,

After leaving SSGMI1, the weight and propulsion models for this particular
substage are sized. After all substages are sized, the interstage models
will be executed and, utilizing the substage geometry data together with
satisfying their individual requirements, the interstages are sized.

EQUATIONS:

Intersubstage spacing distance.

L = K + K D + 1L, (1)
SSS LSl LS2 CSO rTMT

Total substage length.

Lss = Lss. * ImT * Inz (2)

S P

300.1-1
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SUBSTGG SUBSTAGE GEOMETRY

EQUATIONS (Cont. ):

Substage outside diameter,

- D D

ss = ¥p1 * Kpa Dy

Suhstage cross sectional area.

Ags = ('g“) Ds?'s

Ratio, total substage leng*th to case diameter.

Lss

Ripsscs ° T.—
s,

Substage diameter for forward interstage attachment,

Dgg =D

ITF S8

Substage diameter for aft intcsstage attachment.

D = D
SSITA

SS
Length of interstage required (forward) for this substage,
L = L + L - L
SSirp MTegr SSg TMTgye
Length of interstage required (aft) for this substage,

L = L + L - L
SSita MTepa  NZ2p MTgka

300.1-2

SSGMl

3)

(4)

(5)

(6)

(7)

(8)

(9)
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7 SUBSTGG SUBSTAGE GEOMETRY SSGM1
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Fig. 300.1-1 Substage Geometry
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SUBSTGG SUBSTAGE GEOMETRY SSGMI

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user. If a
value is not input, the preset value is used,

Mnemonic Symbol Description; Ext, (Int,) Units Preset
KLSSS1 KLSI Bias for inter-substage spacing distance
computation. Does not include thrust
termination;
in 0
KLSSS2 KLSZ Proportionality factor relating a component

of the inter-substage spacing distance to the
outside case diameter. Does not include
thrust termination;

N. D. 0
KDSS1 KDI Bias for substage diameter computation;
in 0

KDSS2 KDZ Coefficient for substage diameter computation;
in 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a
source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol Description; Ext. (Int.) Units Model Type
DCSO DCS Qutside 1notor case diamaeter;
0 in CASEG

DMT DMT Motor diameter;

in MOTORG
LMt Lyt Motor length;

in MOTORG
3000 1'4
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SUBSTGG

SUBSTAGE GEOMETRY

SSGMI

INPUT DATA, INTER-MODEL:

Mnemonic

LMTCLA

LMTCLF

ILMTSKA

LMTSKF

LNZP

LTTMT

Szmbol

L
MTe1a

L
MTep

L
MTgka

L
MTgkr

L
NZP

L
T'IMT

QUTPUT DATA:

Description; FExt. (Int, ) Units Model Type

Length of motor aft closurc;

in MOTORG
Length of motor forward closure;

in MOTORG
Length of inotor aft skirt;

in MOTORG
Length of motor forward skirt;

in MOTORG
Protruding noxzle length;

in NOZZLEG
Length, thrust termination;

in TTERMG

The following data is output {frem this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonir

ASS

DSS

DSSITA

Sxmbol

Ags

Dgg

SS1TA

Description; Ext, (Int.) Units

Substage cross sectional area;
in Eq. 4

Substage outside diameter. May include
raceways and other protrusions;

in Eq. 3

Substage aft diameter for interstage
attachment;

in Eq. 7
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SUBSTGG

OUTPUT DATA:(Cont, ):

Mnemonic Symbol
DSSITF D

SS1ry
LSS Lgs
LSSITA L

SSiTA
LSSITF L

SS1rr
LSSS LSSS
RLDSSCS Ry psscs
300, 1-6

SUBSTAGE GEOMETRY SSGM1

Description; Ext, (Int,) Units

Substage forward diameter for interstage
attachment;

in Eq. 6

Total substage length, Includes motor,
protruding nozzle, and required spacing
distance forward of the forward closure;

in Eq. 2

Length of intersiage required (aft) for this
substage;

in Eq. 9

Length of interstage required (forward)
fcr this substage);

in Eq. 8

Inter-substage spacing distance, Substage
distance, measured along vehicle centerline,
forward of fore motor closure. Used primarily
for thrust termination equipment and any

other spacing distance required between this
substage and the nozzle of the substage

forward of this substage;

in Eq. 1
Length to diameter ratio, Ratio of total
substage length to outside case diameter;
N. D. Eq. 5

4
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SUBSTGW SUBSTAGE WEIGHT SSwWM1

g

< 310. 1
MODEL TYPE: SUBSTGW (SUBSTaGe Weight)
; MODEL NAME: SSWM! (Weight Synthesis, Single Motor
and Nozzle)

’ DESCRIPTION:

SSWM1! (Substage Weight Model number 1) is a weight synthesis model
which evaluates the substage w=ight breakdown and substage mass fractions
for a substage having a single solid rocket motor and nozzle. The substage
weight i8 comprised of the following subsystems,

Motor

Nozzle N

Note that the above subsystems do NOT include the interstage. See the
STAGEVW model for stage (substage plus interstage) weight quantities.

'

PROCEDURE: T

Prior to entering SSWMI1, the models specified by the NOZZLEW and
MOTORW model types have evaluated the nozzle and :notor weights., In
addition to evaluating subcomponent weights peculiar to their particular
requirements, they have defined a set of component weights in terms of
expended or non-expended attributes.

o Cdadllin

These expended and non-expended motor and nozzle weights are input to
SSWMI, The SSWMI! model will comtine these quantities to determine the
substage weight components and mass fractions,

L danit

After the SSWMI model is executed, the interstage geometry and weights are
determined. The model specified by the STAGEW model type will then use

the substage and interstage quantities to determine the stage weights and
mass fractions.

o nie o i

© e ke
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SUBSTGW SUESTAGE WEIGHT SSwMl

EQUATIONS:

Weight of propellent associated with the substage.

¥epp . = VPP (1)

SS MT

Total substage weight.

Wss = Kyss (Wyp + Wz (@)

[ So
4 e

Total non-expended substage weight component,

w

ss.o - Ewssnx Wmr. ot Nz ) (3) '

NX NX NX
Total expended substage weight component (excluding propellent).

w : K (w + W ) (4)
SSx WSSX MTX NZX

Expended (thrust producing) substage weight component (excluding propellent}

w = K

$Syr wssxT WMt * YNz ) (5)

XT XT
Expended (non-thrust producing) substage weight component,

w + W

= K (W ) (6)
SSy g WSSXI ' MTy NZy,

Substage propellent mass fraction.

K = (7)
SS bMmF Wss

Substage expended mass fraction,

w
SSX

K - (8)
SS¢MF Wss

Substage structure mass fraction,

w

K = (9)
SSsmr Wss

-ty o
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SUBSTGW

SUBSTAGE WEIGHT SSWMI

AN INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user, ifa

Mnemonic Sxmbol
KWSS KWSS
KWSSNX KWSSNX
KWSSX KWSSX
KWSSXI : KWSSXI
KWSSXT KWSSXT

value is not input, the precet value is used.

Description; Ext. (Int.) Units Preset

Proportionality factor for total substage weight;
N. D. 1
Proportionality factor for total non-expended
substage weight component;

N. D. 1
Proportionality factor for total expended
substage weight component;

N. D. 1
Proportionality factor for expended (non-thrust
producing) substage weight component;

N. D. |
Proportionality factor for expended (thrust
produring) substage weight component;

N. D. 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usaally ocatput from a
model of the specified model type. If the user has not specified suchk a
source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol

WMT WMT

WMTNX w
MTx

Description; Ext. {Int.) Units Model Type

Motor weight, total;
Ib MOTORW

Motor weight component, total non-expended;
1b MOTORW

310.1-3
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SUBSTGW

SUBSTAGE WEIGHT

INPUT DATA, INTER-MODEL (Cont. ):

Mnemonic

—— —— —— . t——

WMTX

WMTXI

WMTXT

WNZ

WNZNX

WNZX

WNZXI

WNZXT

WPPMT

310.1-4

Szmbol

w
MTX

w
MTXI

MTXT

NZ

A
NX

NZ

\
N ZXI

NZXT

PPMT

SSwWM1!

Description; Ext, (Int,) Units Model Type

UTTRRTTSRUR TR R T = T

Motor weight component, total expended;

1b

MOTORW

Motor weight component, expended, (non-

thrust producing);
1b

MOTORW

Motor weight component, expended, (thrust

producing);
1b

Nozzle weight, total;
1b

Nozzle weight component,
1b

Nozzle weight component,
1b

Nozzle weight component,
thrust producing);

1b

Nozzle weight compoenent,
producing);

1b

Propellent weight;
1b

MOTORW

NOZZLEW

total non-expended;
NOZZLEW

total expended;
NOZZLEW

expended, (non-

NOZZLEW

expended, (thrust

NOZZLEW

PROPELW
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SUBSTGW SUBSTAGE WEIGHT SSWM1
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OUTPUT DATA: :

The following data is output from this model. It is available for use as inter- é
model input to other models and to print, plot, and optimization routines. :

Mnemonic Symbol Description; Ext, (Int.) Units :
KSSPMF KSS Substage propellent mass fraction. Includes 5 3
PMF motor and nozzle; :
N. D. Eq. 7
KSSSMF KSS Substage structure mass fraction. Includes
SMF motor and nozzle;
N. D. Eq. 9 3
X4
KSSXMF KSS Substage expended mass fraction. Includes
XMF motor and rozzle;
N. D, Eq. 8
WPPSS w Weight of propellent associated with the
PP X
sS substage;
1b Eq. 1
WSS WsS Total substage weight, Includes motor and
nozzle;
1b Eq. 2
WSSNX WSS Total non-expended substage weight component,
NX Includes motor and nozzle;
1b Eq. 3
WSSX w Total expended substage weight component.
Ss
X Includes motor and nozzle;
1b Eq. 4
WSSXI W Expended (non-thrust producing) substage weight
SS .
X1 component. Includes motor and nozzle;
1b Eq. 6
WSSXT W, Expended (thrust producing) substage weight
SSxT .
X component. Includes motor and nozzle;

1b Eq. 5




SUBSTAGE WEIGHT SSWM1

SUBSTGW
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TTERMG THRUST TERMINATION GEOMETRY TTGMI
320.1

MODEL TYPE: TTERMG (Thrust TERMination Geometry)

MODEL NAME: TTGM1 (Motor Centerline spacing Distance)

DESCRIPTION:

TTGM! (Thrust Termination Geometry Model number 1) evaluates the

spacing distance required, forward of the fore motor closure, for the thrust
termination mechanism.

PROCEDURE:

Prior to executing TTGM!, the model specified for the CASEG model type
has determined the case cutside diameter.

TTGiMI1 then uses the case diameter to evaluate the spacing distance required
for th2 thrust termination mechanism,

The thrust termination spacing distance will later be used by the model

specified for the SUBSTGG model type to determine the required intersub-
stage spacing distance,

EQUATIONS:

Thrust termination spacing length,

L = K c,D
TTMT LTTMT 71 CO

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user. If a
value is not input, the preset value is used,

320,1-1
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TTERMG THRUST TERMINATION GEOMETRY TTGMI1

INPUT DATA, INTRA-MODEL (Cont. ): b
Mnemonic Symbol Description; Ext. (Int, ) Units Preset
CTTGI Cl Constant for LTTMT computation;
N, D. 0.0l
KLTTMT KLTTMT Coefficient for LTTMT computation;
N. D, 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which 1s usually output from a
model of the specified model type. If the user has not specified such a source
for this data, then it must be input directly with the intra-model input.

Mnemonic ’Szmbol Description; Ext, (Int,) Units Model Type
DCSO D Outside case diameter;
CSO
in CASEG

QUTPUT DATA:

The following data is output by this model. Tt is available for usage as inter-
model input to other models and to print, plot, and optimization routines.

Mnemonic Symbol Description; Ext. (Int,) Units
LTTMT LTT Thrust termination spacing length. Distance
MT measured along motor centerline forward of

the fore motor closure, required for the
thrust termiration mechanism;

in

e A e il e L B e
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TTEKMW THRUST TERMINATION WEIGHT TTWM]1
o
P 330. 1
MODEL TYPE: TTERMW (Thrust TERMination Weight)
i
: MODEL NAME: TTWMI1 (Parametric Scaling)
; DESCRIPTION:

L TTWMI (Thrust Termination Weight Model number 1) utilizes a parametric {

: scaling equation to determine the weight of the thrust termination mechanism !
for a sulid rocket motor., See reference 8 for a description of the equation
and parametric scaling rationale.

e o s

This model is applicable for performance parameters within the following
limits (see Input Data, Inter-Model).

300 < PCHAVG < 1000 psia,
40 < TBPPMT < 140 sec.

‘ 3000 < WPPMT < 2,000,000 1b,

PROCEDURE:

In addition to evaluating the thrust termination weight, the TTWMI] model
determines the total weight breakdown in terms of expended and non-expended
components,

These expended and non-expended component weights will later be used by the .
model specified for the MOTORW model type to deterrnine the motor weights I
and mass fractions, |

EQUATIONS:

Total thrust termination weight,

Ypp
1 ° Kwrr €1 F—"T"MT (1)
\ AVG "B

C, ;

w

330,1-1
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TTERMW | THRUST TERMINATION WEIGHT TTWMI

EQUATIONS (Cont, ): ' )

Total non-expended thrust termination weight component,

w = K

. w ' (2)
TTyx WTTNX "TT

Total expended thrust termination weight component,

w =0 (3)
TTy

Expanded (non-thrust producing) thrust termination weight,

w = 0 . (4)
TTyy

Expended (thrust producing) thrust termination weight,

w =0 (5)
TTXT

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user. If a U i;
value is not input, the preset value is usecd. :
3
Mnemonic Symbol Description; Ext, (Int, ) Units Preset g
CTTWI C, Scaling constant for WTT clomputat{on; ';
N. D. . 170
1
CTTWwW2Z CZ Scaling constant for WTT computation; :}
N. D. 1. 45 ]
1
XKVWTT K Proportionality factor for thrust terminatior ;
WTT . i
weight; g
N. D. 1 1
KWTTNX KWTTNX Proportionality factcr for non-expended thrust
termination weight;
NO Dl 1
330,1-.2
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TTERMW THRUST TERMINATION WEIGHT TTWMI

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user has not specified such a source
for this data, then it must be input directly with the intra..model input,

Mnemonic Symbol Description; Ext. {Int.) Units Mordel Type
PCHAVG pAVG Average chamber pressure;

psia IBGAS
TBPPMT TB Propellent burn time;

sec IRPERF
WPPMT Wop Propellent weight;

MT
1b PROPLE_W

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization routines,

Mnemonic Symbol Description; Ext. (Int,) Units
WTT WTT Total thrust termination subsystem weight;
1b Eq. 1
WTTNX WTT Total non-expended thrust termination
NX subsystem weight component;
ib Eq. 2
WTTX WTT Total expended thrust termination subsystem
X weight component;
1o Eq. 3
WTTXI WTT Expended (non-thrust producing) thrust
X1 termination subsystem weight component;
1b Eq. 4
WTTXT W Expended (thruet producing) thrust
XT termination subsystem weight component;
1b Eg. 5

330,1-3

Ly

k “I . llﬁw‘.w' - ' "




TR TR ¥ YT IR ey T X TR e T e T e e -

— — . T e e e e e i e - ran s . - e 4 e
: e |
: b
M -2
_ [
| &
]
i
}
{
‘
|
)
” &
| x
O
-y
% &
m ES
; Z
; @)
—y
_ &
<
- | Zaay LD o
XNLIMN »
m IXILM IXIIM Tw XLIM XNLIM \f
™ JHOTAM NOLLVNIWMAL LSOMHI TWMLL MRILL -
-
n
o
2]
oo
&
2 ‘(spieysp ayy z0
1 ¥ s1epowr Indino uo
nMn vwhnuuansm 10 pajutad 3aq Aew mojaq uaad saury 3y jo ﬂu:m M:MﬁtMMn .o%uuuwnoumn“ o
m 3qQ II™ x3quunu Julf 3y3 Jo IIST 9yl 03 Ns1X939e ue yYam §uly 9501} hdwo .>:MEE.OZ ~
b . 2
‘AT MD0TE LNIdd -

e ——— o
A Al 1 U e i et e A W A € ks w P war B it s b



P

TVCG THRUST VECTOR CONTROL GEOMETRY TVGM1

340. 1

MODEL TYPE: TVCG (:I"hrust Y_ector gontrol geometry)

MODEL NAME: TVGM1 (Gimballed nozzle)

DESCRIPTION:

TVGMI1 (Thrust Vector Geometry Model number 1) evaluates the geometry
required for the simulation of a gxmballed nozzle. The gimbal point is
located on the nozzle centerline and may be forward (see figure 1) or aft
(see figure 2) of the nozzle throat plane.

PROCEDURE:

Prior to entering TVGMI, the model specified for the NOZZLEG model type
has evaluated the nozzle geometry.

TVGMI then uses this nozzle geometry to determine the gimballed nozzle
envelope geometry.

EQUATIONS:

Gimballed nozzle le ngth ratio, (Pesitive value if gimbal point is aft of
nozzle throat plane. )

K
R - K , "RLGBZ

LGB RLGB! ——

Distance from nozzle throat plan~ to nozzle gimbal point. (Positive sense
from nozzle throat plane towards nozzle exit plane.) (Figs. 1, 2)

(1)

L = R L (2)
GBTH LGB NZDV

340,1-1




TVCG THRUST VECTOR CONTROL GEOMETRY TVGMlI

EQUATIONS (Cont. ):

Distance from nozzle gimbal point to nozzle exdt plane. (Figs. 1, 2)

L = L

- L
GBpxr

GB (3)

NZ TH

DV

Nozzle gimbal envelope half angle for zero gimbal angle. (Figs. 1, 2)
D

NZ
9 = arctan EXT (4)
GB2 ZLGB
EXT
Nozzle gimbal envelope half angle. (Figs. 1, 2)
b¢B, ~ GGBZ+ B (5)

Distance from nozzle gimbal point to edge of nozzle exit cone, (Figs. 1, 2)
D 2

. NZpxT (6)

L

Diameter of gimballed nozzle envelope. (Figs. 1, 2)

D sin (GGBI) (7)

=2

L
ENV GB

GB EDGE

340,1-2
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TVCG THRUST VECTOR CONTROL GEOMETRY TVGMIL
PR~
W b A
7|
/i
7
/
/// GB
FORWARD I 2 L
/// 0 GBTH
oy %ce,
i /
¥ /
: !/ 3
g NOZZLE THROAT PLANE ; ;| | |
7 ;
/ol
i /
/ !
@ / / BexT
AFT Fa *
: / | i
" GimMBAL —7 |
} ENVELOPE / g
v l !
.' @
'
NOZZLE ;
PLANE
%8/ !

| !

0 ,4 z

— NZext— l |
GBenv

NOTE THAT L HAS A NEGATIVE VALUE
GBry

. P
M o o

Fig, 340, 1.1 Gimbal Point Forward of Nozzle Throat




TVCG THRUST VECTOR CONTROL GEOMETRY

TVGMI
FORWARD
NOZZLE THROAT PLANE \ [
GIMBAL
{} POINT !
AFT
GIMBAL
ENVELOPE
8
G{//
D
CBenv
NOTE THAT L HAS A POS!TIVE VALUE
CBrh
Fig. 340.1-2 Gimbal Point A‘t of Nozzle Throat
340,1-4
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TVCG THRUST VECTOR CONTROL GEOMETRY TVGMI

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user, If a
value ig not input, the preset value is used.

Mnemonic Symbol Description; Ext. {Int.) Units Preset
KR LGBl KRLGBI Bias for RLGB computation;

N. D, 0
KRLGB2 KRLGBZ Coefficient for RLGB computation;

N. D, 0
GBANGLE OGB Nozzle gimbal angle;

deg Figs. 1, 2 0

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type. If the user hag not specified such a
source for this data, then it must be input directly with the intra-model input.

Mnemonic Smbol Description; Ext. (Int.) Units Model Type
DNZEXT D Nozzle e-ur diameter;
NZgxr
in Figs. 1, 2 NOZZLEG
LNZDV LNZ Divergent nozzle section length;
DV in Figs. 1, 2 NOZZLEG
RAEXTTH € NZ Nozzle expangion ratio at nozzle exit plane;
N. D. NOZZLEG
340.1-5
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TVCG THRUST VECTOR CONTROL GEOMETRY TVGMI

OUTPUT DATA: A

The following data is output from this model. It is available for use as inter-

model input to other models and to print, plot, and optimization routines,

Mnemonic M_gl_ Degcription; Ext. (Int,) Units
DGBENV D Diameter of gimballed nozzle envelope;
GBeny
in Figs. 1, 2 Eq. 7
GBENHA OGB Nozzle gimbal envelope half angle;
1 deg Figs. 1, 2 Eq. 5
GBENHAZ oGB Nozzle gimbal envelope half angle for
2 zero gimbal angle;
deg Figs- 11 2 Eq. 4
LGBEDGE LGB Distance from nozzle gimbal point to edge
EDGE of nozzle exit cone;
in Figs. 1, 2 Eq. 6
LGBEXT LGB Distance from nozzle gimbal point to
EXT nozzle exit plane;
in Figs. 1, 2 Eq. 3
LGBTH LGB Distance from nozzle throat plane to nozzle
TH gimbal point, Meagured on nozzle centerline,
positive s2nse from nozzle throat pl ane
towards nozzle exit plane;
in Figs. 1, 2 Eq. 2
RLGB RLGB Gimballed nozzle length ratio. Ratio of

340, 1-0

LGBTH to LNZDV, Posgitve sign irdicates
gimbal point is aft of nozzle throat plane;

N. D, Figs. 1, 2 Eq. )
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TVCW THRUST VECTOR CONTROL WEIGHT TVWMI

350.1

MODEL TYPE: TVCW (Thrust Vector Control Weight

MODEL NAME: TVWMI1 (Gimballed nozzle or integral omnivector,
statistical scaling)

DESCRIPTION:

TVWMI (Thrust Vector control Weight Model number 1) utilizes a statistically
derived equation fo determine the weight of a gimballed nozzle thrust vector
control system. In addition, a nozzle weight factor is determined for
assegsing the required nozzle weight penalty.

(See REMARKS for the simulation of an integral omnivector TVC system. )
The subsystems considered within the TVC system weight are:

Actuators

Hydraulic pressurization system
Plumbing

Valves

Roll control system

It should be noted that since the TVC(C weight equation is based upon a purely
statistical analysis, the model is intended for usage only in total sizing and
optimization studies. This model cannot be used for subsystein trade off

studies. See reference 8 for a description of the equatiuns and statistical
scaling rationale.

This model is applicable for performance pararneters within the following
limits,

15 < NZHA ~ 30 deg
300 < PCHAVG < 1000 PSIA
5 < RAEXTTH < 75

30 <« TBPPMT < 140 sec
500 < WPPMT < 2,000,C00 ibs

where NZHA and RAEXTTH are associated with the NOZZI.EG meodel type,
PCHAVG is associated with the IBGAYS model type, TBPPMT ig2 associated with
the IBPERF model type, and WPPMT s associated with the PROPELW model
type.
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TVCwW THRUST VECTOR CONTROL WEIGHT TVWMI

PROCEDURE:

This is a two entrance model. Up on the first entrance to TVWMI, the nozzle
weight penalty factor is evaluated. The model specified for the NOZZLEW
mode!l type is then executed to determine the nozzle weight,

TVWM]1L is then entered for the second time, the TVC system weight is

evaluated as a function of the nozzle weight, and the TVC system weight
breakdown is determined.

EQUATIONS (FIRST ENTRANCE):

TVC nozzle weight penalty factor.

€, Krvnzi

NZ (& Zfz

EQUATIONS (SECOND EINTRANCE):

K

i

TV * Krvnze (1)

Tota. thrust vector control weight,

C4
Wev = Kyrv €3 (Wnz) )
Total non-expeaded thrust vector coatrol weizht component.

Woy = W

(3)
NX TV

Total expended thrust vector control weight component.

w =0, (4)
TVy

3500 1'2
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TVCW THRUST VECTOR CONTROL WEIGHT TVWMI

EQUATIONS (SECOND ENTRANCE)(Cont. ):

Expended (non-thrust producing) thrist vector control weight component.

w = 0.
TV (5)

Expended (thrust producing ) thrus’ vector control weight component,

w = 0.
TVyrp (6)

INPUT DATA, INTRA-MODEL:

The following data is input directly to this model by the program user. Ifa
value is not input, the preset value is used.

Mnemonic Symbol Description; Ext. (Int.) Units Preset
CTVWl Cl Cong*ant for KTVNZ computation;

N. D. 2.1
CTVWw2 C2 Constant for KTVNZ computation;

N. D, 0.116
CTVW3 C3 Constant for WNZ computation;

N. D. 2,7
CTVw4 C4 Constant for WNZ computation;

N. D. 0.604
KTVNZl1 KTVNZI Coefficient for KTVNZ computation;

N. D. 1
KTVNZ2 Kovnz2 Coefficient for KTVNZ computation;

N. D. 0
KWTV KWTV Coefficient for WTV computation;

N. D. 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data whick is usuaily output from a
model of the specified model type. If the user has not specified such a

source for this data, then it must te input dire.ctly with the intra-model input.

350,1-3
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TVCW

INPUT NDATA, INTER-MODEL:

THRUST VECTOR CONTROL WEIGHT

Mnemoaic Szr_n_bol
RAEXTTH € NZ
WNZ WNZ

OUTPUT DATA:

The following data is output from this model.

TVWMI

Description; Ext, (Int.) Units Model Type

Nozzle expansion ratio at nozzle exit plane;
N. D. NOZZLEG

Total nozzle weight, Includes weight penalty
due to TVC requirements;

1b NOZZLEW

It is available for use as inter-

model input to other models and to print, plot, and optimization routines.

Mnemonic Smbol
KTVNZ K
TVNZ
wTV WTV
WTVNX w
TVNX
WTVX w
TVX
wTVX1 w
TVXI
WTVXT w
TVyr
350,1.4

Description; Ext. (Int. ) Units

Coefficient used by the nozzle weight model
to assess a nozzle weight penalty to satisfy
TVC system requirements;

N. D, Eq., 1
Total thrust vector control weight;
1b Eq. 2

Total non-expended thrust vector control
weight component;

1b Eq. 3
Total expended thrust vector control weight
component;

1b Eq. 4

Expended (non-thrust producing) thrust
vector control weight component;

1b Eq. 5
Expended (thrust producing) thrust vector
control weight componeni;

1b Eq. 6
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TVCW THRUST VECTOR CONTROL WEIGHT TVWMI
REMARKS:

This model is applicable for simulating an integral omnivector TVC system.
by inputting the following coeificients for the nozzle weight penalty factor,
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VEHG VEHICLE GEOMETRY VHGMI
360, 1

MODEL TYPE: VEHG (VEHicle Eeometry)

MODEL NAME: VHCM1 (Single Propulsion System and

Payload Section)
DESCRIPTION:

VHGM1 (VeHicle Geometry Morel number 1) evaluates the geometry for a
vehicle comprised of a single propulsion system and a single payload section.

See figure 1 for an illustration of the geometry for a typical vehicle comprised
of three stages, a payload and a shroud.

PROCEDURE:

Prior to entering VHGMI all of the major vehicle subsystems have been
sized and the models specified for the PROSYSG and PAYSECG model types

have determined the pertinent propulsion system and payload section geometry,

VHGM]1 is then executed and the vehicle geometry evaluated.

After VHGML1 is executed, the vehicle weight breakdown is evaluated by the
model specified for the VEHW model type. The vehicle has then been
completely sized. However, another pass will be made through all of the

models to evaluate length and weight fractions dependent upon total vehicle
geometry and weight quantities,

EQUATIONS:

Total vehicle length. Figure 1.

Lyp = bps * LpL (1)

360,1-1

Lo ik b

ke B

A e s 2ot A e b A0 (3R s il



T, ey

T TIT T m’“ﬁ'ﬂf?m?ff’f' T

VEHG VEHICLE GEOMETRY
PAYLOAD ﬁ—-——r A }
SECTION Laa Lo
> o
PROPULSION
SYSTEM l
L
Gy
| LvH
. L
SGy,
\ !
)
1
Lsc,
J
* Y
Fig. 360,1-1 Vehicle Geometry
360, 1-2

VHGMI




VEHG VEHICLE GEOMETRY VHGM1

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly by the program user., If
a value is not input, the preset value is used.

Mnemonic Symbol Description; Ext, (Int.) Units Preset

None

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
mode!l of the specified model type. If the user has not specified such a

source for this data, then it must be input directly with the intra-model input,

Mnemonic Symbol Description; Ext. (Int.) Units Model Type
LPL LPI Total payload section length;

in Fig. 1 PAYSECG
LPS LPS Total propulsion system length;

in Fig, 1 PROSYSG

OUTPUT DATA:

The following data is output from this model. It is available for use as inter-
model input to other models and to print, plot, and optimization rcutines,

Mnemonic Symbol Description; Ext, (Int.) Units
LVH LVH Total vehicle length;
in Fig. 1 Eq. 1

360,1-3
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VEHW VEHICLE WEIGHT VHWM1

370.1

MODEL TYPE: VEHW (VEHicle Weight)

MODEL NAME: VHWM1 (Single Propulsion system and
payload section, )

DESCRIPTION:

VHWMI (VeHicle Weight Model number )) is a weight synthesis model which
evaluates the vehicle weight breakdown and mass fractions for a vehicle
having a s ngle propulsion system and a single payload section. The vehicle
weight is comprised of the following subsystems:

Propulsion System

Payload Section

PROCEDURE:

Prior to entering VHWMI1, the models specified for the PROSYSW and
PAYSECW model type have evaluated the propulsion system and payload
section weights. In addition to evaluating subcomponent weights peculiar
to their particular requirements, they have defined a set of ccmponent
weights in terms of expended or non-expended attributes,

VHWMI] then uses these expended and non-expended, propulsion system and
payload section, weight components to determine the vehicle weight
breakdown. In addition, the vehicle growth factor is evaluated.

After VHWMI is executed, the vehicle has been completely sized. However,

another pass will be made through all of the models to evaluate subsystem
weight fractions dependent upon the vehicle weight breakdown,

EQUATIONS:

Total vehicle weaight,

w = K

VH

wve (Wps * WpL) (1)
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VEHW VEHICLE WEIGHT VHWMI :
. ? f
EQUATIONS (Cont. ): > 3

Total non-expended vehicle weight component.

w = K. + W

VH wvanx (Wpsy, ¥ VpL ()

NX NX)

Total expended vehicle weight component.

w = K

+ W
VHx

wvnx (Wps, * WpL, ) 3)

Expended (non-thrust producing) vehicle weight component.

wononsbolity GANREL T L6 kit nd Dy ™ol Bl Nd »

w = K

w + W (4)
VHy WVHXI ( PSyy PLXI)

Wit el

Expended (thrust producing) vehicle weight component.

= K + W

w w (5) :
VHy, © BwvnxT (Wes, . Y VeL

XT) :
Total propellent weight associated with the vehicle.

w = W (6)
PP, PP

Vehicle growth factor,

YyvH

K = (7)
VHGE W

INPUT DATA, INTRA-MODEL:

The following data is input to this model directly oy the program user, If
a value is not input, the preset value is used.

‘Ild__nemonic Szmbol Description; Ext, (Int. ) Units Preset
KWVH KWVH Coefficient for WVH computation;
N. D, 1 ;
]
!
370.1-2
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VEHW VEHICLE WEIGHT VHWMI
INPUT DATA, INTRA-MODEL (Cont, ):

Mnemonic Symbol Description; Ext. (Int.) Units Preset
KWVHNX KuwvHNX Coefficient for WVHNX computation;

N. D. 1
KWVHX KWVHX Coefficient for WVHX computation;

N. D. 1
KWVHX1 KWVHXI Coefficient for WVHXI computation;

N. D. 1
KWVHXT KWVHXT Coefficient for WVHXT computation;

N, D. 1

INPUT DATA, INTER-MODEL:

This model requires as input certain data which is usually output from a
model of the specified model type, 1f the user has not specified such a
source for this data, then it must be input directly with the intra-mode! input.

Mnemonic Symbol Description; Ext, (Int. ) Units Model Type
WPA WPA Total payload weight;
1b PAYLODW
WPL WPL Total payload section weight;
) PAYSECW
WPLNX W Total non-expended payload section weight
PL .
NX component;
|§5) PAYSECW
WPLX WPL Total expended payload section weight
X component;
lb PAYSECW
370,1-3
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INPUT DATA, INTER-MODEL (Cont. ): J
Mnemonic Symbol Description; Ext, (Int.) Units Model Type
E —_— :
j' WPLXI1 WPL Expended (non-thrust producing) payload f
P XI section weight component;
' 1b PAYSECW
1 WPLXT Wor Expended (thrust producing) payload section
L T XT weight component;
: 1b _ PAYSECW
. WPPPS - W Weight of propellent associated with the
; PP : .
‘ PS propulsion system; ‘
: ib PROSYSW :
b WPS ' Wog Total propulsion system weight;
E 1b PROSYSW
: WPSNX wPS Total non-expended propuision system
i’ NX weight component;
“i 1b PROSYSW !
E" ' WPSX wPS Total expended propulsion system ;
i X weight component; 1
F 1b PROSYSW g
v WPSXI is Expended (non-thrust producing) propulsion z
i’ X1 system weight component; ;
p ib PROSYSW i :
1 WPSXT WPS Expended (thrust producing) propulsion !
; XT system weight component; N
; \
' 1b PROSYSW : :
x §
3 4
OUTPUT DATA: !

The foitowing data is output frora this model. It is avallable for use as inter- :
model ‘nput (o otlier models and to print, plot, and optimization routines. i
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OUTPUT DATA (Cont. ):

Mnemonic Symbol Description; Lxt. (Int.) Units
KVHGF KVH Vehicle growth factor. Rat’u of total vehicle
GF weight to payload weight;
N. D. Eq. 7 ' l
WPPVH w Total propellent weight associated with the E
PP S 3
VH vehicle;
1b Eq. 6 ;
1
WVH Wy Total vehicle weight; §
1b Eq. 1
WVHNX w Total non-expended vehicle weight component;
VHNX j
Ib Eq. 2 3
WVHX WVH Total expended vehicle weight component;
X 1b Eq. 3
WVHXI w Expended (non-thrust producing) vehicle ‘
VH : .
X1 weight component;
1b Eq. 4
WVHXT WVH Expended (thrust producing) vehicle weight
XT component;
1b Eq. 5
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