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FLOWNET: A COMPUTER PROGRAM PFOR CALCULATING SPCONDARY
FLOW CONDITIONS IN A NETWORK OF TURBOMACHINERY

James R, Rose

Levis Research Center
ABSTRACT

A computer program that calculates the secondary flow
conditions in a network of <turbomachine components is
described. The types of flow components that can be treated
are face seals, narrov slots, and pipes. The progranm is
written in both structured FORTRAN (SFTRAN) and PORTRAN IV.

The program must be run 4in an interactive (conversational)
mode.
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The computer program jascribed in this report calculates the
secondary flow conditions in a network of <turbomachine
components. The types of components that can be treated are
face seals, narrovw slots, and pipes. The program can treat
networks containing up ¢to fifty flow components and
twenty-five unknown network pressures.

The program requires the network parametars, +¢he flow
component parameters, the reservoir conditions, and the gas
properties as input. T4 will ¢hen calculate all unknown
pressures and the mass flow rate in each flov component in
the network.

The network solution is obtained wusing a 1least sqguares
technique. The mathematical models of the 1least squares
technique and the fluid flov are not contained in ¢thie
report. They are d2scribed in publications wvhich are
referenced in this report.

A portion of ¢the computer program is written in structured
FORTRAN (SFTRAN). The rest of ¢the program is written in
FORTRAN 1IV.

The program must be run in an interactive (conversational)
mode. 1A sample problem is included.

INTRODUCTION

The computer program 3dsscribed in this report calculates the
secondary flowv conditions in a network of turbomachine
components. The types of components that may be considered
are shaft face seals, narrow glots, and pipes. The
mathematical model for the f£low conditions is described in
reference 1. The user may add other <flow molels to the
program. The way in which this is done is described in this
report.
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The approach usel to obtain the network solution 4is an
iterative procedure vhich relies on a least squares search
technique. The nmatheaatical models employed by the least
squares search technique are presented in this report and in
reference 2.

PLOWNET is comprised of an executive program, a flov model
subroutine, a least =quares gearch subroutins, and an
interpolation routine. The flow nmodel subroutine is a
nodified version of the computer program descrihed in
refereice 1. The executive program is written in Structured
PORTRAN (SPTRAN)., The rest of the program is written in
FORTRAN 1IV.

FLOWNET has been run on an IBM 360/67 time sharing system at
the Levis Research Center (ref. 5)., This report is intendei]
to serve as a user's guide for the computer program FLOWNET,

SAMPLE FLOW NETWOKK

Figure 1 shows a relatively simple flov network. There are
two flow paths in the netvwork, The two paths ara connecteid
in series between two pressure reservoirs (nodes), The
assumed mass flow direction is indicated by the arrows anad,
of course, this will be ¢the direction of the mass flow if
P2 > Pp > P3., An integer has bheen assigned ¢o each noie.
This designates the inlet »:id outlet node numbers of bo+th
flow paths.

As an example of the application of PFLOWNET to thie network
assume that the pressures at nodes 2 and 3 are known
(fixed). Assume, also, that no mass is lost from the
netvwork. This regquires that the mass flow into each node he
equal to the mass flov out of that node. In this example,
the problem is ¢to solve for the pressure P} at node 1. The
program FLOWNET solves for the particular pressure at node 1
vhich causes the nat mass flow at node 1 ¢o be zero. In
obtaining this solution the total mase flow in the system is
also learned.

ASSUMPTIONS

To €ind the =solution for a given flow network, several
assumptions are made:

1. Each node (a point in a flow network where one or more
flow paths have an inlet or outlet connection) can bhe
treated as a large reservolr in which flow velocities



are negligible, There is, thus, no ambiguity in ¢he
reanings of node temperature and pressure,

2. A unique, steady-state solution exists,

3. The £fluid temperature at each node is known and there is
no heat transfer in the netwvork.

These assunrptions allov the problem ¢o be reduced to ¢the
solutior of a set of simultaneous eguations, vhich express
the conservation of mass flowv a¢t each node in ¢the netvork,
The method used in FLOWNET to solve this set of equations is
described in the next section.

METHOD OF SOLUTION

The method used in FLOWNET ¢o0 find network solutions is
described in this esection. For each flow path in ¢the
netvork let the mass flov he given by the function
H ok (PioPy,T ) rhe subscript i refers to ¢the flow path's
1n10t nodl and refers ¢to its outlet node, Tf all ¢the
pressures P, and temperatures T, are specified then ¢the
functions Mi,4 may be obtained by use of a flowv module (a
subroutine which calculates the mass flovw for a specific
type of flowv path). At any node K, which 4is neither a
source nor a sink, the mass flow equation i= obtained by
adding all mass flow in flov paths having the Xth node as
the outlet node and subtracting all mass flows in flow paths
having the Xth node as the inlet node, that is,

Ry ) L ) L (1

all i all jJ

where Ry is called the residual at the Kth node.
Conservation of mass flow requires that Ry = 0 for all K,
FLOWNET obtains the network =olution by solving for the set
of pressures vhich results in By = 0 for all K.

The strategy used in PLOWNET ¢o find this network solution
is the least-squares method. In this method the sum of the
squares residuals,
2
L w2

all K
is calculated. Then a systematic search is made in

parameter spzce, here the unknown node pressuras, for a
minimum in the sum of the squares residuals, that is,

R = R
all K

: = a minimum (2)



The first set of maes flow functions generated and used to
satisfy equation (2) vields only the first approxinmation ¢o
the correct values of ¢the unknown pressures in ¢the flow
network. This first set of mass flov funcetions is generaten
using user supplied astimates of ¢the unknown pressures,
Thus, they are not, in general, the true functions for the
balanced flow netvork. Thus, iterations must be performeA
until <¢he values of the unknown pressures found by ¢the
least-sgquares search routine are nearly equal ¢to *hose
values used ¢to generate the mass flow functions, The
iterations continue until this sealf consistent solution is
found.

Model Punction for Mass PFlow

The least squares search routine used by PLOWNET requires
the partial derivatives of ¢the mass flow ¢functions. The
mass flow functions are obtained from rather complicated
algorithms and, thus, cannot be differentiated analytically.
The numerical differentiation of the mass flow functione is
simplified by introducing a simple model func+ion
Fi,j(Py/P4 defined as

’ Pi
“i,j - . ri,j“’r’ (3)

where the pressure ratio P, is equal ¢o B /P, . With this
model function the partial derivatives of the mass flow
functions can be written in terms of ordinary derivatives of
the model function with respect to the pressure ratio B .

GENERAL COMMEWNTS ON THE PROGRAM

The executive program is written in Structured FORTRAN
(SFPTRAN) reference 3, An SFTRAN pre-compiler is used ¢o
generate a FORTRAN IV version of the executive program. The
rest of the program is written in FORTPAN IV, The entire
program, FLOWNET, has been run on an IBM 360/67 time sharing
system at the Lewis Research Center. Flow networks
containing several ¢types of €flow paths can be treated by
FLOWNET. Subroutine QUASC (ref. 1) is used ¢to treat flow
across face seals, through narrow slots, and through pipes,
The user may also supply his own £flow module, provided that
the module be made ¢o conform ¢to certain interface
requirements that are delineated later in this report.



Flov of Program logic

The general flow of the proqgram logic is shown in figqure 2,
The executive program reads the data required ¢o Aefine the
flov network. This data 4is then used by the aexacutive
program to model the network for the rest of the pirogram.
The executive program then makes a series of calls to the
appropriate flov module to calculate the mass flovw functions
Hi (p ,Pj,T) for each flow path in the flow netwvork. 7o
calculato these mass flow functions, initial estimates of
the unknown pressures must be used. The usar must supply
these estimates, When ¢the <calculation of all nmass flow
functions is finishel the executive program calis ¢he
non-linear, least-squares search routine, This routine uses
the mass flov functions and their derivatives ¢to solve for
that set of unknown pressures which minimizesx the sum of the
squares residuals (see equation(2)). This set of pressures,
however, is only the first correction ¢to ¢the uyser's
estirmates of the unknown pressures. To obtain a self
consistent solution ¢to the network an iterative echeme is
required. This iterative scheme is described in +he next
section.

Iterative Schemes Used By FLOWNET

In the previous section, the first pass through an iterative
loop was described. The iterations continue as follows, see
figure 2. The first set of unknown pressurss calculated hy
the least-squares search routine are used to calculate a new
set of mass flow functions., Then ¢the least-squares search
routine is called again to calculate a set of pressures that
satisfies equation (2) €for this second set of mass flow
functions. This process continues until a particular
built-in convergence criterion is satisfied, namely,

(1) _ o (i+1)

) S K
(i) IS (AP)max (4)

P

K

where,

the superscript refers to ¢the 4iteration number, ¢the
subscript refers to the node number and (AP)pmax 1S progranm
input. When relationship (4#) is satisfied for each unknown
netvork pressure the solution is considered to be converged.
Note in figure 2 that the least-squares search routine 1is
iterative also. This is because of the non-linear nature of
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the unknovns.




MISCELLANEOUS PEATURES OF PLOWNET

Several features have been built into PLOWN®T which
(1) cause the rass flow functions ¢to be more accurate in
the vicinity of ¢the solution after each outer iteration
(2) provide autonmatic treatmint of flow reversal, and
(3) permit the user to treat .cher types of flov components
by adding his own flow module to the progran.

Solution Accuracy

In general, the converged solution will be accurate if a1l
final mass flov functions are accurate in ¢the vicinity of
the solution. The user cannot insure ¢this accuracy with
input data (or any other feasible way) because this would
require having a good knovledge of the converged solution, a
priori. The first set of mass flov functions are generateq
using estinmates of the unknovn network pressures and a set
of input pressure ratios, These pressure ratios may yield
mass flow functions which are not accurate in the viciniey
of the convcrged solution, 7This Adifficulty is overcome as
follows. After each inner iteration, updated values of the
unknown network pressures are available, These pressyres
are used to calculate a nev pressure ratio for each flow
path in the netwvork. Then before generating ¢the mnmaes flow
functions for ¢the next outer 4iteration ¢this nev pressure
ratio is placed into the existing pressure ratio array and
an existing pressure ratio value 1is Aiscarded. “hus, after
each outer iteration the nmass flow functions are more
accurate in the vicinity of the solution.

Plow Reversal

The program is also designed ¢o handle so-called flow
reversal. This situation occurs when the user inadvertently
reverses the definition of inlet and outlet nodes in the
input data so that B, < « This can also occur if the
user expects a paréicular node, vhere the pressure is
unknown, ¢o re an inlet node and the calculation (converged
solution) shows it to be an outlet node. AgainP,;, < Pgyue
is obtained. The program handles ¢these situations hy
interchanging the definitions of ¢the inlet and outlet nodes
ci the path or paths in question. The user is informed that
these definitions have been changed.

User Supplied Flow Module

FLOWNET has a provision for the user to supply an additional
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flov module. The user may vant to consider flow components
having flowv characteristics that are not Aescribead by OupscC
(ref. 1). A subroutine ¢that describes the dJdesired flow
characteristics may ¢then be added b{ the user. This user
supplied flow module must be made to interface with PFLOWNTT,
This interfacing is achieved as follovs.

(1) The flov nodule sust be called SUBROUTINE ADDFLO.
(2) The flor module must not have an argument vector,

(3) The following labeled COMMON statement must appear in
the subroutine.

COMNON/MODULE/ONLYIN,NDONLY, PINLET, PRATIO,TO0, INPUT, PLOW, IPATH

The values of all quantities in COMMON/MODULE/, except FLOW,
are established by the executive program. The values of
these quantities determine: (1) The purpose of the call ¢o
the flow module by the executive program (there are three
purposes) and (2) the values 0f the inlet pressure PINLET,
the pressure ratio PRA*T), and the ¢temperature T0, ¢o be
used by the flowv moduls to calculate the mass flow FLOW,

On a given call to the flov module, the purpose of the call
is determined DLy the values of <the integer INPUT, and the
logical ONLYIN. When INPUT equals one and ONLYIN is .TRUE.
the flov module must read the flow path input data and write
this data into the high speed printer output dataset. No
calculations need be done on this call. #hen INPUT equals
one and ONLYIN is .FALSE, the flov module must read the flow
path input d4data and calculate the mass flow., When TINPOT
equals three apd ONLYIN 4{s ,PALSE. ¢the flow module
calculates the mass flow. The flow path input data must not
be read on this call. The logical MDONLY alwvays has the
value ,TRUE,. The user's flov molule may do more than
calculate mass flow. It may, for example, calculate radial
profiles. MDONLY may be used ¢to =kip unnecessary
calculations and/or output. An exanmple of how ¢the
quantities in COMMON/MODULE/ are used in 1 flov module ie
shown below.
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SANPLE PLOW MODULE

SUBROUTINE ADDPLO

LOGICAL ONLYIN,MDONLY
CONNON/MODULE/ONLYIN, MDONLY, PINLET, PRATID, T0, INPUT, FLOW,IPATH

L]

IP (INPUT.EQ.1) GO TO0 8

IP (INPUT.E2Q.3) GO TO 10

READ THE PLOW PATH INPUT DATA
IP (.NOT. ONLYIN) GO TO 20
WRITE THE PLOW PATH INPUT DATA
GO TO 25

CONTINUE

PO = PINLET
P3 = PO/PRATID
TEMP = TO

MASS PLOW = P(PO,P3,TEMP)
PLOW = NASS PLOW
IP (MDONLY) GO TO 2%

L

(Other calculations and/or output not desired for flow
network usage)

CONTINUE
RETURN
END

10



INPUT DATA

The input 4ds%a rejuired by PLOWNET are of two gensral types,
The first ¢type is the flov netvwork data. This data is read
by the executive projranm, Other data are related ¢to
specific flov paths in the network. This flow path data is=s
read by subroutine QUASC,

Network Data

The network input data i3 read by the nmain progran. This
data wmust be resd from uni¢t 4. The first card in ¢the
network data is a title card. The title card is used ¢to
identify the particular network to be treated. Card columns
1 to 72 of nne card may be used and ¢this card is read by
focmat (18A0). The rest of the network input data 4s in
namelist format. There are three nanelists with ¢the napes
PATHSP, NODESP, and PARANM. The cards following the title
card have the data in NAMELIST/PATHSP/. This data iz listed
in TABLE I. The next cards have the data in
NAMELIST/NODESP/. This data is 1listed in TABRLE II. The
last cards in the netwvork input dataset have ¢the data in
NAMELIST/PARAM/. This data is listed 4in TABLE IIT,

Plow Path Data

“he flow path dats must be read from unit 5. This data is
read by subroutine QUASC. The first card required by
subroutine QUASC is a title card, The title identifies the
data for the given flow path, The title card uses columns 1
to 72 of one card and is read by format (18A4). The next
cards required by subroutine QUASC countain the parameters in
NAMELIST/SDATA/. Theme parametecs are listed in TARLE 1V,
Some of the parameters in NAMELIYT/SDATA/ differ from those
in the version of QUASC described in reference 1,

Also, some of these quantities must alvays be the same value
in the modified version of QUASC used in ¢this report. When
this is the case, TABLE IV shows the value that must he
used. The next card contains the integer NJ, vwvhich is ¢the
number of film thicknesses to be considered for a agiven flow
path. #When solving flovw network problems, only one film
thickness per flow path can be considered. Thus the value
of NJ is always 1 and is read by format (Y3). The last card
in the flow path data for subroutine QUASC has the value of
the filmn ¢thickness and is read by format (F12.6). The
NAMELIST/PDATA/ used in program QUASC (ref. 1) 1is not used
in subroutine QUASC.

1"



» set of the 1ata described in ¢this section must be included
in the flov path dataset for each flow path in ¢the flow
netwvork.

SAMPLE NETWORK DATA

rigure 3 shovs a relatively simple flow network. The arrowvs
indicate the direction of the nass flowvw in ¢the network, The
circled? numbers are the integers arbitrarily assiqgned +o
each flow path. Note that there is only one node vhere the
pressure is unknown ani this must be numbered node 1., By 1is
the pressure at the Jth node. Ty is the total temperature
of the gas., The first estimate of ¢the pressure at node 1
may be obtained by assuming a linear pressure distribution
across paths 1 and 3, if a hetter estimate is not available.

Table V is the set of network data which would be use? ¢t»o
describe the network of f£ig. 3.

PUNNING THE PROGPRAM

In this -ection it is assumed that the realer is fanmiliar
with the IBM 360 time sharing system (ref. S). To initiate
running FLOWNET it is necessary to datadef the requireqd
input and output datasets and the joblibrary that contains
the program obiject modules, The flow network input must be
read from logical  unit 4. The flow module input must be
read from logical unit S. Logical wunits 8 and 9 are used
for keyboard input ani output, respectively, to interact
with the program. Llogical unit 6 is used for program output
obtained from the high speed printer. A typical set of data
definitions are:

ddef f£4t04f001,vs,network.input

ddef f£ft05f£001,vs,flov.path.input

jdef £t06£001,vs,netvwork.solution

ddef 1library,vp,object.flownet,option=joblib

Logical units 8 and 9 are Adefaulted to the keyboard. After
the above data definitions have been performed, progran
execution is initixtel by simply entering the following a%
the keyboard,

USER: CALL MAIN (name of the main program object module)

This command causes the first set of mass flow functions to
be calculated, i.e., the first outer iteratior is initiated.
One mass flow function is calculated for each flow path in
the flow network. These functions are calculated using the
known pressures and temperatures in the €flow network, the

12



user' .stimates of ¢the unknown pressures, and the input
values of the pressure ratios. After these functions are
calculated the following prompt appears at the keyboard,

MAIN: OUTPUT PLOW PUNCTIONS POR THIS ITERATION?
The user then responds,
USER: Yy (or n)

to obtai~ (or suppress) the outrut of the mass flow
functions for ¢this 4iteration on the high speed printer,
After this, ¢the non-linear least squares search routine,
NONLIN 4is called by the nmain program, This initiates the
inner iterations. The user is prompted ¢to interact with
NONLIN as follows,

NONLIN: ENTER (1,2) POR (CONVERSATION,BATCH)
USER: 1

Note that NONLIN is a general purpose program. Howvever,
vhen used with FLOWNET it can be used in a conversational
(interactive) mode only. Thus, the user always replies with
the number one to this prompt.

NONLIN: NEW STARTING VALURS ONLY?
USER: no (or yes)

The user must respond "no" ¢the first ¢time this prompt is
given. A "yes" response indicates a desire for restart or
failure-recovery proceliures. In this case NONLIN would
immediately prompt for a new set of non-linear parameters;
here the unknown pressures in the flow network. The "no"
response, however, causes the folloving prompt.

NONLIN: ENTER NF, NP, NOQO, NN, OR QUIT

(FPor a problem having only non-linear parameters, the
unknown network pressures in this case, NF and NN are the
only quantities that have non-zero valunes. NN is the number
of datz points to be fit. NP is ¢the number of non-linear
parameters being used to fit the data. Thus NN and NF have
the same values. This value is equal to the nunmber of
unknown pra2ssures in the flow network.)

USER: 6&data nn=2, nf=2 Eend

{This response is for a flow network with ¢two unknown
pressures. Note the use of NAMELIST/DATA/. Had the

13



response been (fdata gquit=.true. fend), the inner iteration
loop would have been terminated and a nev set of mass flow
functions would have been calculated.)

The pronpts and typical responses proceed as follows.
NONLIN: ENTER INITIAL NON~LINEAR PARAMETERS

USER: G&data phi(1)=200.0, phi(2)=285.0 ¢GCend

(The phi's are ¢the current estimates for the unknown
pressures. Again, note the use of NAMELIST/DATA/)

NONLIN: ENTER (1,2,3,4) PFPOR (GRAD,LIN,SPIRAL,COMP2)
USER: 3 (or 1 or 2 or 8)
(GRAD,LIN,SPIRAL, and COMP2 are four Jd4different search
techniques. The search tehniques are descrihed in Appendix
A and reference 2, The user may use any of them, however,
the SPIRAL method has gesnerally been the most successful on
the problems solved with PLOWNET at LeRC.)
At this p»~in+ NONLIN begins search procedures according ¢o
the method selected. Each time NONLIN determines a new set
of PHI values (unknown pressures) an interchange takes place
of vhich the following is typical:
NONLIN: R = 1.40624 £-3

PHI = 2,22054 ® 02 1.643042 01

ANSWERS GOOD ENOUGH?
USER: no (or yes)
NONLIN: ENTER (1,2,3,4) FOR (GRAD,LIN,SPYRAL,COMP2)
USER: 2 (or 1 or 3 or 4)
This interchange continues until the user's response is
"yes", in which case the final values of R aund PHI are
displayed as follows,
FINAL RESULTS

R = 1.876544 E-09

PHI = 2.19386 E 01
1.62569 E 01

14



vhere R is the value of <the sum of <the squares residual
(egqn. 2) and the PHI's are the related value: of the unknown
network pressures. (These are not necessarily ¢the final
results for the converged network solution. They are the
results at the end of the current 4inner iteration.) The
user is then prompted with,

NONLIN: NEW STARTING VALUES ONLY?
USER: no

NONLIN: ENTER NF, NP, NO, NN, OR QUIT
USER: Gdata quit = .true. Ggend

At this point, the inner 4iteration 4is stopped and progranm
control returns to the executive progran, A check is made
there to see if the curcent values of the unknovwn pressures
are such that they may ne considered the convergel solution.
If so, this solution is printed out and the program comes to
a terninated stop. Alternatively, if the current values of
the unknown pressures 40 not satisfy the convergence
criterion, equation (7), then the next outer itsration is
begun by calculating the next set of mass flov functions.
These functions are generated using the set of values of
unknown pressures just calculated by NONLIN (the last inner
iteration). The procedure just described continues until
the convergence criterion is satisfied.

OUTPUT

Because FLOWNET 4is run in an interactive mode there is
program output at ¢the computer <terminal in addition ¢o the
high speed printer output. The computer terminal output and
the ?igh speed printer output are described in the next two
sections.

Computer Terminal Output

The purpose of the computer terminal output is to give the
user information about the status of the solution at the end
of each outer iteration. The first output at the ¢terminal
tells ¢the user how closely the mass flow conservation
equations are satisfiad for the current set of mass flow
functions at each node where the pressure is unknown. This
output consists of the following information at each node
vhere the pressure is unknown.

1) MD(NET) - The net mass flow (=0. when the mass

15



conservation equation is satisfied exactly.)

2) MD(MIN) - The magnitude of the smallest nmase flow
conmponent.

3) MD(NET)/MD(MIN) - The scaled net mass flow,

The values of the scaled net nass flows are particularly
helpful. They are ¢the best measure of how clomsely the mass
flov conservation equations are satisfied, The sum of the
squares residual R, and the values of the net mass flov can
actually be misleading 4if used ¢o0 decide hov qgood the
solution is because ¢thesy are dimensional quantitises,

The next output at ¢the terminal is ¢the scaled values of +the
pressure changes from the beginning of one outer 4{¢eration
to the end of ¢the corresponding inner 4{taration, This
quantitiy 4is called DFLTAP/P and is equal to the left hani
side of equation (6). Its value at each node whers the
pressure is unknown is displayed at the terminal,

High Speed Printer Outpu¢

The high speed printer output, hereafter called the computer
output, consists of thes input data, calculated parameters,
inte::ediate netvork solutions, and the converged netvork
solution.

The first page of computer output is the 4input referred to
previously as the netvork input (See TABLES T, IT, and TTT,)
The next output is ¢ths input and calculated parameters for
the flovw paths, There ims one page of flow path output for
each flow path 4in the <flow network. This output is
described in detail in reference 1.

The computer output immediately following the £low path
output 4is printad each {teration. This is the output for
the intermediate network solutions, Tt consists 5¢f,

(1) Mass flov function information and;
(2) Mass flow balance information.

The mass flow function information is printed each iteration
(Lf the user asks for it). The first line of this output ise
the path number, the inlet pressure used to calculate the
path's current mass flow functions P(INLRT), and ¢he path's
current outlet pressurs P(OUTLET). Following this line of
output are ¢the current values of the mass flow function
MASS PLOW, and th2 valuss of ¢the pressure ratio u=sed *o
generate the mass flow functions PRATIO, This mass flow
function information i{s output for each flow path in +the
flow network.

16
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The mass flow balance information appears next in the
computer output., This output is printed at <¢the completion
of each inner iteration and is, also, part of the computer
terainal output., This ontput consists of the net mass flow
at each node MD(NET), the smallest mass flow component at
the node MD(NIN), and ¢the scaled nmass flow at the node
MD (NET) /MD (MIN).

The final computer output is the converged solution for the
flov network. This consists of the following for each flow
path in the flow netwo.k; the path number, the inlet node
number INNODE, ¢the outlet node number OUTNODE, ¢he inlet
pressure P(INLET), the outlet pressure P(OUTLET), and the
mass flow through the flow path MASS PLOW. A sample problenm
is given in Appendix B,
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APPENDIX A

PROGRAN DESCRIPTION

This appendix contains a description of each of the four
programs that comprise PLOWNET, A brief, general
description is given for the flovw module QUASC (ref. 1), the
non-linear, least squares search routine NONLIN, and ¢the
interpolation routine TINTERPOL used by PLOWNET, A more
detailed description of the executive program is given.

DESCRIPTION OF THE EXECUTIVE PROGRAM

The executive program is vwritten in Structured PFORTRAN
(SPTRAN). It consists of a main program and 7 subprcyranms.
This section contains a functional dJdescription of each
subpart of the executive progranm.

Main Program

The main program first reads 1in the flow netwvork data. Tt
then uses this 3ata to construct arrays that provide a
program description of Y he network geometry. After this,
the main program provides the controlling 1logic for the
inner and outer iteration loops and checks for convergence
of the netvork solution at the end of each outer iteration.

Subroutine MDFUNC

This subroutine is called by the main progranm. I¢ contains
the controlling 1logic for calculating the mass flow
functions for all flow paths in the flow network. After the
mass flow ¢functions have been calculated the user is
prompted to enter Y (YES) or N(NO) to obtain or suppress the
print out of the mass flow functions as part of the high
speed printer output. The subroutine 4is called once per
outer iteration.

Subroutine FPRDPR

This subroutine is called by the main program. It
calculates an array of ordinary derivatives of the auxiliary
functions F; 5 (Py) for each flow path in the flow network.
The auxiliary function Pi,j(Pr) is defined by the model mass
flow function,

. P,
1
Mo,5 =5 ¢ By 5P (A1)
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These derivatives Are obtained by A numerical
differentiation schese contained in the interpolation
routine INTERPOL. The ordinary derivatives of Py 4(P.) are
calculated at each valus of tha pressure ratio curront{y in
the pressure ratio array. The partial derivatives of ¢the
mass flov functions are required by <¢he non-linear, least
squares search routine NONLIN., They are obtained from the
nodel mass flow function and the ordinary derivatives of the
auxiliary function. This subroutine is called once per
outer iteration.

Subroutine YVALUER

This subroutine is called by the non-linear, least squares
search rouvtine., It is used as a reans of comnunication
betveen <the executive program and the general purpose
least-squares search routine NONLIN. The subroutine passes
the following 4information to the search routine for all
non~fixed nodes in the network:

(1) The input values of the net mass flow.

{2) The calculatsd value of the net mass flow for values of
the unknown pressures selected by the search routine,
These values are obtained by dinterpolation on the
arrays of mass flow functions.

(3) The partial derivatives of the mass flov functions for
values of the unknown pressures selected by the sgearch
routine. These values are obtained by interpolation on
the arrays of the partial derivatives of the mass flow
functions.

Subroutine CLOSER

This subroutine is called by the main program. It is calleAd
after each outer 4iteration. At the end of each outer
iteration new iterates for the unknown pressures are
available. These nev iterates are used in ¢this subroutine
to calculate updated pressure ratios for all flovw paths in
the network. These updated pressure ratios are then
inserted into the existing pressure ratio arrays. An
existing pressure ratio value is discarded from the array.
The pressure ratio values for each flow path vremain
monotonic increasing in the array.

Subroutine PLOWS
This subroutine is called by SUBROUTINE YVALUE. Tt computes

a component of mass flow at a particular node each time it
is called. It also assigns the correct algebraic sign to
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the mass flov. The magnitude of the flovw in a given flow
path is determined by interpolation in ¢the corresponding
mass flov function array. The subroutine is called X tinmes
for each non-fixed node, vhere K is the number of flov paths
with 4inlet or outlet at the node. These mass flow
components are used by SUBROUTINE YVALUE to calculate the
net nmass flow at each node for ¢the set of pressures
currently being used by the least-squares search routine
NONLIN,

Subroutine PDERIV

This subroutine is called by SUBROUTINE YVALUE. At a given
non-fixed node it calculates all require’ partial
derivatives of the nmass flow functions, One partial
derivative iz calculated per call to SUBROUTINE PDERIV. The
algebraic sum of <these partial derivatives is the desired
partial derivative of the net mass flow function at a given
node.

Subroutine BALANS

This subroutine iz called by ¢the main program, The
subroutine calculates and prints mass flow balance
information at each node vhere the pressure is unknown. For
each such node the scaled and unscaled net mass flov is
calculated and printed out. The scaled net mass ¢£flov at a
node is equal ¢to the net mass flov divided by the smallest
component of the mass flow at the node,

DESCRIPTION OF SUBROUTINE QUASC

A brief, general description of the flow module QUASC 1is
given in this section. Reference 1 contains a complete
description of the program.

Subroutine (QUASC is a modified version of ¢the computer
program described in reference 1. It is called by ¢the
executive program. It calculates the mass flow of a viscous
€luid through narrow passages with parallel walls, Howvever,
if one assumos that the egquivalent hydraulic diameter of a
narrov slot equals twice ¢the distance between walls, ¢then
QUASC can also be us2d to calculate flow in other types of
ducts with constant cross-sectional area., PFor example, a
pipe (circular cross-section) with radius r may be assumed
equivalent to a slot with a gap equal to r and a width equal
to 7r (s0 as to have the same flow 2rea).

The mathematical model used ¢o calculate the mass flow in
subroutine QUASC 1is developed in reference 4 and summarized

REPRODUCIBILITY OF THR
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in reference 1. The analysis 4includes fluid 4inertias,
viscous friction, and entrance losses. The model 4is valid
for hoth completely subsonic flov and choked flow., It is
also valid for both laminar and turbulent flov reginmes,

It is assumed that the flow in the seal leakage flov region
behaves as a constant-area adiabatic flow with friction. A
quasi-one-dimensional approximation is made vherein it is
assumed that the flov properties can be described in ternms
of their cross-sectional averages.

The following assumptions were made in the analysis:

1. The area expansion 3ue to radius increase is neglected,
2. The flov is adiabatic.

3. No shaft work is done on or by the systen.

4. No potential energy difference is present such as caused
by elevation differences.

5. The fluid behaves as a perfect gas.
6. The sealing surfaces are parallel.

With these assumptions, the flow is commonly knowvn as PFanno
line flow.

The set of equations in +the mathematical model canrnot be
solved explicitly. Thus, iterative procedures are used,

There are three types of flov considered: (1) critical
flow, vhen the exit Mach number is 1 and the exit pressure
equals the ambient pressure; (2) supercritical flow, vhen
the exit Mach number is 1 and the exit pressure is greater
than the ambient pressure; and (3) subcritical flow, vwhen
the exit Mach number is less than 1 and the exit pressure is
egqual to the ambient pressure (flow is entirely =ubsonic).

Because the boundary conditions on ¢the mathematical nodel
are sSlightly different for each type of flow, the solution
of the equations is slightly different for each type.

DESCRI®PTION OF NONLIN
NONLIN is a general purposs, least squares search routine,
In the program FLOWNET, ¢this routine is called by ¢the

executive program <to perform the inner 4iterations (see
figure 2). The user is first proipted for input data,
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including 4initial values for the NP non-linsar nvaranmeters,
These non-linear paramssters are called PHI 4in NONLIN., The
user is then invited to choose one of four possihble smearch
techniques. These nethods are called GRAD for the gradient
method, LIN for the linear method, SPIRAL, (reference 2) a
congtoliuo nethod ani COMP2 for the second compromise
nethod.

NONLIN €£irst determines the lowest possible sum of squares
residual R using ¢the 4initial parameters PHI, and cthen
searches for a still lover value by modifying the PHI values
according to the search technique selecter.

If the method GRAD is relected, NONLIN calculates a vector
vhich points in the direction of steepest descent from the
current point P in non-linear parameter space. An initial
step is taken in this Airection: 4{f » Jdecresases, another
step is taken; if R increases, the distance is halved and R
calculuced again. This process continues until, in ¢the
first case, R begins to increase, or, in the second case, a
value is found which is lover than at the initial point p,

Jf the method LIN is selected, NONLIN calculates a vector
vhich, vhen added to P, gives the point L which would yield
a minimum R if the linear approximation were valid. 7TIf ¢the
value is higher than at the point P, however, hackward steps
along the 1line LP are taken until either a lover value is
found or the method 1s judged to be fruitless, in which case
the method GRAD is invoked,

Two compromise methods are also available, If SPIRAL =
selected, points are axanined along a curve in parameter
space vhich begins at L and swings out so that it coproaches
P along the direction of steepest descent. (At the s=ane
time NONLIN examines a sescond curve, which 43 ¢the mirror
image of the first with respect to a 1line bhisecting the
angle betveen the steepest descent vector and the linear
vector. The second curve is examined until the tvo
intersect.) This method is wuseful vhen the path of the
minima leading from the point P to the actual minimum point
curves and crosses the line PL, TIf the first attempt fails,
the starting point (measured from P) is taken to be half the
original distance, and so on until four spirals are
:xanined, If all four attempts fail, the method GRAD is
nvoked.

The second compromise method, C0OMP2, begins by finding a
lover value of R along the line of steepest descent. Then a
second lowver value is sought, this ¢ime alony the 1line PL,
If both attempts are successful, the line Joining the <two
points is examined to determine a still lower value; if not,
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isprovement along the line of steepest descent is sought hy
neans of REPINE, All four methods eventually make use of
REFPINE, vhich 1is designed ¢to exarine the sum of =mquares
along a given line PP' to deteramine a "best" value, In the
case of GRAD, LIN, and SPIRAL, the point P is the current
point and the point P' has been determined by ¢the smelected
nethod; in the case of COMP2, P has the higher and P' the
lover value of R for the two points founA. Pirst the
sidpoint of PP' is examined: 1if its sum of squares is lover
than at P', a parabolic interpolation 4is vperforned; if
higher, a point squally distant on the other side of ' is
examined. This process continues un¢il a parabolic
interpolation can be perforned. Tho user is then informed
of the best value of R found, togetler with ¢he associated
non-linear parametsr values, and Invited ¢o continue from
this point, 1if Jdesired, by again choosing a search
technique. If the user 1is satisfied, hovever, he |is=
informed of the best values found for all parameters, and
the final sum of squares.

railure Conditions In NONLIN

There are ¢wo normal failure conditions vhich NONLIN may
encounter; the usar is informed of tham by the messages
SINGULAR MATRIX or STEPG PAILED, and <tnhe program PLOWNFT
halts. Singular or near-singular matrices are not uncommon
in least squares searching, 0ften, hovever, this ¢fajlure
condition has resulted from erroneous network 4input data
(see TABL®S I, II, and YIY). The nmessage STWPG PAILFD
indicates that NONLIN was searching for a minimum in ¢the
direction of steepest descent (GRAD), but was unsuccessful,
This failure may ressul¢t from granularity in the hypersurface
vhich NONLIN is exanmining. It may be that the difficulty is
confined to a small region about the current point P in
parameter space, and will not recur if the smearch is resunmed
at a differernt point. To determine this, after a failure
nessage is received, the user must change his trial values
of the unknown pressures in the flow network. The user is
on his ovn 1f he obtains either of thesme failure zonditions.

DESCRIPTION OF INTERPOL

INTERPOL contains the interpolation and numerical
differentiation routines used by FLOWNET, Double 3-point
Lagrangian interpolation 4is used. In this method, ¢two
parabolas are fitted to the given data; one ¢to tha 2 points
centered below ¢the argument value 21d one %o the three
points centered above the argument. A weighted average of
these two values is the resulting interpolation value. This
double, 3-point method provides smoother bpshavior between
tabular values than can be obhtained with singla, 3:-point
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Lagrangian 4interpolation. Also, ¢this nethod nrovides
function that has a continuous first derivative.

Subprograns

Pollowing is a list of subprograms contained in INTERPOL,
Assume that
A is an argument table nanme
P is a function table nanme
NA is the length of A
X is the argument value for which the interpolated
value is desired

Then
PNTRP (A,P,X,NA) provides the value of a real function,
DNTRP(A, P, X,NA) provides the derivative of a real function.

These functions pmake use of ¢five other functions 1in

INTERPOL. The names of these other functions are: PNTRPA,
PNTRPC, DNTRPC, LINIT, and TLU,
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APPENDIX B

SANPLE PROBLEN

An exanmple of the use of the computer program PLOWNET g
given in this appendix. 1Included are the flow network data,
the flov path data, the computer tersinal output, and the
high speed printer output (computer output) related to the
sanple problem. Pigurs & is a schematic representation of
the flovw netvork used for the sasple problem. The unknown
pressures are at noles 1 through 6. The system 4inlet
pressure is 300 psia and the gas used is nir,
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Netwvork Data for Sample Problem

SAMPLE PROBLEM - U,S, CUSTOMARY UNITS
EPATHSP INLBT=3,1, ”2'2'3' 3'6'“'5'
ouTLET=1,4,2,6,3,9,9,10,5%,7,
PLOTYP=10%1, SAME(1,2) =4, SAME(2,8)=2, SAME(3,7)=6,
NTPATH=10, SAMEPR=T G&END
ENODESP NTNODE=10, FIXED=6%P, 19%T, MDNET=25#0.0, T0=25%70.0,
PRESS-70.0, 25.0, 15.0, 25.0, 20.0, 15.0,
14.7, 300.0, 14,7, 14.7 EEND
EPARAM NPRAT(1)=10#8, DELPNX=0.0S5,
PBAT("‘)=1.0' 1.01, 1005' 1.1' 1.5' 2.0' 300'
4.0 GEEND
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Plow Path Data Por Sample Problen

PIRST QUASC SEAL ( PATH ONE )
ESDATA R1IN=2,7, R2IN=0.0, RDIPIN=0,8, WIDTH=0,0, MOLWT=29.0,
CP=0-25, GIHHI"\.Q, !U=°c°' SP!ED-OQOQ CAPV'OoO, XLRB“‘.O,
XTURB=0.,25, CONLAN=24,0, CONTRB=0,079, RELAM=2300,.0, RETURB=3000.0,
PWRSKP=T, PRSSKP=T, NRMSKXP=T, PLTSKP=8#T, NOSI=T, SKXPH=FP, 10SS=0,%,
IPATH=1 GEND
1
0.01
FIRST VENT - 4 PIPES, I.D.=0.% IN., H=0.25 IN. ( PATH TWO )
ESDATA R1IN=1.0, R2IN=0.0, RDIPIN=U41,0, WIDTH=0,785, MOLWT=29.0,
CP=0.24, GAMNA=1.4, MO=0.0, SPEED=0.0, CAPV=0,0, XLAM=1,0,
XTCRB=0.25, CONLAMN=24.0, CONTRB=0,079, RELAM=2300,.0, RETURB=300),9,
PWRSKP=T, PRSSKP=T, NRMSKP=T, PLTSKP=8#%T, NOSI=T, SKXPH=F, LOSS=0.5,
IP\TH=2 GEND
1
0.250
SECOND QUASC SEAL ( PATH THREE )
&SDATA R1IN=2,5, R2IN=(.0, RDIPIN=0.8, WIDTH=0.0, MOLWT=29.0,
Cp=0.24, GAMMA=1.4, MD=0.0, SPEED=0.0, CAPV=0.0, XLAM=1.,0,
XTURB=0.25, CONLAM=24.0, CONTRB=0,.,079, RELAM=2300.0, RETURB=3000.0,
PWRSKP=T, PRSSKP=T, NRMSKP=T, PLTSKP=8%T, NOSI=T, SKPH=PF, LOSS=0.5,
IPATH=3 G&END
1
0.01
SECOND VENT - 2 PIPES, I.D.=0.5 IN., H=0.25IN. ( PATH PFOUR )
ESDATA R1IN=1,0, R2IN=0.0, RDIFPIN=41.0, WIDTH=0,785, MOLWT=29.0,
CP=0.24, GAMMA=1.4, MU=0.0, SPEED=0.0, CAPV=0,0, XLAM=1,0,
XTURB=0.25, CONLAM=24,0, CO¥TRB=0.079, RPLAM=2300.0, RETU®B=3000.0,
PWRSKP=T, PRSSKP=T, NRMSKP=T, PLTSKP=8%T, NOSI=T, SKPH=F, L0SS=0.5,
IPATH=4 GEND
1
0.250
THIRD QUASC SEAL ( PATH PIVE )
&SDATA R1IN=2.375, R2IN=0,.0, RDIFIN=0,.8, WIDTH=0.0, MOLWT=29.0,
Cp=0.24, GAMMA=1.4, MNU=0.0, SPEED=0,.0, CAPV=0.0, XLAM=1,0,
XTURB=0.25, CONLAM=24,.0, CONTRB=0,079, RELAM=2300.0, RFTUPB=3005.0,
PWRSKP=T, PRSSKP=T, NRMSXP=T, PLTSKP=8%T, NOSI=T, SKPH=F, L0SS=0.5,
IPATH=5 G&END
1
0.01
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PIVE EIGHTS PIPE, I.D.=0.625 IN., H=0.313 ( PATH SIX )
GSDATA R1IN=1.0, R2IN=),0, RDIPIN=€0,.0, WIDIrH=0,982, MOLWT=29,0,
Cp=0.24, GAMMA=1, 4, MU=0,0, SPRED=0,.0, CAPV=0.0, XLAN=1,0,
XTURB=0.25, CONLAN=24.0, CONTRB=0,079, RPLAN=2300.0, RFTURB=30N0N, 0N,
PWRSKP=T, PRSSKP=T, NRMSKP=T, DPLTSKP=8%T, NOSI=T, SKPRA=F, 10SS=0,5,
IPATH=6 G&SEND

1
0.313
SIX - HALP INCH VENTS AT EXIT, I.D.=0.5 IN., H=0,2% IN, ( PATH SEVENR )
ESDATA R1IN=1.0, R2IN=0,0, RDIPIN=24.0, WIDFH=0.78%5, MOLWT=29,0,
CP=0.24, GANMA=1.4, MU=0.0, SPEED=0.0, CAPV=0.0, XLAM=1,0,
XTURB=0.25%, CONLAM=24.0, CONTRB=0.079, RELAN=2300.0, RFTURB=13000,0,
PWRSKP=T, PRSSKP=T, NRMSKP=T, PLTSKP=8¢T, KOSI=T, SKPH=P, L0OSS$=0,5,
IPATH=7 GEND
INCH AND A HALFP LINE, I.D.=1.5 IN., H=0.75 IN. ( PATH BIGHT )
ESDATA R1IN=1.0, R2IN=0,0, RDIPIN=185,67, WIDTH=2,36, MOLWT=29,0,
CP=0.24, GAMMA=1.4, MU=0.0, SPPED=0.0, CAPV=0.0, XLAM=1.0,
XTURB=0.25, CONLAM=24.0, CONTRB=0,079, RELAM=2300.0, RETURB=3000,0,
PWRSKP=T, PRSSKP=T, NRMSKP=T, PLTSKP=8#%T, NOSTI=T, SKPH=F, L0SS=0.5,
IPATH=8 &END
1
0.7%
TWO INCH VENT PIPE, I.D.=2 IN., H=1 IN ( PATH NINE )
ESDATA R1IN=1.0, R2IN=0,0, RDIPIN=8.0, WIDTH=3,14, MOLWT=20,0,
CP=0.24, GAMMA=1.4, MU=0.0, SPFED=0.0, CAPV=0.0, XLAM=1.0,
XTURB=0.25, CONLAM=24.0, CONTRB=0.079, RELAN=2300.0, RETORB=3000,0,
PWRSKP=T, PRSSKP=T, NRMSKP=T, PLTSKP=8%T, NOST=T, SKPH=F, LOSS=0.S,
IPATH=9 GEND
1
1.00
THREE INCH VENT PIPE, I.D.=3 IN., H=1.5 IN. ( PATH TEN )
ESDATA R1IN=1.0, R2IN=0.0, RDIPIN=304.0, WIDTH=4,71, MOLWT=29,0,
CP=0.24, GAMMA=1.4, NU=0.0, SPEED=0.0, CAPV=0.0, XLAM=1.0,
XTURB=0.25, CONLAM=24.0, CONTRB=0.079, RELAN=2300,0, RPTURB=3000.0,
PWRSKP=T, PRSSKP=T, NRMSKP=T, PLTSKP=8%T, NOSI=T, SKPH=F, L0SS=0.5,
IPATH=10 EEND
1
1.50
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Sanple Problea Computer Terminal Output

OUTPUT PLOW FUNCTIONS POR THIS ITERATION?

Y

ENTER (1,2) FOR (CONVERSATIONAL,BATCH)

1

NEW STARTING VALUES ONLY? REPRODUCIBILITY OF THE
E AL PAGE 18 PO
ENTER NF,NP,NQ,NN, OR QUIT ORIGIN

&EDATA NN=6, NP=6 GEND
ENTER INITIAL NON-LINEAR PARAMETERS

G DATA PRI=70.0, 25.0' 15.0, 25.0, 2000. 15.0 GEND
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMNP2)

3
R= 8.058E-02

PHI= 6.812E 01 2. 493 01 1.4852 01 2.492e 01 1. 7692 01 1.5148 01

ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3
R= 3.,569E-02

PHI= 6.172E 01 2.380r 01 1.4852 01 2.0458 01 1.659% 01 1.528% 01

ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)

3
R= 5.086E-03

PHI= 6.069E 01 2.279¢ 01 1.485E 01 2,002® 01 1.594¢ 01 1.5288 01

ANSWERS GOOD ENOUGH?

N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3

R= 1.631E-03

PHI= 6.093F 01 2.274r 01 1.481E 01 1.9362 01 1.586 01 1.522% 01

ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) FOR (GRAD,LIN,SPIRAL,COMP2)
3
R= 1.450E-03

PHI= 6.054% 01 2,2678 01 1.482E 01 1.914® 01 1.581F 01 1.518E 01

ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) FOR (GRAD,LIN,SPIRAL,COMP2)
3
R= 3.005E-04

PHI= 6.004E 01 2.283E 01 1.483e 01 1.9078 01 1.870% 01 1.5148 01

ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) FOR (GRAD,LIN,SPIRAL,COMP2)
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3
R= 1.0842-04
PHI= 6.013% 01 2,2u8e 019 1.4822 01 1.892¢
ANSYERS GOOD ENOUGHR?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3
R= 6,9322-06
PHI= 5,.991% 01 2.,232r 01 1.483E 01 1.8813p
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) FOR (GRAD,LIN,SPIRAL,COMP2)
3
R= 3,7002-06
PHI= 5.99UE 01 2.232e 01 1.4822 019 1.882¢
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3
R= 2.4322-07
PHI= 5,997F 01 2.233e 01 1. 4828 01 1.8828
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3
R= 1.295E-07
PHI= 5.997E 01 2,233e 01 1.482E 01 1.882p
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3
R= 5,373E-08
PHI= 5.997E 01 2.233E 01 1.482E 01 1.882¢%
ANSWERS GOOD ENOUGH?
Y

FINAL RESULTS
R= 5,372823E-08

PHI= 5.996709E 01
2.232632E 01
1.482184E 01
1.881750E 01
1.563185E 01
1.506396E 01

NEW STARTING VALUES ONLY?
N
ENTER NF,NP,NQ,NN, OF QUIT
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GDATA QUIT=T GCEND

MASS FLOW BALANCE INPORNATION AT NODES 1 TO 6
MR RBEERRESEREREEER AR RRREERRERRRREERRRRB RN

NODE NO. MD(NET) MD (NIN) MD (NET) /HD (MIN)
SRS RRED sEeeh b L LT L] SRERREEE SR kE g ke
1 ~3,326E~05 1.264%-01 -2,632r-04
2 ~4.181E-05 3,9082-02 -1.0702-03
3 1.9928-05 2.8112-03 2,2602-013
4 5.6628-06 S.4442-01 1.0402~-0%
5 ~-6.026E-05 S.46842-01 -1. 1072-08
6 ~2.164E-04 8.7322-02 -2.4788-03
ITERATION 1
NODE NO. DELTAP/P
1 1.6732-01
2 1. 198E-01
3 1.2028-02
4 3,2852-01
5 2.794E-01

6 4.2u46E-03
SOLUTION NOT CONVERGED

BEGIN OUTER ITERATION NO, 2

OUTPUT FLOW FUNCTIONS FOR THIS ITERATION?
Y
BEGIN NEXT INNER ITERATION
ENTER (1,2) FOR (CONVERSATIONAL,BATCH)
1

NEW STARTING VALUES ONLY?
Y
ENTER INITIAL NON-LINEAR PARAMETERS
&DATA PHI=60.0, 22.3, 14.8, 18.8, 15.6, 15.0 GEEND
ENTER (1,2,3,4) FOR (GRAD,LIN,SPIRAL,COMP2)
3
R= 1.786E-04
PHI= 5.999E 01 2,230 01
ANSWERS GOOD ENOUGH?

1.4838 01 1.8948 01 1.563F 01
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N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3
R= 7.2772-08
PHI= 5.999E 01 2.231e 01 1.881E 01 1.8982
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,CONMP2)
3
R= 3,787E-05
PHI= 5.999E 01 2.234E 01 1.481E 01 1.904E
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) POR (GRAD,LIN,SPIRAL,COMP2)
3
R= 8,394E-06
PHI= 6.011E 01 2.232e M1 1.481E 01 1.906r
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) FOR (GRAD,LIN,SPIFRAL,COMP2)
3
R= 1.051E-06
PHI= 6.007E 01 2.2342 01 1.481E 01 1.909E
ANSWERS GOOD ENOUGH?
N
ENTER (1,2,3,4) FOR (GRAD,LIN,SPIRAL,COMP2)
3
R= 2,390E-07
PHI= 6.008E 01 2,234E 01 1.481E 01 1.909®
ANSWERS GOOD ENOUGH?

N

ENTER (1,2,3,4) FPOR (GRAD,LIN,SPIRAL,COMP2)

3
R= 8,751E~-08

PHI= 6.007E 01 2.2342 01 1.481¢ 01 1.910®

ANSWERS GOOD ENOUGH?

N

ENTER (1,2,3,4) FOR (GRAD,LIN,SPIRAL,COMP2)

3
R= 1.800E-08

PHI= 6.008E 01 2.234E 01 1.481E 01 1.9108

ANSWERS GOOD ENOUGH?

Y

FINAL RESULTS
R= 1.800260E-08

PHI= 6.007884E 01

32

01

01

01

01

01

01

1.%62e2

1. 863y

1.565¢

1.566F

1.5668

1. 566F

1.566P

01

01

01

01

01

01

01

1.%18E

1.81¢€E

1.815¢

1.515E

1.5158

1.515¢8

1.516E

N1

01

01

01

01

01

01

Sty R AR S 5 o R T T



2.234119E 01
1.480833F 01
1.909781E 01
1.566009E 01
1.515520E 01
NEW STARTING VALUES ONLY?
N
ENTER NF,NP,NQ,NN, OR QUIT
EDATA QUIT=T EEND

MASS PLOW CTALANCE INFPORMATION AT NODES 1 TO €
RERBEBEAEERRRERRRBRRERRREE KRR ERRERREERERERE

NODE NO. MD (NET) MD (MIN) MD(NET) /ND (NIN)
[ 11313 31 L 12111 (1131113 SRR RERE EE R kg
1 -1.281E-05  1.261E-01 -1.0162-08
2 1.1949-08 3,897e-02 3. 0642-008
3 ~5,7298~-06 8.,76€%~03 -6.5362-04
4 1.318E-04  5.4452-01 2. 4120804
s 1.5912-05 5. 445201 2.923r-08%
6 ~-6.497E-08 8.712e~02 -7.4572-0%

(LITY OF THE

REPRODUCIE R

ORIGINAL PAGE 1 POO!
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Sample Problex Frintey Cutput

CUSICEAFY BITTS

SANPIE SEORLEE - D. S.
PeTH RD. RODE(1I%) NCD: (CUT)
P2 82 2 22 % 4 L 22 2 32 22 ] L2 22 2 2 2% 4
1 e 1
2 1 ¢
3 1 2
r 2 L3
3 2 z
& 3 H
7 3 )
a € : Ed
5 & s
1 3 -
%C2I ND.  FIXEID “EISSUFT
t2 222 2 1 ] BEEED t 1 2o % 3 5
1 F o 0.72C%% 2
2 F o ".230%7 02
3 F J.150C: 2
3 F  C.2800° 12
= F €.23057 ¢2
& F o 0.15C3: 32
- 7 Z.I8T0E €=
E T  €.3%%7= 23
< T B.1arT 0
15 T C.1870T €2
ETRERN
NTTaT= 10%E, 8C*0
PIRI= 1.C, 1.0C83¢c, 1.24883¢, 1 ¢
1.0¢35%e, 1.0€¢656, 1.5C, 2.0, 3.0
1.50, Z.C, 3.Ce £.0, 283.5, 1.3, 1
L.C, 2%0.6, 1.0, 1.90cS€E, v, °23:3:
1.00%5€5, 1.CRE6SE, 1.0eC2%c, 1.5
1.€2°539, 1.5C, 2.C, 2.C, «¢.%, 2%¢
2.%, 3.0, t.0, 2%0.C, 1.C, 1.50¢8<
2%C.0, 1.0, 1.005655, V.Te=Stc, 1.
Drlt®r= (.5CE-01
EPX= €
6TV

8
[Ie s

e

e &

[ I ]

ne w

PLOTYE  TQOYV, DATFS
ES = 2 2 23 La 2 2 8 42 22 21 J
1 c
1 b
1 ~
1 2
1 »
1 -~
1 €
1 b
h | ~
1 f d
rTeTTeIn:T WET MRS PLCA
L g 2 B3 2 25 1 2 E 24 2 ¥ 3 2 1e 3t 21
DLINBET 03 L] iy
€.730CT P2 r.onnr
n.ToNnT £ .Cc20y
L7000 €2 r.onen
f.TNRCE 2 £.oo2n
fLICH5E €2 r. noeee
2.TAINT G2 M ol 11
fTrIER 52 LS Ly
TJTrENT £ £ e
T.TANRNT Q2 TLTTTC
232, Vof, Z.F, 2.0, i.7, 2eC.f, 1%, Y.Crecee
2.7, 2%l.5, 1.0, F.CNCenT, P, TaC0C3, P ATCCST
fIec3, f.Qatccc, 1.03€1%3, 1.80, 2.7, 3.2
1032805, 1,50, Z.0, 3.7, B, 2*7.C, 1.1
2.% 3.7, $.0, 2%0 0, 1.0, R ECZCY, Y. WCCCC
¢ 1.2, 1.07SCCS, J €377CI, q_nCCaCZ, 15T
V. 0Qot%™, F,0C20223, 1,:%, 2.5, .0, &7
2T, T.IT, Zel, ZF, .7, EGer

NO0d ST AHVE TYNIOTHO
SILEL W10 ALITIAINA0d &Y




QUASI-OBE DIRENSIONAL CONPRESSIBLE FLOW SEAL PROGFAR

INPUT DATA -

R1,INCHES
2.7000

P2,IRCHES
0.0000

7L0® LESGTH,IWCHES
0.8000

PLOE VIDTH,INCHES
0.0000

OUTPUT DATA -

R1,IBCHES
2.7000

113

R2,IRCHES
3.5000

FLOW LPWGTH,INCHES
0.8000

FLO® VIDYH, ISCHES
19.4779

AREA, IN2
15.5823

PIESY QUASC SEAL ( PLTH ONT )

PO,PSIA wOLICULA® VPIGHT
20.000 2¢.000
P3,PSIA CF,BTO/LBN-DES ¥
0.000 0.289
Po/P3 GASHA
8.000 1.800
TO,DEG F VISCOSITY,LB-SEC/IN2
70.0 c.co0¢o
LOSS COEF. SPEED,FEY
9.50 0.90C9
Y, ¥I/S%C
8.0¢
PO, PSIA ROLECULAR U"IINT
300.000 2¢.000
©3,PSIA CP, ETU/138-DF3 &
7C.C00 9.00¢
FO/P3 GARNR
8,286 1.200
TOL,DEG ¥ VISCOSITY, I P-SEC/YN2
7¢.000 0.2€00E-08
GAS TOWSTANI,1LB-PI/LER-F SPEED,FTR
$3.28968 0.0C00
LOSS COEP. Y ET/SEC
0.50 e.on
- R -
® & - CHOKING FIL® THICEKEKESS *
® ¢ -~ TRANSITION PEGION .
® 7/ - TURBULZET PLOW .
. .

Trw /00y
>S9O PPee

TLMAIEARY
28.000

LAY e i) )
‘.cq

wRPET LINTT FT (LAYINRR)
-

- -

K{(TO#AGLIY)
0. VeACF-NY

S{TIRROL "NT)
8.2%00

LOSFR LINIT EV (TURPALUNY)
320¢C.2

TAlCYIe Y
ssesssees




QUASI-ONE DIMEKSTIOKRL COWPFESSIRLE TLOW SERL PROGFM™

IKPUT DATA -

E1,INCHES
1.0000

B2, INCHES
c.occo

FLO® LEKGTH,IWCHES
41.00C0

PL>@ VIDTE,INCHES
C.7650

QUTPUT DATA -

BV, IECHES
1.6C00

R<, IRCHES
42.0CC0

FLOW LERGYIH,INCHES
81.000C

FLOW WIDTH, INCHES
0.785¢

AREA,ISZ
£538.€250

FIFST $EWT - 8 £IPES, T.n.=(.3 Tw, E=0.2F7 T (rT3a "WN)

PO, PSIR €ALFCULRP WETIET F=¥/aresy
20C. 0600 28.5F€ snasessne
F3,TETR CP,ITU/LEN-FTS T x(LARTYTYIZ)
oe.ocn o.2e0 28800
Fo/23 T LYY ¢ (LRRIVYT)
6.28€ 1.L00 e
~0,DI6 F VISCOSITY, L3=CTT /K2 nOLTD ITHYT FE (LANIWAR)
70.0 c.ncoe 2260,
10SS COEF. SPFER,TTe FeTITAN TY™)
G.50 A onpe R L Y )
v ETreEC - (~rsap ey
c.re ~. 2330
LAPTT YIMYT T¥ (PUSIOLIRY)
WNC, T
-]
£¢,PSIA wNLICGLAE PUITHT caLCHYR T
73,000 2% .35¢ reenarese E
Z3,9812 Cr, 3TO/LRw-1T5 F =)
25660 LI c
o (o]
P5/P3 LT E
2.500 1.800 E =
H Yol
TO,DiG F VISCOSYTY, L3-SE2 /TR fa Lo :2
70.000 s.2¢802-n0 . . ] °
GRS CONSTANT,LE-F7/LEW-F <PEID,TOR § :
£3,25222 r.coce
x =
10SS COEF. ¥ ET/SFC =
0.3¢ e o
» S8 Bn )
E J »
* 8 - CHOXINS PILW TRYCKWESS =
® & - TEAXSITI3S EEGICY .
= s - TUESNLSET *IoW .
 J -




QUASI-ONE DINENSIONAL COWPRESSIELE FLO¥ SEXX

IXPUT DATR -

K1, IKCHES

SECO¥D DULSC SFRI ( TRTW TFREZ )

0,°STL WCLEDIAF WoTI39T TR /Iveny
2.500¢ 76.06¢ 2e.r0 ssacarsen
t2,IFCHES P, BSIA CE,ETH/LBN-"F2 © E(LANTFLE)
©.C020 p.000 3.280 S
FLGW LENGTH,INCHES PG/P3 Grewy TELANTYRE)
€.8000 2.600 1805 1.00
FLCW WIDTH, INCHES 0,076 F VISCOSYTY, IB-SEC/7ET nIPE: [Ievw FT (IReITRR)
0.GCCC =o.0 c.orge 3 ]
10SS IrTE. CEEID,FTY F(=TaNY TPT)
€.30 a_pzer 5.7eRrTLny
¥ TvsTe T UTIERCI PT™)
€00 0,250
LOWE? LIIT PF (TETTELENT)
ene »
OUTPUT BATA -
E1,INCHES D0,FSTA CYECUINF WETIE TALCTIATE
2.3060 F2.0CC 2¢.9%2 ceusarass
§2,INCHES 23,PSTA CELETI/LAN-DET = -
3.3000 28.Cn¢ o.0nn
FLOW LENGTH, INCEES To/e3 LT
©.8C00 2.800 T.een Fg
c
FLC? WIDTH,INCHES T9,7EG T YTECHSITY, LE-SEC/T®D oLOY L]
18.2212 70.C6¢ C.26L0r-Co 'gs
RREA, IN2 G1S ZONSTRWT, L1B-FI/LAw-T ETIEN, TN =
W. 577 53.28C€8 c.Men B
10SS COFF. W ET/ST o
2o g-s
=
. - e
* & - CHOKIF” TILEX TRICEYEST »
® & -~ TIRESITION FICIOK .
® 7 - "DEEULENT PUCH o
- L J




INPUT DAIA -

RY,INCHES
1.00C0

F2,18CHES
c.teee

FLOW LENWGTH,INCHES
81,0000

FLON WIDiH, INCHES
Cc."850

OUTFUT DATA -

t 1, INCHES
1.CC0C

F2,I¥CHES
82.000C

FLOW LEBGTH,INCHES
81.009%0

®L0# UIDTH, ISCHES
c.78s¢

REEA,IM2
2£38.€25¢C

FOGER™

crCOML VEX™ - 2 FIPES, TPzl IV

POLECUWIAF WEISET

on,PSIk
SC.20¢ 1B IFF
23,T8IA T, BTN /LEW=-E3 =
€.C0C C.280
*0/73 Spvel
2.5800 TR LI
TOLDEG ¥ 'IECCSI?!.!S°SEfITW?
T0.0 f_neng
LOSS CNEF. enIFD,,FPe
C.59 praCCe
YV FT/5*C
e
20,57} WCeLECOLAS ETYGHT
23.05¢C 28 . 9€F
p3,tSIA CE, eTH/IPY-NES ¥
15.0¢60 G.Tn0
PO/®3 SANNA
1.F€7 .£07
To,2G ¥ 'ISCOSI’Y.L"SESIY‘Z
T0.000 r2€enT-0F
<3 33 CONSTANT,LE-F"/LPR-F TBTEY, IR
€3,.3%222 c.onop
L0S< COFF. W IT/SFT
J.50 -
.' -
s & - CHORIFS TIL® THICEYICS *
® o ~ TEAFSYTIOF CEGIOX -
» 7 - TUFSUIZET L -
- E 3

4

, W=PL 2T TE (TATH TOAR)

Ty TGO
cnssevers

T ranTNLT)
.00

T LIVIELEY
L S

waYTs 117" FF (LRNITEE)
23800

RETREETLTET)

2.TIRCE-RY

rUTRSIPLTYT)
~.33CC

10WEE 1TEYT TT (TMERELINT)
f e o 8

CALTHINTE
200008 0PS

H00d 81 gy
; d Tv
J!LL dt)d‘l]?ﬂﬂn) ‘umn‘",

-

ks T



THIT) QURSC SEXL ( TRTE FIVZ )Y

QUASI-OSE DIERENSIOMAL CONEEESSIALE FLOW SFRL PFOGEAW
INPUT DATA -
51, IKCHES P0,ESIA POLECOLR? FEIRE™
2.375%0 25.C0¢C 20,050
E2,INCHES E3,ESIA CP,BT8/YEe-TRS ©
¢.0000 ©.00C c.282
FLO® LINGTH,IRCHES po/o3 SAPEA
¢. EN0C 1.7 1.000
FLOW WIDTH,INCHES T0,Di6 T VISCGSITY,LB-SEC/Tw2
c.ocoe 78,0 c.oncn
10SS CnTE. €PZTEn,TT
.53 ¢
Y, FT/SET
c.00
OUTEUT DATA -
F1,IECHES D0, PSTA *ALTCYLAS KED .07
2.3756 2e. %00 2¢.con
8 £2,I¥CHES ©3,PSIR O, RTO/LEN-NFS T
3.175¢ 1. 05¢ 0.090
FLGCR LEBRGTH, YNCHES 20/73 £33 413
€.80CC 1.667 1.870
FLOV WIDTH, INCHIS T0,PIG F VYISCASTTY, LE-SEC /T2
17.8358 7¢.c00 0.2€80F-0R
LEEA,IN2 GRS SDESTANT,IP-TTLER.F SPYED, FTN
13.58¢7 =3, 2pCeN c.corn
108s cOTT, v, ET/SEC
€.5G ~or
E 2 2 2 0 2 L 2
- -
* & - CROKYXG FIL® THICKSISS ®
* & - TEANSITION FTSTCW .
® 7 - TYRPNIEZT FLOW -
»

L 4 b2 2 g

TagsrEeny
L1242

E{LPRYIUAF)
28,900

T(LARIWR )

BPEET LINYT EP (LaPIWRT)
2300

E(TBERNL *E")
n_rcAre.ny

T (TITURLTR")
r.2%80

LOWFF LIM°T BT (TUSSULERY)
3”:0“

CAYCVIR™TR
aseresenss

0
A10NA0UdTy

FLO™

DVa v,
m

4004 o1 7
HL d0 xu1

[Se—



QUASI-ONE LIMENSIONA] COCMPTFZSSIELE FLOW SERL PROGTAM

INPUT DATA -
R1,INCHES ©0,PSTA MOLTCUTAF WEISHT Togrreey
1. 0060 28,000 2¢ ¢c5¢ *sssusrsee
R2, IXCHES P3,FSTA CF,ETU/LBN-NES = K (LLYTNER)
0.0000 o.enn c.zen 28,909
PLOW LENGTH,INCHES FO/P3 8. LT K (LAMIKLF)
6€0.00C0 1.6€7 1.aGn 1.re
FLOW WIDTH,INCHZS TO,DEG F YISCOSTTY,LE-SEC/Tw2 NSLES 1TNIT FE (VAWTWAF)
n.5920 70.0 c.0000 2300
1LOSS COFF. SPrED,FON £(™UTICLTR™Y
g.cn ¢ noen n.3cnrs_ng
v, Fr/ssTC N(~TTINL ENT)
e.on r_ 2301
LIEE LYGTY IT (RpTaplTer)
'l'"'".(_‘
OUIPU™ DATR -
R1, INCRZS po,BSI2 wALECTIEE FUIRET CRLCYTLvE
1.¢00C 1£.0560 25.95¢ asseerssa
E2, INCHES D3, BSTA CP,ETU/IBN-5TT ¢
61.0000 1w, 700 n.000
FLGHd LENGTH,TNCHES BG/P3 SANw: ég bl
. .c20 1.200
60.60CO 1.020 = g
FLOW WIDTH,IYCHES r9,DFG ¥ ¥TSCISTTY,L3-STC /72 TroT ’Z" 8
0.5820 70.6C0 ¢.2€r0z-0¢ ssssasssssassass etz
]
AEEA, IK2 GAS CONSTART,LE-FTI/LEM~F SPETT,To" o (2]
11€8€,.7188 53,3222 c.creo [ =
[op]
LOSS COZF. v, FT/SEC =
¢.560 c.on B
(=]
§ q
SRS EENESIDIBN SR Ay RGO ABPEARBE
L 4 L E
= % - CHOKIKS FILW TUYCYNFSS o i
= &+ - TEAKSITIOY 2EGION . -
* s - TUFEULTFT PLOW »
L 3 -

BRSSP SBEBOSEABES S ER ARSI ESAREY



11/

QUASI-ONE DIMENSIONRY CONPRESSIBELE FLOW SEAL PIOGF2N

INPUT DATR -

F1, INCHES
1.0000

F2,INCHES
¢.02000

FLOW LENGTH,IKCHES
24.0000

FLOW WIDTH,INCHES
¢.7850

OUTEUGT D&ATA -

F1,IKCHES
1.00C0

FE2,IRCHES
28 .cecc

FLOW LENGTH,INCHES
268.CC00

FLOW WIDTH,INCHES
0.785¢C

ARER, INZ
19€0.3533

P0,TSTA
1s.000

P3,PSTA
r.ooc

PO/E3
1.020

T0,DEG F
7C.0

L08E CORP,

L

PG, PSIA
1£.0C0

P3,PSIA
15.700

po/P3
1.02¢

TO,RE6 F
7C0.009

GRS COESTART,LB-F7/LB¥-F

€5.3%222

L0SS COFF.
c.50

WOLECULAF $TYSHT

26.9¢¢

CP,ETO/LON-NES

0.2e0

GBRNHA
1.809

YISCOSTTY,LB-SEC/TR2

n.cCo0

Y, FI/S*C
c.cc

®NLECUI AR WERISHT

28,.¢8F

CELET"/LEN-DEZ ¢

n.oen

7 4,87
1.£09

VISCOSITY,LB-SEC/IN2

C.2€895-CE

S2TED, ™™
c.acee

YV, ¥T/S=C
e.00

SRESE S ESE LSRN R ESES SRS 2 F EE S

LK B 2K N )
N
[ ]

CHOKI®G FYLE THICRNESS
TEARSITTOXN REGIOW
TUYPETLEFT FIOW

L3R 20 K N

SIXY-HARLF IFCH ¥F9TS AT FrY1T,

r

D.=0_& IX, F=0_2E Te (PLTH STVEW)

Tzg/3Tesy
RACGLBS S

K (LAETWAF)
23.70°0

S(LAPITA™)

.7

PEPT rINTT TT (LAVINR3)
23CC.°

K(rnengIeT)
c.7IncT-01

v {TI=2NLFYT)
n,2°30

LOPEIF YIWNIT S¥Y (TTIPEULENY)
3¢0C.2

CRLCILATE
ssasssses

TLOY

ol

J00d §1 AOVA TVNIDIHO
d@HL J0 XIITMEINNAodday

St S bt
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QUASI-ONE DINENSIONAL COMPRESSIBLE FLOW SERL PROGFANM

INPUT DATA -

K1,IKCHES
1.C0G0

E2,INCHES
€.c0co

FLGW LERGTH,INCHES
1€£.670C

FLOW WIDTH, INCHES
2.2600C

OUTPUT DRTA -

P1,INCHES
1.6eC0

£2,INCHES
18€.€700

FLOW LENGTH,INCHES
165.€700

FLOW WIDTH,INCRES
2.3500

AREA,IN2
109467.7500

INCH RED A HALF LTWE, T.D.=1.5 TN, ¥=C.7° IX (PP™™ VIGHT)

PO, PSTIA ®NLECGLAE WTISHT
18.Cn0 28.2€€
P3,pSI} CP,ETN/LE"-DES T
¢c.coc 2.280
ro/p3 GRUAN
1.02C 1.e00
TO,JEG * VISCOSITY,L®-STl/IF2
70.C C.N00C
LCSE COEF. SPEED,FPM
t.50 0.2000
YV, F=/SEC
¢.on
BC,PSIE NOLECULAS WEIGHE™
1°.0C0 28 .9€€
P3,PSI2 CELETH/1 B9-DF3 &
18760 n.CH0
PO/ED GAPAR
1.020 1.00%
T0,LEG F YISCOSITY,LB~-SEZ/YIN2
7Cc.0C00 C.2¢8032-r°
GRS CONSTART,LEBE-FI/LE%-F SPEED,°PN
£3.3€222 c.nceo
1L0Sc CGEF. ¥,FT/SEC
C.SC g.on
=E% * = » -
b L J
= & - CHOKYNG PILY TFICEWEPSS *
* ¢ - TRAFSITIOF EEGIOK =
* 7 - TOURBULENT FLOW hd
- -

4

*S S SER

4

F=¥ JRESEY
[ 2 2 L1 11413

K(1R9T¥IT)
28.970

2 @ININKY
.00

QreERE LYWT™ TE (YAPITAR)
23nC. 0

K(TOTTILENT)
n_75G0F-n

T(TUERTLYY™)
e

LOREF LYMIT FF (TDREUVLERT)
v,

CALCOIATE
=sasseses




11

QUASI-ONE DIMENSIONAL CCYPEESSIBELE FLOW SERL FTOGFAM

IRPUT DATA -

R1,INCHES
1.0C0C

R2,IBCHES
0.G000

FLOW LENGTH,INCHES
8.0000

FLUW WIDTH,INCHES
2.1460

JUTPUT DRIR -

P1,INCHES
1.0000

R2,INCHES
9.0000

TLOW LEFGTH,INCHES
8.0000

FLCW WIDTE, INCHES
3.140C

ARER,IN2
251.227%

PO,FSIR
1£.000

P3,PSIA
c.no0c

FO/P?
1.€20

T0,DEG F
7.0

10S8S COPF,
n.80

PO, PSIA
2¢.0Co

P3,PSIA
2C.20¢C

FO/P3
1. 250

TCL,PEG F
70.C00

SAS CONSTANT,L3-FI/I3M-F

33.3%222

LOSS COEF.
0.50

THO INCH VENT PIPE, T.5h.=2 T¥, H=1 IX (PATH TI¥3I)

POLZCULRF EEISHT
28,.S€€

CP,PTO/LE®-DES @
n.2an

GRENA
1.t70

¥ISCOSTITY,LB-SES/I%2
c.rnee
erzED, OTN
g.are?
¥, TT/SEC
0,00

BOLECULAF JFISHT
2F ,CC€

CTLETU/IRY-NES ¥
0.rC

GRUNR
1.8¢00

VISCOSYTY,L2-SEC/IP2
0.2¢eCz-0%

SPETD,FFR
g.ocen

¥, *T/S?C
c.on

%08
Nt n
[

CHOYXING FILN THICYRFSS
TRAKSITIOW FEGIOW
TUFBULEXT FLOR

L N B

r=R/cTosy
P Tt ]

K(LanIXRR)
23,00

T (LAnI¥AK)
1.8

UTFER LYY FZ (IAMIVET)
23¢C,.0

(UL INT)
C.7¢0CF-01%

T (TIERULIN™)
2.250¢

LOWEP LIWNIT IF (ITTNUULENY)
Ide. e

CLLCUIATE
sesssrens

PLOT

- L 2l Al L

o e AR e




QUASI-ONE DIMEESIONRL COMPPESSISLE FLOW SEAYL PROGFAF

INPUT DATA -

R1,INCHES
1.CC00

E2, IKCHES
0.0C00

FLOW LENGTH, INCHES

QUTPUT

308.0000

PLO@ WIDIH, INCHES
4.7100

DATA -~

RY, INCHES
1.0C00

P2, INCHES
30£.0000

F1OW LENGTH,INCHES
30a8.G6000C

FLCW WIDTH,INCHES
4.7106

AREA,IN2
292243.4375

TYEFPE INCH VEXT PIDE, I.D.=3 T§, H=1.% IX {(PATH TE¥)

PO, PSIA NCLFCULIAR WPIGH™
25.C0GC0O 2€.36€
P3,PSIA CP,5TU/LEY-0¥G F
¢.cco 0.289
BO/P3 GAMNR
1.230 1.800
TOo,DiG F VISCOSITY,1B-SEC/IK2
70.0 p.o000
LOSS COEF. SPETD,PPR
G.50 e.oner
V,¥T/SEC
c.on
oC,PSIA MCLECULAR WIISET
20.0C¢C 28 ,95¢€
P3,PSTI) CP,ETU/LBY-DEC ¥
1,700 e.c00
ro/sp2 GANRA
1.3€9% 1.800
TO,DEG F VISCOSITY,LE-SEC/TY2
70.00C - C.2¢e0®-CB
GAS COFYSTAKT,LB-FI/LER-F SPFED,E PN
£3.35222 c.0000
LOSS COEF. V,FT/SFC
G.5C 0.0C
* i ) .
* & - CHOKIXG FYL®™ TRYCKNESS =
® ¢ - TEANSITION RFGION *
* / - TUPEJLENT TLOW -
»

b2 2 2 *

[
4
[
1

F=wJEESny
SRR SES S

K{LIUTNAE)
28.00C

£ (LEWINY)
1.¢0

QPPF= 1INYT EF (LIAPIYAR)
23,0

K(TORRTY ENT)
n_veper-n1

£ Gt doiel b b |
G280

INSEF LIWYT ST (TOTTOIEET)
LD

CALCOINTE
sanseEpes




b

ITEFATIOR 2

PRATIO
1.0CC
1.01C
1.05¢C
1.100
1.50C
2.000
3.006
4.00C

PEATIC
1.000
1.C10
1.05¢
1. 10C
1.500C
2.00C
3.600
4.000

FEATIO
1.000
1.01C
1.05C
1.10C
1.500
2.00C
3.000
4.000C

FATH %0.

HASS FLOW
c.CCN0
0.121%
0.2668
0.363¢
C.€132
G.6€81
0.€736
C.£707

PATH NO.

HASS FLOW
G.000C
€. 1099
C.2431
€.3323
0.5661
0.€215
0.638¢€
0.€344

PATH NO.

HASS FLOW
c.o¢ne
C.2530E-01
0.55E8E-G1?
0.7€39E-01
0. 1306
C. 1833
0. 1673
C. 1478

1

2

(0]

P (INLET)=300C.

P{INLZT)=70.0

P(INLET)=70.0

P (OUTLET)=70.C

T (OUTLET)=2E.0

P (OULET)=2%.0

-

p g a a
lnlz“t,JLLrTHIRMWIHﬂ&hgn1y




PRATIO
1.000
1.01¢C
1.020
1. 100
1.50C
2.GeC
3.0¢c
4.060

PEATIO
1.00¢
t.01C
1.05¢
1.10C
1.80C
2.00C
3.eec
L.00C

PFRTIO
1.0CG
1.010
1.93¢C
1.1¢C
1.200
2.00C
3.00¢
4.CCC

PATH %4C.

HASS FLOW
c.ccoc
C.168CE-C1
0.5150%-01
C.S7a45e-C1
0.9€85E-01
C.109¢E
0. 1128
¢.1131

PATH RO.

BASS FLOW
€.002C
0.520€>-C2
0. 1682E-C1
0.252€2-01?
C.8357E-C1
0.88358-01

<SCOCE-G%

S0~

PETE NG.

®ASS FLOW
¢.GocCo

G. 1CS1E-C1
C.23832-C
€.3212e~01
C.5533E-C1
C.S130E~-CY
0.£31€E-01%
N.6330E-C1

PINLET)=2F.0

B{IXNLET)=23.0

PLISLET)=1S5.C

B(OUTLET)=15.C

T(OUTLET) =15, 0

P(ONTLET) =18,

400d ST OV ‘TVNIOTEO0
4HL 40 ALITIEIONAOUITYE




(14

PATH 0. 7 P(INLET)=15.0 T (OUTLET)=18.7

PEATIO WASS FLOW
1.000 0.0000
1.01¢C G.3€07E~-01
1.05¢C 0.7952E-C1
1.106 0. 1065
1.590 0.1€38
2.00C 0.2011
3.00¢C 0.203°
4.000 €.203¢6
PATH WO. © D(INLET) =15.0 T(OOTLET) =, 7
PEATIO ®ASS FLOW
1.000 0.2000
1.01¢C C.82295-01
1.050 C. 10848
1. 100 0.18392
1.500 €.25%S
2.000 €. 2902
3.600 . 3015
L.0GC 0.3026
PATH NO. © P(ITLET)=25.6 P (OUTLET)=23.0
EEATIO MASS FLOW
1.00C 0.0000
1.010 €. 1839
1.050 0.3958
1.10C €.5331
1.50C 0.8€46
2.00C 0.9056
3.00C ©.8378

4.C¢0C 0.762%




PATH 0. 10 P(IKLET)=20.C D(ONTLETY)=0 7
PFATIC MASS PLOW
1.000 0.0CCO
1.010 ¢.2798
1.05C C.5150
1.1¢0 0.8begg
1.50¢ 1.L87
2.000 1.594
3.000 1.631

4.n0C 1.£32




FINAL FESULTIS

[}

k

S.372823E-(6

PHI= 5.3967CSE 01
2.232€32E C1
1.462188E 01
1.881750E €V
1.5€3185E 01
1.50639€E 01

MASS FLOW

P2 222

UODE ¥O.
=R8ARES &

1

LE_N™2 S}

o

BALENCE

INFCRMATION AT %CODES 1 10 ¢

D (KET)
£ 2 222 2 % 4
-2.326E-C€
-8.161%-C5
1.9¢22-C5
5.€€2E-C€
-€.026E-0%
-2.164E-C4

SERELERSAER S

| 1] 04

R 2 12 2. 2 )
1. 2€LE-0T
3.3%82-02
S.ENE-03
Z.843E-01
5.884=-C1

8.7322-62

poveoy

"L(YFT)/UD(EIY)

-2.€32E-CP
-1.6705-C3
2.2¢02-03
1.0808-GF
-1. 107 -0
-2 BIEE-C?

TV NIDL UL
onaodddy

g1 aovd
ALITIEL

400d
@HL 40




ITERATICN 2

EEATIOC
1.60¢
1.C5¢C
1.1Ce
1.50¢
2.L0C
3.000
. 000
£.003

DERTIC
1.0CC
1.0%C
1. 10C
1.5¢¢C
2.000
3.6GC
3.187
g.0cC

FELTIO
1.00C
1.050
1. 10C
1.500
2.C0C
2. €E6
2,000
e 00C

PRTH WO. 1 D(ILL3T) =200, D(OUTLET) =650

MASS FPLOW
C.00GG
0. 2€6€E
C.3€38
0.€122
C.€€81
0.€£736
C.€707
0.67C7

PATH ¥0. 2 PLINLET) =ed.C BLMIITT)=18.F

¥ASS FLGW
g.00C0
0.2072
C.2838
C.883%
0.531¢
0.3413%
0.583¢
0.5%3¢€

3

2.

o

PATH %0. 3 2(IXLET) =€C.C E(OOTLET) =

MASS FLOW
€.0C00
C.8756%8-GY
C.65146E-CY
0.1115
G. 1220
C. 125%
C.1z2¢1
C.12€2




ERATIC
1.000
1.01C
1.GEC
1.8
1. 882
1.50C
2.000
3.cco

ErATIO
1.00¢2
1.0%C
1.6%¢C
1.1¢C
1.20C
1.50¢€
2.0¢C
.e6c

Is

FFATIC
1.00¢C
1.GLC8
1.610
1.020
1.1CC
1. 50¢
2.C0C
3.000

PATH WO.

BASS FLOW
g.00CC

C. 1€73E-01
G.3726E-01
c.5110-C1
€.5738E-01
0.88CTE-CY
C.97632-G1
C. 1007

PRTE XC.

XASS PLOE
0.00G6C
£.2851E-02
C.1E102-01
C.225C¢-21
C.368Ce-C1
0.383062-01
0.23128-C1
0.3853%E~-{1

PATH NO.

NASS FLOR
€.300C
C.982€z-C2
C.1038E-0Y
T.2318=-CY
G.31782-01
C.S8€€T-01
C.50Z62-C1
C.626 12-01

P(IRLTT)=22.3 P{CUTLET) =151
TUTMLTTY=22.3 TOUTLET)=1E,.F
PUINLIT) =146 FOUTLTY) =127

4004 §1 3OVd TVNIDIO
gHL 40 ALTIENA0EdAY
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PEATIO
1.c0C
1.G60¢
1.C1C
1.05C
1.10C
1.500
z.00C
3.éce

PEFATIO
1.C0C
1.01C
1.028
1.05C
1. 100
1.5CC
2.00C
3.ooc

PERTIO
1.000
1.C1¢C
1.65C
1. 108
1.2Cs

« 5230
2.70C
3.¢0C

PATH 0. 7 PUINLETI=N.E Z(OUTLY™Y) =187

RASS FLOW
€.2¢00
C.3288E~-01
0.3563E-01
¢.78552-CY
C.1072
CG.181¢€
0.158€
c.201¢

©ATH XC.

B ]

B(INLET) =151 E(COTLET)=18.%

BASS PLGW

€. 006C .
0.4830E-01
C.7TOSE~C
0.109C

C. 1855

C.2¢1¢

C.2¢m

€. 3C28

PRTH W0, ¢ DLISLET) =1E.F TEOWILET) =15 €

BASS FLOW
G.CCO0
C. 1384
€.257%
C.80%2
c.521¢
C.5508
C.6817
c.631%

[




111

PATE YO. 0 TINLIT) =15.€ 2(OTTLET)=18.F
PEATIC ®ESS TLOW
1.0%¢C €.0000
1.01C €.215¢
1.05¢ 0.873¢
1.0€3 C.33¢0
1.1¢C 0.656¢
.gng 1.122
z.c0¢C 1.2802
3.04¢ 1.27%

E—



FINAL RESULIS

= 1.8002€0z-(8

THI= €.007BLE 01
2.23611°E
1. 880€33F 01
1.30976%8 01
1.2€€C0¢= 0%
1.3158208 €1

®ASS FLOW BALANCE

¥CDL XG.
TN BESE R

AU BN -

MD(NET)
SEERERS
-1.2€18-05
1.190E-05
-£.7223-0€
1.318z-C¢
1.5S1E-05
-€.0STE-C€

INFGRMATIGR AT NCGDTS 1 TO €
XXX EE R EE R ERERRA RN LEPEE RN ER R ET KR YEFEEY T AR KX

bl §-98:3

sannsne
1.2612-01%
3.F37E-02
8.766E-C3
S.l82-01
2.48z5-C1
£.7128-C2

=D (FET) /7HD(EI%)
SR REBFE B TERRBRE
-1.C1€63-74
3.0€8E-0b
-€.C3€6E-Ca
2.620°-(4
2.€23F-€3
-7.4573-C¢

0

g1 aovd VNI
gH1 40 MJ'IIHIO('\(‘M&N‘\I

-
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THE NETWCRK SCLUTICN IS
EFRRFRARTERRF SR REAER R

PATH KO.

-t

DI IS WN -

INX¥O0De
3
1
1
2
<
3
3
t
4
3

OUTRCD

-

B NE(Ne I BN IYINS PN MR, QY

T

DUINIFT)

W0 N
€Cc.ns
ir.ca
22.3¢
22.3¢
14,61
in_ e
17.1¢
17,10
12.€¢

P(CUTLET)

€C.0ne
1c.1¢
22.30
LT
K. FY
w.i¢
1%.°C
w.m¢
1Z.€¢
w, ™t

weces TIAW

C.e7e”
a.70L ¢
NI
CLETI2T-0Y
n.33¢77-"
C.3TEET-02
TL.AT2 -
C.5713=-11
T.Iee:

o Stas

e i
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Variable
. Naps

INLET

OUTLET

PLOTYP

NTPATH

SAME

SAMEPR

TABL® I - Variahlea in NAMELIST/PATHER/

]

Depgzinting pirsneion

Inteqer array. Intacers associyead vich the inlet (¥L1]
nodes, THLPM(J) ¢s the inseger associated with
the inlet nods of the Jth pash,

Intaner array, Inteqers asonciaread with ¢ho (2%
outint nadasg, OUTLET(I) i8 the integer arsocinted
with the surls+ nnde of the .Tth path,

Inteaer array., Integers agencirted wieth the tyoe _ (5Mm
of flow through each path, If PLOTYDP (")=9, +he

flow through path T ie described hv =ubraoutine '
QUASC, If FPLO™YP(T)=22, then ¢he flow through \
path I is lescribed by a usay supplisd flowv module,

Inteqer, Total numher of flow paths 4n the
network, (ITlarn+ical rathe at a node avre cnunteqd
as onA path,)

mwo lirensional intcae= a=pay, Cor*aling 4he {2%,%Y)
numhar of =quivalant naths at *he inl=+ nolte of

these pathe, SAMP (], I)=L maanrs that nath numhey

I consists of ! equivalent pytha and their inlet

nod=> nunbar is J, (“AMF 4p0ea rot have tp bha

gpecified Lf %btewe are ro aquivalert oathe,)

Logi=al, T% ges TTHF,, +han anly the nressure

ratine far the flrzs flow na*h mus* he input anA

these valuse ave used for 31l Flow pac¢hs in *he
netwark, If sa+ ,TRALSE,, *han a se* of pressuyre
ratios for each flow nath in ¢h2 network must he innsut,

REPRODUCIBILITY OF THE
ORIGINAT, PAGR 1€ AT

< i A



Variadle
Naze

NTNODE
70

PIXED

MDNET

PRESS

PABLE II ~ Variahles in NANRLTST/NODESDH/

hepcriptiog
Integer, To%al number of nodes in the network,

Peal array, Tatal temperature ¢ thy aas as each
node, TO(I) is ¢he tzrperaturs at pofe J,

Logieal array, I€ TIAFD(I) =, TFUF,, the preasyre
at node ) im specified, T FIXFD(J)s,FALRP,, *he
pressures 3¢ nnde 1 18 an unknoun,

Peal array, Yot mace flov ii note J. T¥ 4DNRT(J)¥n,,
then neAe J i a mource or a sink, TF MDNFP™(])=h,,
then no nass is +aken from the nedyork a+ nolte J,
{MDNET (J) mu=t ha positive {f mass {s taken from *he
network a* node J and neqgative Lf mases {2 added ¢o
the natwork a* noda JI1,)

RPeal array. Con*aing +he values of +he rressurss

at each node 4in 4re network, If thare ars UV

unknown (aon-fivyad) preasyras then tha firse NW
values in the PEYSS array myst be thae uear suppliel,
{nitial ostimates of +hese NN unknown pressyras,

38
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Yariable
Nans

NPRAT

PRAT

DELPMX

NPX

o —

TABLP IT! - variablea fn NANPLISRT/PAPANM/

Pescriptiar

Integer arrav, Contairs the nurhar of prassure
ratios *o he yead, a¢ 3 given inlet pressura, ¢o
gensrate the name flow funcetions for each flov path,
Tf NPPAT(T)=N, ¢than the deecreta mass flov Zunction
for path I is qenernted from ¥ values of the
pressurs ratio.

Two Airencional real arrav. Containe ¢he values
of the pressura ratioe ¢thas will he uset +o
calzulaty the mass flaw functions for each flow
path, PRAT(L,J) is ¢he Leh valua of ¢he prassure
ratio for the J¢th path, Por each flow path, the
firet value i{n *he pressures ratio array nust he
1.0, and the nresaure ratio values must be
monotonic insreasing.

Usel ar a msonvergence critarion. I7 ¢tha =mcale/
pressue at each non-fixed nole changss hy leesn
than the value of DELPNYX from one outer
iceration ¢5 ¢he next ¢then ¢he solution {« cone-
gidsred converaed,

Integer. The nunher of unknown oressures in the
£low ne+twork., (This {= calculatsd by FLOWNFTT)

59
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REPRODUCIBILITY OF THE
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PURSKP

NRNSKP

PLTSKP

SKPH

NOSI

L08s
IPATH

Loaical variahle, *¢ ,7ryr,,
calculations involvinag pover
are mkipped

Logizal variahle, T¢ ,TRUP,,
nermalized values 0% pealing Aanm
force and center of praegiure ars
skipped,

Logica) variahle, 1% gt ,TRMF,
printou® of Aimtrihutions, acrosa
face of wsa)l will he onitean,

Array of aight loanical variahles,
If all eight are seat ™2, no
plots are made,

Logical variable. If ,TPUE, no
£ilm thickneas data will he vesrd,

Logical variable, Y¢ re+ ,TOUF,,
input, internal calculations= anA
output are in 1,8, unjse, IF got
+FALSE,, Linput, internal .
calculations, ant output are in ST
units. :

Entrance velocity lose coef“iciant

Integer assianed to the flow vath,
(Ussd only to iden*ify *he Anta)

REPRO! 1" *ILITY OF TR
ORIGH\A 1‘1’XGE IS POOR

TP,

TRUT,

JTRUR,

e, rRNP,

+FALSY,



ks s A

A LA

e S o R NPT

TABLE IV - Variablenm in WANPLIST/SDITA/

Variable f3ly2 £ lla=
laae Desgription zar Zloy Natyork
RIIN Inner ralius of seal

n21IN Outer radiue of seal

RDIPIN Flow length

WIDTH Mean flow wii+h

MOLNT Molecular wvelghe

cp Specific heat

ny regorveoir viscneiey, “he praqram

vill calzula®sa M1 “ar alr hu+ not
for other gaanse

GANMA Fatio of svacific heats
SPEED rotaticnal velacity

CAPYV €eal face spaad

XLAN Fxponert in friction factor -

Reynolde numbhar relation for
laminar flow (eg, 10 of reaf 1)

CONLAM Constart in frigeion ‘icror -
Reynonlds numher ralation for
lanminar flowv

XTURR fxponert in frictior fantor -
Feynoldes nurber relation for
turbulent flow

CONTAR Cong*ape in fxig=ian ‘antor =
Reynolda rurbey ralation “or
turhulent flow

RELAN Maximur P2vnolds nunher for
laminar flovw

RETURB Minimum %eynolds numher for
turbulent flow

61
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e i B B N BT

S e catmac

s s

b+ o AR 5

Sapple W
LPATHSP

ENODESP

TARLF ¢ - Data for aapple Fabyork of Tlaqure L

- 1, %, Customary "nise

:;::;:=‘. TLER (1) 27, TRLRT(2)sl, TULET(3) =1,
ANPLET (1) 21, OUTTT®(2)=d, ONTLPT ()=t
1AMV (1) 21, TLATYD ()1, FLATYP(Y) =1
SAME(1,2) "2
AHODE ) Magezen.f,

‘D=, FALSE, i=,T .y
;gg;g-sn.n, a6, 0,7, 18,7 apan

reyn

#A, SAMROERs TOUE,
AN 11y 1.5, 2.0, %0, 8.0, €., A0 5END
REPRODUCIBILITY OF THE '

ORIGINAL PAGE IS POOR
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N ST T L

Node 2

Py (Fixed)
T2 (Known)

FLOW
PATH

Node 1
L 8.

P (Unknown)
T1 (Known)

Sample Flow Network

FIGURE 1

FLOW
PATH

Node 3

P;(FiXQd)
Ts (Known)



Read Initial Estimates

All Network Information

of the Unknown Pressures and

Y

=1

s JOUTER+1 ath No. = 1 |

Call QUASC to
calculate mass
flow function
for this Path

this Flow Path
Described by QUASC?

Flow Function
for this Path j

‘ ¥ Call ADDFLO to
vYes| Is the Flow in | No!‘Calculate Mass!

|

Y

Pgtthg. . No Ii th%ssfhg L:at
L ath No, 1!‘ ﬁ ow E v in the

oo
Yes
JLIINNBR-I
Use Least-Squares
Search Technique to

Squares Residuals

3

Is the Sum of
Squares Residuals

Minimize the Sum of [

IINNER

TINNER+1|
No

Minimized?

|Yes
Are Values of New

No |Pressures Nearly

Equal to Values of
0ld Pressures?

& Yes

Output Network

Solution

: Sto

REPRODUCIBILITY OF THF.

more

ORIGINAT. PAC

Functional Flow Chart for the Program Flownet

FIGURE 2



R

REPRODUCIBILITY OF THN
ORIGINAT, PAGE 1B POORLY Node 3
P' = 14,7 P’i.
1, = 250°F
'
: 2-Vent Pig
¢ (1dentical)
No:de 2 Face Seal N Face Seal No%«t
B+ 100 psig Q Node 1 O P = 14,7 psia
To = 250° P, = Unknown To = 250°F
T, = 250°F
. ! Example Flow Network

FIGURE 3

w1t R 5



- ™

@ r, - 14.7 psia

Py= 14.7 psia

3 _ %%

- 3
L = 204"

PATH 10
1-Pipe
1.0,

ipe
I.D.g 2"

L= 8"

PATH 8
1-Pipe

O
1.D.= 0,5" -.@. 1
aa

30

D= 1,6"
I=185,67"

PATH 9
1-P

= =
. o -t -
MO »
Ziow = -
Sz Haa- PATH 6
s o . ~
- ~ 1-Pipe
1.D.=0.625"
PATH 1 PATH 3 PATH S ]
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Flow Network for Sample Problem

FIGURE 4
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