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PTA-1: A COMPUTER PROGRAM FOR ANALYSIS
OF PRESSURE TRANSIENTS IN HYDRAULIC NETWORKS,
INCLUDING THE EFFECT OF PIPE PLASTICITY

by

C. K. Youngdahl and C. A. Kot

ABSTRACT

The computer program PTA-1 performs pressure-
transient analysis of large piping networks using the one-
dimensional method of characteristics applied to a fluid-
hammer formulation. The effect of elastic-plastic deformation
of piping on pulse propagation is included in the computation.
The program is particularly oriented toward the analysis of the
effects of a sodium/water reaction on the intermediate heat-
transport systemof aliquid-metal-cooled fast breeder reactor,
but may be applied just as usefully to other pulse sources and
other piping systems. PTA-1 is capable of treating complex
piping networks and includes a variety of junction types. Pipe
friction and nonlinear velocity terms are included in the formu-
lation. The programrequires a minimum of input-data prepara-
tion and is designed to be easily used and modified. This report
contains the governing equations, program structure, input
requirements, program listing, and other information for PTA-1.

I. INTRODUCTION

Pressure pulses in the intermediate sodium system of a liquid-metal-
cooled fast breeder reactor, such as may originate from a sodium/water re-
action in a steam generator, are propagated through the complex sodium piping
. network to system components such as the pump and intermediate heat ex-
changer. To assess the effects of such pulses on continued reliable operation
of these components and to contribute to system designs which result in the
mitigation of these effects, Pressure Transient Analysis (PTA) computer codes
are being developed for accurately computing the transmission of pressure
pulses through a complicated fluid-transport system, consisting of piping,
fittings and junctions, and components.

Pressure pulses resulting from sodium/water reactions may plastically
deform the.thin-walled piping typically used in LMFBR sodium systems. This
plastic deformation has a significant effect on pressure-transient propaga-
tion,"*? since it limits the peak pressure transmitted out of a pipe to approx-
imately its yield pressure if the pipe is sufficiently long. PTA-1 computes the



effect of plastic deformation of the piping on pressure-transient propagation
in complex hydraulic networks. Although it was developed for predicting the
propagation of pressure pulses in the intermediate-heat-transport system of

a sodium-cooled fast breeder reactor, it may also be used to analyze transient
propagation in other hydraulic networks for which fluid-hammer theory is
appropriate. The effects of cavitation and pipe-support motion are not in-
cluded in the formulation of PTA-1, but may be incorporated in later codes in
the PTA series.

PTA-1 was constructed by combining the complex-piping-system
analysis capability of the NATRANSIENT?* program with the modeling of
plastic pipe-deformation effects contained in the PLWYV®’® program, which has
very limited system capabilily. Thus, ’TA-1 providce an extension of the
well-accepted and verified fluid-hammer formulation’ for computing hydraulic.
transients in elastic or rigid piping systems to include plastic-deformation
effects. The accuracy of the modeling of these latter effects on transient
propagation has been validated®’® using results of a Stanford Research Institute
experiment.?

NATRANSIENT?'* applies the one-dimensional method of characteristics
to the nonlinear fluid-hammer equations in a fixed time-space grid for each
pipe of a flow network. Frictional losses at the pipe walls are computed from
the Darcy-Weisback factor, using correlations for friction factors based on
local velocity and pipe roughness. The local wave speed is modified for pipe
elasticity. NATRANSIENT has good network capability. The variety of junc-
tions and fittings available is important, not only for describing an LMFBR
intermediate sodium system, but also for isolating subsystems and construct-
ing models of complicated components such as an intermediatc heat exchanger.
Assemblage ot the tlow néetwork and computalion of [riclion factors, local wave
speeds, junction losses, and fluid properties are carried out within the pro-
gram, rather than being required inputs as they are in some other codes.
NATRANSIENT's structure is compatible with' multidimensional programs
being developcd under ANL's Large Leak Analysis program for treating fluid
response inside the steam generator. '

PLWV?*® was developed to test a simple computational 1wodel for in-
corporating the effect of elastic-plastic deformation of piping on pressure-
transient propagation in a fluid system. The structural interaction model was
incorporated into a one-dimensional methud-vl-cliaracteristics procedutre for
fluid-hammer analysis. PLWYV is limited to a two-pipe system, since this was
the arrangement for which experimental data were available.? Computed re-
sults were found to be in good agreement with these data.

PTA-1 also uses the one-dimensional method of characteristics applied
to fluid-hammer analysis of pressure transients in large piping systems. Non-
linear convective terms, pipe friction, fluid compressibility, and wave-speed
dependence on pipe deformation are included in the formulation of the governiug



equations. Various types of junctions and fittings may be specified; these
include closed ends, multibranched tees, surge tanks, sudden expansions and
contractions, dummy junctions, acoustic-impedance discontinuities, nonre-
flecting far-end boundaries, and simple models for pumps and rupture disks.

In addition to including the effect of elastic-plastic deformation of
piping on transient propagation, PTA-1 differs from NATRANSIENT in being
more user-oriented. The anticipated user here is a reactor engineer with
some experience in basic FORTRAN programming, but not necessarily expert
in the construction and manipulation of large computer codes. Since it is im-
possible to anticipate all user needs, PTA-1 is structured so as to be easily
modified and expanded. Much of the computation is carried out in subroutines
that can be replaced or altered, and the main program is divided into subsec-
tions that are intended to be readily comprehensible. Programming tricks to
minimize the number of instructions or conserve storage have been avoided
to preserve clarity and to facilitate alterations to part of the program with-
out disrupting other parts. User input and preliminary computations have
been minimized. There are no restrictions on pipe and junction numbering
or designation of left and right ends of pipes, and the flow network is assembled
by the program. Node spacings, fluid properties, pipe material properties,
pipe flow areas, friction factors, wave speeds, and junction losses are com-
puted internally. Some important features of PTA-1 that differ from or are
extensions of those in NATRANSIENT follow.

a. The effect of plastic deformation of a pipe is incorporated through
a modified fluid wave speed, which varies with deformation history at each
computational node in a plastically deforming pipe.

b. Temperature-dependent properties of liquid sodium are computed
in a subroutine, which can be replaced if the piping network contains a differ-
ent fluid.

c¢. Pipe material properties are computed in a subroutine that can
treat six different pipe materials in the same network. Material character-
izations contained in the subroutine include temperature-dependent stress-
strain relations for Types 304 and 316 stainless steels, Nickel 200 (which has
been used in experimental modeling of LMFBR piping?), and functional rela-
tions that are useful in curve fitting of stress-strain relations.

d. Each type of junction is treated in a separate subroutine to make
it easier to substitute improved versions or to add additional types of junctions.

e. The entire pipe-friction loss term, rather than just the friction
factor, is computed in a subroutine. Consequently, a different friction-loss
formulation can be readily substituted.

f. The source pressure-time relation is computed in a subroutine.
In the current version of PTA-1, a table of pressure-time values is input to
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the program, and the subroutine performs linear interpolation to determine
source pressure as a function of time. This subroutine could be replaced by
other source models, such as the Zaker-Salmon sodium/water-reaction
model® used in NATRANSIENT.

g. Pipes and junctions can be numbered arbitrarily; i.e., the num-
bers need not be consecutive and can be assigned in any order. Consequently,
a subsystem of a large network can be analyzed without requiring any re-.
numbering, and pipe and junction designations in the computer output can be

" maintained as a system is modified.

h. One end of each pipe is designated as the first node end, and the
other the last node end, in order to determine a positive coordinate direction
for fluid velocity in the pipe. However, these designations are arbitrary in
that every junction subroutine can treat any combination of pipe ends. For
example, the ends of the two pipes connected at a sudden expansion junction
can be both first-node ends, both last-node ends, or one of each.

i.  All input data are read into the main program to avoid omissions
or misorderings. '

j. An improved method of determining node spacing is used to min-
imize numerical dispersion in the calculation of transient propagation.

k. Many diagnostics are used to determine consistency of problem
input and to assist the user in detecting input errors.

1. An attempt has been made to use consistent and reasonably 0bv1uub
notation throughout the program to facilitate later modification.

Sections II and III contain the assumptions and equations underlying the
development of PTA-1, and the structure of the main program and subroutines
is described in Sec. IV. A summary list of input data is presented in Sec. V,
followed by elaborations on some of the individual input items. Section VI con-
tains explanations of diagnostic messages written by the program when it en-
counters input inconsistencies or other difficulties. The alterations to COMMON,
DIMENSION, and DATA statements needed to reduce or enlarge program stor-
age to conserve core requirements or treat increased system size and com-
plexity are given in Sec. V1I. A sai‘nple problem and a listing of PTA-1 are
contained in the appendixes.

II..- ASSUMIPTIONS

The standard assumptions underlying one-dimensional fluid-hammer
analysis of pressure transients in piping systems are:’
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a. The axial velocity u is the only nonzero velocity component. This
assumption is modified slightly here in that one-dimensional flow is assumed
in deriving the governing fluid-motion equations, but fluid movement in the
radial direction is accounted for in determining wall-deformation effects.

b. The pressure p and axial velocity u are functions of axial posi-
tion x and time t only.

c. Changes in fluid density are negligible compared to the density
itself. In the governing differential equations, the fluid density is assumed
to be a constant and, consequently, independent of position and time, but the
bulk compressibility of the fluid is taken into account in computing the wave
speed c.

d. Viscous losses in the fluid are neglected.

e. Frictional losses at the pipe wall are included through the Darcy-
Weisback friction coeifficient f.

The above assumptions all pertain to the treatment of the fluid. To
these must be added some assumptions on the influence of pipe-wall deforma-
tion on hydraulic-transient propagation. Various modelings of the pipe de-
formation are possible, ranging from a rigid pipe-wall model with no structure-
fluid interaction effects to a detailed modeling of dynamic deformations and
stresses in the piping and the resultant interactions of the stress waves and
pipe vibrations with the fluid motion. The model used here is essentially the
simplest pipe-response model that incorporates some influence of plastic wall
deformation on transients in the fluid. It has the advantages of being readily
incorporated into standard fluid-hammer analysis procedures and giving re-
sults that are conceptually plausible and agree well with available experimental
evidence on plastic wall-deformation interaction with fluid-transient
propagation.®s®

The additional assumptions involved in this pipe response model

. include:

a. The pipe response is quasi-static; i.e., the pipe deformation is in
equilibrium with the fluid-pressure distribution, which varies with x and t.
This eliminates all wavcs traveling through the pipe material.

b. Bending moments in the pipe wall are neglected, and pipe defor-
mations are not required to be continuous functions of x. This implies that
the pipe is treated as a series of rings that act independently of each other.

c. Axial stresses and strains in the pipe are neglected.

d. The pipe material is incompressible; this is the usual assumption
in plasticity problems.
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e.... The pipe wall is thin enough that circumferential stress varia-
tions across the thickness can be neglected.

f.. Circumferential strains are small.

The result of these assumptions on pipe response is that the only in-
fluence of pipe deformation on transient propagation in the fluid is through its
effect on local wave speed. The wave speed, which is equal to the sound speed .
in the fluid if wall-deformation effects are neglected, is no longer just a func- -
tion of fluid properties, but now depends on fluid properties, pipe properties,
and pipe-deformation history. Consequently, it can vary with time and posi-
tion along the pipe, and provision is made in the computational scheme to
accommodate this variation.

III. EQUATIONS

The equations governing fluid-hammer analysis of pressure-transient
propagation in rigid or elastic piping systems using the one-dimensional method
of characteristics are derived in Refs. 3 and 4, standard texts such as Ref. 7,
and elsewhere. Modifications to account for the effect of plastic deformation
of the piping are derived in Refs. I, 5, and 6. These derivations will not be
repeated here; only the resulting set of governing equations will be summarized.

A. Characteristic Equations

Applying the one-dimensional method of characteristics to fluid flow
and continuity relations results in equivalent differential equations that in-
volve only total derivatives with respect to time and apply only along char-.
acteristic curves; these are

du 1 dp B .

which holds along the positive characteristic ct, given by

dx = (u+ c)dt, A O (2)
and

du 1 dp _on , .

3 pcat T glu) = 0, | (3)

which holds along the negative characteristic C™, given by

dx = (u - c)dt, | (4)
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where p and u are fluid pressure and velocity at position x and time t, p is
fluid density, and c is local wave speed. The pipe friction term g(u) is as-
sumed here to be

olw) = Helul

ZD . ' : (%)

where f is the Daréy-Weisback friction factor and D is the pipe diameter.

For a rigid pipe wall, the wave speed is equal to the speed of sound
- in the fluid and is given by

c5 = K/p | | (6)

where K is the bulk modulus of the fluid. If the pipe is deforming elastically,
the wave speed is given by '

K/p

2 .

= s | ™)
EH

where H is pipe-wall thickness and E is Young's modulus of the pipe mate-
rial. If portions of the pipe are undergoing plastic deformation, the wave
.speed is then given by

- K/p

¢ = KD ' (8)

1+ e
H<d_‘f- w)

de

where ¢ and ¢. are circumferential stress and strain in the pipe; ¢ is related
to the fluid pressure through

_ pD |
o= = | | (9)
For rigid or elastic pipe-wall response, the wave speed is a constant
for each pipe. On the other hand, the wave speed varies along a plastically
deforming pipe, since p and, consequently, ¢ and Cl:d’/de vary with position
and time. Moreover, do/de depends not only on the current value of 0 (and
p through Eq. 9), but also on prior strain history and the sign of dp. If there
has been plastic deformation at a pipe cross section followed by elastic un-
loading (path 123 in Fig. 1), the yield stress, which was originally 0,;, will be
increased by strain hardening to &,; stresses such as o4, which would have
produced plastic deformation originally, will now produce elastic deformation
with its correspondingly higher wave speed. If a pipe cross section is deform-
ing plastically (point 2 in Fig. 1); a further pressure increase will produce
a,dditional plastic deformation, corresponding to a low wave speed; on the other
hand, a pressure decrease will produce elastic unloading corresponding to a
© higher wave speed.
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2
O
4

®
Fig. 1
o - : Stress—-Strain Relation. ANL

Neg. No. 113-5881.
SLOPE E '

€

The maximum stress experienced at each axial node point of a plas-
tically deforming pipe is monitored. If the previous maximum stress at a
particular point is less than the original yield stress ¢,, the current stress
is compared with ¢, to determine whether the corresponding deformation is
elastic or plastic. If the previous maximum stress is g,, which is greater
than 0, the current stress is compared with 0, to determine whether the
current deformation is elastic or plastic.

B. Finite-difference Solution along Characteristic Curves

1f the solution for pressure and fluid velocity is known at a time t, for
every position x along a pipe, the solution at a later time t, + At can be found
through the relations between du/dt and dp/dt that hold along the character1st1c
curves. Expressing Eys. 1 and 3 in finite-differcnce form for ct and C- char-
acteristics intersecting at point P (Fig. 2) gives

1 )
up -up t —F oc T(pp - pa) t+ g(uA)At =0 (10)
A
- and
R )+ (ug)at = 0 | (11)
Up ~ UB p¢BPP PB/ T glup ’ L
where ¢, and uK are appropriately awfer-agec_l values of wave speed and fluid

velocity along the C* characteristic between points A and I, and ¢j; and ug

e,

t,+ At
B _ .
c :
. Flg 2 ¢ - ) s
Finite-difference Grid for Interior ¢ , : : : .
Node. ANL Neg. No. 113-5882. '10
. , R A Q B S

e —— = X
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are appropriately averaged values of wave speed and fluid velocity along
the C~ characteristic between points B and P. :

Since the frictional losses at the pipe wall are small, g(uz) and g(ug)
are conveniently approximated by

Ay
g(uA) ~ BA

and 5, ‘ (12)
g(u_'-B) ~ Ep
where g, = g(u,) and gg = g(up) by definition.

If the pipe wall is rigid or is deforming elastically, the wave speed
is constant; i.e.,

= ¢ = ¢, (13)

where c¢ is found from Eq. 6 or 7, whichever is appropriate. However, the
wave speed can vary significantly along the characteristics if the pipe is
deforming plastically; for this case, we will take

-~

+ 4
cp = %(CA+ cp)

and | | | . .r, (14)

cp ~ %(CB t cp) J

jwhere'cA, cp, and cp are the local wave speeds corresponding to conditions
at nodes A, B, and P, respectively, and are computed from Eq. 8.

C. Determination of Time-Space Grid

The Courant:Friedrichs-Lewy (CFL)? criterion for convergence ‘and
. stability of the finite-difference scheme used here requires that the tirne
step At and axial grid spacing Ax for a pipe satisfy

Ax =2 (c + Iul)At | (15)

Since the time step is the same for the entire system and the wave
speed varies from pipe to pipe if the pipes deform, Ax must be selected for
each pipe so as to satisfy the above inequality. For strain-hardening mate-
rials, the fluid wave speed corresponding to elastic deformation of the piping
is greater than that corresponding to plastic deformation; consequently, the
former will be used in determining Ax. We will take

- 6 s bx <6, (16)
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where

§, = F,cht, &, = F,cht. B (17)
The constant F, is chosen to allow for the effect of the fluid speed in the CLF
criterion, and F, is chosen to prevent excessive numerical dispersion of the

transients. In PTA-1, F; = 1.03 and FZ = 1.10 areused. For apipe of length L,
let n be the closest 1nteger to L/6,; i.e.,

n = {L/6, + 0.5}, (18)
where {} denotes the "greatest-integer" function. We will take
Ax = L/n, ’ (19)

if inequalities 16 are satisfied thereby. If Ax computed from Eq. 19 is less
than 6,, we will take Ax = 6, and compute a revised pipe length L' from

L' = 1'161- ‘ . (ZO)

Similarly, if Ax coinputed from Eq. 19 is greater than §,, we will take Ax = §,
and compute L' from

L' = né,. : ‘ ' (21)
If the fluid velocity becomes large enough during a probiem computation that
violation of the CFL criterion is imminent, the time step is decreased to en-

sure stability of the solution.

D. Interpolation in Fixed Time-Space Grid

The interpolations required in the fixed time-space grid have two
aspects: The locations of the intersections of the characteristics with the
constant time 1ine<(points A and B of Fig. 2) must be determined; and
then values of the desired quantities must be cownpuled at these locations
in terms of their values at the grid points. Let v"A be an appropriately av-
eraged value of u + c along the Ct characteristic through points A and P;

vR be an appropriately averaged value of u - c along the C~ characteristic
through points B and P; and ‘

6 = Ot/Ax. | (22)
Then,'
xA = XQ - VR(XQ - XR)G,

A _ (23)
XB = XQ - V-B(XS - XQ)e’ . )
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PA = P - VAP - PR)G

‘ ‘ (24)
PB = Pg - Vi(Ps - PQ)6.
~and
| o
up ‘= ug - VA(uQ - uR)e,
(25)
ug = ug - vglug - ug)e.

For a rigid or elastically deforming pipe, the wave speed is constant
along the characteristics and, since the fluid velocity is small compared to
the wave .speed, we can take '

VX A~ up toc, v1'3 ~ upg - €, (26)

- where ¢ is computed from Eq. 6 or 7, whichever is appropriate. Simultaneous
solution of Eqs. 25 and 26 then gives

un - c(ug - ug)e W
YA T T +-(uQ - QR)G
and | a k . (27)
. un + c(us - uQ)G
ug =

1+ (us - uQ)e J

For plastically deforming pipe, the wave speed varies significantly

'~ along-the characteristics. For this case, we will take

and Y ’ (28)

'VBVN %(uB -cgtup - CP) )

" Since up and cp (which depends on pP) are unknown at time to, an iterative

golution is required between Eqs. 8, 24, 25, and 28 and equations for up and
Pp given in subsequent parts of this section. In the computation of ¢, and cp
the maximum pressures experienced at points A and B must be known up to-
time t,; let (Pmax)A and (pmax)B be these values. Then, using linear inter-
polation, we obtain

17
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I

(Pmax)y = Pmax)q = VAl (Pmax)g = Pmax)g1o

and o (29)

(Pmax)B = (Pmax)Q - V]-3[(Pmax)s - (Pmax)Q]e J
where (Pmax)Q’ etc., are stored values at the node points. If py < (Pmax)a:
the local deformation at point A is elastic and cp is computed from Eq. 7; if
Pa 2 (pmax)A and pp also exceeds the pipe yield pressure, the deformation
is plastic and c p is computed from Eq. 8 and the stress-strain relation. An
analogous procedure is used to determine cg.

E. Interior-node Calculation

At an interior node, Egs. 10 and 11 can be solved for up and pp to
give, using Egs. 12,

up = [ch(ua - galt) + cBlup - 8Bt) + (Pa - PB)/p)/(cA + cB)
and . (30)
Pp = [pA/c"A + pB/c'B + p(up - gpabt-ug + gBAt)].c“*AcB/(c’*A + cp)

For rigid or elastic pipe walls, these equations give explicit closed-form
relations for up and pp. For plastically deforming pipe walls, CZ, ¢p, and,
consequently, the interpolations for pa, pp, ua, and ug depend on up and pp.
Initial trial values for up, pp, and the interpolated quantities are assumed;

cA» ¢B, and cp are determined from Eq. 8; vz and vp are determined from
Eqs. 28; and p,, PR, Ups UR: (Pmax)A’ and (pmax)B are computed from Eqs. 24,
25, and 29. New values of c"A and cp are then determined and the procedure
repeated until the values of the interpolated quantities converge. New values

of up and pp are then computed from Eqs. 30, and the iterations are continued
until they converge, ’

F. Junction-node ACalcula'Lti'ons

Typical finite-differences grids for boundary nodes are shown in ‘
Fig. 3, where F'ig. 3a indicates a last-noude pipe end and Fig. 3b a first-node

L~ o —
1 ot 2 c- T - Fig. 3
A v 4 At N o
l , ; ; L Finite-difference Grids for Boundary
g Nodes. (a) Last Node at Boundary;
Rl A Q F AQ B |S (b) First Node at Boundary.
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.end. Equations for computing the fluid velocity and pressure at the various
types of junctions incorporated as subroutines in PTA-1 follow.

1. Sudden Expansion or Contraction

Assume the area-change junction connects the last-node end of
pipe-LN, which has area (A)1N, to the first-node end of pipe L1, which has
area (A)1,}- The other combinations of pipe-end connections are covered in
the subroutine, but their equations will not be listed here since they are easily
deduced from the given case. From Ref. 4 and Fig. 3,

¥

K s 0, U=0,

Y

(wp)y, = Rlup);
(PP)LN = PA - PC’iA[(_up)LN -up + gAA';]» (31)
é.nd
(?P)Ll = pg +'PCB[(UP)L1 - ug + ggAt], |
_Whére PA’ c"A, Up, aﬁd ga pertain to pipe LN, and pg, cjg, and ug, and gg
pertain to pipe Ll1. In the above,
. . \
R = (A)LN/(A)LI’
B = c'2+ Reg,
y = 2[ch(up - gplt) + cilug - ggdt) + (pa - PR)/ p), (32)
and
6§ = 1-R*>-K. J
“The loss coefficient K is given by!®
K = (i-R)Z,, if R<1l and U > O,
K=-(1-R)’ if R> 1 and U < O,
K = 0.45R(R -1), if R>.1 and U> 0, ( : (33)
K = -0.45(1 - R), 1f R <1 and U <« 0, |
if R=1 or |
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where
U= HRug) *+ g 1 o (34)

2. Tee

Consider a tee junction connecting an arbitrary* number of pipes,
some of which may be connected at their first-node ends and the remainder -
at their last-node ends. The pr'essure is the same for.all pipe ends connected
at the tee; it is given by '

pPp = { 21:\1 Arnle(up - ga06) + pa/cRl o
£ |

+ ) Apl-plup - gpot) + PB/CB]LI}/

Ll

{Z (Afeh)  * LZI (A/cg)m}, - (35)

LN

where z denotes summation over all last-node p1pe ends and Z denotes
LN , : Ll

summation over all first-node pipe ends. The fluid velocities at a typical

last-node end and first-node end are ’

(uP) = [U-A - gplt - (Pp - bA)/(PQK)]LN

LN

and ' ‘ > . ' (36)

(uP)Ll‘ = [uB - gght - (Pp - pB)/(pch).]Ll

J

3. Pump
The simple pump model used here treats the pump as a tee junc-
tion, with the pump head added to the pressure at the pump end of the pipe

representing the outlet of the pump

4. Acoustic Impedance Discontinuity with No Area Change

Counsider two pipes with the same flow area but differing acoustic
impedances because of different wall thicknesses or material properties. Let
the last-node end of one pipe, designated LN, be connected to the first-node
end of the other pipe, designated L1, at a junction. Then

*PTA-1, like NATRANSIENT, currently handles up to six pipes connected at a tee. This can be easily extended -
by increasing storage designations if more branches are needed in modeling a complex component.
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(uP_)Ll = (uP)LN 1

[chua - galt) + cplup - gpdt) + (py - PR)/pl/(ch + cp)
and : | ' . (37)
(bp) | = (Bp)

[pA c“A + pB/c‘B +Ap(.uA - gl -ug + gBAt)]c"Ac'B/(c"A + cB)

1]

7

These equations are the same as those.of Eq. 30 for an interior node, except
that here the set up, py, 8a, and cj;L and the set ug, pg, gg, and cp refer to
different pipes. The other pipe-end combinations, i.e., first-node end con-

'nected to first-node end and last-node end connected to last-node end, are

also treated in the subroutine.

Note that the sudden expansion or contraction case with R = 1 is
equivalent to the acoustic-impedance discontinuity case, i.e., Eqs. 31-33 with

R = 1 reduce to Eq. 37. Consequently, both cases could easily be computed

with the same subroutine. This is not done in PTA-1 for two reasons: First,
using the sudden-area-change equations to compute the acoustic-impedance
discontinuity case is more awkward and time-consuming than using Eq. 37
directly. The second, and more important reason, is that it may be desirable
to revise the modeling of one or both of these junction types in subsequent
versions of the program,; it will be easier to do this if the cases are treated
separately.

5. Dummy Junction

For systems having miany short pipes and a few long pipes, input
of the desired time step may result in violation of the limit on maximum
nuwnber of computational nodes per pipe. Rather than raise this limit and
thereby increase core-storage requirements, it may be expedient to break
the long pipes into two or more pipes by inserting dummy junctions. A dummy
junction may also be useful for reserving a location for insertion of a tee that
connects to a subsystem whose effect on the main system will be determined
later, or for identifying the location of a pressure transducer.

The computations for up and pp at the dummy junction are identi-
cal'to those at the acoustic impedance discontinuity and are performed by the
same subroutine.

6. Closed End

- For a pipe with ils [irst-node end connected to a closed-end
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and B 3 o (38)

Pp = Pg - peplug - ggit)

o

If the last-node end of a pipe is closed, .
uP =0

and , . ' | | (39)

9
.
|

= pyt pcR(uA - g lt)

7. Constant-pressure Boundary

For a pipe with its first-node end connected to a constant-pressure
reservoir at pressure PRES’ '

Pp = PrEs

and A ‘ . o (40)

up = ug - git + (pPrps - Py)/(pch) |

It its last-node end is connected to the junction,

~

Pp = PRES '

and ‘ e | (41)

up = Up - BAA'- - (PRES = PA)/(PCX) J

Numerical studies indicate that the effect of gas compressibility
in a surge tank with a gas space on fluid-transient propagation in piping sys-
tems of the type considered here is small. Consequently, surge tanks can bhe
modeled as constant-pressure boundaries.

8. Far-end Boundary

In the analysis of subsystems of a complex network, it is useful
to have a boundary that transmits pressure waves out of the subsystem with-
out reflecting them. This is easily accomplished by putting the fluid velocity
and pressure at the far-end junction equal to their values at the adjacent node
pipe; i.e., if the first-node end of a pipe is connected to a far-end junction,
then (see Fig. 3) '



pP = er uP = uN; (42)
and if the last-node end is connected, then
Pp = Ppp ' Up = Uy, (43)

9. Rupture Disk

The simple rupture-disk model used here is to treat it as a
closed-end boundary until the burst pressure PRDB of the disk is attained
and to treat it thereafter as a constant-pressure boundary at pressure PRDG"
Let tgpp be the time at which the pressure at the disk first reaches PRDB’
then, for the first-node end of a pipe connected to the rupture disk,

uP = O, ' )
i - t < tgp (Pp = PrRDB)
Pp = pPp - pcplug - ggit),
g (44)
Pp = PRDG’
| e >tpp
up = ug - ggbt+ (Prpg - PB)/ (pcB)- )
If the last-node end is connected to the disk,
up = o, A
/ . 't = tgp (Pp = PRDB)
e (45)
Pp = PrDG’ 1 ‘
| 4. pE> o
up = up - galt - (Prpg - PA)/(pCA)-J

10. Pressure-Source Junction

The pressure-source junction is similar to a constant-pressure
boundary, except that the pressure pso(t) at the junction is time-dependent
and is obtained from the pressure-source subroutine. Up to six pipes may
be connected at a source junction; this number can be increased by changing
storage allotments or by designating several pressure-source junctions, all
of which will experience the same pressure-history input.

23
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For each first-node pipe end connected to a source junction,

~

= psé(t)

and . L

up = up - ggbt + (pgo - PR)/(pcp)

and for each last-node end,
Pp = Pgolt)

and ' >.

11P = uA'- gAAt - (pso = _PA)/(PCR)

A

. G. Pipe Friction Factor

(46)

(47)

Frictional losses at the pipe wall are calculated using Eq. 5. The
friction factor f is found from 1_:he Colebrook-White correlation

64 N < 3000,

.f = NRe) R.e

and

1 1.14 - 2 1o ﬁ+
ﬁ -. ng

9.35

Ne /1

,  Ng, > 3000,

7

|

where Ry is the pipe roughness and Np, is the Reynolds humber, defined by

Npe = PuD/IJu

(49)

with p, being the dynamic viscosity of the fluid. The second of Eqs. 48 re-
quires an iterative solution; initial estimates for f are given by

£~ 0.316/Ni{2 for R¢/D < 107*

and

* :

£~ [1.14 - 2 log)o(R¢/D)]™* for R/D > 107*

H. Sodium Properties

h

Temperature-dependent properties of liquid sodium are computed from

correlations recommended by Golden and Tokar.!!



The specific weight vy of sodium in 1b/ft?, calculated from Eq. 2.1 of
Ref. 11, is ’ A

Y = 59.566 - 7.9504 x 1073T - 0.2872 x 107°T? + 0.06035 x 1077T?,

| 208°F < T < 2500°F, (51)

- and the corresponding deﬂsity p in lb-sec?/ft? is | |
o= Ye (52)

where g = 32.2 ft/sec? is the acceleration of gravity.

The dynamic viscosity p in lb-sec/ft?, using Eq. 5.19a of Ref. 11,
'is calculated from '

b= {exp[2.3.03(1.0203 + 397.17/(T + 460)
-0.4925 log,o(T + 460)]}/3600/32.2, ; (53)
where T is in degrees Fahrenheit.
Golden and Tokar 'recommvend a linear dependence of sound speed on
temperature. Based on tabulated values in their Appendix E, ¢, in'ft/sec is

calculated from

co = 8285 - 2187(T - 210)/2290. (54)

I. Stress-Strain Relations for Piping Materials

The temperature-dependent stress-strain relations for Types 304 and
316 stainless steels were obtained from Ref. 12, which gives equations for
fitted curves.

Reference 2 provides a stress-strain curve for Nickel 200. (This
material is useful for experimental simulation of reactor piping since its
stress-strain characteristics at room temperature are similar to those for
stainless steels at reactor temperatures.) This curve was fitted by linear
elastic and plastic regions connected by a plastic region that is part of an
ellipse. This may be a useful functional form for fitting other material data;
it is given by

g = Ee, 0 < ¢ < ¢; (linear elastic);

: 01(0/00)2 + C;_(.o/co) + Cs(e/eo) + C4(€/€0)2 + Cs = 0,
# (55)
€1 < € < ¢, (elliptic plastic);

¢ = oot Ep(e - e0), e, s ¢ (linear plastic); )

25
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where ¢ and ¢ are stress and strain, E and E, are the elastic modulus and
slope of the linear plastic region, and the point (g, 0p) is the intersection of
the extended linear elastic and plastic regions. The constants Cj are chosen
so that the curves and their slopes are continuous at the points (¢;, ¢;) and
(e2, 02); they are given by

5
Ci = (v, - 1)* - Rln(1 - v))% |
Cz = -2ly,(v, - 1)* - Rm(y, - v,)(v, - D - v)) - Rgy,(1 - y))°),
Cs = -2Rm(y, - v )y, - 1)(1 - v,) + Rm(1 - v,v,)],
' e (56)

Cs = Rinly, - )2 - v, - v,),
and
Cs = (1 - Rpn)¥ily, - 1) )
where

Rm = Ep/E: y1 = 01/00, ¥z = 62/ 00 . ‘ (57)

An essentially exact fit to the Nickel 200 data given in Ref. 2 is ob-
tained by taking E = 30 x 10°® psi (207 x 10°® kPa), g; = 29,000 psi (2 x 10° kPa),

R, = 0.0135, y, = 3/4, and vy, = 5/4.

&



IVv. CODE STRUCTURE

The PTA-1 code consists of the MAIN program; the MTPRP sub-
routine for computing piping material properties and associated fluid wave
speeds; the FLPRP subroutine for computing fluid properties; the INTRP

subroutine for performing interpolations in the time-space grid; the FRCTRM

subroutine for computing the frictional loss term; the nine junction subrou-
tines AREACH, TEE, PUMP, IMPED, CLOSED, CONSTP, FAREND, RUPDSK,
and PRESSO; and the pulse-source subroutine PTIME.

Throughout the program, pipes are referred to by either LPIPE(L) or
L, where LPIPE is the user-supplied identification number and L is the cor-

responding program-=~generated identification number. Similarly, junctions are

referred to by either JUN(J) or J, where JUN is the user-supplied identifica-
tion number and J is the corresponding program-generated identification num-
ber. The user-suppliednumbers are arbitrary,while L. = 1, 2, 3, ..., NPIPE,
and J = 1, 2, 3, ..., NOJUN, where NPIPE and NOJUN are the numbers of
pipes and junctions in the system, respectively.

A. Main Program

The main program receives all input data and checks its internal con-
sistency, assembles the piping-network model, performs manipulations and
initializations needed to start the method of characteristics computations,
performs the interior-node computations, calls the appropriate junction subrou-
tines, prints output, and resets variables for the next time increment. It is
composed of the subsections described below.

1. Specifications

This subsection consists of COMMON, DIMENSION, and DATA
statements. The sharings of numbered common blocks (R1-R5) with sub-
routines are indicated in Table I. Alterations to specification statements

needed to alter storage requirements or network limitations are discussed
in Sec. VIL

TABLE I. Sharing of Data in Numbered Common Blocks

Common Block Common Block

Routine Rl R2 R3 R4 R5 Routine R1 R2 R3 R4 R5
MATN X X X x 4 IMIPPED X
MTPRP X X CLOSED X
FLPRP X CONSTP X
INTRP X X FAREND X
FRCTRM X X RUPDSK X
ARFEACH X ‘ PRESSO X
TEE X PTIME X
- PUMP X .

27
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2. Input
All input to the PTA-1 code is accomplished in this subsection, -
and some input diagnostics are performed. Input data requirements are listed

in Sec. V, and diagnostic messages are explained in Sec. VI.

3. Computation of Problem Parameters

The fluid-properties subroutine FLPRP is called to compute the
fluid density, dynamic viscosity, and sound speed at system temperature.

Pipe friction is based on pipe diameter D, and expansion loss
coefficients are based on flow area A. In modeling a component as an arrange-
ment of equivalent pipes, it may be desirable to have A # nD?/4 for some of
these equivalent pipes; D and A can then be prescribed independently. If
A= nDZ/4, however, the input for A can be left blank and A will be computed
from the diameter; this computation is performed in this subsection.

The material-properties subroutine MI'PRP is c¢alled to cumpute
yield pressure, fluid-wave speed corresponding to elastic deformation, and

preliminary material information for each pipe in the system.

The axial grid spacing for each pipe is determined from Eqs. 16-21
for the input time step. ’

4, Print Inpul, FProblem Paramctcrs, and Network Arrangement.

The input data from subsection 2, computed problem parameters
from subsection 3, and pipe-network-arrangementinformation, such as junclivu
identification numbers and types associated with each pipe, are printed to
provide input verification and a record of the problem statement.

5. Determination of Pipe Connections at Each Junction

The junction identification numbers for the ends of each pipe are
input data that specify the network arrangement. The inverse information is
determined in this subsection; i.e., the pipes connected to each junction are
determined in order to facilitate subsequent junction-node computations. The
quantity ML1(J) is the number ot first-node pipe ends connecled al juuction
number JUN(J), and MLN(J) is the number of last-node ends connected there.
The quantity LJ1(J,M), 0 < M < MLI1(J), implies that pipe number LPIPE(LJ1)
is connected at its first-node end to junction number JUN(J); similarly,
LIN(J,M), 0 £ M s MLN(J), indicates that pipe number LPIPE(LJN) is con-
nected at its last node to junction number JUN(J). The lists ML1, MLN, LJ1,
and LJN are passed to the junction subroutines through COMMON. A number
of diagnostic checks are provided in this subsection, such as verifying that
each two-pipe junction has two pipes connected to it. '



29

6. Conversion of Units

Input to the problem is in customary units, e.g., pipe diameters
in inches and pipe lengths in feet. In this subsection, all quantities are con-
verted to the foot/pound-force/second system of units.

7. Initializations at TBEG

The initializations needed to start the method of characteristics
computation for the pipe network at time TBEG are performed in this sub-
section. These include initializing the pressure and velocity matrices P(L,I,K)
and U(L,I,K), whose elements give the pressure and velocity at node I of pipe
number LPIPE(L) at time t, (K = 1) and t; + At (K = 2). Another quantity

.that is initialized is KPLAS(L). If KPLAS(L) = 0, then pipe number LPIPE(L)
has not deformed plastically; if KPILAS(L) = 1, then pipe number LPIPE(L)

is the first pipe to deform plastically; if KPLAS(L) = 2, then pipe number
LPIPE(L) is the second pipe to deform plastically; etc. Tests of whether
KPLAS(L) is greater than or equal to zero provide a convenient means of
determining whether an iterative solution is required, and positive values of
KPLAS provide convenient indices for storing data pertaining to plastically
deforming pipes.

8. Interior-node Calculation

The fluid velocity and pressure at the interior nodes of each pipe
are computed in this subsection for a time step At, using Eqs. 30. A once-
through computation is used for each elastically deforming or rigid pipe, and
and iterative procedure is followed for each plastically deforming pipe. The
INTRP subroutine is called to perform interpolations in the time-space grid,
and FRCTRM is called to compute the frictional loss term.

If the elastic-plastic boundary is close to a computational point
and the stress-strain curve has a kink at the yield point, the numerical
solution may oscillate rather than converge. An averaging technique is then
used to break up the oscillatory pattern and encourage convergence of the
iterative procedure. '

If the compﬁted pressure somewhere in a pipe that has not pre-

~ viously deformed plastically exceeds its yield pressure, the pipe is designated
as a plastically deforming pipe and its pressure and velocity distributions

are recomputed for the time step. A message is written denoting the inception
of plastic deformation for the pipe.

9. Junction-node Calculation

The fluid velocity and pressure at each junction node are computed
by calling the appropriate junction subroutine. Iteration is used if one or
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more of the pipes connected at the junction have undergone plastic deforma-
tion. An averaging technique similar to that employed in the previous sub-

section is used to disrupt nonconvergent numerical oscillations around the
solution. The initiation of plastic deformation at a junction is detected and

an appropriate message written. Similarly, an announcement is printed if

a rupture disk bursts during the time step.

Some diagnostic checks are performed. For example, if a junc-
tion is specified as a rupture disk, bul no disk data are input for that junction,

an error message is written and the computation is terminated.

10. Print Results at Specified Time Step

The results of the interior- and junction-node computations are
printed out in this subsection. Input data specily (requency of output (cvery
time step, every other time step, every third time step, etc.), whether results
for all pipes or selected pipes are priuled, and printout dctail (every node in
the selected pipes, every other node, etc.)

Typical output at the end of a time step consists of the time and
the source pressure at that time, followed by arrays giving location, pressure,
velocity, and sound speed at the specified nudes of the specificd pipes. Each
array is identified by pipe number and the numbers of the junctions that the
pipe connects. The positive velocity direction in a pipe is from the first
node to the last node. Pressures are converted to psi before printing.

11. Initializations for Next Time Step

Various initializations and updatings are performed in this sub-
section to prepare for the next time step. An updated record is maintained
of the maximum pressure experienced by each pipe and the time at which it
occurs; this information is printed at the end of the problem. The numerical-
stability criterion is checked, and At is shortened if necessary (see Sec. III.C).
The record of maximum pressures attained at each node in a plastically de-
forming pipe is updated for use in incorporating history effecis into the wave-
speed computation (see Sec. III.A). The time is incremented by At, and the
new source pressure is computed.  The arrays P(L,I,1) and U(L,I,1) are
replaced by corresponding elements {from P(L,I,2) and U(L,I,2).

12. Printout at End of Problem

After results of the final time step are printed, some additional
information is printed by this subsection at the end of the problem. This
includes (1) the maximum pressure experienced by each pipe and the time at
which it occurred, (2) the identification numbers of the pipes that have de-
formed plastically, and (3) identification of the rupture disks that have burst
and the corresponding times.
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13. Diagnostic Message Prints

. PTA-1 has many diagnostic messages to identify input inconsis-
tencies and errors and to indicate computational difficulties. These mes-
sages are contained in this subsection of the program and are described in
detail in Sec. VI.

14. Input-format Statements

Formats for input data are contained in this subsection.

15. Output-format Statements

Output formats, except for diagnostic messages, are contained in
this subsection.

B. Subroutine MTPRP

. The MTPRP subroutine computes fluid wave speed as a function of
pressure for various piping materials with elastic-plastic deformation effects
included. The version in PTA-1 has provision for treating six different piping
~materials, which are identified by a material number MAT. Currently,

MAT = 1 is Type 304 stainless steel; MAT = 2 is Type 316 stainless steel;
MAT = 3 is the functional form for fitting stress-strain curves described in
Eqs. 55-57, with the material constants for Nickel 200; MAT = 4 and MAT = 5
are bilinear stress-strain relations; and MAT = 6 is a rigid material. System
temperature and fluid properties, such as sound speed and density, are avail-
able through COMMON. There are three entry points in the MTPRP subroutine:

1. Entry ELPRP(MAT, HD, PYLD, CELAS) is'callea from the
"Computation of Problem Parameters" subsection of the main program. The
yield pressure PYLD and elastic wave speed CELAS are computed for a pipe
having a thickness-to-diameter ratio HD and made of material type MAT.
PYLD is related to the yield stress of the material through Eq. 9, and CELAS
is computed using Eq. 7. Various parameters, such as elastic modulus, yield
stress, and the C; of Eqs. 56, are determined for each material the first time
the material type is called; if KPR(MAT) = 0, the material type MAT has not
been used in some previous call of ELPRP, and if KPR(MAT) = 1, it has been
used,

2. Entry WRMAT(MAT) is called from the "Print Input, Problem
Parameters, and Network Arrangement" subsection of the main program,
It prints a message describing material type MAT. The logic in the main
program is such that a material message is printed only once, no mater how
many pipes are made of the material, and messages for only the materials
used in the system are printed.
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3. Entry WVSPD(MAT, HD, P, PX, C) is called to calculate the fluid~
wave speed C as a function of pressure P, using Eqs. 8 and 9, at a point in a
pipe where the previous maximum pressure is PX. The pipe is made of ma-
terial MAT and has a thickness-to-diameter ratio HD. '

C. Subroutine FLPRP(SPWT, DENS, VISC, SNDSPD)

The FLPRP subroutine computes the specific weight (SPWT), density
(DENS), dynamic viscocity (VISC), and sound speed (SNDSPD) of the fluid
contained in the piping system. The system temperature, which is a problem
input, is available from the main program through COMMON. The current
version of FLPRP used in PTA-1 computes liquid-sodium properties from
Eqs. 51-54. '

D. Subroutine INTRP(L,I,K,U,P,C)

The INTRP subroutine performs the interpolations described in
Sec. III.D. If K = 1, the interpolation is along the C* characteristic, and the
calculated values of fluid velocity U, pressure P, and wave speed C correspond
to up, py» and 'cz, respectively. If K = 2, the interpolation is along the C~
characteristic, and the returned values of U, P, and C correspond to Up) PRy
and c§, respectively. (See Figs. 2 and 3 and Eqgs. 13, 14, and 22-29.) Grid
point Q of Figs. 2 and 3 corresponds to node I of pipe number LPIPE(L).

If KPLAS(L) = 0, the pipe has not undergone plastic deformation and
Eqs. 24, 26, and 27 are used. If KPLAS(L) > 0, the pipe has had previous plas-
tic deformation, and Eqs. 24, 25, 28 and 29 are used in an iterative technique.
If MPX = 0, the value of the wave speed cp in Eqs. 28 is computed from con-
ditions at point P. If MPX >0, the iterative solution at point P performed ‘in
the main program is converging poorly and an averaged value of cp is then
passed from the main program to INTRP through COMMON.

E. Subroutine FRCTRM(L,U,G)

The friction term G, defined in Eq. 5, is computed for fluid velocity
U in pipe number LPIPE(L). Fluid properties, pipe roughness, and pipe di- /
ameter are passed through COMMON. The pipe friction factor f is computed
as described in Sec. III.G. If KFRIC = 0, frictional losses are neglected and
the friction term is set to zero.

"F. Subroutine AREACH(J)

The AREACH subroutine performs the boundary-nodc calculation at
the area change (sudden expansion or contraction) at junction number JUN(J),
as described in Sec. III.F.1. The basic case treated is a last-node end con-
nected to a first-node end. The other two cases, i.e., two first-node ends
connected or two last-node ends connected, are converted first to equivalent
basic cases and then converted back at the end of the calculation.
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G. Subroutine TEE(J,INCOND,PR)

- The TEE subroutine computes the pressure and fluid velocities at
the tee at junction number JUN(J) according to the procedure described in
Sec. IIL.F.2.

H. Subroutine PUMP(J,LLPMP,HEAD)

The PUMP subroutine computes the pressures and fluid velocities at
the pump at junction number JUN(J), as described in Sec. III.F.3. The pump
head is HEAD, and its outlet is into pipe number LPIPE(LLPMP). The pump
is modeled as a tee, with the pump head being subtracted in performing the
flow balance at the tee junction. The head is then added on again in computing
the pressure at the outlet pipe. ‘

I. Subroutine IMPED(J)

The boundary-node calculation at the dummy junction or acoustic-
impedance discontinuity at junction number JUN(J) is performed by the
IMPED subroutine, using the procedures described in Sec. III.F.4 and III.F.5.
As in the AREACH subroutine, the last-node end of one pipe connected to the
first-node end of another is treated as the basic case. The other possibilities
are converted first to equivalent basic cases and then converted back at the
end of the calculation.

J. Subroutine CLOSED(J)

The CLOSED subroutine performs the boundary-node calculation at
the closed end located at junction number JUN(J), using Eqs. 38 and 39. It
treats either a first-node pipe end or a last-node end connected to the junction.

K. Subroutine CONSTP(J,PRES)

The CONSTP subroutine performs the boundary-node calculation at
the constant-pressure reservoir at pressure PRES located at junction number
JUN(J), using Eqs. 40 and 41. Fither a first-node pipe end or a last-node end
can be connected to the junction.

L. Subroutine FAREND(J)

The far-end boundary condition at junction JUN(J) is calculated as
described in Sec. III.F.8. Either a first-node pipe end or a last-node pipe
end can be a far-end junction.

M. Subroutine RUPDSK(J, PRDB, PRDG, KRD)

_ The RUPDSK subroutine performs the boundary calculation for the
rupture disk with burst pressure PRDB located at junction number JUN(J),
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using Eqs. 44 and 45. If KRD = 0, the disk has not burst and the junction is
computed as a closed end. If KRD = 1, the disk has burst previously and the
junction is computed as a constant-pressure boundary at pressure PRDG. If
KRD = 0 and the calculated pressure exceeds PRDB, KRD is set equal to one
and the computation is repeated as a burst-disk case; the change in KRD is
detected in the main program, which prints a message giving the location of
the burst disk and the time of rupture. The pipe end connected at the rupture
disk can be either a first- or last-node end. '

N. Subroutine PRESSO(J,PSO)

The subroutine PRESSO performs the boundary calculation at the pres-
sure source at pressure PSO and located at junction number JUN(J), using
Eqgs. 46 and 47. As many as six pipes can be connected to the pressureée-source
junction at either node end.

O. Subroutine PTIME(T,r)

The P1iMk subroutine interpolates lincarly for source pressure P as
a function of time T in a table of values of pressure PTM(K) at time TIME(K),
where K = 1, 2, ..., NOPT. The table is input originally to the main program
and is contained in COMMON. For times before the first tabulated point
TIME(1), the pressure is set equal to the firsttabulated value; i.e., P = PTM(1).
For times greater than the last tabulated point, i.e., T > TIME(NOPT), the
pressure is set equal to the last tabulated value; i.e., P = PTM(NOPT).
PTIME is called from the "Initialization at TBEG" and "Initialization for Next
Time Step" subsections of the main program.

V. PTA-1 INPUT REQUIREMENTS

Card FORTRAN

No. Name Format . Description
1 1615
NPIPE Number of pipes. 1 £ NPIPE s LMAX = 100.
NOJUN Number of junctions. 1 £ NOJUN s JMAX = 100.
NOTNK Nun‘qber of surge tanks. 0 SVNOTNK S NTNKMX = 10.
NORD Numher of rupture disks, 0 < NORD € NRDMX = 10.
NOPUMP Number of pumps. 0 £ NOPUMP = NPMPMX = 10.

KFRIC KFRIC i 1, pipe friction is included.

KFRIC 0, pipe friction is hot included.

NOPT Number of pressure-time points specifying pressure source.
0 S NOPT < NPTMX = 50.

INCOND = 1, initial velocities and pressures are input indi-

INCOND vidually for al% pipes. N )
INCOND = 0, initial velocities and pressures are all set to UR
and PR, respectively. :



Card

FORTRAN
Name

No.

" 3a

3b

NOPRIN

IPRIN

NLPRN

TBEG
TFIN
UR

PR

TEMP

LPIPE(L)
J1(L)
IN(L)

"MAT(L)

D(L)
H(L)

PLNGTH(L)

RF(L)
A(L)

POI(L)
PON(L)
UOI1(L)

- UON(L)

JUN(J) .

Format

5E10.5

415,5E10.5

4E10.5

1615

Description

Frequency of printout. If NOPRIN = 1, results for every time
step are printed; if NOPRIN = 2, results for every second
time step are printed; etc.

Detail of printout. Results are printed for every IPRINth node
of each pipe specified below.

NLPRN = 0, results for all pipes are printed.
NLPRN = 6, e.g., results for six pipes are printed (plpe num-
bers specified on card 5) 0 £ NLPRN s NPIPE.

Time step, seconds.
Time at which calculation begins, seconds.
Time at which calculation terminates, seconds.

Initial velocity, ft/sec.
set to UR in all pipes.

If INCOND = 0, initial velocities are

Initial pressure, psi.
set to PR in all pipes.

If INCOND = 0, initial pressures are

Fluid temperature, °F.

The set of cards 3a, 3b is repeated for L. = 1, NPIPE.

Pipe number (arbiLrary).
Junction number at first node of pipe.
Junction number at last node of pipe.

Material number of pipe:

MAT = 1, Type 304 stainless steel;

MAT = 2, Type 316 stainless steel;

MAT = 3, linear elastic and plastic regions with elliptic
transition;

MAT = 4, bilinear stress-strain relation;

MAT = 5, same as 4 with different material constants;'
MAT 6, regid pipe wall. .

Inner diameter of pipe, inches.
Wall thickness of pipe, inches.
Pipe length. feet.

Wall roughness, inches.

Flow area, in.2 If A = 0 and it will be com-

puted from D.

nD?/4, set A =

Include cards 3b if INCOND = 1; omit if INCOND = 0.
Initial pressure at first node of pipe, psi.

Initial pressure at last node of pipe, psi.

Initial velocity at first node of pipe, ft/sec.

Initial velocity at last node of pipe, ft/sec.

J = 1, NOJUN (eight junctions per card).

Junction number (arbitrary).

35
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Card FORTRAN

No. Name * Format : ‘ Description
JTYPE(J) Junction type:
JTYPE = 1, suddcn expansion or contraction;
JTYPE = 3, tee (three to six branches);
JTYPE = 4, pump; °

JTYPE = 6, acoustic-impedance discontinuity (no area
change) or dummy junction;

JTYPE = 7, closed end;

JTYPE = 8, surge tank (constant-pressure boundary);
JTYPE = 9, far end (nonreflecting);

JTYPE = 10, rupture disk;

JTYPE = 15, pressure-pulse source.
5 1615 K = 1, NLPRN; omit if NLPRN = 0.
LPRIN(K) Pipe numbers for which results are printed.
6 110,£10.5 K = 1, NOTNK; ouit if NOTNK = 0.
JTANK(K) Junction number to which surge tank or constant-pressure
boundary is connected.
PTANK(K) Gas pressure of surge tank or constant-pressure boundary, psi.
7 110,2E10.5 K = 1, NORD; omit if NORD = 0,
JRD(K) Junction nurnber to which rupturc disk is connected.
PRDB(K) Burst pressure of rupture disk, psi.
PRDG(K) Gas pressure behind disk, psi.
8 215,E10.5 K = 1, NOPUMP; omit if NOPUMP = 0.
JPUMP(K) Junction number to which pump is connected.
LPUMP(K) Pump-discharge pipe number.
HEAD(K) Pump head, psi.
9 8E10.5 K = 1, NOPT; omit if NOPT = 0.
TIME(K) Times for which source-pulse data are input, seconds.
10 8E'10.5 K = 1, NOPT; omit if NOPT = 0.
PTM(K) : Source-pulse preséure at time TIME(K), psi.

The values of LMAX, TIMAX, NTNKMX, NRDMX, NPMPMX, and
NPTMX, which are given in prescribing limits on input data on card 1, are
those contained in the listed version of PTA-1. (See Sec. VII for information
on increasing these limits to accommodate a larger pipe network or decreasmg
themn to conserve core storage.)

If INCOND = 0, the initial velocities and pressures throughout the
system are all set to URand PR, respectively, where UR and PR are input
on card 2. Cards 3b are omitted in this case. If INCOND = 1, initial veloc-
ities and pressures at the first and last nodes of eachpipe arc inputoncards 3b.

Initial velocities and pressures al inlermediate nodcs arc then computed in the

program, using linear interpolation between the end-node values.

Pipe and junction numbers may be assigned arbitrarily, and elther
end of a pipe may be designated as the first-node end.
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The diameter D and flow area A of each pipe are input independently
on cards 3a to accommodate the modeling of a component where A # mwD?/4.
The diameter is used in computing deformation response through the ratio
H/D and pipe-friction losses, and the area is used in computing junction con-
ditions at tees, pumps, and sudden expansions or contractions. An input of
A = 0 will result in the area being computed from A = wD?/4.

If KFRIC = 0 on card 1, i.e., pipe friction is not included in the prob-
lem, it is not necessary to input values of pipe roughness RF(L) on cards 3a.

VI. DIAGNOSTIC MESSAGES

The diagnostic messages printed by PTA-1 are listed in this section
along with some explanations of their implications.

"ERROR IN NUMBER OF PIPES"

The input value on card 1 of the number of pipes NPIPE in the system
is less than one or greater than LMAX, where LMAX = 100 in the listed
version of PTA-1. : ‘

"ERROR IN NUMBER OF JUNCTIONS"

The input value on card 1 of the number of junctions NOJUN in the
system is less than one or greater than JMAX, where JMAX = 100 in the
listed version of PTA-1.

"ERROR IN NUMBER.OF TANKS"

The input value on card 1 of the number of constant-pressure surge
tanks NOTNK in the system is negative or greater than NTNKMX, where
NTNKMX = 10 in the listed version of PTA-1.

"NOTNEK - 0 AND JUNCTION xxx IS A SURGE TANK"

The input value on card 1 of NOTNK = 0 indicates that there are no
surge tanks in the system, but junction number xxx is identified as type 8
(surge—tank junction) on card 4.

"NO TANK DATA INPUT FOR JUNC TION xxx"

Junction number xxx is identified as type 8 (surge-tank junction) on
card 4, but no surge-tank data have been input on card 6 for this junction.
"ERROR IN NUMBER OF RUPTURE DISKS"

_ The input value on card 1 of the number of rupture disks NORD in
the system is negative or greater than NRDMX, where NRDMX =.10 in the
listed version of P'I'A-1.
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"NORD = 0 AND JUNCTION xxx IS A RUPTURE DISK"

The input value of NORD = 0 on card 1l indicates that there are no
rupture disks in the system, but junction number xxx is type 10 (rupture-disk
junction) on card 4.

"NO RUPTURE DISK DATA INPUT FOR JUNCTION xxx"

Junction number xxx is identified as type 10 (rupture-disk junction) on
card 4, but no rupture-disk data have been input on card 7 for this junction.

"FRROR IN NUMBER OF PUMPS"

The input value on card 1 of the number of pumps NOPUMP in the sys-
tem is negative or greater than NPMPMX, where NPMPMX = 10 in the listed
version ul FTA-1.

"PUMP DISCHARGE PIPE NUMBER IS INCORRECT JPUMP = =xxx,
LPUMP = yyy"

On card 8, a pump is located at junction number xxx having discharge
pipe number yyy. This error message results if either (1) no pipe number
yyy occurs in the system, as evidenced by the values of LPIPE on cards 3a,
or (2) pipe number yyy is not connected to junction number xxx, which is

‘discovered by comparing junction number xxx with the junction numbers J1(L)

and JN(L) associated with pipe number LPIPE(L) = yyy on card 3a.

"NOPUMP = 0 AND JUNCTION xxx IS A PUMP"

The input value on card | of NOPUMP = 0 indicates that thcre are no
pumps in the system, but junction number xxx is type 4 (pump junction) on
card 4.

"NO PUMP DATA INPUT FOR JUNCTION xxx"

Junction number xxx is identified as type 4 (pump junction) on card 4,
but no pnmp data on card 8 have been input for this junction.

"ERROR IN NUMBER OF PRESSURE SOURCE DATA POINTS"

The input value on card 1 of the number of preSSure source data points"
NOQPT is negative or greater than NPTMX, where NPTMX = 50 in the listed
version of PTA-1. .

"NO INPUT PRESSURE PULSE (NOPT = 0) AT SOURCE JUNCTION xxx"

The inpul value on card 1 of NOPT = 0 indicates that there is no
pressure-pulse source in the system, but junction number xxx is type 15
(pressgre pulse source) on card 4.
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"INCORRECT PIPE ARRANGEMENT AT JUNCTION xxx, JTYPE = yyy"

This message is printed when the number of pipes connected at junc-
tion number xxx is inappropriate for the associated junction type yyy given on.
card 4. In particular, it occurs when more or less than one pipe is connected
to a single pipe boundary; more or less than two pipes are connected at a two-
pipe junction; or more than NBRMX pipes are connected at a multipipe junction,
where NBRMX = 6 in the listed version of PTA-1.

"INVALID JUNCTION TYPE, JUN = xxx, JTYPE = yyy"

The junction type yyy associated with junction number xxx on card 4
does not correspond to a permissible junction type.

"PIPES CONNECTED AT JUNCTION xxx HAVE DIFFERENT AREAS,
JTYPE = 6"

According to card 4, junction number xxx is junction type 6 (acoustic-
impedance discontinuity or dummy junction), but the pipes connected there
have different areas. The junction probably should be type 1 (sudden expan-
sion or contraction junction).

"NNODE.GT.IMAX FOR PIPE NO. xxx--RESET DT = yyy TO DT = zzz'

For the input time step of DT = yyy on card 2, the computed number
of nodes NNODE for pipe number xxx exceeds IMAX, where IMAX = 100 in
the listed version of PTA-1. The time step has been increased to DT = zzz,
and problem execution is continued.

"CUMX = xxx IS GREATER THAN FACT2"

CUMX > F, (see Sec. III.C), where CUMX is the maximum value of
(c + iul)/c occurring in the system. Since numerical instability is likely
to result, the end-of-problem printouts are written and execution is
terminated.

"AKARADT IS DECREASED TO xxx ¥**¥*n

F,=CUMX = F, (see Sec. II1.C), where CUMX is the maximum value
of (c + }ul)/c occurring in the system. Since the Courant-Friedrichs-Lewy
criterion may be violated if the current time step is used for subsequent
computations, DT is decreased to xxx and execution is continued.

"NUMBER OF PLASTIC PIPES EXCEEDS NPLMX™"

The number of pipes in the system that have experienced some plastic
deformation exceeds NPLMX, where NPLMX = 10 in the listed version of
PTA-1. Since the storage allocations for plasticity-related quantities are
consistent with NPLMX, end-of-problem printouts are written and execution
is terminated.
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"NO CONVERGENCE IN PLASTIC ITERATION FOR PIPE NO. xxx, I = yyy,
TIME = zzz S_EC"

The iterative procedure for calculating preAs sure and velocity in a

.plastically deforming pipe does not converge at node number yyy of pipe num-

ber LPIPE = xxx at time zzz. End-of-problem printouts are written, and
execution is terminated.

"NO CONVERGENCE IN PLASTIC ITERATION AT JUNCTION xxx,
TIME = yyy SEC"

The iterative procedure for calculating pressure and velocity in a
plastically deforming pipe does not converge at junction number xxx at time
yyy. End-of-problem printouts are written, and execution is terminated.

"INCORRECT MATERIAL NUMBER, MAT = xxx"

This message is written by the materials-property subroutine MTPRP
and indicates that material type numbet xxx is outside the permissible
range 1-6. '

"NO CONVERGENCE IN INTRP ITERATION LPIPE = xxx,I1 = yyy, K = 2"

This message is written by the interpolation subroutine INTRP and
indicates that the interpolation procedure at node number yyy of plastically
deforming pipe number xxx does not converge. If K = I, the interpolation
is along the C* characteristic (point A of Figs. 1 and 2); if K = 2, the inter-
polation is along the C~ characteristic (point B of Figs. 1 and 2).

"NO CONVERGENCE IN FRICTION TERM FOR LPIPE = xxx, VELOCITY = yyy"

This messagé is written by the friction-term subroutine FRCTRM and
indicates that there is no convergence in the iterative computation of the pipe
friction factor for pipe number xxx at velocity yyy.

"AREACH SUBROUTINE --SQUARE ROOT HAS NEGATIVE ARGUMENT AT
JUNCTION xxx"

This message is printed by the area-change junction subroutine and
indicates that the square-root terin in Eys. 31 Lhas a ncgativo argument for
junction number xxx.

VII. ALTERATIONS TO PROGRAM STORAGE

The . slorage allotments in the listed version of PTA-1 are consistent
with limitations given in Table II and determine the complexity of the piping
network which can be analyzed. The values of LMAX, JMAX, etc., given in
Table 11, are prescribed in DATA statements in the main program; and arrays
in COMMON and DIMENSION statements in the main program and subroutines
are sized in accordance with them.
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TABLE II. Storage Limits

Name Description Value
LMAX - Maximum numbef of pipes- ' 100
JMAX Maximum number of junctions ' 100
IMAX Maximum ﬁumber of nodes per pipe 100
NBRMX Maximum number of pipes connected at a multi-

branch junction 6
NPLMX Maximum number of plastically deforming pipes 10
NPTMX Maximum number of pressure-time input points 50
NTNKMX Maximum number of constant-pressure surge tanks 10
NRDMX Maximum number of rupture disks 10
NPMPMX Maximum number of pumps 10

Array sizes can be altered either to increase the complexity and size"
of the piping network being analyzed or to reduce core-storage requirements.
The changes in COMMON and DIMENSION storage allocations compatible with
changes in the limits LMAX, JMAX, etc., are discussed below. '

A. Array Sizes in COMMON Statements

The sharings of numbered common blocks between the main program
and subroutine are listed in Table I. The COMMON statements, with limit -
names substituted for numerical values in the storage allocations, are:

COMMON/R1/

COMMON/R2/
COMMON/R 3/
COMMON/R4/

COMMON/R5/

A(LMAX),C(LMAX),DZ(LMAX),D(LMAX)
P(LMAX,IMAX,2),U(LMAX,IMAX,2), LJ1{(JMAX,NBRMX),

CLIN(IMAX,NBRMX),MLI{JMAX),MLN(JMAX),

LPIPE(LMAX),JUN(JMAX),NNODE(LMAX),DENS,DT
RF(LMAX),VISC,KFRIC
TEMP,CO

PMX(NPLMX,IMAX),KPLAS(LMAX),HOD(LMAX),
MAT(LMAX),PY(LMAX),CPX(NPLMX),MPX(NPLMX)

NOPT, TIME(NPTMX), PTM(NPTMX)

B. Array Sizes in DIMENSION Statements

The DIMENSION statements in the main program and subroutines are
as follows, with limit names substituted for numerical values in the storage

allocations.



42

Main Program

DIMENSION PLNGTH(LMAX),H(LMAX)

DIMENSION LPRIN(LMAX),PMAX(LMAX), TMAX(LMAX)
DIMENSION PO1(LMAX),PON(LMAX),UO1(LMAX),UON(LMAX)
DIMENSION JTYPE(JMAX),J1(LMAX),JN(LMAX)

DIMENSION LPLP(NPLMX),PPIJ(NPLMX),UPLJ(NPLMX)
DIMENSION PTANK(NTNKMX), JTANK(NTNKMX)

DIMENSION PRDB(NRDMX), PRDG(NRDMX),KR D(NRDMX),
JRD(NRDMX), TRD(NRDMX)

" NTMENSION JPUMP(NPMPMX), LPUMP(NPMPMX),

HEAD(NPMPMX), LLPMP(NPMPMX)

Subroutine MTPRP

DIMENSION E(6),SY(6),KPR(6),EPSY(6) (Compatible with number
of material representations) '

Subroutine FLPRP

None.

Subroutine INTRP

None.

Subroutine FRCTRM

None.

Subroutinc AREACH

None.

Subr outine TEE

LT R —

' DIMENSION UA(NBRMX),UB(NBRMX), PA(NBRMX), PB(NBRMX),

CA(NBRMX),CB(NBRMX),GA(NBRMX),GB(NBRMX)

Subroutine PUMP

DIMENSION UA(NBRMX),UB(NBRMX), PA(NBRMX), PB(NBRMX),
CA(NBRMX),CB(NBRMX),GA(NBRMX),GB(NBRMX)



ll'O.
11.
12.
13.
14.

15.

‘ Subroutine IMPED

None.

Subroutine CLOSED

None.

Subroutine CONSTP

None:

Subroutine FAREND

None.

Subroutine RUPDSK

None.

Subroutine PRESSQO
None.

Subroutine PTIME

None.
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APPENDIX A
Sample Problem

The following sample problem is included to illustrate input reqdire«
ments for PTA-1 and to demonstrate the effect of plastic deformation on
pulse propagation.

Consider the simple piping network shown in Fig. 4. Encircled numbers
are the pipe identification numbers; the notation 18", 50' means that the pipe is
18 in. in diameter and 50 ft long; and the notation (10,3) indicates that junction
number 10 is type 3, i.e., a tee junction. Junctions 1 and 2 could have been

assigned the same number since
RUPTURE DISK

111,10) they are both connected to the
0 e s gource. The 18-in. pipes have a
s(onlf'?sf)s *— o 50 47““0'3) 0.438-in. wall thickness, and the
’ wall of the 24-in, pipe is 0.562 in.
@)/ 1e7,25" thick. All pipes are made of
' Type 304 stainless steel (MAT =
TeE ® FAR END 1) and have a wall roughness. of
(30.3)T_—z:",T. (3,9 0.005 in. The sodium coolant is
: at 700°F and is initially at rest
®| e2s under 100-psi pressure. The
rupture disk at junction 11 has
s?;?;,EF |a§4)50' ;&TEE‘.”'” a burst pressure of 300 psi, with
' : 8.3 a 15-psi reservoir behind it.

CLOSED END
(21,7) ) )
Figure 5 shows the input

Fig. 4. Piping Network for Sample Problem data for the sample problem:

A triangular pressure pulse having
a rise to 1100 psi in 10 msec, followed by a decay to 100 psi in an additional
40 msec, is specified. The time step is 0.5 msec, and the transient is initiated
at t =. 0 and followed to t = 75 msec. Results for every other axial node of
each pipe are printed for every fifth time step. Cross-sectional areas of the
pipes are not input since they can be calculated from the diameters. Cards 3b
are omitted because initial velocities and pressures are the same for all pipes;
Card 5 is omitted because results are printed for all pipes; and Cards 6 and 8
are omitted because there are no surge tanks or pumps in the system.

The computation indicates that the rupture disk burst at 12 msec and
pipes 1, 4, 5, and 6 deformed plastically during the transient. Figures 6 and 7
give the pressure histories at the tee at junction 20 and the nonreflecting end
at junction 3, respectively. The source pulse is also shown on Fig. 6.

To demonstrate the effect of plastic deformation on transient response,
the same problem was run with all pipes made of material 5, which has the
same elastic modulus as Type 304 stainless steel but does not deform plas-
tically at system pressures. The dashed curves on the figures show the re-
sulting elastic response. ‘ ‘
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Fig. 1. Pressure History at Junction 3




The departure from linearity of the stress-strain curve for Type 304
stainless steel occurs at pressures of about 5(;)0 psi for pipes of the given
dimensions. The leading edge of the pulse up to this pressure is consequently
unaffected by plastic deformation. Since the burst pressure of the rupture
disk is less than the yield pressure, the disk bursts at the same time for both
problemé. The effect of plastic deformation is to lower the peak pressure at
junction 20 by about 300 psi and to lower the peak pressure at junction 3 by
about 200 psi.” The peaks are also delayed. ‘

Note that negative pressures are computed at later times, indicating
that cavitation would occur in the system. Subsequent versions of the PTA code
will treat the effects of cavitation on transient propagation. '
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APPENDIX B
~Listing of PTA-1

e b oot e e e e o ook o Aot e ok Kok ok Ak o ol el o o o ok o o o o ok ool e ok e ke sk kol ok o ok ok ok e ko X
* PTA-1 PROGRAM *
* PRESSURE TRANSIENT ANALYSIS *
* THE METHOD OF CHARACTERISTICS IS USED FOR PRESSURE TRANSIENT *
* ANALYSTS IN HYDRAULIC NETWORKS FDR ARBITRARY PRESSURE SOURCE. *
* THE PROGRAM CONSIDERS COUMPLETE ONE-DIMENSIONAL EQUATIONS *
* INCLUDING NONLINEAR CONVECTIVE TERMS AS IN THE PROGRAM. *
* NATRANSTENT {Y.W. SHIN, ANL-8049). THE EFFECT OF PLASTIC *
* PIPE DEFORMATION ON PULSE PROPAGATION IN THE FLUID IS *
* ACCOUNTED FOR.AS IN THE PROGRAM PLWV {C.K. YOUNGDAHL AND *
% C.A. KOT, ANL-75-5). ‘ *
* *
* *

C.K. YOUNGDAHL - OCTOBER 1976
Ao Aok ok ok o o A o e o o o ok ook o otk oo ek ok e e o ok o oo o ok ok o ok e ek o o o e o ool o ook s koo o ok

RRER Rk E R R AR R KRR BREEEAEEE  MAIN PROGRAM Sdksk sk dkdbakxt sk ras i ot bt hits

Fdckgiokrkkkkk kit xk PARTIAL LISTING OF INPUT DATA #$#dktokdksdkis kg &bk ®pks

* NPIPE - NUMBER OF PIPES

* NOJUN - NUMBER 0F JUNCTICNS *
* NGTNK - NUMBER OF CONSTANT PRESSURE TANKS *
* NORD - NUMBER OF RUPTURE DISKS *
* NUOPUMP - NUMBER OF PUMPS *
* KFRIC - If KFRIC = 0, INVISCID ANALYSIS *
* IF KFRIC = 1, PIPE FRICTION IS INCLUDED %*
* NOPT - NUMBER OF DATA POINTS FOR PRESCRIBED PRESSURE SOURCE *
* INCOND - IF INCOND = 1, INITIAL CONDITIONS ARE INPUT INDIVIDUALLY x
* NOPRIN -  FREQUENCY OF PRINTOUT *
* 1PRIN - PARAMETER SPECIFYING DETAIL OF PRINTOUT FOR EACH PIPE *
* NLPKN - NUMBER OF PIPES FOR . WHICH RESULTS ARE PRINTED *
* IF NLPRN = 0, RESULTS ARE PRINTED FOR ALL PIPES *
* DT - TIME STEP IN SECONDS *
%* TBEG - TIME AT WHICH CALCULATION BEGINS, SECONDS *
* TFIN - FINAL TIME AT WHICH CALCULATION TERMINATES, SECONDS *
* UR - INITIAL VELOCITY IN FT/SEC *
% PR - INITIAL PRESSURE IN PSI *
¥ TEMP — SYSTEM TEMPERATURE IN DEGREES FAHRENHEIT *
& JTANK - JUNCTION TO WHICH TANK IS CONNECTED ®
% P11 ANK — CONSTANT PRESSURLC AT TANK, PSI *
* JRD — JUNCTION TO WHICH RUPTURE DISK IS CONNECTED *
% PRDB -  BURST PRESSURE OF RUPTURE DISK, PSI *
* PRDG — GAS PRESSURE BEHIND DTSK, PSI *
* JPUMP -  PUMP JUNCTION NUMBER *
* L PUMP —  PUMP DISCHARGE PIPE NUMBER *
* HEAD -  PUMP HEAD, PSI *
%0 okt o e o e o ok o o b e o ook o ook ok e o o e ol ol o e o o e oot ook o e e o oo oo e o o ok e o ke o ok

stk ek okokk k ko xks DEFINITIONS OF JUNCTION TYPE NUMBERS #fcimdfaokoh s fe ks ok
* 1 — SUDDEN EXPANSION OR CONTRACTION *
* 3 ~ TEE JUNCTION (3 TO 6 BRANCHES), NO LOSSES *

aFaNelaNelaloNaRalalaleaNalaNaEalalisNalalaNalaEisEsNeNaNaoNalaNalaNaNeEslaoleEaEasNaRalaNalalaleolaNalaNeNeNe)
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d * 4 = PUMP JUNCTION. . -~ #
C * 6 - ACOUSTIC- IMPEDANCF DISCONTINUITY (NU AREA CHANGE) %
C * 6 -  DUMMY JUNCTION *
C * 7 - CLOSED -END o *
C * 8 — CONSTANT PRESSURE BOUNDARY (SIMPLE SURGE TANK) *x
C * 9 - FAR END (NONREFLECTING) : %
c * 10 - RUPTURE DISC (lNSTANTANEOUS-CONSTANT PRESSURE) . *
o * 15 - PRESSURE SOURCE JUNCTION *
C **#*#**#*#*****#*****#***#***t****##***####**#########**###t*#***#*#**&*###
C
COMMON /R1/ A(lOO)'C(IOO) DZ(100)4D(100),P(100,100y2)},
1 U{100,100,2)4,LJL(100,6),LJIN{100, 6).ML1(100).MLN(100).
2 LPIPE(lOO),JUN(lOO),NNODE(lOO) DENS,DT
COMMON /R2/ RF(100),VISC,KFRIC
COMMON /R3/ TEMP,CO
COMMON /R4/ PMX{10,100),KPLAS (100) ,HOD(100) MAT{100),PY(100),
1 CPXL10) yMPX(10)
COMMON /RS5/ NOPT,TIME(S50)+PTM(50)
C
DIMENSION PLNGTH(100),H{100)
DIMENSION LPRIN{100),PMAX(100),TMAX{100)
DIMENSION PO1({100),PON(100),U01(100),UON(100)
DIMENSION JTYPE(100),J1(0100),IN(100) , : :
DIMENSIUN LPLP(10),PPIJ(10),UPIJL10) - . o, o
DIMENSION PTANK{10),JTANK({10)
DIMENSION PRDB(10)+PRDG(10),KRD(10),JRD(10),TRD(10)
DIMENSION JPUMP(lO) LPUMP(lO).HEAD(lO)'LLPMP(lol
C.. XS Yy e
DATA 'JMAX/IOO/,LMAX/[OO/,IMAX/IOO/ NPTMX/50/
DATA  NTNKMX/10/,s NRDMX/ 10/ ¢ NPL'MX/ 10/ ¢NBRMX/6/ NPMPMX/10/
DATA  KINsKOUT/54+6/+K14K2/142/EPS1/0.0001/
DATA FACTL1,FACT2/1.03,1.10/+sAFAC,XFAC/144.0,12.0/
C
C . o
Chrxgrkbbdfhklr hrkRfoke ok dkdkdkseifkgkk INPUT B3 o e Xoofe g ol Rk ok oo ol X e e o Ko ook ke el e e ok ok ok ok e ok
c il

C¥#%% READ PROBLEM AND CONTROL :CONSTANTS N
READ(KIN,900) NPIPE,NGJUN,NOTNK,NORD, NUPUMP.KFR}CyNOPT'
X INCOND ¢ NOPRIN, IPRIN, NLPRN
IF (NPIPE.GT.LMAX.UR.NPIPE.LT.1), GO TO 800
IF (NOJUN.GT.JMAX.OR.NOJUN.LT.1} GO TO 805
Cx%%% READ PRORBLEM PARAMETERS .
READ(KIN,901) DT,TBEG,TFIN,UR,PR, TEMP
Cx%%x%x READ PIPE DESCRIPTIONS : o
DO 5 L=14NPIPE -
READ(KINy905) LPIPE(L)+JL{L)»IN(L)MAT(L), D(L)vH(L)yPLNGTH(L)v~
X RE(L),ALL)
IF(INCOGND.EQ.1}) READ(KIN,901) POl(L)yPUN(L)1U01(L)vUUN(L)
5 CONTINUE :
C*%%% READ JUNCTION DESCRIPTIONS:, .
READ(KIN, 900)(JUN(J),JTYPE(J);J lyNOJUN)
C*%¥% READ PIPE NUMBERS FUOR WHICH RESULTS ARE PRINTED
" IF (NLPRN.GT.0) READI(KIN,900) (LPRIN(K) K=1,NLPRN)
C*x%% READ CONDITIONS FOR CONSTANT PRESSURE TANKS
IF{NGTNK.GT s NTNKMX.OR<NOTNK.LT.0) GO TO 810
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Ctet k%

10
Coeteden

15

le
17
19

Cx k%
25

26
c
c

c

CRtx’

CRxke

100
C¥%kak

105
CHaxx

110

CRxsx

111

Crtd%

IF(NOTNK.GT.0) READ(KIN,910) (JTANK(K),PTANK(K):K 1, NOTNK)

READ CONDITIONS FOR RUPTURE DISKS
[F(NORD<GT .NRDMX.OReNORD.LT.0) GO TGO 815
IF{NORD.EQ.O) GO TO 15

DO 10 K=1,NORD

READ(KIN,911) JRDI(K), PRDB(K),PRDG(K)
KRDIK}=0 :

READ DATA FOR PUMPS .

IF(NOPUMP.GT .NPMPMX .OR. NOPUMP.LT.O0) GO TO 820"
ITF(NGPUMP.EQ.O) GO TO 25

DO 19 K=1,NOPUMP

READ{(KINs912) JPUMP(K), LPUMP(K),HEAD(K)

DO 16 L=1,NPIPE

IFILPIPE(L) .EQ.LPUMP(K)) GO YO 17

CONTINUE

GO 70 822

LLPMP{K)=L .
IF(JLIL) NELJPUMP(K) JANDe JUN(L) NE.JPUMP(K)) GO TO 822
CONTINUE

READ PRESSURE SOURCE DATA
IF(NOPT.GT.NPTMX.OR.NOPT.LT.0) GO TG 828
THINCPT.EQ.O) GO TO 26

READ(KIN,901) (TIME(K),K=1,NOPT)
READ(KIN,901) (PTM(K),K=14NOPT)

CONT INUE

Chetksktadeeethksordasdks COMPUTE PROBLEM PARAMETERS #&&¥fdks itk dkiokkhkdk

CALCULATE SPECIFIC WEIGHT, DENSITY, VISCOSITY, SOUND SPEED -
CALL FLPRP{SPWT,DENS,VISC,CO) .
COMPUTE AREAS NOT GI{VEN AS INPUT

DO 100 L=1,NPIPE

[F(A(L) .GT. 0.0001) GO TO 100
A(L)I=3.14159265%D(L)*%2/4.0

CONT I NUE

WAVE SPEED FOR ELASTIC PIPE DEFORMATION AND PIPE YIELD PRESSURE
DO 105 L=1,NPIPE

HOD(L)=H{L)/D(L)

CALL ELPRP(MAT(L),HOD(L)'PY(L)yC(L))

CONT INUE

DETERMINE DZ(L) AND NNODE(L) IN EACH PIPE

DO 114 L=14NPIPE :
IML=FACTL1*C(L)*DT

IM2=FACT2*C(L)%*DT

NIM=2PINGTH{L)/ZM1+0.5

IF(NIM .EQ. 0) NIM=1

NNOUDE (L)=NIM+1" B
IF{NNOUE(L).LEL.IMAX) GO TU 11¥

RECALCULATE DT TO SATISFY NNODE(L) .LE. IMAX
DTT=2.,%DT : '
GO TOU 870 :

DT=DTT ' !

GO TO 110

CALCULATE DZIL)



C
C

112

114

DZ(L)=PLNGTHIL)/NIM
IF (DZ(L) LT+ ZM1) DZ(L)=IM}
IF (DZ{L) .GT. ZIM2) DZ{L)=IM2
PLNGTH(L)=NIM*DZ(L)

Cxx%xkxxx PRINT INPUT, PROBLEM PARAMETERS, AND NETWORK ARRANGEMENT

c

C
C

C

X

150

155

160

162

164

166

WRITE (KOUT ,930) NPIPE,NOJUN,NOTNK s NORD ,NOPUMP , KFRIC 4 NOPT
INCOND, NOPRIN, 1PRIN,NLPRN

WRITE(KOUT,932) OT,TBEG,TFIN,URsPRyTEMP,SPWT,VISC,CO

IFINOTNK.EQ.O0) GO TO 150

WRITE (KOUT,934)

WRITE(KOUT,935) (JTANK(K),PTANK{K) 4K=1,NOTNK)

IF(NURD.EQ.O) GO TO 155

WRITE (KOUT,937)

WRITE(KOUT,938) (JRD(K), PRDB(K)-PRDG(K)vK 14 NORD)

IFI(NOPUMP.EQ.0) GO TO 160

WRITE{KOUT,940)

WRITE(KOUT,941) (JPUMP(K),LPUMPIK) HEAD(K).K=1,NOPUMP)

WRITE (KDUT,945)

DO 166 L=1,NPIPE

DO 162 J=1,NOJUN

IF(JUNIJ) cEQ.JLIL)) JTL=JTYPE(J)

TF(JUNCJ) LEQ.UNIL)) JT2=JTYPE(Y)

CONT I NUE

IF(INCOND.EQ.1) GO TO 164

WRITE(KOUT,946) LPIPE(L) ,d1(L),JT1,IN(L)yJT2,PR,PR,UR,UR

GO TO 166

WRITE(KOUT,946) LPIPE(L)+J1(L),JT1,JINI(L), T2,
POLLL) 4 PON(L) ,UCL(LY yUCN(L)

C ONT I NUE

WRITE(KOUT,950)

WRITE (KOUTS 9510 (LPTPECL) 2D (L) sHILY sACL) s PLNGTH(L ) 4DZ (L),
NNODE (L) 4L=1,NPIPE)

- WRITE (KOUT,953)

170

172

174

180

DO 170 L=1,NPIPE
PYX=PY(L)/AFAC

WRITE(KUUT,954) LPIPE(L),MAT(L)PYXsCIL) 4RF(L)
CALL WRMAT(MAT(1))

DO 174 L=2,NPIPE

LM=L=1

DO 172 LL=1,LM

IF(MAT(L) .EQ.MAT(LL)) GO TO_ 174 ..
CONTINUE

CALL WRMAT (MAT(L))

C ONT I NUE

IFINGPT.EQ.0) GO TO 180

WRITE (KOUT,956) . . o
WRITC(KOUT9957) (TIME(K),PTM{K),K=1,NDPT)
CONTINUE

b Lot 2 2t L

Crefxikkks DETERMINATION OF Plpg'CONNEtTIONS AT EACH JUNCTION #kedssdksditatk
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DO 240 J=1,NOJUN
JT=JTYPE(J)
M1=0
MN=0
DO 202 K=1,6
LJL{J+K)I=0
202 LJN(J.K)=0
DO 206 L=1,NPIPE
TF{JUN(J) .NE.JL(L)} GO TO 204
Ml=M1+1
LJL(JyML)=L :
204 IF(JUN(J).NE.JIN(L)) GO TO 206
MN=MN+1
LINCJyMND =L
206 CONTINUE
MLL(J)=M]
MLN(J)=MN
Cxx%% TEST CORRECTNESS TOF PIPE ARRANGEMENTS
CIF{ML+MN.LE.O) GO TO 830
IF(JT.EQ.1) GO TO 225
IF(JT.EQ.3) GO TO 230
IFLJT.EQ.4) GU TU 234
IF(JT.EQ.6) GO TO 226
IF(JT.EQ.7) GO TO 210
IF(JT.EQ.B) GO TO 215
IF(JT<EQ.9) GO TO 210
IF(JT.EQ.10) GO TO 220
IF({JT.EQ.15) GO TO 232
GO TO 835
Cx#%% SINGLE PIPE.ENDS
210 IF(M1+MN .NE. 1) GO TO 830
: GO TO 240 A
Cx#%% CONSTANT PRESSURE JUNCTICN (SURGE TANK)
215 IF(ML+MN .NE. 1) GO TO 830
IF(NOTNK.EQ.0) GO TO 812
GO TU 240
Cx%xx RUPTURE DISK
220 IF(MLl+MN .NE. 1) GO TO 830
IF(NORD.EQ.0) GO TO 817 :
GO TO 240
Cxx%% TWO PIPE JUNCTIONS
225 IF(M1+MN .NE. 2) GO TO 830
6o TO 240 -
Cx%x%x DUMMY JUNCTION OR ACOUSTIC IMPEDANCE DISCONTINUITY
226 IF(M1+MN .NE. 2) GO TO 830 '
[F(M1.GE.1) L1=LJ1{J,1)
IF(MN.GE.1) LN=LJINI(J,1)
[F{M1.EQ.2) LN=LJ1(J,y2)
IFIMNSEN.2Z) Li=LJN(J,2)
[F{ABS(A(LL)/A(LN)-1.0).GT.EPSI) GO TO 837
GO TO 240
Cxt%% TEE JUNCTION
230 IF(M1.GT.NBRMX.OR.MN.GT.NBRMX) GO TO 830
GO TO 240
C¥#%% SOURCE JUNCTION



0232 IF(M1.GT.NBRMX.OR.MN.GT.NBRMX) GO TO 830
JF{NOPT.EQ.0) GO TO 840
GO T0 240
CHxxk PUMP JUNCTION
234 IF(ML.GT.NBRMX-DR.MN—GT.NBRMX) GO TO 830
IF{NOPUMP.EQ.O) GO TO 824
GO TO 240
240 CONTINUE
C
c » . .
CHrtsthtstihezssesttt CONVERSTON OF UNITS — INCHES TO FEET #ttkdsf&s Xtk adss
c : . '
PR=PRE*AFAC
DO 250 L=1,NPIPE
A{L)=A(L)/AFAC
D(L)=D(L)/XFAC
RFE(LI=RF{L)Y/XFAC
IF{INCOND.NE.1) GC TO 250
POL(L)=POL{L)%*AFAC
PON{L)=PON{L)*AFAC
250 CONTINUE
IF(NUTNK.EQ.O) GO TO 260
NO 255 K=1,NOTNK
255 PTANK{K)=PTANK{(K)*AFAC
260 TFINORD.EQ.O) GO TO 265
DO 262 K=1,NORD
PRDB{K)=PRDB{K)*AFAC
262 PRDG(K)}=PRDG{(K)*AFAC
265 1FINOPUMP.EQ.0) GC TO 270
DO 266 K=1,NOPUMP
266 HEAD(K)=HEAD(K)*AFAC
270 IFI(NGPT.EQ.O0) GO TO 272 :
: DO 271: K=14+NOPT -
271 PTMIK)=PTMIK)Y*AFAC
272 CONTINUE | :
C
C \ .
(C % o e o e 0 2 ok o ok ok e o o ke ek o o ek INITIALIZATIONS AT TBEG *******#*******##*‘#*******#*
C
NSTEP=0
TT=YBEG
DO 302 L=1,4NPIPE
TMAX(L)=TBEG
302 PMAX(L)=0.0
C**x¥x [NITIAL VALUES OF U0, PO, U AND P
DC 315 L=sl+NPIPE
NI=NNODE (L)
IF(INCOND.EQ.1) GO TO 307
DO 305 I=1,N1
DO 305 K=1,2
PlLsI,K)=PR
305 UL, 1,K)=UR
G0 Y0 315
307 NIM=NI-1
DELP=(PCN(LI-POL(L))}/NIM
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309
315

CxEdx
322
324

C

c

C
400

C¥xEx

410

C tekek
420

422
Cos&k
CRdkkk

430

DELU=(UON(L)-UOL(L))/NIM

DO 309 1I=1,NI1

IM=I-1

DO 309 K=1,2 .

P{L+I,K)=POL1{L)+IM*DELP

UL I,K)=UOL(L)+IMEDELU

C ONT I NUE ‘

IF(NOPT.GT.0) CALL PTIME(TT,PSO)
INITIALIZE CONSTANTS FOR PLASTIC DEFORMATION
NPLP=0 '
D0 322 KPL=1,10

MPX{(KPL)=0

DO 324 L=1,NPIPE

KPLAS(L)=0

WRITE (KOUT,960)

GO TO 700

CRemxdnkaxkhhe ke kkkexzts  [NTERIOR NODE CALCULATION ¥tk fokdotdk ddddobk fdkohks

DD 475 L=1,NPIPE

NI=NNODE (L)

NIM=NI-1

IF (NI.LE.2) GO YO 475

IF(KPLAS{L).GT.0) GO TO 430

ELASTIC PIPE DEFORMATION

DO 410 I=2,NIM

CALL INTRP (LyI1+K1yUA,PA,CA)

CALL FRCTRM (L,UA,GA)

CALL INTRP (Lol +K2,UB,PB,CB)

CALL FRCTRM (L,UB,GB)} ‘ ‘
U(L,1,2)= (CA%(UA-DT#GA)+LBRLUB-DI *GB) +{ PA—PB) /DENS) /{CA+CB)
P{Lyi+2)= (DENS*{UA-UB+DT*{GB~GA) )*CA*CB+PAXCB+PB*CA)/(CA+CR)
TF(ABS{U(Ly1+42)~U{LsI41))eLT.0.00001) UlLyEs2)=UlL,1,1)
TFLARSIPIL o T42)-Pllo141))alTa0.1) PlLsI2)=P{Ly],41
CHECK FOR PLASTIC DEFORMATION IN ELASTIC PIPE :
IFLP(Ly142)aGTaPY(L)) GO TO 420

CONT INUE

GO TO 475

PIPE L BECOMES PLASTIC

NPLP=NPLP+1

IFI(NPLP.GT.NPLMX) GO TO 850

KPLAS(L}=NPLP

KPL=KPLAS(L) J/
LPLP(NPLP)=L
WRITE(KOUT,970) LPIPE(L) JNSTEP,(LPIPE(LPLP(KK)) +KK=1,NPLP)
DO 422 [IP=1,NI

PMX(KPL, IP)=P(L,IP,1)

PLASTIC PIPE DEFORMATION

PLASTIC PIPE DEFORMATION

KPL=KPLASI{L)

DO 465 1I=2,NIM

PPL1=P(Lqsi,1)

UPL=U(Ly1,1)

PMXQ=PMX{KPLyI)



C
C

C

432

440

455

460
465
4175

502

505

510

55

KIT=0
PlLy142)=PP1

UlLyis2)=UP1

CALCULATION AT POINT P

CALL INTRP (L+14+K1,UA,PA,CA)

CALL FRCTRM (L,UA,GA)

CALL INTRP (LsI+K2,UB,PB,CB)

CALL FRCTRM (L,UB,GB) :

ULy T92)= (CA*{UA-DT%GA)+CB*(UB-DT*GB)+{PA-PB)/DENS)/(CA+CB)
PlLsI1,2)= (DENS*{UA-UB+DT*{GB-GA) )*CA*CB+PA%*CB+PB%CA)/(CA+CB)
ITF(ABSIULL 21 42)-UfLy141)).LT.0.00001) UlLyIo2)=U(Ly141)
IF(ABSIPILy142)-P{LyI141))elToe0e1) PllLoI42)=P(L,I,1)
PP2=P(Ls1,42) :

UP2=U(Lv‘I'2) '

TF(ABS(PP2-PP1l) .LE.ABSIEPSI*PP2)) . GO TO 460
IF{KIT.EQ.20) GO TO 440

GO TO 455

POUOR CONVERGENCE OF ITERATION

MPX{KPL)=1"

CALL WVSPD(MAT(L) ,HGD(L),PPl,PMXQyCP1)

CALL WVSPD(MATIL),HOD(L) PP2,PMXQ,CP2)
CPX(KPLI=(CPL14CP2)/2.0

KIT=KIT+1

IF{KIT.GT«30) UlL,1,2)}=(UPL+UP2)/2.0

IF(KIT.GT.40) GO TO 855

PP1=PP2

UP1=UlLs1,2)

GO T0. 432

MPX{KPL)=0

CONTINUE

CONTINUE

Cressstamestirtshritstss  JUNCTION NODE CALCULATION Shkbsbttth bttt s obnshst s

DO 599 J=1,NOJUN -
KET=0

JT=JTYPE(J)
NNLl=ML1(J)

NNN=MLN(J)

NT=NN1+NNN

CONT I NUF

IF(JT.EQ.1) GO TO 505
IF(JT.EQ.3) GO TO 510

CIF(JT.EQ.4) GO TO 511

I1F(JT.EQ.6) GO TO 515

IF(JT.EQ.7) GG YO 520

IF(JT.EQ.8) GO TO 525

IF(JT.EQ.9) GO TO 530

IF(JT.EQ.10) GO TO 535
IF(UT.EQ.L15) GO TO 540
GO TO 835

CALL AREACH(J)

GO 10 575

CALL TEE(J,INCOND,PR)
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511

512
513
515
520

525

535
536
537

538

540

575
CE%k%

578

580

GO TO 575
D0 512 K=1,NOPUMP
KK=K

[F(JPUMP{K).EQ.JUN(J)) GO TO 513

CONTINUE

GO TO 847

CALL PUMP(J'LLPMP(KK)'HEAD(KK))
GO0 TO 575

CALL IMPED(J)

GO 70 575

CALL CLOSED(J)

GO TO 575 .

DO 526 K=14NOTNK

KK=K

IF(JTANK({K).FQaJUNLJ))} GO TO 527

CONTINUE

GO TO 843

CALL CUNSTP(J,PTANK(KK))
GO TO 575

CALL FAREND(J)

GO TO 575
DO 536 K=1,NORD
KK=K

IF(JRDIK) cEQ.JUNLJ)}) GO TO 537
CONTINUE

GO TO B45

KKRO=KRD(KK)

CALL RUPDSK (JsPRDB{KK)4PRDGIKK)KKRD)
[IF(KRD(KK).EQ.0O .AND. KKRD.EQ.l} GO TO 538

GO TO 575

WRITE(KOUT»966) JUNUJ) ¢NSTEP,TT
TRO(KK)=T11

KRD(KK}=1

GO Y0 575

CALL PRESSO{J,P50)

GO TO 575

CONTINUE

CHECK FOR PLASTIC OEFORMATION AT JUNCTION

KPIND=0

DO 590 K=14NT
IF(K.GT.NN1) GO TO 578
L=LJ10J,yK)

I=1

GO TO 580

KM=K-NN1

L-LJNtJ,KM)

I=NNGDEC(L)
KPL=KPLAS(L)
1F(KPL.EQ.D) GU 1U 506
IF(KIT.EQ.0) PPIJ(KPL)= P(L:lcl)
PP2=P{L,1,2)
PP1=PPIJ(KPL)
PPIJIKPL)=PP2

TF(ABS(PP2-PPL) .LE. ABS(EPSI*PPZ)I

KPIND=1

G0 TO 590



C

IF(KIT.EQ.20) GO TQ 582.
GO TO 590 '
POOR CONVERGENCE AT PLASTIC JUNCTION
582 PMXQ=PMX(KPL,1) .
CALL WVSPD(MATI(L),HOD(L),PP1,PMXQ,CP1)
CALL -WVSPDIMAT(L) yHOD(L )Y ,PP2,PMXQ,CP2)
MPX{KPL)=1
CPX{(KPL)=(CP1+CP2)/2.0
GO TO 590
586 IF(P(LsyI+2).LE.PY(L)) -GO TO 590

C#x%t PIPE BECOMES PLASTIC AT JUNCTION

c
C

C

KPIND=1

NPLP=NPLP+1

IF(NPLP.GT.NPLMX) GO TO 850

KPLAS(L)=NPLP

KPL=KPLAS (L)

LPLP(KPL)=L

WRITE (KOUT970) LPIPE(L)yNSTEP(LPIPE(LPLP(KK) ) KK=1,NPLP)
NI=NNGDE (L) - P

DU 588 IP=]1,NI

588 PMX{KPL,IP)=P(L,IP,1)
PPIJIKPLI=P(L,[,2)

590 CONTINUE .
IF(KPIND.EQ.O) GO TO 592 -
KIT=KIT+1
IF(KIT.GTL,30) U(LeI2)=(U(L,T1,2)4UPIJ{KPL))I/2.0
UPLJ(KPL)=U(L,I,2)

IF(KIT.GT.40) GO TO 860
GO TO 502 .

592 IF(KIT.EQ.0) GO TO 599
00 594 KPL=1,NPLP

594 MPX(KPL)=0

599 CONTINUE

Cx¥sfsukmsrkadhksk  PRINT RESULTS AT SPECIFIED TIME STEP ®kssdttdtkhsddt kst

IF(KPRINLEQ.NOPRIN) GO TO 700
KPRIN=KPRIN+1
GO TO 725

700 KPRIN=1
WRITE(KOUT,961) TT,NSTEP
[F{NGPT.EQ.O0) GD TO 701
PSOW=PSO/AFAC
WRITE(KOUT,965) PSOW

701 DO 710 L=1,NPIPE
IF (NLPRN.EQ.O) GO TGO 704
DO 702 K=1,NLPRN
IF(LPIPE(L).EQ.LPRIN(K)) GO TO 704

702 CONTINUE
GO 10 710 :

704 WRITE(KOUT4962) LPIPE(L)sJLIL)»JN(L)
NIM=NNUDE(L)-1 '
cout=C(L)

DO 706 1=1+NIM,IPRIN

57
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C
c

IF(KPLAS(L) .GT.0) CALL WVSPD(MAT(L),HODIL),P(Ls1,2),
X PMXIKPLAS(L),1),C0OUT)
Z=(1-1)%DZ(L)
PPW=P(Ly142)/AFAC
WRITE(KOUT,963) Z,PPW,UlL,y1,2),C0UT
706 CONTINUE
Z=PLNGTH(L)
I=NNODE(L)
PPW=P(L,1,2)/AFAC .
IF(KPLAS(L).GT.0) CALL WVSPD(MAT(L),HOD(L)P(Ls[,2),
X PMX(KPLAS(L),1),COUT)
WRITE(KOUT,963) Z,PPW,UlL,1,2),C0UT
710 CONTINUE
IFINSTEP.EQ.O0) GO TO 750

Cokthkkndkkakkeesd [NITIALIZATIONS FOR NEXT TIME STEP

C

C#¥xx& DETERMINE MAXIMUM PRESSURE AND VELOCITY IN EACH PILPE

725 UMX=0.
CUMX=0.
DO 729 L=1,4NPIPE
NI=NNODE (L)
PPX=PMAX (L)
DO 727 I=1,NI
UMX=AMAX1 (UMX+ABS (U(Ly152)))
727 PMAX{L)=AMAXL(PMAX(L) ,P(Ly1,2))
IF (PMAX(L).GT.PPX) TMAX{L)=TT
CUP=1.+UMX/C(L)
729 CUMX=AMAXL(CUP,CUMX)

C*%%% REDETERMINE DT FOR NUMERICAL STABILITY

IF (CUMX .LT. .FACT1) GO TO 735
IF (CUMX .GT. FACT2) GO TO 875
FACT=1.01%CUMX :
OT=DT*FACTL1/FACT
"FACT1=FACT :
FACT2=FACT2+FACT-1.
GO TO 877

735 CONTINUE

Cxx%x% DETERMINE PMAX IN PLASTIC PIPES

IFINPLP.EQ.O) GO TO 750
DO 740 KPL=1,NPLP
L=LPLP{KPL)
NT=NNODE (L)
DU 740 [P=1,NI
PMX{KPLy [P)=AMAXL(PMX(KPL,IP),P(L,IP;2))
740 CONTINUE

Cxxtx [NCREASE ‘TT AND NSTEP

750 TT7-TT+DT
IF{TT.GT.TFIN) GO TO 775
NSTEP=NSTEP+1

Cxxx% INITIALIZE P AND U

DO 760 L=14NPIPE
NI=NNODE (L)
D0 760 I=1,NI

LIy rey
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UlLyIs1)=UlLy1,2)
_ 760 P(L,I’1)=P‘L1l12’
Cx%x% COMPUTE SOURCE PRESSURE
IF{NOPT.GT.0) CALL PTIME(TT,PSO)
60 TO 400
C .
c : _
CreXedtdhdk etk kskdsxsxs PRINTOUTS AT END OF PROBLEM X5t difsskfa ot ke hhkd
c
775 WRITE{KOUT,975)
WRITE(KOUT,97T7)
DO 780 L=1,NPIPE
PMM=PMAX (L) /AFAC
780 WRITE(KOUT,978) LPIPE(L) PMM,TMAX(L)
IF(NPLP.GT.0) WRITE(KOUT,971) (LPIPE(LPLP{K)) K=1,NPLP)
IF{NORD.EQ.0) GO TO 799 '
DO 782 K=1.NORD
IF(KRD(K).EQ.1) WRITE(KGOUT,979) JRD(K),TRDI(K)
782 CONTINUE :
799 STOP
C
c . .
[ S22 LI 22222 2222 2 2] DIAGNOSTIC MESSAGE PRINTS 122 222222322222 322232232 2 3°23
o » :
800 WRITE{KOUT,B801)
801 FORMAT (/4+10X,*ERROR ‘IN NUMBER OF PIPES')
STOP
805 WRITE(KOUT,806)
806 FORMAT (/,10X,"ERROR IN NUMBER OF JUNCTIONS?)
STaP
810 WRITE{(KOUT,811) 7
811 FORMAT(/,10X,"ERROR IN NUMBER OF TANKS?)
STOP
812 WRITE(KOUT,813) JUN{J) ‘
813 FORMATI{/,10X,"NOTNK=0 AND JUNCTION®,I5," IS A SURGE TANK')
STOP
815 WRITE(KOUT,816)
816 FORMAT(/,10X,'ERRUR IN NUMBER OF RUPTURE DISKS?')
SToP
817 WRITE(KOUT,818) JUN(J) A
‘818 FORMAT(/ 10Xy *NORD=0 AND JUNCTION'®',15," IS A RUPTURE DISK®)
sTOP
820 WRITE(KOUT,821)
821 FORMAT(/,10X,*ERROR IN NUMBER OF PUMPS')
sToP :
822 WRITE(KOUT,823) JPUMP{K),LPUMP(K)
823 FORMAT(/ 10X, *PUMP DISCHARGE PIPE NUMBER IS INCORRECT',/,
X LOX, YJPUMP =9,15,7, LPUMP =',15)
sTOP
824 WRITE(KOUT,825) JUN(J) .
825 FORMAT(/ 410X, 'NOPUMP=0 AND JUNCTION',IS5,' IS A PUMP!')
STOP . ‘
828 WRITE(KOUT,829)
829 FORMAT(/ 410X, *ERROR IN NUMBER OF PRESSURE SOURCE DATA POINTS')
STOP



‘830 WRITE(KOUT,831) JUNI{J)»JTYPE(J)
831 FORMAT(//10X,'INCORRECT PIPE ARRANGEMENT AT JUNCTION?,
X I4,'y JTYPE =',14)
sTopP ‘
835 WRITE(KOUT,836) JUN(J),JTYPE(J) _
836 FORMAT(//10X,*INVALID JUNCTION TYPE, JUN =',14,', JTYPE =9,14)
sTopP
837 WRITE(KOUT,838) JUN{J)JTYPE(J)
838 FORMAT(//4+10X,*PIPES CONNECTED AT JUNCTION',14,
X * HAVE DIFFERENT AREAS, JTYPE =¢,14)
STOP
840 WRITE(KOUT,841) JUN(J)
841 FORMAT(/,10X,"NO INPUT PRESSURE PULSE (NOPT=0) AT SDURCE?,
X ' JUNCTION',14)
STOP
843 WRITE(KOUT,844) JUNLD)
844 FORMAT(/,10X+*NO TANK DATA INPUT FOR JUNCTION',14)
sTopP
845 WRITE(KOUT,846) JUN(J) _
846 FORMAT(/,10X,'NO RUPTURE DISK DATA INPUT FUR JUNCTION®,14)
STOP
847 WRITE(KOUT848) JUNLJ) .
848 FORMAT(/,10X,"NO PUMP DATA INPUT FOR JUNCTION',15)
STOP
850 NPLP=NPLP-1
WRITE(KOUT,970) LPIPE(L)  NSTEP,{(LPIPE(LPLP(KK))sKK=1,NPLP)
WRITE(KOUT,851)
851 FORMAT(1H1,///7,10X, *"NUMBER OF PLASTIC PIPES EXCEEDS NPLMX')
60 TO 775
855 WRITE(KOUT,856) LPIPE(L),I,TT
856 FORMAT(1H1,+////+10Xs*NO CONVERGENCE IN PLASTIC ITERATION FOR',
X " PIPE NU"914e%y 1 ="414,%y VIME =%,El2.5," SEC?)
GO TO 775
860 WRITE(KOUT$861) JUN(J),TT
861 FORMAT(1HL1,//7/7/ 410X, 'NDO CONVERGENCE IN PLASTIC ITERATION ATY,
X T JUNCTION' 314,y TIME =%,E12.5,' SEC')
GO TO 775
870 WRITE(KOUT,871) LPIPE(L)+DOT,DTT
871 FORMATU(////4+10X,*NNCODE .GT. IMAX FOR PIPE NO',14,
X ! — RESET OT =%,E12.5," TO DT =',E12.5)
GO TO 111 : . -
875 WRITE(KOUT,876) CUMX
876 FORMAT(////+10X,°CUMX =9,E12.5,* IS GREATER THAN FACT2*)
60 10 775 ’
877 WRITELKODUT,878) DT
878 TORMAT (5Xs/y'%%tt% DT [S DECREASED TOD *,E12.5,t *x%x&kt,/)
60 TO 735 '
C
c .
Cmdkiokioky xkd ok ikkbddx  [NPUT FORMAT STATEMENTS  #dkkddkadokiobkdokskkrkdiokdsfhds
C ) ‘
900 FORMAT(1615)
901 FORMAT(8E10.5)
905 FORMAT(415,5€E10.5)
910 FORMAT(I10,F10.5)



61

911 FORMAT(I10,42E10.5)
912 FORMAT(215,€E10.5}
C
C .
[ 2222222232223 222213 223 OQUTPUT FORMAT STATEMENTS ek e e e oo e g e ok o oo e o o e ok ok o o ok
c .
‘930 FORMAT (1Hls//+30Xy?'—~—~—- PROBLEM PARAMETERS AND DESCRIPTION®,
' OF NETWORK ARRANGEMENT ——=—--— Y 9/77/+5X'NPIPE  =1,15,7X,
'NOJUN =9,1I5,7X, 'NOTNK .=%,15,7X,s *NORD =0,15,7X, " NOPUMP- =7,
1597XQ'KFRIC =',[5,/.SX9'NOPT =°,IS.7X,'[NCOND =1,1I5,
TXy*NOPRIN =* IS5, 7Xy*IPRIN =',I5,7TX,*NLPRN =1,15,///)
932 FORMATI(S5X,'0T =",E12.54' SEC' 12Xy *TBEG =*9E12.54" SEC?,

SN -

1 13Xs"TFIN =*4E12.5," SEC'y/, :
2 S5Xe'UR =%43F12.49" FT/SEC*99Xs*PR =',F1443,* PSI*,13X,
3 YTEMP =*4F10.34" DEG.F*y// 45X+ *SP WEIGHT =*,F8.3,* LBS/FT3',
4 5Xy*VISC ='yE12.5¢" LBS—SEC/FT2*45X,"SOUND SPEED =*,F10.2,
5 ' FY/SEC*',///)
934 FORMAT(////+38X9'——— CONSTANT PRESSURE TANKS =———=%,//,41X,
X *JUNCTION NO®4+4Xs*GAS PRESSURE'4/)
935 FORMAT{44X,15,7X,F12.3)
937 FORMAT(////+43Xs'-—- RUPTURE DISKS -—-—-1%43//,35X,
X *JUNCTION ND*'+3X,"BURST PRESSURE'+3X,*GAS PRESSURE',/)
938 FORMATI(38Xy1598XsF12.343XyF12.3)
940 FORMAT(////+14TXyt~—= PUMPS ——=1",//,32X,
X * JUNCTION NO®,3X,'DISCHARGE PIPE NO®,4Xy "HEADys PSI',/)

941 FURMAT(35X415912X+s15+8X4F12.3)
945 FORMAT(1HLl//+6X,'PIPE?, 13X, "JUNCTION NO{(TYPE)*,14X,

1 YPRES URE - PSI'13Xs'VELOCITY — FT/SEC'y/,TXs"NG*,
2 12Xy ' = 17, 11X,*'I = Ny 7Xy*FIRST NODE'¢5X,*LAST NODE*,
3 4Xy*FIRST NODE*,5Xy*LAST NODE?',/)

946 FORMAT (SXKe1499X9oTbs ' {P9124%) 48Xy14,°(",12,%)%,3X,2F14e342F14.4)
950 FORMAT (1HLl+//+6X+*PIPE?*y 9X,'DIAMETER®',8X,*' THICKNESS',11X,

1 YAREA® y 13X, "LENGTH® 49X, * INTERNODAL 'y 7X 4 *NO OF* 4/ 47X,
2 SNO® 912Xy " INCHY y 13Xy *INCH® 311X, *SQR INCH' y12Xs *FEET* 411X,
3 *DISTy FT',8X,*NODES*,/)

951 FORMAT (5X91491XsFl7.49F17e592F17.3¢F17.4+9X414)
953 FORMAT (1Hl.//+6X4*PIPE'y S5Xy *MATERIAL*4S5X,*'YIELD PRESSURE' 45X,

1 YEL. WAVE SPEED' +8Xs "ROUGHNESS® ¢/,
2 TXe*NO®" g 10X *NO* 914Xy *PSI" 914X, 'FT/SEC? 914X, "INCH* /)
954 FORMAT (5Xs14910X90295X9F17.2¢2X9F170292XeE1744)
956 FORMAT (1H1+///7+40Xs*--——- INPUT DATA FOR PRESSURE - TIME*,
X ' HISTORY —===-- $9//7/+52X¢ *TIMEy SEC?* 16Xy *PRESSURE,y PSI*4/)
957 FORMAT(50X4E12.595X4F12.3)
960 FORMAT (1H13// 440Xy '——=—~~ RESULTS OF PRESSURE TRANSIENT?',
X ¥ CALCULATION -—-—-- ')

961 FURMAT(////7 45Xy 1 %%%%k TIME =%3E15.54* SEC*"y5Xs'(*y14,* STEPS )?*)
962 FORMAT(/+3X+*PIPE NOY2I5,%, Jl =%,14,4"'y JUN =%,14,/,
1 22Xy "DISTANCE, FT',12X,*PRESSURE, PSI*s11X,
2 YWELOCITY, FT/SEC'+11X,"WAVE SPD, FT/SEC?')
963 FORMAT (L9X3F15e4110XeF 15220 10XsF1%.3910X,F15,.2)
965. FORMAT (/415X *SOQURCE PRESSURE ='",F10.2,*' PSI1*)
966 FORMAT(//7/774+10X,y %%k RUPTURE DISK AT JUNCTION'!,14,
X ' HAS BURST IN TIME STEP NUa®,15,'y T =',E12.5)
Q970 FORMAT(/ /77 410X %%%%x PIPE NUMBER',[4,* HAS BECOME PLASTIC IN?,
1 * TIME STEP NO'"¢14+4/7/7:15X,'PIPES WHICH HAVE HAD SOME?',



62

2 ' PLASTIC DEFORMATION ARE NUMBERS®*,10144/5(20X,20144/))
971 FORMAT(////+15Xs'PIPES WHICH HAVE HAD SOME?,
X .. * PLASTIC DEFORMATION ARE NUMBERS®¢1014,/,(20X42014,/7)
975 FORMAT (// 345Xy —————— END OF CALCULATIGN -—-———-1)
977 FORMAT (1HL,//+30Xy%—————- MAXIMUM PRESSURES IN EACH PIPE',
X ' DURING CALCULATION ———--=1,/) :
978 FORMAT (25X,?'MAXIMUM PRESSURE IN PIPE*, 1I5,' = ',Fl12.2,
X * PSI OCCURRED AT *,E12.5,* SEC?) T
979 FORMAT(///7+15X,"RUPTURE DISK AT JUNCTION®;I4," BURST AT,
X El2.54* SEC*)

END
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SUBROUTINE MTPRP
SUBROUTINE WHICH COMPUTES WAVE SPEED AS FUNCTION OF PRESSURE
FOR VARIOQUS MATERIALS
MAT=1 - 304 STAINLESS STEEL
MAT=2 - 316 STAINLESS STEEL
MAT=3 — LINEAR ELASTIC AND PLASTIC REGIONS WITH ELLlPTlC
TRANSITION
MAT=4 — BILINEAR STRESS—STRAIN RELATION
MAT=5 - BILINEAR STRESS-STRAIN RELATION
MAT=6 RIGID PIPE WALL
COMMON /Rl/ A(100),C(100),D0Z2{100),0(100),P(100,100,2),

1 Ul100,100,42)5LJ1(100,6)+sLIUNUIL100+6),ML1L100),MLNL100O),

2 LPIPE(100)yJUN(100)},NNODE(100),DENS,DT
COMMON /R3/ TR,CO

OIMENSION E(6)4SY(6) +KPRIS)HEPSY(6)
DATA KOUT/6/+RRR/1.0001/,PFAC/144.0/4KPR/6*0/PLAR/1.0E+06/

COMPUTES YIELD PRESSURE AND ELASTIC WAVE SPEED
ENTRY ELPRP{(M,HD,PYLD,CELAS)

IF(KPR{M).GT.0) GO TG 5

GO TO (10420,30,40,50,60)4M

WRITE (KOUT,2) M

FORMAT(1HO,5X,* INCORRECT MATERIAL NUMBER, MAT =',14)
STOP

PYLD=2.04SY{M)=HD
CELAS=CO/SQRT(1.0+CO**2%DENS/HD/E(M))

RETURN : ,

304 STAINLESS STEEL PROPERTIES FROM LMFBR MATERIALS HANDROOK
M =1

DATA AS14AS2yAS34AS4/11.29E403,1.23,27.56403,10.7/,
1 AF1,AF24AF3/3.0E-064,5.,03€E-06,0.0143/,
2 AF4 4y AF51AF6/9.3E—0647.23E-05,0.1877/

COMPUTE MATERIAL PROPERTIES

SY(1)=(AS1-AS2%TR)*PFAC

SA1=(AS3-AS4*TR)*PFAC

Al1=AF1/PFAC

AL2=AF2%TR-AF3

Al3=AF4/PFAC

Al4=AFS%TR-AF6

E(L)=SY(1)/{ALL*SY(1})+A12)*%2

EPSY(L)=SY{1)/E(1)

KPR{Ll)=1

GO TO 5

316 STAINLESS STEEL PROPERTIES FROM LMFBR MATERIALS HANDBOOK
M= 2

DATA BS14BS2+BS3,854/10.27E4+03,2.784E406413.373E403,3.616E+06/,
1 8F1,BF2,BF3/1.8F-06,3.802,3.96-03/,
2 BF4,BFS,BF6/8.2E-06,26.945,0.0817/
SY(2)=(BS1+BS2/TR) «PFAC

SA2={(BS3+BS4/TR)*PFAC

A2Ll=BF1/PFAC’

63
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A22=BF3-BF2/TR
A23=BF4/PFAC

A24=-BF5/TR~BF6
E(2)=SY(2)/7(A21%SY(2)+A22)%%2
EPSY({2)=SY(2)/E(2)

KPR{2)=1

‘GO TO S

LINEAR ELASTIC AND PLASTIC REGIONS WITH ELLIPTIC TRANSITION
M.= 3

DATA FOR NICKEL. 200

DATA EE3/30.0E+06/,EPL3/0.405FE+06/,503/29.0E+03/,
1 - GMY3/0.75/,GMA3/1.25/
E(3)=EE3%PFAC

EP3=EPL3%PFAC

SG03=S03%PFAC

RM3=EP3/E(3)

SY{(3)=SG03*GMY3

SA3=SGO3%GMA3

EPSY{3)=SY(3)/E(3)

DY3=1.0-GMY3

DA3=GMA3-1.0

A31=DA3+RM3%DY3

A32=DA3-RM3%DY3
A33=DA3%GMY3—-RM3*DY3%GMA3
A34=GMA3-GMY3
A35=DA3%DY3+RM3*(1.0-GMY3%*GMA3)
A36=DY3-DA3
A3T7=GMY3%%2%(1,0-RM3%%2)*DA3%%2
KPR{3)=1

GO TO 5

BILINEAR STRESS—-STRAIN RELATION

M = 4

BILINEAR APPROXIMATION FOR NICKEL 200
DATA EE4/30.0E+06/4EPL4/4.05E+05/,SY4/29.0E+03/
E(4)=EE4*PFAC

EP4=EPL4*PFAC

SY(4)=SY4%PFAC

RM4=EP4/E(4)

EPSY(4)=SY(4)/E(4)

KPR(4)=1

GO TO 5

BILINEAR STRESS—-STRAIN RELATION

M =5

DATA EE5/24.8E+06/+EPL5/2.48E+06/45Y5/90.0E403/
E(5)=EES*PFAC

EP5=EPL5%PFAC

SY(5)=SYS5%PFAC

RM5=EPS/E(5)

EPSYIHi=SY(5)/E(S)

KPR{5)=1

GO TU S

RIGID PIPE WALL

M =6

PYLD=PLARXPFAC

CELAS=CO

-



G %k

EPSY(6)=0.0
RETURN -..

ENTRY WRMAT (M)

PRINTOUTS DESCRIBING MATERIALS

GU 1T0(210,220+92309240+2509260) 4M

GO TO 1
M =1

210 EOUT=E(1)/PFAC
SYQUT=S5Y(1)/PFAC
WRITE(KOUT,212) TR:EOUTySYOUT

212 FORMAT(///7+5%y *MATERIAL 1 1S 304 STA!NLESS STFEL AT 'y F12.3,
L' DEG. F'y/410X,"ELASTIC MUOULUS 1,E13.

2E13.64% PSI')
RETURN
M=2
220 EOUT=E(2)/PFAC
SYOUT=SY(2) /PHAC
WRITE (KOUT,222) TR,EQUT,SYOUT

~

6, PSI' YlELD STRESS =.p

222 FORMAY(////+5Xs *MATERIAL 2 IS 316 STAINLESS . STEEL AT',F12.3.

1* DEGe F'y/410Xy "ELASTIC MODULUS ='4EL13

2E13.64' PSI')
RETURN
M =3

230 ECUT=E(3)/PFAC
" SYOUT=SY(3)/PFAC
WKIJTE(KDUY,232) EOUT,SYOUT

232 FORMATU///7/7+5Xs*MATERIAL 3 IS NICKEL 200,
1* FOR STRESS-STRAIN RELATION?,/,10X,*ELASTIC MODULUS

2' PS1, YIELD STRESS =*,E13.6," PSI?)

RETURN
M= 4

240 EQUT=E(4)/PFAC
SYOUT=SYl4)/PFAC
EPOUT=EP4/PFAC

WRITE{KOUT,242) EQUT,SYOUT,EPOUT
BILINEAR APPROXIMATION TO NICKEL®',

242 FORMAT(///7,5Xs *MATERTAL & IS
1* 200%'+/+10Xs*ELASTIC MODULUS
2E13.6,' PSI, PLASTIC MODULUS

RETURN
M =5

250 EOUT=E(5)/PFAC
SYOUT=SY{(5)/PFAC
EPOUT=EPS5/PFAC

="El3-6"
=',El3.6|'

WRITE(KOUT,252) EOUT,SYOUT,EPOUT
252 FORMAT(////,5Xs*MATERTAL 5 HAS A BILINEAR STRESS STRAIN RELATION?®,

1/,10X,*ELASTIC MODULUS =',E13.

69" PSI,

2' PST, PLASTIC MODULUS =',4E13.6," PSI')

RETURN
. M =6
260 WRITEIKOUT,262)

PSIy YIELD STRESS =17,

PSIT)

YIELD STRESS =?,E13.6,

«b6y' PSI, YIELD STRESS

USING FITTED CURVE?,
=',E13.6,

=0,

262 FORMAT(////05X1'MATER[AL 6 IS RIGID'Q/!IOXv'ELASTIC MODULUS AND',
1* YIELD STRESS ARC INFINITE®*,/,10X,*WAVE SPEED IS EQUAL TO °*

2' SOUND SPEED')
RETURN
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ENTRY WVSPD(MyHD PP 4PX,CC)
C#+%% CALCULATION OF WAVE SPEED AS FUNCTION OF PRESSURE AND PREVIOUS
CHe&x MAXIMUM PRESSURE
SS=PP/HD/2.0
SX=PX/HD/2.0
BC=CO¥*2%DENS/HD
GO TO (510,520,530,540,550,560) M
GO TO 1
Ci %%k M = ]
510 IF(SS.GT.SX/RRR.AND.SS.GT.SY(1)) GO TO 512
c DEFORMATION IS ELASTIC
EEE=E(1)
GO TO 518
c DEFORMATION IS PLASTIC
512 IF(SS<GT.SAl) GO TO 514
C STRESS IS BETWEEN SY AND SA
EEE=0.5/A11/(A11%SS+A12)
6O TO 518
c STRESS IS GREATFR THAN SA
514 EEE=0.5/A13/(A13%xS$S+A14)
518 CC=C0/SQRT(1.0+8C/(EEE-2.0%55))
RETURN

CXx%k%k% M = 2
520 IF(SS.GT.SX/RRR.AND.SS.6T.SY(2)) GO TO 522
C DEFORMATION IS ELASTIC
EEE=E(2)
GO 70 528
C DEFORMATION IS PLASTIC
522 IF(SS.GT.SA2) GU TO 524
C STRESS IS BETWEEN SY AND SA
EEE=0.5/A21/(A21%55+A22)
GO0 TO 528
C STRESS IS GREATER THAN SA
924 LEE=0.5/A23/(A23%S5+A24)
528 CC=CO/SQRT(1.,0+B8C/(EEE-2. U*bb)l o
RETURN ’

Cxtz M = 3 :
530 IF(SS.GT.SX/RRR.AND.SS.GT.SY{3)) GO TO 532

C DEFORMATION IS ELASTIC
EEE=E(3)
GO TO 538
c DEFORMATION IS PLASTIC
532 IF(SS.LT.S5A3) GO TO 534
C STRESS 1S IN LINEAR PLASTIC REGIOGN
EEE=EP3 '
G0 TO 538 ‘
C LARESS IS5 Ih ELLIPTIC TRAMNSITION REGION

534 SRAT=SS/5G03
ARG=1.0-(A3T+A31%(A32%SRAT*%2-2,0%A33%SRAT) )*A36/A34/A35%%2
EEE= EP’*A34*A35*SQR1(ARG)/ABI/(A32*SRAT A33)

538 CC=C0/SQRT(1.0+BC/(EEE-2.0%5S))
RETURN



Cxuke M = 4 : -
540 [F(SSaGTeSX/RRRJANDCSSGT.SY(4)) GO 10 542

c DEFORMATION IS ELASTIC
EEE=E(4)
GO TO 548

C DEFORMATICON IS PLASTIC

542 EEE=EP4
548 CC=CO/SQRT(1.0+BC/{EEE~2.0%5S))
RETURN

Cxk%k M = §
550 IF(SS.GT. SX/RRR AND.SS. GT SY(5)) GD TG 552

C - DEFORMATION 1S ELASTIC
EEE=E(5)
GO TU 558

c DEFORMATION IS PLASTIC

552 EEE=EPS
558 CC=CU/SQRT(1.0+BC/(EEE-2.0%SS))
RETURN

Cxudke M = 6
560 CC=CU
RETURN

END
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C % %%k
CRkk
C % ik
Cx¥xx%
Crass

Cx&dk

SUBROUTINE FLPRP{SPWT,DENS,VISC,SNDSPD)

DETERMINES FLUID PROPERTIES. AT TEMPERATURE TR, DEG.F
SPWT - SPECIFIC WEIGHT, LBS/FT3

DENS - DENSITY, LBS-SEC2/FT4

VISC - VISCOSITY, LBS-SEC/FT2

SNDSPD - SOUND SPEED, FT/SEC

SODIUM PROPERTIES

COMMON /R3/ TR,CO
DATA DLO/59.5667/4DL1/-0.79504E-02/,DL2/~042872€E~-06/
1 DL3/0.60350E-10/,+CL1/8285./4CL2/~ 2187 /+,CL3/2290./46C/32.173/ .
SPWT=DLO+DL1*TR+DL2*TR**2+DL3%TR*%3 :
DENS=SPWT/GC
AMU=EXP(2.303%(1.0203+397.17/(TR+460,)-0.4925%AL0OG10(TR+460. )))/
1 3600.0
VISC=AMU/GC
SNDSPD=CL1+CL2*({TR- 210.)/CL3
RETIIRN
END



ootk
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100
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SUBROUTINE INTRPIL,I,K,UC,PC,CC)

INTERPGLATION FOR PRESSURE, VELOCITY, AND WAVE SPEED

COMMON  /R1/ A(100),C{100),D2(100),D(100),P{100,100,2),
U(100,100,2)+0J1(10056) 4LIN(LO0,6), MLl(lOO),MLN(IOO)o
LPIPE(100.),JUN(100),NNODE(10O)DENS,DT

COMMUON /R4/ PMX(10v100),KPLAS(100)'HDD(100),MAT(IOO)'PY(IOO)v

. CPX(10),MPX(10) ™

DATA  KOUT/6/,EPSI/0.0001/

THTA=DT/DZ(L)

Psz(Lylyl) :

UQ=U(LsE,1) - "= o7 AT

KPL=KPLASI{L)

M=MAT(L)

HD=HODI(L)

IF{K.EQ.2) GO TO 10

UR=U(L,I-1,41}

PR=P(LyI-1,1)

IF(KPL) 20,20,100

US=U(L,T+1,1)

PS=PiLsI+1,1) .

IF{KPL) 30,30,200

ELASTIC RESPONSE

cCc=C(L)

UC={UQ-CC*THTA%{UQ-UR) )/ (1.0+THTA%(UQ-UR)) .
PC=PQ-THTAX(CC+UC)*{PQ-PR)

RETURN

CC=C(L)
UC=(UQ+CCXTHTAX(US-UQ) ) /{1.0+THTAX(US-UQ))
PC=PQ+THTA*(CC-UC)I*{PS-PQ)

RETURN ‘ A

PLASTIC RESPONSE

ITERATION AT POINT A

PMXQ=PMX(KPL,I)

PMXR=PMX({KPL,I-1)

PP=P{L,y1,2)

UP=U(L,1,2)

CALL NVSPD(M:HDyPQ PMXQ,CQ)

CALL WVSPD(M,HD,PR,PMXR,CR)

CALL WVSPD(M,HD,PP,PMXQ,CP)
TF{MPX{KPL).GT.0)} CP=CPX(KPL)

CA=CR ) ‘
VPL=(CP+CR#UP+IIR} /2.0

KCA=0

KCA=KCA+1

IF(KCA.GT.20) GO 70O 180

VPL1=VPL "

UA=UQ~- THTA*VPL*(UQ UR)
PA=PQ-THTA®VPLZ(PQ—-PR) .
IF{ABS({CR-CQ)/CR).LTLEPSI) GO TO 113
IF(KCA.GT.10) GO TO 113

CAl1=CA

PMXA=PMXG-THTAXVPL *( PMXQ-PMXR)

CALL WVSPD(MsHD,PAsPMXAYCA)
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70

114

180
181

200

210

213

214

IF(KCA.EQ.10) CA={CA+CAl1)/2.0

VPL=(CA+CP+UA+UP) /2.0 -.

IF{ABSU(VPL-VPLL1)/VPL).LT.EPSI) GO TO 114

G0 10O 110

PC=PA

uC=uA

CC=(CA+CP)/2.0

RETURN

WRITE(KOUT,181) LPIPE(L),I,K

FORMAT(IHI:IOX,'NO CONVERGENCE IN INTRP lTERAT[ON'v/'10Xv
YLPIPE ='414," I 'y14,* K =',12)

STOP

ITERATION AT POINT B

PMXQ=PMX{KPL, I}

PMXS=PMX{KPL,I+1)

PP=P(L,1,2)

UP=U(L’I,2)

LALL WVSPD(M,HD,PQ,PMXQ,CQ)

CALL WVSPD{MysHD,PS,PMXS,CS)

CALL WVSPDIMyHD,PP,PMXQsCP)

[F(MPX(KPL).GT.0) CP=CPX{KPL)}

cB=CS

VMI={US+UP-CS-CP} /2.0

KCB=0

KCB=KCB+1

IF(KCB.GT.20) GO TO 180

VMI1=VMI

UB=UQ-THTA*VMI*(US-UQ)

PB=PQ-THTAXVMI*(PS-PQ)

IF(ABS{(CS-CQ)/CS).LTLEPSI) GO TC 213

IF(KCB.GT.10) GO TO 213

CB1=CB .

PMXB=PMXQ-THTARXVMI* { PMXS—PMXQ)

CALL ®WVSPD{M,HD,PB,PMXB,(B)}

IF(KCB.EQ.10) CB=(CB+CB1)/2.0

VMI=(UB+UP-CB-CP)/2.0

"TF(ABS({VMI-VMI1)/VMI).LT, EPS[) GO 10 214

GO 710 210
PC=PB

uc=us
CC=(CB+CP) /2.0
RETURN

END
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SUBROUTINE FRCTRM (LyV,G)

C%%x%x SUBROUTINE WHICH COMPUTES *WEISBACH® FRICTION FACTOR F USING

Crtxn
CHacnn

Ca dek

Cdtek

Chxkxs

_(;****
10
Ch&ts
25

30
35

45
100

1
2

YCULEBROOK-WHITEY CORRELATIGN AND RFTURNS FRICTION TERM G,
G = FXV*ABS(V)/2/D.

COMMON /R1/ A(100).C(100).DZ(100).0(100) P(100,100+2),
U(100,100452) 4L J1(100+6)93LIN(100,6),MLL{10C) 4MLN{LOO),
LPIPE(IOO),JUN(100)'NN00E(100)1DENSyDT

COMMON /R2/ RF{100),VISC,KFRIC

DATA KGUT/6/

N=0

F=Oo

G=00

Q=ABS(V) .

IF KFRIC= Oy FRICTION IS NEGLECTED 2232333323 233333223 2222322223223 %32 2

IF(KFRIC.EQ.O0) RETURN '

RR=RF{L)/D(L)

RE=DENS*Q¥D{L)/VISC

IF (RE.LE.O0.1) RETURN

IF (RE.GT.3000.) GO TO 5 _

LAMINAR FLOW *%okddcgekfdekdfodfrhhhmbhhkh kb b ergh ikkkhbdkkhhhkx fkkkkgk ik kkk

F=64./RE .

G0 YO 70 4

IF{RR.GT.L.E-4) GO TO 10

INITIAL ESTIMATE FOR SMOOTH PIPE BY 'BLASIUS' EQUATIGN eI TP PIT R T E L E

F=0.316/RE**%,25

GO TO 25 o

INITIAL ESTIMATE FOR ROUGH PIPE BY *'VON KARMAN' EQUATION #*¥kk&ktsksskskisii

F=le/{~2.%ALOGLO(RR)+Lo14)%%2 :

F IS DETERMINED ITERATIVELY BY *COLEBROCK-WHITE' CORRELATION stk ook ke deke

X

SF=SQRT(F)

G0 TO 35

SF=FF

DD=1.14-2. *ALOGlO(RR+9 35/ (RE*SF))

FF=14/0D

IF ((ABS(FF-SF)/SF).LE.0.01) GU T0 s0

IF (N.GE.50) GO TO 45

N=N+1

GO TO 30

WRITE (KOUT,100) LPIPE(L),V

‘FORMAT(///7/+10X,*NO CONVERGENCE [N FRICTION TERM FOR LPIPE =v,
T4,%y, VELOCITY =',E12.5,* FT/SEC')

50 F=FF#%2
70 G=F#V¥Q/2./D(L)

RETURN
END



SUBROUTINE AREACH(J)
Cx¥%x% SUDDEN EXPANSION UR CONTRACTION #&%i ]
COMMCN /R1/ A(1l00)},C(100),D2(100),D(100),P(100,100,2),
1 ' U(100410052)4LJ1(1004+6)43LIN(100,6)yMLLI100) MLN(100),
2 - LPIPE(100)+JUN(100),NNODE{100) 4 DENS,DT .
DATA KOUT,K1,K2/691,2/
IF(MLL1(J).EQ.D) GO TO 2
Cxxx% AT LEAST ONE PIPE IS CONNECTED AT FIRST NOOE
Li=LJ1(J,s1)
11=1
S1=1.0
CALL INTRP(L1411,K2,UB.PB,+CB)
Ul=U(L1+2,41)
IF(MLL1(JY.EQ.2) GO TO 4
Cxxx% AT LEAST ONE PIPE 1S CONNECTED AT LAST NODE
2 LN=LJN(J,1)
IN=NNODE(LN)
SN=1.0
UN=U(LNyIN=1,1)
CALL INTRP{LNsINyK1lyUA,PA,CA)
IF(MLN(J).EQ.1) GO TO 6 i
Cxxx% BOTH PIPES ARE CONNECTED AT LAST NODE
LI=LJN(J,2)
I1=NNODE(L1)
SI=—1.0
Ul=-ul{Ll,11-1,1)
CALL INTRP(L1,I1l+K1,UBM,PB,CB)
ug=-uBM
GO TO 6
Cxx¥x% BOTH PIPES ARE COUNNECTED AT FIRST NODE
4 LN=LJ1(J,2) :
IN=1
SN=-1.0
UN=-U(LN,2y1)
CALL INTRP(LN,IN,K2,UAM,PA,CA)
UA=-UAM
Cxxxx JUNCTION CALCULATION
6 R=A(LN)/A(L])
FK=0.0
UU=(R*UN+U1)/2.0
IF(R.NE.1.0) GO TO 8
Cx¥xx NO AREA DISCONTINUITY
DD=0.0
GO T0 20
CHxx% [XPANSION CASE
8 IF (RelTole0.ANDLUULGT.0.) FK={1l.-R)%%2
C¥%x%x% CONTRACTION CASE
IT {ReG1 alaUsANDUV.GT 0. ) MKm 4Q*RE¥(R=]1,)
IF (RelTeleOJANDUULLTLO0G) FK=—¢4S*(10-R)
DD=1-R&¥x¥2-FK
20 CALL FRCTRMILNyUA,GA)
CALL FRCTRM(L1,UB,GB)



88= CA+CB*R
CC=2. *(CA*UA*CB*UB*(PA-PB)/DENS DT*(CA*GA*CB*GB))
CARG=BB*%2-CC*DD. .. :
IF(CARG.LT.0.0) GO TO 55
upP= CC/(BB*SQRT(CARG))
UILNs INy2)=SN*YP.
UlL1s1142)=S1*UP%*R
PILN¢INsy2)=PA-DENS*CA%(UP—-UA+DT#GA)
PILLyI1,2)=PB+DENS*CB*{UP*R~UB+DT*GB)
RETURN
55 WRITE(KOUT,56) JUN(J)
56 FORMAT(1HO+5Xy'AREACH SUBROUTINE - SQUARE ROOT HAS NEGAT]VF'
X * ARGUMENT AT JUNCT[UN'vIQ)
STOP
END



74

Cletok

10

Chkkn

11

12

13
14

15

20

SUBROUTINE TEE(J,IC,PR}

TEE JUNCTION JOINING UP TO 6 BRANCHES %%tx%

COMMON /R1/ A(100),CL100),DZ(100),D(100),P({100,10092),
1 UCL100,10042),LJ11100;6)4LIN(10056) 4MLL{100),MLN(100),
2 LPIPE{100),JUNL100) NNODE (100} ,DENS,DY

DIMENSION UA(6) UB(6)4PA(6),PB(6),CAL6):CB(6):GA(6),GBL6)

DATA Kl.K2/1,2/

NN1=ML1(J)

NNN=MLN{J)

NT=NN1+NNN
‘SUM1=0.0

SUM2=0.0

DO 10 K=1,NT

IF (K.GT.NN1) GO TO 5

L=LJ1(JsK)

ALl INTRP (L 4K1,K2,UBIK),PB(K)sCB(K))

CALL FRCTRM (1 ,UB(K) +GB(K))

SUM1=SUML+A (L)%= (DENS*(-UB(K)}+DT*GB(K))+PB(K)/CBLK))

SUM2=SUM2+A (1 ) /CRIK)

60 TU 10

M=K-NN1

L=LJIN(Jy M)

CALL INTRP{L, NNUUE(L).KI.UA(M) PA{M)CA(M))

CALL FRCTRM (LsUA(M),GA(M))

SUML= SUM1+A(L)*(DENS*(UA(M)-DT*GA(M))fPA(M)/CA(M))

SUM2=SUM2+A (L) /CA(M)

CONT INUE

IF (IC.EQ.1) GO TO 13

IF U=0 AND P=PR IN EVERY BRANCH, SET U=0 AND PP=PR

DO 12 K=1,4NT ' .

IF (K.GT.NN1) GU TO-11

IF (UB(K).EQ.0.0.AND.PB{K).EQ.PR) GO TO 12

GO To 13

M=K-NN1 )

IF (UA(M).EQ.C.0.AND.PA(M}.EQ.PR) GO TO 12

GO 1O 13

C ONT I NUE

PP=PR

GO TO 14

PP=SUML/SUM2

DO 20 K=1,NT ,

IF (K.GT.NN1}) GO TO 15

L=LJLl{JsK)

UlLs1,2)=UB(KI+{PP-PB(K))/DENS/CBIK)~ DT*GB(K)

P{Ly1ly2)=PP

GO TO 20

M=K-NN1

L=LJIN(J M)

NL=NNODE (L)

UCLyNLs2)=UA(M)—(PP-PA(M))/DENS/CA(M)-DTAXGA(M)

PlLsNLy2)=PP

CONT INUE

RETURN

END
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"SUBROUTINE PUMP({JLLPMP,HEAD)

PUMP JUNCTION -~ TREATED AS. TEE WITH HEAD- ADDED TO: PRESSURE
IN PIPE LLPMP,
COMMGBN /R1/ AL(100) C(100)101(lOO),D(lOO)vP(lOOleOvZ)v
1 U(lOOleOvZ)'LJl(10016)'LJN(IOO.bl.MLl(lOO)yMLN(lOO)-
2 LPlPE(lOO)'JUN(IOODyNNUDE(lOO):DENSoDT
DIMENSION UA(6),UB(6)yPA(6)¢PB(6) CA(b)'CB(é)'GA(b) GB(6)
DATA Kl,K2/1,2/ ' : .
NN1=ML1(J)
NNN=MLN({J)
NT=NN1+NNN
SUM1=0.0
SUM2=0.0
SUP=HEAD*A(LLPMP)/C(LLPMP)
DO 10 K=1,NT
IF {K.GT.NNL) GO TO 5
L=LJ1(J,K) ,
CALL INTRP (L,K1,K2,UB(K),PB(K),CB(K))
CALL FRCTRM (L,UB(K),GB(K))
SUML=SUML+A(L)*(DENS* (=~ UBIK)+DT*GB(K))+PB(K)/CBI(K))
SUM2=SUM2+A(L)/CBIK)
GO TO 10
M=K-NN1
L=LJN(J, M) - ' .o
CALL INTRP(L, NNODE(L):KI:UA(M)'PA(M),CA(M)) . ¢
CALL FRCTRM (L,UA(M),GAIM]))
SUML=SUM1+A(L)*(DENS*{UA(M)-DT*GA(M))+PA(M)}/CA(M))
T SUM2=SUM2+A(L)/CA(M) -
CONTINUE
PP={SUM1-SUP)/SUM2
DO 20 K=1,NT
PJC=pPP
IF (K.GT.NN1) GO TO 15
L=LJ1{JyK) . -
IFIL.EQ.LLPMP) PJIC=PJCH+HEAD
UlLs192)=UBIK)}+{PIC-PB(K))/DENS/CBIKI-DT*GB(K)
P{lL+1,2)=PJC
GO0 T0 20
M=K-NN1
L=LJIN(JI, M)
NL=NNODE (L)
IFIL.EQ.LLPMP) PJIC=PJIC+HEAD
U(LNL92)=UA{M)-(PJC—PA(M))/DENS/CA(M)-DT*GA(M)
P{LyNL,2)=PJC
CONTINUE
RETURN

END’



SUBROUTINE IMPED(J)
C#%%% DUMMY JUNCTION AND ACGUSTIC IMPEDANCE DISCONTINUITY #%%%
COMMON /R1/ A(100),C(100),02(100),D(100),P(100,100,2),
1 U(100410042)yLJ1(100+6)4LJIN(10046),MLLL100),MLN(100),
2 S LPIPE(IOO)yJUN(100).NNODE(100)'DENSvDT
DATA K1,K2/1,2/
IF{ML1(J).EQ.0) GO TO 10
Cx%xx AT LEAST ONE PIPE IS CONNECTED AT FIRST NUDE
L1=tJl(d,1)
I11=1
$1=1.0
CALL INTRP(L1,11,K2,UB,PB,+CB)
IF(MLL{J).EDQ.2) GO TO 25
Cx%%%x AT LEAST ONE PIPE IS5 CONNECTED AT LAST NODE -
10 LN=LJN(J,1)
I N=NNODE (LN)
SN=1.0
CALL INTRP(LNsINsK1yUA,PA,CA) v
_ IF(MLNEI).FRLL) GO TO 50 ’
C*%%% BOTH PIPES ARE CONNECTED AT LAST NODE
LI=LJIN(J,2).
1 1=NNODE(L1)
Sl=—l‘0 ’
CALL INTRP(L1,11,K1,UBM,PB,CB)
UB=-UBM
GO TU 50
Cexsx BOTH PIPES ARE CONNECTED AT FIRST NODE
25 LN=LJ1(J,2)
IN=1
SN=-1.0
CALL INTRP{LN,IN, Kz.UAM,PA,CA)
UA==UAM
C#x%%% JUNCVION CALCULATICN
50 CALL FRCTRMIL1,UB,GB)
CALL FRCTRM{LNyUA+GA)
PILNy INy2)= {DENS*{UA-UB+DI R(GB=GA) ) #CA%CD+PA*CBIPBYCA)/ (CA+CB)
PULLI142)1=P(LN,IN,2)
UP=(CA%*(UA-DT*GA)+CB%(UB-DT%GB)+(PA- PB)/DENS)/(CA+CB)
UILN, INs2)=SN*UP
UlLlylly2)=S1*up
RETURN
END



SUBROUTINE CLOSED(J)

‘C#%%x% CLOSED END JUNCTIONS &%

etk

Cdkk
10

1
2

COMMON /R17 A(lOO).C(lOO).DZ(lOO)'D(IOO),P(IOO.IOOyZ)y
. -U(100,100452)9LJ1{10056),LIN(100,6); ML1(100),MLN(100).
LPIPE(IOOD,JUN(IOO)'NNUDE(lOO)vDENS,DT
DATA K14K2/1,27 -
IF(MLN(J).EQ.]1) GOD.”TO 10 :
FIRST PIPE NODE CONNECTED TO JUNCTION *%%x& '
L=LJ1(J,y1)
CALL INTRP(L,K1,K2,UB4PB,CB)
CALL FRCTRMI{L,UB,GB)
UllL,1,2)=0.0
PILs;1,2)=PB+DENSECB*(-UB+DT=GB)
RETURN
LAST PIPE NODE CONNECTED TO JUNCT[DN Rtk
L=LJN{Js1)
1=NNODE (L)
CALL INTRP{(L,I4K1,UA,PA,CA)
CALL FRCTRMIL,UA,GA)
UlL,14,2)=0.0 . -
PIL ] 42)=PA+DENS®*CA% (UA-DT%GA) : ' . - n
RETURN
END

H

T7
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Cletnk

Cdedkek

CHgns
10

SUBROUTINE CONSTP(J,PRES)

CONSTANT PRESSURE JUNCTIONS AND. RESERVOIRS #*¥&kx&ak%

COMMON /R1/ A(100),C(100),+DZ(100),0(100)9yP{100,100,+2),

1 . . U(1004100+2)5LJ101004+6) 9L IN{L100,6),ML1{100),MLN(100},
2 LPIPE(100),JUN(100),NNODE(100) 4DENS,OT

DATA KlyK2/1,2/

IF(ML1(J).EQ.1) GO TO 10

LAST PIPE NODE CONNECTED TO JUNCTION %%%¥
L=LJIN(Jd,s1)

I=NNODE(L)

P(Ly1,2)=PRES

CALL INTRP({LsEsK1,UA4PA,CA)

CALL FRCTRM{L,UA,GA)
UlL3I+2)=UA-(PRES-PA}/DENS/CA-DT%GA
RETURN ‘

FIRST PIPE NODE CONNECTED TO JUNCTIUN #%%x%
L=LJ1{Jd,s1)

P{Ls1s2)=PRES

CALL INTRP{1 +K1,K2,UB+PB,CB)

CALL FRCTRM(L,UBGB)

UlL,y1ly2)=UB+ (PRES—PB)/DENS/CB-DT*GB
RCTURN '

END



SUBROUTINE FAREND(J)

C#xxx NONREFLECTING FAR END JUNCTION #*#%%

CHxk%

CHRxE%k
10

C OMMON /Rl/,A(lOO),C(lOO)_DZ(100)10(100)4P(100110012l3
1 ' U(100,100,2)4yLJ1(100+6)+LJIN(100+6)4ML1{100),MLN(100),
2 LPIPE(IOO),JUN(IOO)yNNUDE(IOO)yOENSgUT

IF(MLI(J)-EQ 1) GO T0 10

LAST PIPE NODE CONNECTED T0. JUNCT[ON ok

L= LJN(Jvl)

I=NNODE{L)

P{Ly1+2)=P{Ls1-1,2)

UlLsI42)=U(LyI=-142)

RETURN

FIRST PIPE NODE CONNECTED TO JUNCTION %t

L=LJi{d,1l)

P{Ls1y2)=P(L, 292)

UlLs1ls2)=UlL42+2)

RETURN

END
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CH %%
Coxnx
Crxax

Cdok %

C % ki

C &k k

10

CrEns
50

SOk

Chdksk
58
60

SUBROUTINE RUPDSK{JsPBUR,PRES,KRD)

RUPTURE DISK SUBROUTINE #k%%

TREATED AS A CLOSED END UNTIL PRESSURE EXCEEDS PBUR ##%%xx

TREATED AS A RESERVOIR ‘AT PRES THEREAFTER #*%%%

COMMUN /R1/ A(100),C{100),D21100)+D(100),P(100,100,2), _
U(100,10092)9LJ1(200+6)sLIN{100,6) ML1(100),MLN(100),
LPIPE(100),JUN(100),NNCDE{100) yDENS,DT

DATA K1l,K2/142/

IF(ML1(J)EQ.1) GO TO 50

LAST PIPE NOUDE CONNECTED TO JUNCTION #ox&% =

L=LJN(Jy 1)

I=NNODE(L)

IF(KRD.EQ.1) GO TO 10

DISK HAS NUT BEEN RUPTURED PREVIOUSLY %%%#.

CALL INTRPI(L,I4Kt,UA,PA,CA)

CALL FRCTRM(L,UA,GA)

UL, 1%21=0.,0

P(Ls1+2)=PA+DENS*CA* (UA-DT*GA)

TF(P(1 4+1,2),6T.PBUR) GO TO 8

RETURN

DISK HAS RUPTURED #%%%

KRD=1

P{L,I,2)=PRES

CALL INTRP{Ls1,K1,UA,PA,CA}

CALL FRCTRMIL,UA,GA)

UlLsI192)=UA-I{PRES-PA)/DENS/CA-DT*GA

RETURN

FIRST PIPE NODE CONNECTED TO JUNCTION ¥*%*%

L=LJLl{dr1l)

[F{(KRD.EQ.1) GO TO 60

DISK -HAS /NOT BEEN RUPTURED PREVIOQUSLY #*%**x%
CALL INTRP(L,K1sK2,UB,PB,(CB}

CALL FRCTRM({L,UB,GB)

UtLy1,2)=0.0
P{Ly142)=PB+DENS*¥CBX:(-UB+DT=GB)
TF(P(Ls1,2).GT.PBUR) GO TO 58
RETURN

DISK HAS RUPTURED % %x

KRD=1 .

P(Ly1s2)=PRES

CALL INTRP(L:KlyKZyUB,PB'CB’

CALL FRCTRM{L,UB,GB)
U(Ly1,y2)=UB+{PRES-PR)/NDENS/CB-DT*GB
RETURN

END



CHtkn

Cetxk

20

CHssx

30

35

SUBROUTINE PRESSO(JT,PSO)

COMPUTATION, OF PRESSURE SOURCE JUNCTION TERE o
COMMON. /R1/ A(100),€{100),02(100),D(100),P(100,100, 2)o'
1 ; U(lOOolOOyZ),LJl(lOOyb),LJN(lOOob).MLI(lOO).MLN(lOO)'
2 . LPIPE(IOO)’JUN(IOODyNNODE(IOO).DENS 0T P
DATA. K1,K2/1.2/

NNLI=ML1(JT)

NNN=MLN(JT)

IF(NNL.EQ.O0) GO TO 25

COMPUTE PIPES JOINED WITH FIRST NODE #*¥%xx

DO 20 K=1,NN1

L=LJ1l{JT,K)

CALL INTRP(L,K1,K2,UB,PB,CB)

CALL FRCTRM(L,UB,GB)

UlL,1,2)=UB+(PSO-PB)/DENS/CB-=DT*GB

P(Ly1,2)=PSO . . ‘

IF(NNN.EQ.O) GO TO 35 °

COMPUTE PIPES JOINED WITH LAST NODE #2x&%

DO 30 K=1,NNN '

L=LIN(JIT 4K}

I=NNODE(L)

CALL INTRP(L+I4KLsUA,PA,CA)

CALL FRCTRM{L4+UA,GA)}

UlL,142)=UA-(PSO-PA)/DENS/CA-DT*GA

P‘L'IQZ);PSO' ’

RETURN

END
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Capex
C# #kk
C
10
15
20
30

SUBROUTINE PTIME(T,P)
CALCULATES SOURCE PRESSURE P AT T]ME T BY LINEAR INTERPOLATION
OF VALUtS IN COMMON -

COMMON  /R5/ NOPT,TIME(50),PTM(50)
IF(TLLE.TIME(1)) GO TO 30

DO 10 K=2,NOPT

IF{T.EQ.TIME(K)) GO TO 15
IF(T.LT.TIME(K)) GO TO 20
CONTINUE

P=PTM{NOPT}

RETURN

P=PTM(K)

RETURN

KM=K~-1
P=PTMIKM)+(PTM(K)-PTM(KM) ) (T~ TIME(KM))/(]IME(K) —TIME(KM))
RETURN

P=PTM{1)

RETURN

END
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