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DTOAVACi A TRANSlEHT-VftCUHH-METWORK ANALYSIS CODE 

ABSTRACT 

This report discusses the structure and use of the program DYNAVAC, a new 
transient-vacuum-network analysis code implemented on the NHFECC CDC-7600 
computer. DYNAVAC solves for the transient pressures in a network of up to 
twenty lumped volumes, interconnected in any configuration by specified 
conductances. Each volume can have an internal gas source, a pumping speed, 
and any initial pressure. The gas-source rates can vary with time in any 
piecewise-linear manner, and up to twenty different time variations can be 
included in a single problem. In addition, the pumping speed in each volume 
can vary with the total gas pumped in the volume, thus simulating the satur
ation of surface pumping. This report is intended to be both a general de
scription and a user's manual for DMA VAC. 

INTRODUCTION 

The experimental magnetic fusion energy program frequently presents one 
with the problem of desianing, for a new experiment, a vacuum system which 
maintains a low pressure in the vicinity of the plasma while large amounts of 
gas are being injected into the vacuum via neutral beams and other gas sources. 
In the past, these design problems have been treated in basically two ways. 

The Cirst method is to assume that the vacuum system reaches equilibrium 
during the physics experiment, and design on that assumption. This has been 
done most frequently at LLL using the computer code GASBAL, written by Hoffman, 
Roose, and Carlson. GASBAL performs a steady-state solution to obtain the 
pressures in the various volumes within the system, taking into account the 
influence of the plasma itself, direct streaming gas from neutral beams, both 
high and low energy gas, and many other factors (more than 28 in all). However, 

i, T. R. Roose, H. A. Hoffman, and G. A. Carlson, "Analysis of the Steady-
State Operation of Vacuum Systems for Fusion Machines," in Pioc. of the 

Sixth Symposium on Engineering Problems of Fusion Research. San Diego, CA, 
Nov. 16-21, 1975, IEEE Publication number 75CH1097-S-NPS (1976>. 



GASBAL assumes a geometry in which pairs of volumes in series radiate out from 
a single, central, plasma chamber. Although {with some creativity on the part 
of their designers) many systems can be modelled in this general manner, tandem 
mirrors do not seem to be among them. In addition, experimental information 
from THX indicates that the vacuum does not reach equilibrium during the exper
iment, which means that an assumption of conditions steady-state could lead to 
over-design of the vacuum system. 

A second method of attacking the general problem is by solving the system 
differential equations manually, if a lumped model is assumed, the equations 
are straightforwaid but extremely tedious to solve, especially for large 
numbers of lumped volumes. Furthermore, in the design process where changes 
are frequent, many such solutions (each one different) are required. One tool 
which is currently available to help in this approach is the computer code 
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DIP3. This code is an interactive solver for a three-volume, differential-
pumping system. The three volumes are required to be in series, and there can 
be only one gas source, located in the first volume. The output of this code 
consists of the three pressures and the flow of gas out of the third volume, 
at requested time steps. DIP3 produces exact results, since it merely supplies 
the input quantities to an extant general three-volume solution obtained by 
standard analytical means. This code has been useful in estimating saturation 
times for pumping surfaces within vacuum systems. Again, the geometry is 
restrictive, and although DIP3 is an extremely convenient method for handling 
simple problems, it cannot be used effectively for large, many-volume systems. 

To solve this general vacuum system design problem satisfactorily, a tool 
is required that provides transient solutions to the general system equations 
for a large number of volumes, interconnected in any way. It must alio* for 
variations in the properties of the system in order to account for time-
variable gas sources and saturation of surface pumping, and it must be 
convenient and easy to use. Out of these requirements the code DYNAVAC was 
created. It has been constructed to be used easily in the design process, 
just as codes are used for stress, magnetic-field, and electric-field design. 
Furthermore, it is constructed in a modular fashion which will allow special 
features to be added as they are required. 

2. L. Pittenger, "Analytic Solution for the Transient Response of 3-Stage 
Differentially-Pumped Vacuum Systems in the Molecular Flow Regime," 
Lawrence Livermore Laboratory Engineering Dote ENE 75-4 (Janjary 1975). 
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DESCRIPTION 

DTOAVAC solves the general vacuum-network problem of N (£20) lumped 
volumes interconnected in any configuration by conductances. In general, each 
lumped volume has four properties: volume (V), pumping speed (S), gas source 
rate (Q) and pressure (P). In addition, each volume can be connected to any 
other volume via specified conductances, which need not be the same in both 
directions; that is, the conductance from volume .'. to volume j need not be the 
same as that from volume j to volume i. With this information, one can write 
the continuity equation for volume i, to yield the general, first order, 
ordinary differential equatioi (ODE) for a volume: 

« * 3i - SiPi - y (C. . P - C..P.) 

where C,., = 0. 
ii 

This equation indicates simply that the rate of increase of gas in the 
volume is equal to the rate at which it is added to the volume by a source 
within the volume, minus the rate at which it is pumped within the volume, 
minus the net rate at which it is conducted away to all other volumes. For a 
general system of N connected volumes, there are N similar equations, each 
containing N unknowns, the pressure in each of the volumes. 

Within DYNAVAC, this system of first order ODE's is solved by LSODE, a 
solver descended from GEAR, and written by Alan C. Hindmarsh. This powerful 
ODE solver is flexible enough that variations in the system properties can be 
made quite easily. For the current version of DYNAVAC, only two such varia
tions have been incorporated. The first, time-variable gas source rates, is 
intended to allow simple simulation of neutral-beam sources and other gas 
loads, which may increase or decrease during the experiment. The second, 
variable pumping speeds, is intended to model the saturation effect of pumping 
surfaces. This is accomplished by permitting the pumping speed in each volume 
to vary with the total amount of gas pumped in that volume: 

3. A. C. Hindmarsh, LSODE-Livermore Solver for Ordinary Differential 
Equations, Lawrence Livermore Laboratory report in preparation. 
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S,(t) {£"*)• 
The LSODE package performs all control of numerical error in the solution, 

under the condition that the error per solver step in V., AP. is 

iP, < I x 10" 1 0 + (1 x 10 - 4) P. . i — i 

This provides both absolute (1 r 10~ } and relative [(1 x 10~ )P.] error 
control, and in testing it has maintained at least three significant figures of 
accuracy in the output. It should be noted, however, that in problems having 
pressures on the order oc 10~ , results may be inaccurate. These parameters 
can be adjusted by changes in subroutine BAG, but it must be noted that such 
changes will influence the time required for solution. 

AVAILABILITY 

The executable code DYNAVAC, the source file DYNAVACS, and the input file 
for the sample problem in this report, OYNAVIN, are available by running FILEM 
as follows: 

FILEM / t v 
RDS , 3043 . VACUUM DYNAVAC DYNAVACS DYNAVIN 

Before running the sample problem, the file name must be changed to VACIN, 
which can be done with utility routine switch SWITCH DYNAVIN VACIN / t v. 

EXECUTION 

DYNAVAC is run by simply executing the controllee DYNAVAC, and supplying 
an input file named VACIN. DYNAVAC outputs several lines of information to 
the terminal, concerning the code itself and the problem it is solving. It 
generates four different files which are left on disk. The printed output for 
the problem is in file VACPRT, along with an echo of the input information. 
The plotted output is left on disk with a file name of the form FX105/hhmm, 
where the last four digits (hhmm) are the time the file was generated. The 
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two remaining files should be of little interest to the user. File SCRATCH 
contains the pressure vs time output data; this file could be used as input 
for other codes for various purposes. File VACERR contains information 
concerning the actual solution of the equations, including any messages sent 
by the solver LSODE. If DYNAVAC terminates during the solution of the 
equations, this information can be useful in determining the cause. 

INPUT 

All input to DYNAVAC is in the tile VACIN, which must be present for 
DYHAVAC to execute successfully. If VACIN cannot be found, execution will be 
terminated by ORDERLIB ERROR 28*. All input is formatted as shown in square 
brackets below. Integer data must be right-justified and must not include a 
decimal. All other numerical data should be entered with a decimal point, 
unless the default input format (generally E10.3) is used; use of a decimal 
point will override the default format. If non-imbedded blanks are encoun
tered, they are read as zuros. Numerical limits are indicated in parentheses 
below. 

File VACIN is constructed as follows: 
A. TITLE CARD [lOA4] 

Col 1-40 TITLE - up to 40 characters which will be 
output at the top of each page of 
output 

B. MASTER CONTROL CARD [415] 
Col 1-5 NTANK (̂ 20) - the number of lumped volumes in 

the system 
Col 6-10 NCOND (£380) - the number of conductance cards to 

be read 
Col 11-15 NFONQ (<20) - the number of gas-source time 

functions (Q functions) to be 
entered (see Note 1) 

Col 16-21) MODE - 0 or blank - for input-and-run mode 
1 for data check mode 

C. VOLUME CARDS - NTANK sets of cards cequiced 
1) VOLUME TITLE CARD [l0A4] 
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Col 1-4C VTITLE - up to 40 characters to be output 
in the heading for the graph for 
the volume 

2) VOLUME DATA CARD [4E10.3, 215] 
Col 1-10 VOL £0.0) - the volume 
Col 11-20 SPD £0.0) - the pumping speed (ignored if a 

speed table is used) 
Col 21-30 Q £0.0} - the gas source rate 
Col 31-40 P £0.0) - the initial pressure 
Col 41-45 NPTS (£20) - the number of points in the speed 

table (0 or blank for constant 
pumping speed) 

Col 46-50 irUNQ - the number of the Q function for 
this volume (0 or blank for con
stant gas source rate - see Note 1) 

3) SPEED TABLE CARDS [2E10.3J - NPTS cards required (see Note 2) 
Col 1-10 QINT £0.0) - total integrated gas pumped 
Col 11-20 SPD £0.0) - the pumping speed at QINT 

D, CONDUCTANCE CfcRDS [215, E lO. i ] - NCOND cacds required 

Col 1-5 I 

Col 6-10 J 
Col 11-20 C(I,J) £0.0) - The conductance from volume I to 

volume J. By default C(J,I) = 
C(I,J) unlets both are input. If 
neither is input/ the default is 
zero. 

E. Q FUNCTION CARDS - NFDNQ sets of cards required 
1} Q FUNCTION CONTROL CARD [l5] 

Col 1-5 NPTQ (5.20) - the number of points in the Q 
function table 

2) Q FUNCTION TABLE CARDS [2E10.3] - NPTQ cards required 
Col 1-10 T - time 
Col 11-20 FQ £0.0) - the Q function value at time T 

(see Note 1) 
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F. PROBLEM CONTROL CARDS - one and only one set required (see Note 3) 
1) TIME BLOCK CONTROL CARD [ l 5 , E10.3} 

Col 1-5 SBLOCK <<10) - the number of blocks of equally 
spaced time steps 

Col 6-1S TO - the initial time 
2) TIKE BLOCK CARDS [l5, E10.3] - N3L0CK :ards required 

Col 1-5 HSTEP - t h e number of t ime s t e p s i n t h e 

block 

Col 6-10 TSTEP - t he l eng th of the time s t e p 

MOTES 

1) Time-dependent gas-source rates are handled in the following manner 
if IFUNQ is greater than zero for a volume. (If IFUNQ is zero for 
a volume, the gas source is not time-dependent.J The gas source 
rate at any time is given by Q*FQ, where FQ, the Q function value, 
carried the time dependency. FO. is determined for * particular 
volume at a particular time by going to the Q function table for 
that volume and linearly interpolating between points. The first 
and last points of any table are extrapolated as constant values. 
Any number of volumes can use the same Q function, if it is desired 
to give them all the same time dependence. 

2) Pumping speeds can be a function of the total integrated gas pumped 
in a volume, if NPTS is greater than zero. (If NPTS is equal to 
zero the pumping speed is constant.) The total integrated gas 
pumped in a volume is obtained by doing the stepwise integration 

QINT = 2_] p i s i At > 

where Pi is the average pressure during the time step At in 
volume i. The pumping speed is then given as a function of QINT. 
The pumping speed at any time is determined by going to the 
volume's speed tabl* with the current value of QINT, and linearly 
interpolating between points. The first and last points are 
extrapolated as constant values. If a speed table is used, SPD on 
the volume data card is ignored. 

3) There must be less than a total of 1000 time steps per problem. 
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4) Ar.y units can be used, hut they must make a consistent set; that 
is, they must fit in the system equation correctly. A useful set 
is as follows: pressure in Torr, volume in liters, time in 
seconds, conductances and pumping speeds in liters per second, gas 
source rates in Torr-liters per second, integrated gas pumped in 
Torr-liters, ana Q function unitless. 

OUTPUT 

ITY 
When DYNAVAC is executed, three lines are normally sent to the user's 

TTY. The first line is information on the DYNAVAC version that is currently 
being used; it consists of eight integers separated by decimal points, each 
integer referring to the version number of one of the eight main DYNAVAC 
subroutines. If trouble is encountered in running a version of DYNAVAC just 
retrieved from public storage, check these numbers to see if changes have bssn 
made in the code itself. A further aid in this situation is the compilation 
date, also output at the TTY. Normally, the final line of output is the title 
line from the problem DYNAVAC is currently working on. However, if errors are 
encountered during execution, additional information will be output to the ITY, 
depending on the circumstances. If an error is found in the input data, it is 
printed on the TTY, and the rest of the input file is checked, regardless of 
how many errors are found. 

Printed 
File VACPBT contains the printed output from the problem. It consists of 

a formatted echo of the input file, followed by the pressure vs time data. If 
errors are encountered in the input, the entire input file is still checked, 
and information on errors is printed in VACPRT. 

File VACERR contains information useful in the event of problems in the 
solution. For each output time step, VACERR contains the total number of 
steps taken internally by LSODE, the total number of evaluations of the system 
equations and the system Jacobian, and the last internal time step used 
successfully by LSODE. In addition, VACERR contains any messages sent by 
LSODE. 

File SCRATCH contains only the pressure vs time data. This data may be 
useful as input for post-processing codes, bus usually the file can be ignored. 
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Graphical 
DYNAVAC produces FR80-format plotfiles with names of the form FXl05/hhmmr 

where hhram is the tine the file was generated. These files can be output 
using NETPLOT with the F. option, if the L. option is also used, the plots 
will be of an appropriate size for an 8 1/2 x 11 page. 

DVN7AC produces two types of graphs. The first set of graphs consists of 
the pressure vs time data for all volume? plotted to the same scalr.. in this 
set there are five plots per graph on as many graphs as are rehired. Fol
lowing these plots are individual plots for each volume, each to an appropriate 
scale for that plot. The second set allows one to examine in detail the 
response of each volume on the individual plots and compare it to all volumes 
on the combined graphs. 

The following example demonstrates many of t>e features of DYNAVAC. A 
schematic of the system model is shown in Pig. 1. This problem involves a 
THX-like geometry, including all leakage paths from volume to volume as 
conductances. There are three gas sources: a gas box in the plug area, and 
neutral beams in the plug and center cell. In this example, the neutral beams 
operate simultaneously and the gas box comes on 0.005 seconds after them. 
Note th?t this is accomplished by using only two Q functions: the first for 
the gas box and the second for both -ieutral-beam clusters. Also note that 
although the Q function is the same for volumes 8 and 9, the actual gas loads 
are different (corresponding to 10 sources in the plug and 4 sources in the 
central cell) by means of the Q values entered on the volume data cards. For 
both the vieutral beams and the gas box, the jas source is assumed to turn on 
instantly, remain on at a constant rate, and then ramp down to zero in C.005 
seconds (see Fig. 2), 

In volumes 2, 3, and 5, the effect of saturation of surface pumping was 
modelled by using variable pumping speeds. It is assumed in all three cases 
that the pumping speed initially decreases linearly with QINT (the total gas 
pumped in the volume), and then levels off at a constant value (see Fig. 3). 
This can be entered with only two points in the speed table, since DSNAVAC 
interpolates between points, and extrapolat- a constant value from the first 
and last points. 

The time control is set up to output from time zero to 0.1 in steps of 
.001, from 0.1 to 0.3 in steps of .005, and from .3 to .5 in steps of .01, 
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Q,tt) 

FIG. 1. Schematic of system model for example problem. 
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X 1 
0 0.005 0.015 0.025 0.035 0.045 0.055 01)65 

Time Is! 

FIG, 2. Variation of gas-source rate for volume 6 with time. Circles denote 
input points. 
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I 

QINT 

FIG. 3. Pumping speed characteristic for volumes 2, 3, arid 5. Circias 
denote input points. 
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The units used in this example are Torr, liter, and seconds. 
The input filer VAC2N, for this example is shown in Pig. 4* Printed 

output from file VACPRT is shown in Fig. 5, a-c, with only one page of data 
included. The entire set of graphs produced for this problem is shown in 
Fig. 6, a-n. Finally, one page of printed output from file VACERR is shown in 
Fig. 7. 
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TEST CASE B009 - COLD LIHERS, 
I I I E . ? 0 

OutS IDE OF OUTER LINER 
300(1 .0 5000.1] 0 . 

OUTER ANNULUS 
1 8 . i E * 0 3 0 . 

0 . 0 S . 5 I I E - 0 6 
7 . 6 B 7 6 5 . 0 7 8 E * 0 S 

INNER ANNULUS 
l £ . I E < D 3 O.I 

0 . 0 3 . 2 2 P E . 0 6 
H . 4 9 1 7 3.6ff,?E»05 

PLASMA CHAMBER 
0 . 9 B E * 0 3 4 . 0 0 E « 0 4 O.i 

END FAN CHAMBER 
( 6 - 0 E « 0 3 0 I 

0 . 0 a . 3 6 I E » 0 6 
J . 5 9 3 ? . 1 7 9 E » 0 5 

GAS BOX 
1 3 . 0 C O 1 0 . 

EAST F I X E D DOME 
8 . 5 0 E * G 3 3. I E * 0 5 3 . i 

CENTER CELL TANK 
B . 5 0 E « 0 3 3 . ? E * 0 5 150.1 

NEAJTRM. K A W SQUHCK 
l . 5 7 E * 0 3 0 . 0 3 0 0 . 

WEST F IXED DOME 
8 . 5 0 E * 0 3 3 . I E < 0 5 O.l 

DUMMY HE ST TANK 
5 6 . 4 E - 0 3 1 6 . E - 0 5 0.1 

S . 7 7 E * 0 5 
E . 8 7 E * 0 3 
S.50E*05 
1 .MIE+GS 
a.eoE'O'i 

. 1 5 E » 0 5 

.2OE*OM 

.BBE»03 
IDE-OH 
I 0 E * 0 4 
SEE-05 
6 2 E » 0 5 

9 .H6E«D4 
7 . 9 f E « 0 5 
? . 6 9 E . 0 5 

I 
I 
I 
a 
s 
3 
3 
3 
3 
M 
6 
7 
8 
9 
9 

10 

0 . 0 0 1 9 9 
0 . 0 0 5 
0 . 0 5 5 
0 , 0 6 0 

S 
D . 0 5 5 
0 . 0 6 B 

3 0 . 0 
100 0 . 0 0 1 

40 0 0 0 5 
SO 0 01 

s 
5 
7 
3 
5 

5 
e 
7 
5 
7 
3 

10 
I 

I I 

0 . 0 
I . 0 
1 . 0 
0 . 0 

1 . 0 

.or-07 

FIG. 4. Input file (WCIN) fot example problem. 
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DYNAVAC OUTPUT 

TEST CA5E B0O9 - CfUD LINERS. GETTERINO 

NUMBER Or VOLUMES » I I 
NUMBER OF CONDUCTANCES = |6 
NUMBER OF Q ("uucTIDNS = S 

VOLUME I - OUTSIDE OF OUTER LINER 
VOLUME - 3.00DE'D3 
INITIAL PRESSURF = 1.000E-07 
CAS SOURCE = 0. 
PUMPING SPEED = 5.000E-03 

VOLUME £ - DUTER ANNULUS 
VOLUME - 1.Ba0E+O4 
INITIAL PRE55URE = 1.000E-07 
CA-r- SOURCE = D. 

PUMPING SPEED ' 
)N1iS*P*D1 '-

7.6BBE-D0 

MCLUME i " INNER ANIJULUS 
VOLUME - I . 2 IQE-D4 
1NIJ IAL PRESSURE = t . 0 0 0 E - 0 7 

GAS SOURCE = 0. 
PUMPING SPEED TABLE i P. POINTS: 

l N f ( S * P * O T i SPEEO 

VOLUME H - PLASMi. C H A M B E R 
MOLUME - 9 .20QE-0? 
I N I T I A L PRESSURE = I.O0QE-Q7 
PAS SOURCE - 0 . 
PUMPiNG SPEEO = * OOOE-O1. 

VOLUME 5 - END FAN CHAMBER 
VOLUME ^ ! .6QQE*Dt 
I N I T I A L PRESSURE - l .OOQE-07 
OAS SOURCE = 0 

PUMPING SPEEO TABLE i 2 POINTSi 
I M i S ' P ' D T i SPEED 

VOLUMF 6 - CAS BOX 
VOLUME 
I N I T I A L PRESSURE 
GAS SOURCE 
0 FUNC1 I ON 
PUMPING SPEED 

VOLUME 7 - EAST FIXED 
VOLUME 
I N I T I A L PPES5URE • 
GAS SOURCE 
PUMPING SPEEO 

VOLUME 8 - CENTER CELl 
VOLUME 
I Ml DAL PRESSURE 
GAS SOURCE 
Q FUNETION 
PUMPING SPEED 

B U voi_unc -a - t« 
VDLUHE 
I MlTIAL PRESSURE 
GAS SOURCE 
a FUNCTION 
PUMPING SPEED 

VOLUME 10 - WEST F" IXE 
VOLUME 
INITIAL PRESSURE • 

G A S s m j i - . a 
Pi.'fiHlNC SPEEO 

VOLUME I I - DUMMY WEST 
VOLUME 
I N I T I A L PRESSURE = 

GAS SOURCE 
PUMPING SPEED 

1 . 3 0 0 0 0 ] 
1 . 00OE-07 
1 .00OE-01 

DOME 
8.S00E»D3 
I .00OE-O7 

TANK 
6 . 5 0 0 t * 0 3 
I . 0 0 0 E - 0 7 
i . 2 0 0 E - 0 2 

1 SOURCES 
1 . r ) 70E*03 
I.DOOE-07 
;(.OOOE*02 

' POME 
••> 0 . 5 O O E - O 3 
- l . O O O E - 0 7 

TANK 
5.5- tOE-O" 
I .O00E-07 

( a ) 

PIG. 5. Printed output (YACPBT) for example problem. 



CONDUCTANCE HATRiX 

0 9 . 7 7 0 E OS 0 ? ? .8~0E 01 0 
9 ^Ol 05 3 . - . H i r i t 05 0 C.80OE 01 c 
0 . H . m t E 05 a . 3 . 1 5 0 * * 0 5 3.2C0E as i IOOE -0<* 
0 0 . 3 150E 05 o. «,!aoe OS i) 
^.e^or 03 5 . 6 3 0 C Ov 3 . ^ o a r Q*. 4 . IUflC*Q» 3 a 
0 . 1). 1 J DOE r« o. c D 
£ 50 0E Q5 0 7 66 OE P i 0 0 . i ir.cr-LP'-
0 0 . D o a . 0 
9 H & G E 0<+ 1 9 « 0 t • 0 5 0- D 0 0 

r, e?Of *r.s o. 

G.ht 'Of * 0 0 C 

0 FUNCTION NUMBER 
TIME FQ 

4 . 9 9 0 E - 0 3 0 . 
5 .O0OE-O3 i . 0 0 0 0 ( 1 0 
5 . 5 0 D E - 0 2 l .DOOt 'OD 
6 . 0 0 0 C - 0 ? 0 . 

0 FUNCTION NUMBER ? . I a POINTS! 

PROBLEM CONTROL 

NUMBER OF TIHE BLOCKS 
I N I T I A L TIME 

NSTFJP 

BLOCK 
8L0CK 
BLOCK 

i - 0 0 0 C - 0 3 
S.COOE-03 
1 .OOOE-02 

(b) 

FIG. 5. (Continued) 



IDVNAWftC- TEST CHEE B009 - COLO L1NE0S, GETtEfINC 

TIME 0 1 PS PI f 1 " P 5 P 6 P T P 8 P 9 P10 
Pi 1 P 

0, 1.050C-Q7 1 OOBC-07 i.OOCE'C I-0IJ0F-&7 KOOSt-Q7 1.00DE-D7 I . GUM - Q ? 1.QD0E-Q7 1 ODOi. -07 ! DDOE-0? 
1.POOE-07 

1 .OOOC-03 3.B06Z-06 3 I10E-06 l.J39£-0*> 9 S71E-0B B.Q3DE-QS 5 295E-Q' 7 5?wE-07 l 64SE-05 1 '.65E-Q'. 7 2T5E-07 

2.OCOE-03 9.43SE-06 9.S59E-06 S.793E-D7 i . I 77E - 07 B.717I-0B S.52JE-Q7 ?.*fleF-OS 2.93SE-05 ?. 3181.-0'* ^.32QE-Q6 
I , 0 19E - 07 

3.0B&T-Q3 I ,b71E~05 1.5B9E-05 E . 0 3 l £ - » 7 2 . 0 e 7 E - 0 7 9.QI.7E-DB l . 9 » 7 E - £ 6 5.0D9E-0& 3 9 7 S I - 0 5 ?.B3IE -0-* •. .535E-06 
1. IH3E-07 

^ .Q00C-03 3 . 3 3 7 1 - 0 5 e.801£-C5 I .D40E-06 3-667C- 01 | . ?D9E-0? 3.->. BE-06 S-077E-DS U..B3OE-05 3 . 1 5 0 £ - a n 7 . ] JOE-OB 
1.3B7E- 07 

a.OOOE-03 3 .030E-05 2-73&E-S5 1.538E-S6 B .060E-07 P.5I9E-G7 g 3Q7E-0E i . 150E-Q5 S . ^ S E - f K 3 - % ? f - Q t 9.90QE-0& 
I .74BE-07 

6-O0OE-O3 J . 71 IE-D5 3 . 1 9 I E - 0 5 2.349E-11B 9 . 2 9 S E - 0 1 1.995E-07 3.791F - Q** 1 'j<.?l-OS &. 16-.E • U5 3.«91E-(W 1 .205E-0S 
e . 2 3 5 £ - 0 7 

7 . 0 0 0 E - 0 3 4.3O2E-0S 3 .577E-05 3.033E-QS (-3SBE-0S 2.3186-01" i» . >•« IE - 0** 1 .96 IE-05 6 .7QSE-05 3.595E-0H 1.67SE-05 
^.SM«<E-D7 

a,Q00E-03 t.825£~05 3-90DE-05 3.7U5E-8B i .BkSt-$& £.77S£-G7 •*.6«GF-(14 2.38DF-85 7.iSOF-05 3 SSJf-O1* 1 BE9E-B5 
3.57SE-Q7 

O.00OE-D3 S.P95E-05 *.20lE~&S H.375C-0S 3.3-7C-0B 3-3*6E-C7 v. 6e«E-04 ? 789f-Q5 7.G29E•05 3 .7?2E - OM a 15"«E-C* 
1 .1 IS£-0? 

I.OOUE-OS S-G93E-Q5 w.itbaE-05 l*,g3QE-06 S-SltOE-Oe 3.7E6£-07 u.TISE-OS 3.196F-05 B.035E-05 3 .7e6t -0^ 5 . * . i l £ -05 
ft.3WE"01 

i . i O O £ - 0 ? 6-05«E-05 >*.69^£-05 5 .453E-0S 3 -307E-06 u_2DSE-D7 n . 7 3 l ) l - 0 s 3 5&. ' l -05 a.*l)wE-D5 3.Q0.--E-0'. .2.&981-IH 
6.H l te -Q7 

1 .aOCE-5B 6.379E-05 ••.914E-05 S.e65E-06 3 7H2E-06 H R7HE-C7 u.nSDE-O'. 3 935E-05 8 ISOF-OS 3.e3St-0.t* 0.955E-O5 
7.553£-G7 

I.300E-02 6-676E-05 S,r2u£-Q5 6.36'JE-DG H l«3£-06 5 - t « i £ - 0 7 4.71'gE-Q'. *..i?8i£-f!5 9 D73E-S5 3.8G8£-E^ 3.H83E-35 
B.77SE-07 

l . tDDE-05 6-950E-05 5-3P6E-D5 6.6-.1E-06 •..51-.E-06 5 - W E - 0 7 u 7ftBE-OH U.&13L-D5 9.377E-05 3-eekE-OH 3 *39E-Q5 
I.007E-06 

t.5Oae-02 7.206E-05 5.52-E-05 6.9BBE-05 ^ 856E-06 6 Q35E•07 - .SIGE-Ol H Q30E-Q5 g.66SE-D5 3.307E-Ot 3.E65E-05 
) l t i E - 0 5 

l . S O ^ - 0 ? 7.it50i.-0& 5.7S5E-05 7.35QE-SB S. i7HE-e8 S-NEUE-07 >< e3«.E-es 5.25BE-35 9.93SE-05 3.9?9E-e=. 3.8816.-05 
1.8866-06 

I.1DOE-02 7.6B4E-05 5.927E^05 7.&UOE-06 5.473E-06 B.B77E-07 ^.B&^;£-0 I^ b SI 3F • 05 I .019E-0* 3.95DE-0- <-.097E-D5 
I.-S33E-0B 

l-BOCE-Oa 7-9UE-05 6. I3SE-0B 7.952E-0G S.757E-06 7.S05E-O7 i..B65E-0»i S-7aME-Q= l 0"3F-0i. 3. l97l^-0^ u 3B3C-D5 
1 . 3BSE - QQ 

! .ggQ£-02 8.J37E-B5 E.?t.2E-05 S S6OE-06 6-059E-86 7-S86E-Q7 H-SSOC-OM 6,0'*2L-0& I-OS&L-O'* 3.99?£-G'. H.>*70£-05 
i , 7 t e e - 0 6 

5.00DE-0? B.359E-DB E.E.56E-05 0,6eOE-06 6.393E-06 B. WOE - D7 i 
1.9QJE-05 

«• (0O£-0? a.5BOE-05 fi.77^E-D5 a.070£>O6 6.S55E-0E B.^SaE-Ol n 
S.065E-Q5 

S.SQ0£-3S 8 .e0^ f -05 7.006E-05 9, 193C-06 6-809£-0$ B.E6&E-07 t< 
2 .53IE-05 

3.iOOE-05 9D?7E-0^ 7.?M.E-I)& : i .5lSC-0b 7.DBBE-D6 9.a^St-07 •-
e-33e£-05 

3 *.0QE-D2 9.S54E-0S 7^gOC-re a.gnGC-OS 7.3-2GC-fl6 g G3OE-07 <, 
S.557E-Q6 

^.50QE:-o^ 9.^aeE~a5 7 . 7 I , 7 E - J 5 i . o i9£ -05 T . S B S E - D G t-oo&c-ofi •• 
e.73BE-g5 

S GOOE-O? 9.723E-Q5 0.D1SE-D5 1 .OS't£-Ob 7.e59E-0& 1 .0^5E-0& ^ 
2.909E-DE 

S.700E-G? 9-gS6E-S5 a.sg^E-OS i .09 i£ -S5 S-I35E-S6 i .OBK-OB H 
%.OBOE-06 

.S94E OH 6 paGC 0 5 . 087L 0» n 01»L im •..6>.ec 0 5 

9D=iE es F, •sisr 3 5 . IOBE Ot i. . 03SE D« i- e iac OS 

.9»J£ o- G 7«?E P5 -l<?7r 0". ^.0S7E O1* •-.980E 0£ 

• 9S3E 0-. 6 95-E 0& . Wt.C DM ".n79E 0 1 S. 1 3<»t 0 5 

.94SE <w 7 tS6f as .i63C 0 * - IQSt 0 1 5.3S0C 5 3 

.9S7C 0 ' , 1 350 E 0 5 • 190E D*. t . I37E o>. 5.-H20E 0 5 

.9&BE OS 1 53&E 0 ^ . 19fiE OS H.1S1E OS 5 . W 5 t 0 5 

.973E 0*f 7 nsE 8 5 . ? i i £ C v i77E O t 5.679C 0 5 

( c ) 

PIG. 5 . (Continued) 



uvNAvAC- l i s t cust. aoo9 - COLD L I M B S , C E T I E W N G 
PPCSSURE FOP VOLLMES I 10 5 

• A - -

* • • - • . 

. . . .._j 

I -

• A - -

* • • - • . 

. . . .._j 

I -

• A - -

* • • - • . 

. . . .._j 

I -

tr i 

in 

d. 
fL 

• A - -

* • • - • . 

. . . .._j 

I -

i y 
• A - -

* • • - • . 

. . . .._j 

I -

t 01 

! 
/ ' 
L J 

• A - -

* • • - • . 

. . . .._j 

* — i — ' - — . J « - •— 
rti nj rt M 

M 

' " . V l t - 1ES1 :tSI . BOOS - CC1.0 L1NEPS. OEllERlNa 
PRESSURE FOR va.UPES 6 10 ID 

(*) 

FIG. 6. Gtaphical output for example probler. 
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DTNAVAC- 1EST CASE B0D3 • COLD LINERS. GETTERING 
PRESSURE FOR VOLUMES I I TO I I 

I 
E-O* 

! 

K 
I I IC 

OYNAVAC- 1EST CASE B009 - COLD LINERS. GETTERING 
PRESSURE FOR VOLUME I • OU!'„IDL OF OUTER LINCR 

l\ 

1 
/ 

\ 

\ 

LJ 

/ \ 
t 

E-05 " " \ 

FIG. 6. (Continued) 
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DVNAVCC- l£Sr CASE 0009 - COLD LINERS. CEIIERINC 
PRESSURE FOR VOLUME g - OUTER ANNUL US 

C ill 
E 

A 

i 

1 
! 

i 

i 
\ 4... 
\ 
\ 

1 
! 

i 

i 
\ 4... 
\ 
\ L. _ 

i - •• 
\ L. - 1 

(•) 

0VU1«C- I f S t CSSE BP09 - COLO LINERS. OErTEfiINO 
PRESSURE TOR VOLUME J - INNER OMJUUS 

uv~ " ~ | 

1 1 

1 1 

1 1 J 

If 
a 
" • 1 " 

1 
i 
{ 

\ 
t 4 

If 
a 
" • 1 " 

1 
/ 

/ 
\ 

L 

! 
; 

/ \ 
i 
1 

/ 
t 

1 
\ 

\ 

_ -J 

| 

E -06 1 
1 

1 
,kv 

\ ^ 
_ -J 

iG S 
TIME 

( f ) 

FIG. o. (Continued) 
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DYNAVAC- TEST CASE B009 - COLD LINERS. GETTERINO 
PRESSURE FOR VOLUME 1 - PLASMA CWAHBER 

A 
' 

\ 
3 15 i \ 
3 15 

1 * 1 
i V-1 
i V-

i 

-t— 
1 

\ 
E-Q6 

i 

-t— 
1 

\ 
i 

-t— 
1 V 

—. 1 1 
m ru 

Cs) 

DYNAVAC- TEST CASE B0D9 - COLD LINERS. GETTERIKG 
PttESSUKC FCR VOLUME 5 - ETN'3 FAN CHAMBER 

A | 

— — 

/ 
1 

\ 

/ 
/ 

/ 
\ 
\ 
V 

/ v^ 

HJ (U » P*> 

TIME 

(h) 

FIG. 6. (Continued) 
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DYNAVAC- TES1 CA^E B0D9 - COLD LINERS. CElTERlNG 
PRESSURE FOR VOLUME 6 - OAS BOX 

E-04 

ft ft 1 1 J 
1 

_, 

l_ 
— • 

i. 

. ..1 
1 

fu tu m 

TJH£ 

CD 

DYNAVAC" TEST CA?£ BODS - COLD LINERS, GEITERIhlG 
FRfSSUSE FOR VOlUMt ~> ~ CAST FIXED DOME 

10 i 

-—t 
/ 

M 
r l 

—i 

1 
\ 

— 1 

"! / 

M 
r l 

—i 

1 
\ 

£ \ _̂— 
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Ul a 
0-

i \ 
i 
1 
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_̂— 
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i 
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L 
V . 

E - 0 5 1 ft 

V 
Aj 01 M 

TIME 

U) 

FIG. 6. (Continued) 
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DYNAVAC- IESI LASt 
PRESSURE FOR VOLUMC 

B009 - COLO LINERS, 6ETTERIN0 
S - CENlTft CEIL W K 

i 
/ 
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/ 
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i i 
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E-05 
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Ik) 

OVWAVAC- ICS1 CiSE 8009 - CJLn LINERS, GfTIERINO 
PRESWRF FOP VOLUME 9 - IJEUWVL BEAM SOURCES 

1 
1 t 

I 

/ 

\ v 1 

\ 
\ 

V 
"••» ~- a 1 

f i M 

( 1 ) 

FIG. 6. (Continued) 
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OYrMVAC- TEST C«.5E B0D9 - COLD LINEB5, GETTERINC 
PRESSURE FOR VdLUME 10 - WEST FIXED DOME 

7 

i 
i 

i 
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—L 
i 

I _ 
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. . . . .—_, — — — 
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. J 
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oi nj n t*i 
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3 Y N A V A C - t e s r CASE 
P3£SSU3E TCP VCLIJHE. I 

9QQ9 - CCK.C LINEPS. GUITEFIKG 
I - DJ1MV WEST 1ANK 
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. .._ __ _— • 
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7 \ 
\ 
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4_ 1 

i 
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I 
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'x 
" ---

to as 
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FIG. 6. (Continued) 
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THIS IS FILE VACERR 

'SOLVER a STEPS 0FUNCT1ON 0 JACOB IAN LAST I IKE 
EVALUATIONS EVALUATIONS 

6 

STEP H2t 

1.000E-03 16 SO 

EVALUATIONS 

6 J.997E-0S 
a.(lflfiE-C3 SL 31 9 1.576E-05 
3.D00E-G3 3S 10 ! 1 2.5UE-04 
1.000E-03 39 15 II 2.469E-04 
5.000E-03 55 70 17 I.650C-06 
6.OOOE-03 :9 10? 2>5 9.4IIE-05 
7.000E-03 09 Ill 25 8.801E-05 
6.000E-03 97 120 27 5.650E-05 
3 00CE-03 ;c5 131 29 1.830E-01 
!.OOOE-OS III !3Q 50 6.496E-0E 
1.lOOE-Oe !|7 •HS S3 r 327E-05 
I.2SOE-0? 153 :5H 36 l.C26i.-05 
I.30CE-G? 152 :62 39 2.444E-04 
1.HODE-ae :3» 170 39 1.749E-04 
S.SOOE-IS 139 175 39 2.283E-0H 
;.EDDE-C2 :IB :EU 43 3.209E-04 
I.7D0E-02 151 135 47 B.709E-04 
i.BODE-02 157 JOE 51 2.30IE-04 
I-9C0E-03 iB3 ?1~ 55 S-70i.£-04 
e.OOOE-O? 139 228 59 2.0-3BE-04 
2.100E-D2 175 239 61 2.52SE-C4 
2.200E-0? LBI 2*" £9 2.423E-01 
?.300E-02 197 2t. 71 2.379E-0-
?.*00E-02 :93 272 79 ?.i:4E-04 
£ 5O0E-O? 19? ?B3 9- ?. 344E-0-
? SOOE-OS 505 234 93 2.40SE-0* 
. 700E-05 El 1 305 9" 3.S96E-34 
i'.BOOE-a? ?n 316 99 3. 4 1 1E • 04 
3.9G0E-G5 Sll 327 :34 e.es9c-oi 3.OOOE-05 229 338 109 2 4 3 5 C - C 4 
3.100E-C5 235 349 1 14 2. :3IE-G4 
i.saaE-as 239 357 ME 2 =74E-04 
i.ioat-oa 245 3EB 150 S.llflE-fll 
itaaz-as 25; 379 154 1 .49JE-0-
l.SOOt-02 256 38B :ss I.754E-04 
3.600E-02 2BI 393 128 5.930E-05 
3.700E-0? 267 400 1.T! 6.375E-05 
3.B0DE-D? ?73 40B 134 C.964E-05 
3.soae-af 279 414 137 2.I2IE-01 
4.000E-02 £33 450 138 2 453E-04 
4.I00E-02 239 431 143 5.796E-04 
4.500E-02 £93 438 145 6.934E-05 
« 3 0 0 £ - 0 c £98 444 147 2.5)4E-04 
1.400E-02 inn 450 149 1.3B7E-04 
4.500E-02 307 H56 150 4.451E-04 
-.600E-03 313 4B7 154 1.2E5E - 05 
1.70DE-02 319 473 ;57 P.556E-D4 
4.900E-D2 333 H79 159 1.P07E-D4 
4.900E-D2 32B 485 161 3.397E-05 
5.0DDE-0? 334 491 164 4.444E-05 
5.I0OE-0? 339 196 166 5.595E-04 
5.200E-0? 31 e 502 IE7 1.063E-04 
5.3DOE-0S 317 509 166 3.Beor-ci 
5.400E-02 350 5!3 169 2.760C-D4 

FIG. 7 Printed output (VACERR) car example problem. 
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APPENDIX A—INTERNAL DOTAVAC STRUCTURES 

DYNAVAC has been written in a modular fashion to facilitate modifications 
and additional capabilities, and the following discussion of its structure will 
be of interest to users who intend to make such changes. 

DYNAVAC consists of a short main program, 7 other DifNAVAC subroutines, and 
the I30DE package which consists of 21 subroutines in all. The main program, 
DYIiAVAC, serves mainly as a calling routine, with some minor problem control 
responsibilities. It first calls subroutine HOSE, which handles all input, 
error checkm>j ofc input, and the echoing of the input data. Jill data is passed 
to other subroutines via COMMON'S. When HOSE returns control to DYNAVAC, 
subroutine BAG is called. This subroutine actually obtains the solution at 
the desired output times by repealed calls to LSODE. In addition, BAG checks 
for indications of trouble from LSODE, and performs a stepwise integration to 
calculate QTMT for each volute. The pressure vs time output data is written 
into filo SCRATCH in a form suitable for latec use. When the solution is 
complete, control is returned to DYNAVfl'.'. The next subroutine called is 
EXHAUST, which handles all cf the output functions. It reads all of the out
put data from file SCRATCH, and then produces all of the printed and plotted 
output. Control is then returned to DYNAVAC, which terminates the run. If at 
any point an error occurs which has been anticipated in the coding (such as a 
negative volume input, or problems with LSODE), control is transferred at an 
appropriate time from whatever subroutine is executing, through DYNAVAC to 
subroutine PLUG. Currently, this subroutine just prints a brief message with 
suggestions to help in fixing the problem, and then terminates the run grace
fully. 

These five routines determine the main flow of operation of DYNAVAC. 
There are, however, three routines supplied besides LSODE and its subroutines. 
These three routines are called by LSODE to provide information needed for the 
solution. The first of these, PDERIV, is basically an explicit coding of the 
system equations. It merely loads array PDOT by using array P, the time T, 
and the system properties. This subroutine also performs the determination of 
the gas-source rates, by interpolation or extrapolation of the appropriate Q 
function. Subroutine PDERIV also calls subroutine CONDUCTANCE, which loads 
all of the system r.-perties into the array c. This simplifies the ccJing in 
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PDERIV. CONDUCTANCE actually determines the pumping speeds (where they are 
variable} by using QINT, as calculated in BAG. The final DVNAVAC subroutine 
which nay be of interest is subroutine PJAC, which supplies the system Jacobian 
matrix, PD, defined as 

This matrix is equal to *.he C matrix (from subroutine CONDUCTANCE) divided by 
the volumes. It is nci necessary for PJAC to call CONDUCTANCE, since PĴ iC is 
never called unless PDERIV is called first. 

The or.ly other subroutines used are those in the LSODE packager and a 
detailed d::cussion of these routines will not be attempted here. Reference 3 
shouj.d be consulted foe such a discussion, if LSODE modifications are contem
plated. For a discussion of the general user interface requirements for LSODE, 
see the comment lines below line 651 in the source listing, DYNAVACS. In the 
following pages, the source listing for LSODE and its subroutines has been 
omittt3, leaving only the eight DYNAVAC subroutines, in DYNAVACS, the LSODE 
package begins- Vieior line 651. 
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PROGRAM DYNAVAC tVAC IN,TAPE7=VACIN.VACPRI,TAPE5=VACPPT, 
1 SCRATCH, TAPE9 = SCRATCH,VACERR.TAPE3 = VACERR,TAPE = 9) 

c - - ' - - - - - - " 
C THIS IS THE S MAY ;980 VERSION Of 
c 
C DYNAVAC -- A TRANSIENT VACUUM NETWORK ANALYSIS CODE 
C 
C AUTHOR AND CONTACT: 
C GARY A. DEIS. L-54Q 
C TMX/3ETA-II GROUP. 
C MAGNETIC FUSION ENGINEERING DIVISION 
C LAWRENCE L]VERMORE LA90RAT0RY 
C PHONE: 422- ",i*79 
C 
C DYNAVAC SOLVES THE INITIAL VALUE PROBLEM OF A SYSTEM OF 
C O D E ' s OF THE FORM: 
C DPM >/DT= CQU )-SPO< I )»P< I ) -SUM Ci I . J ) » P I I ) - C ( . M ' P l J I l l/VOL I ' ' 
C WHERE: 
C P * PRESSURE <TORR> 
C 0 = GAS SOURCE RATE (TORR-L/SEO 
C SPD = PUMPING SPEED (L/SEC) 
C cil-J' = CONDUCTANCE FROM I TO J (L/SECi. ASSUMED EQUAL TO 
C C(J.l) UNLESS "BOTH AT* INPUT 
C VOL = VOLUME (L) 
C SHOWN IN PARENTHESES ARE REPRESENTATIVE UNITS. ANY UNITS 
C CAN BE USED, BUT THEY MUST BE INTERNALLY CONSISTANT. 
C TH*T IS. IP'SPO/QI, (P*C/OI, AND IP*V/Q»TIME) MUST 
C BE UNITLESS. 
c---

COMMON /BL0CK1/ VOL(20t,SPD(2D) ,Q(20 J,CI(20,SO) 
COMMON /BL0CK2/ IEX.IPLUG 
COMMON /BLOCK3/ P(201 ,NSTEPt ID I . TSTEPI I 0).T0.NBLOCK.1 BAG.IHO^E 
COMMON /BLOCK4/ C(20.20) .NTANC.1PD.1PJAC.ICONDU,ISTAT 
COMMON BL0CK5/ RWORKI620).IWDRKI50) 
COMMON /BL0CK7/ NFUNQ,IFUNQ(2D) .NPTQI20).XQI20.2D),YQ(20.20). 
IFQI20) 
COMMON .'BLOCKS/ NPTS120 ) .0 I NTI20 ) ,XS(20 .20 ) , YSC20 ,20 ) 
DATA IDYN /2/ 
CALL CHANGE (8H+DYNAVAC) 
WRITE 159.1001 IDYN.IHOSE.IBAt. IEX. IPLUG.ICONDU.IPD.IPJAC 

10(3 FORMAT!" DYNAVAC VERSION ",8< 2 ." . " I ) 
WRITE (59.2001 

20(3 FORMAT ( "COMPILED 5/8/80") 
KOUNT=0 
MODE=0 
CALL HOSE(MODE) 

C — - ' "" 
C SUBROUTINE HOSE HANDLES ALL INPUT. 
C MOC E s l SIGNALS DATA CHECK MODE. 
C ;sfAT .LT. 0 AT ANY POINT SIGNALS AM ERROR 
c - - - < - - •""" 

CALL EMPTY(5) 
IFIMODE.EQ.I)CALL EXIT 
IF(ISTAT.LT.O) GO TO 10 
CALL BAGIKOUNT) 

z-—j - -'" 
C S U 0 R O U T I N E B A C HANDLES THE ACTUAL SOLUTI ON , INCLUDING 
Z TIME STEPPING. ETC. KOUNT IS THE TOTAL NUMBER OF DATA 
C POINTS OUTPUT BY BAG. 
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1FUSTAT.LT.D) 00 TO 
CALL EXHAUST(KOUNT) 

?0 

: SUBROUTINE EXHAUST HANDLES * U.L OUTPUT. INCLUDING PRINTOUTS, , PLOTS, ETC. 
IF)rSTAT.LT.OI 
CALL EXIT 

10 CALL PLUGU ) 
GO TO 3D 

: SUBROUTINE PLUG HANDLES ALL ERROR PROBLEMS WHICH HAVE BEEN ANTICIPATED 
CALL EXIT 

20 CALL PLUGI2) 
CALL EXIT 

30 CALL PLUG(31 
CALL EXIT 
END 

C 
C 
C 

SUBROUTINE HOSE(MODE) 
C - - - - -
C SU9R0UTINE HOSE PERFORMS INPUT OF ALL DATA FROM FILE VACIN". 
C ALL PARAMETERS ARE READ IN, ECHOED. AND CHECKED FOR ERR0R5. THE 
C ENTIRE INPUT FILE IS CHECKED, REGARDLESS OF HOW MANY ERRORS ARE 
C ENCOUNTERED. 
c 

COMMON /SLOCK!/ VOL(50),SPDI20I.0(20 I.CI(20,20> 
COMMON /BL0CK3/ POO) .NSTEPl 1 0) , TSTEP! I 0) .TO.NSLOCK , 1DUM, IHOSE 
COMMON /BLOCK1*'' DUM(20.20 > .NTANK, IDUM2I3) , I5TAT 
COMMON /BL0CK6/ T!TL£(10) , VTITLE(20.10) 
COMMON /BL0CK7/ NFUNQ,IFUNQI20).NPTOJ20).XQ120.201.YQ180.50). 
IFOOOi 
COMMON /3L0CK8/ NPTS120).01 NT 120),XS<20.20).YSI2Q,20) 
DATA 1H0SE /2/ 
READ !7.l0i> ITITLEtI).1=1.101 

101 FORMAT(10A4) 
WRITE 15.600) '.TITLEU ) . 1 = 1 .10) 

600 FORMAT("1 -.20X."DYNAVAC OUTPUT" /I5X.2SCIH*)//tOX.10AM/) 
102 FORMAT! T-."DYNAVAC- ".10A1*! 

WRITEC59.102) (TITLE! Ii,1 = 1.101 
READ 17.100) NTANK.NCOND.NFUNQ.MODE 
WRITE (5,605) NTANK.NCOND.NFUNO 

605 FORMAT I/I OX, NUMBER OF VOLUMES " ,6X.=".13/ 
I I OX,"NUMBER OF CONDUCTANCES =".13/ 
2I0X,"NUMBER OF 0 FUNCTIONS = " .I 3/) 

100 F0RMAT<m5! 
c 

C THE FOLLOWING LOOP INPUTS ALL DATA RELATING TO THE VOLUMES 
C - — - — 

DO 10 l-l.NTANK 
PfJ>=0.0 
SPD(I)=0.0 
0(11=0.0 
FQ(I)=1.0 
VOL(!1=0.0 
DO II J-l.NTANK 
CI(I.J)=0 0 

II CONTINUE 
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READ (7,103) (VTlTLEU.JJ.J-l.IDi 
WRITE (5,610) I . (VTITLEd ,JI,J=I .10) 

BIO FORHATi.'' VOLUME". 13," - MOAMI 
103 FORMAT dOA4) 

READ (7.S00) VOLI D.SPDI I ) ,QI II.Pi | I ,NPTS( I > . IFUNQtl ) 
?00 rORHATC+Elf).3.515) 

WRITE (5.6'5) V O L H i . P d i.QU) 
615 F03MAT15X. VOLUME". I IX."^ " .E I 0.3/5X. " INI T ! AL PRESSURE = " . 

1E1D.3/5X.-GA5 SOURCE ,7X. = ",E10.3> 
IFiIFUNQ(Ii GE.I) WRITE (5.620) IFUNQd > 

620 F0RMATI5X,"0 FUNCTION".7X,"= " ,8X,15) 
!F(NPTS<I I .LT. I ) GO TO 625 
READ (7,205) IXSd ,J> .YSd ,J> ,J=1 .NPTSd ) : 

gQ5 FORMAT(2E10.3) 
WRITE (5.B30) NPT5II),1X51 I,J) .VS( I ,J) .J«I .NPTSfI)> 

630 FGRMATt I OX . "PUMPING SPEEO TABLE (,(?," POiNTS 1 " .'1 3X, 
1 -1NT<S*P*0T)- ,5X, 'SPEED"/ 1 3X , II' 1H-! ,2X. 1 1 (1H-I / 
e20tI4X.EID.3.SX.EI0.3/)) 
GO 10 !0 

625 HfilTE <5,63^) SPD< I ) 
535 FORMAT I5X."PUMPING SPEED".IX,•= .EI0.3I 
10 CONTINUE 

c - - • -
C THE FOLLOWING LOOP CHECKS ALL THE VDLUME DATA FOR ERRORS 

DO 15 1=1.NTANK 
iF (VOL! I .' .GT.O.O) GC TO 16 
ISTAT=-I 
WRITE (5,5101 f,VOL!I) 
HRt IE (59.S10) I .VOL i 1 i 

510 FORMAT l"'*'ERROR*'* VOLUME FOR TANK ",]?.'• IS '.E10.31 
IB IF rPl I>.GE 0.0> GO TO 1? 

1STAT--I 
H RITE i5,t?l I ) i .Pi I i 
rlRITE ) 5 9 . ? l i l I . P l i i 

?;\ FORMAT! " ' • 'ERROR* ' • PRESSURE FQit TANK .12. I S . E 1 0 . 3 l 
' j i IF iSPOi I I . G E . 0 . 0 J GO TO IB 

• STAT ••- I 
WRITE (5 .21P1 I . S P O l i ) 
WRITE 1 5 9 . ^ 1 ? ) I . S P D s n 

? 1 £ FORMAT i " • • " E R R O R " * SPEED FOR TANK - . 1 2 , - [5 " . £ 1 0 . 3 1 
18 1F>0 ( I > .GE . 0 . 0 1 GO TO "nO 

I S I A T - - I 
WRITE 15 ,213) I , O i l ) 
WRITE I 59.213) 1,0:11 

213 f'0 RMA T I "*••-ERROR-*' o Ag SOURCE TOR TANK ',12, iS -,E]0.3: 
77C JFlNPTSlJ ».LT,!) GO TO 15 

|F<fJPTS< I I .EO. 1 I GO TO 705 
PO 710 J=l .NPTSI I I-I 
IF IYSI I . J) .GE.O.O) GO TO 7 | *5 
WRITE 15.670) J, | .rsi I .J) 
iJRITE 159,670) J,I,YSd.J) 

67C f-ORMATi ERROR* * * SPEED".13, - !N SPEED TABLE,13, IS ".EID.?' 
JSTAT=-1 

715 |F IXSI I ,Jl .GE.0.01 GO TO 72CI 
iJRITE (5.6B5) J. I .XSi I .J) 
iJRITE 5 9 , 6 8 5 ) J . I , XSI I . J l 

6B5 (FORMAT! ERROR* • • 0 I N T " . I 3 . " IN SPEED TABLE" , I 3 . " IS " . E t O . 3 1 
|STAT=-1 

7?0 | F I X S I I . J l . L l . X S d , J * I ) I GO 10 TID 
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WRITE (53,675) I.J,XS<I,J).J*I,XSII.J+l> 
6*75 FORMAT! ERROR"* IN SPEED TABLE",13, 

I". POINTS ARE OUT OF SEQUENCE"/I0X."POINT",I 3." = ".ElO-3. 
3", POINT".13." = ".E10.3! 
ISTAT*-! 

71Q CONTINUE 
1F(YS(1,NPTS(II>.GE.O.OI GO TO 15 
WRITE (5,670> NPTS(I) , I ,YSt !,NPTS( I) ) 
WRITE (59,6701 NPTStI 1 . I.YSc[,NPTS(!)) 
ISTAT=-1 
GO TO 15 

705 WRITE (5.680) I 
WRITE (59,680) I 

680 FORMAT!"** "ERROR"* ONLY ONE POINT IN SPEEO TABLE -,!5! 
ISTAT=-I 

15 CONTINUE 
C — 
C CONDUCTANCES ARE INPUT HERE. CI IS THE INPUT CONDUCTANCE 
C ARRAY. CIIJ.KI IS SET EQUAL TO CI (K.J) UNLESS BOTH ARE 
C INPUT. IN WHICH CASE THEY CAN HAVE DIFFERENT VALUES. 
C 

Q& 3B, 1.= i, .WiRWi 
READ ( 7 , 3 0 0 ) J , K , t C I IJ .K1 > 

300 FORMAT(515.E I C. 3) 
I F U . N E . K ) GO TO 22 
ISTAT=- | 
WRITE(3.3I0! J . K, C I < J , K 1 

SS IftCKJ.KI .OE.O.Ol GO TO?! 
ISTAT=-1 
WRITE (5,310) J,K.Ct(J,K> 
WRITE (59,310) J.K.CItJ.O 

310 FORMAT("••'ERROR*»= CONDUCTANCE ',513, " IS '.L'10.3) 
21 lf:CKK,JI .EQ.O.O) CI IK.J)=CI (J.KI 
2C CONTINUE 

•RITE 15.640) 
640 FORMAT1/5X,"CONDUCTANCE 1ATRIX"/5X.!8(lH-)) 

DO 30 ]=l.NTANK 
WRITE (5.400) ICII l.J) ,J=1.NTANK> 

'IDQ FORMAT(20EI 0.3) 
30 CONTINUE 

IFINFUNQ.LT.I) GO TO 51 
C- - - '"-
C THE FOLLOWING LOOP INPUTS Q TUNCTIONS. THE GAS SOURCE 
C RATE AT ANY T LME. LS COMPUTED AS Q.= Q.L*EQ. WHERE. QJ. LS. THE. 
C INITIAL RATE I I NPUT WITH EACH VOLUME). AND FQ IS THE 
C 0 FUNCTION VALUE FOR THAT TI1E. 
c .---

DO 50 I=l.NFUNQ 
READ 17,40 I 3 NPTOtJ! 
READ (7.402) (XQlI, J) ,YO:l ,J) ,J=t.NPTO(I)) 
WRITE (5.645) I.NPTQII) 
WRITE (5,650) <XO< I .J),YB(I ,J! ,J=1 ,NPTQ(I)) 

645 FORMATI//5X,"0 FUNCTION UUMBER ",I2.". '",[2." POINTS)"/ 
1 13X."TIME",9X, FQ"/10X,11 ( IH-I,2X,10<1H-1) 

650 FORMAT(IOX,EI0.3.2X.EI0.5) 
401 FORMAT!15) 
402 FORMAT(2EI 0.3) 

IFfNPTQII1.LT.2) GO TO 815 
00 810 J=l.NPTQII)-l 
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I F I Y Q C I , J ) . G E . 0 . 0 > GO TO BIS 
WRITE ( 5 , 6 9 0 1 J , I . Y Q I I , J ) 
WRITE 159,B90) J , I ,YQI I , J ) 

6^0 FORMAT<"•••ERROR"*• FQ P O I N T ' , 1 3 . " IN Q FUNCTION" .13 . " IS " , E 1 0 . 3 > 
1STAT=-1 

815 I F I X Q t I , J ] . L T . X O I I , J * | 1 ) GO 10 810 
WRITE <5 ,695) i . J . X O I | , J ) . J + l .XQM , J * l I 
WRITE 159.6951 I ,J.XQ( I.JI.J'I .XQd.J+l ) 

605 FORMATI " • • •ERROR"* IN Q FUNCT ION" , 13. 
1". POINTS ARE OUT OF SEQUENCEv 
21 OX,"POINT",13." = ",E10.3.". POINT".I 3," = ".EI 0.3) 
!STAT=-| 

Q10 CONTINUE 
IF(YQ(I,NPTO(I)!.GE.0.01 GO TO 50 
WRITE (5.630) NPTQ!I 1 .I,YQI I ,NPTO( I J I 

Q FUNCTION ",12) 

WRITE 15,655) NBLOCK.TO 
BR5 FORMAT(/5X."PROBLEM CONTROL"/5X. 15i IH-)/1 OX. 

1 "KJMBSR OF TIME BLOCKS = ". i£/IOX. " INITIAL TIME1. 
2 I OX. "= " .E1G.3/25X. "NSTEP" ,4X. " TSTEP'V25X.5( 1H-) . 
32X,1CIIH-)) 
READ (7,500! I NSTEPI I ) , TSTEP (I ) , I - I .NBLOCK J 
DO 665 1=1.NBLOCK 
WRIT; (5.6601 I.NSTEP(l).TSTB5!!) 

680 FORMAT ( I 5X. "BLOCK" . 13.1X.15.2X.E10.3) 
1F(NSTEP(II.GT.O) GO TO 755 
WRPE (5.750) I.NSTEP(I) 
WRITE ( 5 9 . 7 5 0 ) I .NSTEP( I ) 

75O FOR.1ATI " ' " E R R O R * • • IN TIME BLOCK" , 13, " , NSTEP 15 " , I 5 > 
ISTAT=-1 

7 5 5 l F I T S T E P t 1 ) . G T . O . O ) GO TO 665 
WRITE ( 5 , 7 6 0 ) I . T S T E P ( I ) 
WRiTE (59,760) I.TSTEP(I) 

7g0 FÔ JMAT( ERROR*" IN TIME BLOCK" . I 3, " , TSTEP IS •.EI0.3) 
66^ CCNTINUE 

CALL EMPTY(5) 
RETURN 
END 

WRITE 159, ,690) NPTOrn.I .YQ( :.NPTQi ; i ) i 
ISTAT=-1 
GO TO 50 

R-05 WRITE (5.8201 ! 
WRITE 59, B20! : 

820 FORMAT;"'< "ERROR* • * ONLY ONE POINT IN 
QO CONTINJE 
•il REAO (7,5001 N8L0CK • TO 

5(?Q FORMATI15 .E10.3) 

SJBRCUTINE BAG(-COUNT) 
C 
C SU0ROUTINE BAG ACTUALLY OBTAINS THE 50LUTI0N TO THE PROBLEM AT 
C THf DESIRED TIME STEPS. THE ACTUAL ODE SOLVER USED IS L50DE 
Q (gl JAN, 1980 VERSION). AVAILABLE FROM ALAN C. HINDMARSH. L-300, LLL • 
C LS0DE 15 CALLED ONCE FOR EACH OUTPUT POINT. 
c---r - -

EXTERNAL PDERIV.PJAC 
COMMON /8L0CK1/ DUM1(201 .SPOlJO(.CUM2i20!.0UM3(20.20> 
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COMMON /BLOCKS/ I0UM3<2> 
•nawiow osttfCKriv Fvefff.wrtrff&r, ivrefivtfff, ?&,i*S£<s&tr, fsx&, taunt 
COMMON /BLOCKS/ CfBO,20),NTANK,rDUM2(3>,fSTAT 
COMMON /BL0CK5/ RWORK< 620 > , I WORK (50 i 
COMMON /BLOCKS/ NPTS{20).OINTt?0>.XSI20.20).YS(2C.20> 
DIMENSION PLAST(2Q1 
DATA IBAG tSl 

C% . 
c ITOL. RTOL. AND ATOL ARE ERROR CONTROL PARAMETERS WHICH FORCE THE 
C ERROR PER TIME STEP (NOT PER OUTPUT POINT I TO BE LESS THAN 
c ATOL*RTOL*PH ) 
c THiS PROVIDES BOTH RELATIVE AND ABSOLUTE ERROR CONTROL. 
C-> , 

ITOL=) 
RTOL=I.GE-04 
ATOL=l.OE-10 
ITASK=4 
ISTATE'l 
IOPT=0 
MF=2I 
LRW=620 
L!W=50 
TOUT=TO 

WRITE (9,100) TO.(PlK>,K=<.NTANK) 
TLAST=T0 
DO 5 1*1.NTANK 
O(NT(f»=0.0 
PLASTO )«Ptl ) 

5 CONTINUE 
WRITE (3,530) 

SCO FORMAT!"1".20X."THIS IS FILE VACERR"///9X,"TSOLVER". 
lSX.'O STEPS",6X,"QFUNCTION",5X,"Q JACOB1AN".7X."LAST TIME"/ 
237X."EVALUATIONS",HX,"EVALUATIONS",5X,"STEP SIZE"'5X, 
35(2X.I0(1H-).3X!) 
DO 10 l=].MBLOCK 
DO 10 J=l .MSTEPU) 
TOUT = TOUT + TSTEP(I I 
RWORKI 1)*T3UT 
CALL LSOOEIPDERIV.NTANK.P.TD.TOUT,ITOL,RTOL,A O L , I T A S K , I S T A T £ 

!1OPT.RWORK,LHW,IWORK.LIW.PJAC.MF) 
WRITE 1 3 , 5 0 1 ) RWORK ( 1 3 ) . I WORK <l 1) . 1WORKU2) , ' ^ORK f 13) .RWOR K ( | 1} 

301 FOR«» ,T (8X ,£ )0 .3 .7X , 15 ,2 r 10X, J 5> .8X .E 1 0 . 3) 
I F 1 I S T A T E . - T . O ) GO TO 30 

C- — 
c iMM is wiPin xo /MI -SCSUJCH" JJM -A -FHHM SUIIABJJE 
C tfQR READING BV EXHAUS T. 
C-v , 3J WRITE (9.100) TO, IP(K).K=).NTANK) 100 FORMAT*11EI0.3/5X.I0E10.3) K0UNT=KOUNT*l 
C-N -- - --
C THE REQUIRED INTEGRATION FOR THE PUMPING SPEED 
c CALCULATION IS PERFORMED HERE, THE INTEGRATION IS 
c INTEGRALisPDci)*Pcn»on. THE RESULT, QINTID. IS 
c USED IN SUBROUTINE CONDUCTANCE. 
C-> 

DO 40 K=l.NTANK 
Q [ N T ( K ) = Q l N K K ) + 0 . 5 » l P l K > + P L A S T i K > ) » S P D ( K ) ' ( T 0 - T L A S T ) 
PLAST(KI=P(K) 
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>*0 CONTINUE 
TLAST=T0 

10 CONTINUE 
CALL EMPTY(9> 
RETURN 

30 1STAT=-1 
CALL EMPTYO) 
WRITE (3,502) ISTATE.TO 

508 FORMAT I"I STATE = ".12," AT T = ".ElO^l 
IF(ISTATE.LT.-II RETURN 
1STATE=2 
GO TO 3) 
END 

C 
c c 

SUBROUTINE EXHAUST(KOUNT> 
c 

C SUBROUTINE EXHAU5T PERFORMS ALL OUTPUT FUNCTIONS. 
C PRESSURE VS. TIME DATA IS READ FROM FILE -SCRATCH". 
C FIRST. PLOTS ARE PRODUCED FOR ALL VOLUMES AT THE SAME SCALE. 
C FIVE LINES PER PLOT. NEXT A PLOT IS MADE FOR EACH VOLUME, 
C USING THE LARGEST POSSIBLE SCALE. IN ADDITION, PRINTED DATA 
C IS OUTPUT TO FILE VACPRT, 50 LINES TO A PAGE, WITH APPROPRIATE 
C HEADINGS AT THE TOP OF EACH PAGE. 
c . 

DIMENSION Tt1000),P(20,1000).PPLOTl10001 
DIMENSION PMIN(?0>,PMAX<20) 
COMMON /BLOCKS/ IEX.IOUM 
COMMON /BLOCKH/ DUMI20,20),NTANK,1DUM?I 31 ,1 STAT 
COMMON /BLPCK5/ RWORK1520),!WORK I 50) 
COMMON /BLOCKS/ 11 TIE I I 0) . VT I TLE<20, !0) 
DATA IEX /£/ 
CALL REWIND(9) 
DO 90 1=1.NTANK 
PMINd 1 = 1 .0E*50 
PMAXfI 1=0.0 

90 CONTINUE 
WRITE (5,10^1 (TITLEM ) . 1 = 1 .10! 

!04 FORMAT*"I","DYNAVAC- ",lDA4//i 
WRITE 15,105) (1,1=1.NTANK) 

105 FORMAT I3X,"TI ME".3X.10 I3X,"P".ie.4X)/5X.10:3X."P",I?.4X1) 
IKCUN!=D 

C DATA IS READ IN FROM FILE "SCRATCH" AND LOADED INTO 
C ARRAY P. THE FIRST SUBSCRIPT IS THE VOLUME NUMBER, 
C AND THE SECOND IS THE TIME STEP NUMBER <T0=STEP1>-
C PRINTED DATA IS OUTPUT TO FILE "VACPRT" 
C 

DO 10 1=1,KOUNT 
READ 19.100) T(I),IPIJ,J),J=I.NTANK) 

100 FORMAT!)IEI0.3/5X,1DEI0.3) 
WRITE (5.1001 T<I).IPIJ,I),J=1.NTANK) 
IKOUNT=IKOUNT+1 
IF((KOUNT.LT.50) GO TO 15 
WRITE (5,1041 <TITLE(K1.K-1.10) 
WRITE (5,1051 fK.K'l.NTANK1 
IKOUNT-0 

C 
C MAXIMUM AND MINIMUM PRESSURE FCR EACH VOLUME IS LOCATED, 
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AS HELL AS 
AND PM1NX). 

THE MAXIMUM AND MINIMUM FOR ALL VOLUMES (PMAXX 
THESE ARE USED FOR SCALING PURPOSES. 
NTANK 
LT.PMIN(J)J 
GT.PMAXIJ)/ 

15 DO 20 o=l 
[F'Pi J.I ) 
iFiPu.n 
CONT1NU£ 
CONTINUE 
PMINX=PMINi I I 
PMAXX=P»1AX 1 I ) 
DO 30 1=2.NTANK 
IF1PMINCI) .L T.PMINXI 
[F<PMAXII J GT.PMAXXI 
CONTINUE 

PMIN(J)=PtJ. 
p»AX;j;=Ptj, SO 

10 

30 
PMINX=PMIN(I) 
PMAXX=PMAXII) 

BEGIN PLOTTING 
CALL KEEP80(1.3) 
CALL FR80ID 
CALL FRAME 
CALL SETCHMII I 

C THE FOLLOWING LOOP PLOTS DATA TOR ALL VOLUMES AT THE SAME 
C SCALE, FIVE PLOTS PER GRAPH. AS MANY GRAPHS ARE GENERATED 
C AS REQUIRED. 

DO 40 ]=l.NTANK.5 
CALL MAPGI"!I),T(KOUNT).PMIMX.PMAXX.0. 
CALL SETCHI1 I..40..I.0.1.0) 
WRITE (100,500) ITITLE(J),J=1.101 

185.0.955,0.300,0.878) 

200 

3C0 

100 

500 

60 

5 
50 
HO 

FORMAT I" DVNAVAC-
MMAX=NTANK 
IF(NTANK.G~. I 1+4) 
WRITE (100.300) 1 
FORMAT(" PRESSURE 
CALL SETCHCH4.,10 
WRITE (100.400) 
FORMATt" T;ME"1 
CALL SETCH.3.5.46 
WRITE (100,500) 
FORMAT*" PRESSURE 
DO 50 J=I.MMAX 
DO 60 K=l,KOUNT 
PPLOT(K)=PJJ.K) 
CONTINUE 
GO TO (!,2.3.4.5) 
CALL TRACECdHI .T 
GO TO 50 
CALL TRACECHH2 
GO TO 50 
CALL TRACECUH3 
00 TO 50 
CALL TRACECI1H4 
GO TO 50 
CALL TRACECtlh.5 
CONTINUE 
CALL FRAME 
CONTINUE 

" . 10AW) 
MMAX=I*4 

,MMAX 
FOR VOLUrtES 
B.I.0,1.0; 

,1.0,1.11 

12. TO 121 

(J-I+ll 
PPLOT.KOUNT) 

T.PPLOT.KOUNTI 
T,PPLOT.KOUNT1 
T.PPLOT.KOUNT1 
T.PPLOT.KOUNT) 

THE FOLLOWING LOOPS PLOT THE DATA FOR EACH VOLUME, ONE PLOT PER 
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C PAGE, TO THE CORRECT SCALE FOR THAT VOLUME. NTANK PLOTS ARE 
C PRODUCED. 

DO 70 1 = 1 .NTANK 
DO 80 J=l,KOUNT 
PPLOT(J)=P(I.J) 

80 CONTINUE 
CALL MAPGfTtI : ,T(KOUNT) ,PMIN(1 I.PMAX! I ).0. I 25,0.925,0.300,C.8781 
CALL SETCHf I I . ,40.,1 ,0,1,0 I 
WRITE (100,500) (TITLECJI.J=l.101 
WRITE 1100,600) I,(VTITLEII,J>,J=l,10) 

600 FORMAT)"PRESSURE FOR VOLUME ",ia," - ".I0A4) 
CALL SETCH144..10.6.I.0.I.01 
WRITE (100.400J 
CALL SETCH13.5.46..I.0.1.M 
WRITE (100,500 
CALL TRACECT.FPLOT,KOUNT) 
CALL FRAME 

70 CONTINUE 
RETURN 
END 

C 
C 
C 

SUBROUTINE PLUG(N) 
C SUBROUTINE PLUG IS CALLED IN THE EVENT OF AN ANTICIPATED ERROR. 
C IT CURRENTLY DOES NOTHING. 
c 

COMMON /BLOCK?/ IDUM.IPLUG 
DATA 1PLUG /?/ 
IFIN.NE.1 I GO TO 10 
WRITE (5.100) 
WRITE (59,100) 

100 FORMAT I"ERROR DETECTED BY INPUT SUBROUTINE"/5X. 
!"FURTHER EXECUTION TERM 1NATED"/5X. 
2"CHECK FILE VACPRT AND CORkECT FILE VAC IN") 
GO TO 40 

io :F(N.NE.2J GO TO 20 
WRITE (5.300) 
WRITE (59,200) 

200 FORMAT<"ERROR DETECTED BY SCLVER SUBROUT!NE"/5X, 
IFURTHER EXECUTION TERMINATED-/5X, 
2'CHECK FILE VACERR AND VACPRT FOR FURTHER INFORMATION") 
GO TO 40 

20 1F(N.NE.3) GO TO 30 
WRITE (5,300) 
WRITE (59,300) 

300 FORMAT("ERROR DETECTED BY OUTPUT ROUTINE") 
GO TO 40 

30 WRITE 15.400) 
WRITE (59.4001 

HOD FORMAT!"ERROR ENCOUNTERED - LOCATION UNKNOWN"I 
40 CALL EMPTY!3) 

CALL EMPTY15) 
CALL EMPTY19) 
RETURN 
END 

C 
C 
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c 
SUBROUTINE CONDUCTANCE 

c 

C SUBROUTINE CONDUCTANCE LOAOS THE ARRAY C. SUCH THAT EACH OFF-
C DIAGONAL TERM IS THE CORRESPONDING CONDUCTANCE. WHILE THE 
C DIAGONAL TERMS ARE 
C -I . MSPDCI )*CrtI,I)+CIiI,£?>*CI(l,3l 1 
c 

COMMON /BLOCK1/ VOL(20).SPDI20».DUM1I20J.CI(20.20) 
COMMON /BLOCKS C(20,20>,NTANK.IDUM!(?).ICONDU.IDUM2 
COMMON /BLOCKS/ NPTSI2Q I ,QINTI 23).XSI 20.20 I .YS(20,20! 
DATA ICONOU >Si 
00 10 I=1.NTANK 
SUM=0.0 
00 20 J={.NTANK 
IFiI.EQ-J) GO TO 20 
C<I,J)=CF(I,Jl 
SUM=SUM+C(I,JJ 

50 CONTINUE 
c 
C THE FOLLOWING STATEMENTS CALCULATE 'HE PUMPING SPEED FOR 
C EACH VOLUME AS A FUNCTION OF INTEGRAL CSPD'-P'DT I . ThE 
C ACTUAL INTEGRATION IS PERFORMED IN SUBR. BAG. AND THE 
C RESULT IS PASSED AS Q!NT<I I. 
C -

IFINPTSd > -LT. I) GO TO 50 
IFIQJNTID.LT.XSII.1)I GO TO 35 
DO 30 K=l.NPTSII 1-1 
IFIQINTill.CE.XSU.K),AND.0!NT(1).LT.XS(I.K*l1) GO TO 40 

30 CONTINUE 
SPDi')=YS(I,NPTS(t ' l 
GO TO 50 

35 SPD(I)=Y5(1,11 
GO TO 50 

40 0 E L Y S = Y S ( I . K + ! ) - Y S l ! , K ) 
D E L X S = X S I I , K * 1 ) - X S ( I , K J 
S P D ( I > = Y S U . K > + I Q I N T ( I J - X S I I , K ) > ' D E L Y S / D E L X 5 

50 C H , ! > « - ! .OMSPOt I J+SUM) 
10 CONTINUE 

RETURN 
END 

C 
C 
c 

SUBROUTINE PDERt V(NTANK,T,P,PDOT) 
c , -
C SUBROUTINE FDERIV IS CALLED BY THE LSODE PACKAGE TO ACTUALLY 
C LOAD THE FIRST DERIVATIVES INTO THE AARRAY PDOT. ESSENTIALLY, 
C THIS IS JUST AN EXPLICIT CODING OF THE SYSTEM EQUATIONS. 
C ALSO PDERIV HANDLES TIME-DEPENDANT GAS SOURCtS. IF THEY 
C ARE INCLUDED. 
c 

DIMENSION P<20>,PDOT<20) 
COMMON /BLOCKI/ V0LC20J.DUM2<20>,CI20),DUM3(20,20> 
COMMON /BL0CK4/ C(20.20).IDUM(2).IPO.IDUMSt?) 
COMMON /BL0CK7/ NFUNQ,IFUNOl£0).NPTO(20) .XQ(2D.20 I,YQ(20,20), 
1FQI20) 
DATA IPO IZI 
CALL CONDUCTANCE 
IF(NFUNQ.LT.H GO TO 60 
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c 

DO 30 1=1.NTANK 
IF(IFUNQI1)-LT.)) GO TO 3C 
1Q=IFUN0<!1 
IFIT.LE.XQ)1Q.I)i GO TO 45 
DO HO J-l ,(NPTOlIQ>- I) 
IFlT.GE.XQCIQ.J).ANO.T.LT.XQIIQ.O*liI GO TO 5C 

HO CONTINUE 
FQ(I)=VQ(IQ.NPTCtIQ)) 
GO TO SO 

t5 FQ(I) = YQIIQ,]J 
GO TO 30 

50 DELY0*YQ(IQ,J*11-YQIIQ.JI 
DELXQ=XQ(ro.J*Il-XQII Q.J) 
FQ(I)=YQ<1Q.J)*(r-XOl10.0)!'DEL vQ/0ELXQ 

30 CONTINUE 
60 DO JO 1=].NTANK 

PDOT<I)=Q(I I'FO(I! 
DO 20 J=I.NTANK 
PDOTI J )=PDOT( I i+CU. I I *P< Jl 

20 CONTINUE 
POOTII)=PDOT(I>/VOL! I > 

10 CONTINUE 
RETURN 
END 

C 
C 
c 

SUBROUT INE PJAC I NTANK . 7 . P. ML . ML), PD. NROWPD) 
C SUBROUTINE PJAC IS CALLED 3Y THE ^SODE PACKAGE TC SUPPLY 
C ?H£ JACOBIAN MATRIX 
C OCPDOTt I M/DP<JJ=PDi I ,J) 
C THIS IS VERY NEARL' EQUAL TO THE C ARRAY. 
C -

DIMENSION P(£G>.PD<NROWFD,£0) 
COMMON /BLOCK1/ VOH20) .DUMCtO ) ,DUM2(20 ,501 
COMMON /BLOCKS/ C<20.20l.IDUM1.IPJAC.IDUM2I3) 
DATA IPJAC 121 
DO 10 I=|,NROWPD 
DO 20 J=l.NROWPO 
PDC I ,JI=CU, I 1/VOH I ) 

80 CONTINUE 
10 CONTINUE 

RETURN 
END 
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