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PREFACE 

This report is an interim product of a joint effort of the Department of 
Health and Human Services and the National Bureau of Standards ( N B S ) ,  Center for  
Fire Research. It con- 

sists of projects in the areas of: decision analysis, fire and smoke detection, 
smoke movement and control, automatic extinguishment, and behavior of institutional 
populations in fire situations. 

The program is a multi-year activity initiated in 1975. 

. I  

This report describes a computer program which analyzes pressurized stairwells 
and pressurized elevators. 
to investigate the feasibility of specific systems. 
of interest to design engineere responsible for pressurized stairwells or pressurized 
elevator8 . 

The program was initially intended as a research tool 
However, this program may be 
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A COMPUTER PROGRAM FOR ANALYSIS OF SMOKE CONTROL SYSTEMS 

John H. Klote 

Abstract 

c -  

This paper describes a computer program developed to 
analyze systems intended to control smoke in building 
fires. These systems include pressurized stairwells, 
pressurized elevator shafts, zone smoke control systems, 
and pressurized corridors- 
flows and differential pressures throughout a building 
in which a smoke control system is operating. The basic 
assumptions and limitations of the program are also dis- 
cussed. 
examples . 

This program calculates air 

The appendices contain a program listing and 

Key words: Air movement; computer programs; egress; 
elevator shafts; escape means; modeling; pressurization; 
simulation; smoke control; stairwells. 

1 . INTRODUCTION 

The majority of fire fatalities result from smoke inhalation. As a result of 
this, a number of systems have been designed and built to control smoke movement in 
building fires. 
and zone smoke control systems . These systems are intended to control smoke move- 
ment in a building by use of aic flows and by differential pressures. The computer 
program described in this paper provides a means to calculate the air flows and 
differential pressures throughout a building (either real or conceptual) in which a 
smoke control system is operating. 

The most common smoke control systems are pressurized stairwells 
1 

A number of computer programs have been developed which are applicable to smoke 
control. Some of these programs calculate steady state air flow and pressures 
throughout a building [1,2] . Other programs go beyond this to calculate smoke 
concentrations throughout a building that would be produced in the event of a fire 
[3-73. In general, most of these programs are capable of analyzing smoke control 

2 

- 

'The concept of extending the use of smoke control to protect elevators is currently 
being investigated at NBS. 

2Numbers in brackets refer to the literature references listed at the end of this 
paper . 
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systems. However, the program described in this paper has been specifically written 
for analysis of smoke control systems, and is an extension of a program specifically 
written for analysis of pressurized stairwells and elevators [ 8 ] .  While the basic 
theory of this program is the same as that of the stairwell program it has been 
extended to include analysis of (1) stairwells with vestibules, ( 2 )  elevators with 
elevator lobbies, ( 3 )  zone smoke control systems, and ( 4 )  pressurized corridors. 
The data input has been designed to minimize the quantity of required data and still 
maintain a high level’ of generality in the model. 
pressure differences across all of the building shafts, as well as the flows and 
pressures throughout the building. 

The output consists of the 

This program was originally intended primarily as a research tool to investigate 
the feasibility of specific smoke control systems and to determine the interaction 
between these systems and the rest of the building. The predecessor [ 8 ]  of this 
program has already been used to analyze pressurized stairwells without vestibules 
and to evaluate factors which affect the performance of these systems [9]. And, 
this program has been used to generate data for an National Bureau of Standards 
(NBS)  Handbook on Smoke Control Design which is being developed. This paper is not 
intended to be a design guide for smoke control systems. The state-of-the-art of 
these systems is still under development and designers of these systems should seek 
the most current data available. 

t 

2 .  PROGRAM CONCEPT 

In this computer program a building is represented by a network of spaces or 
nodes each at a specific pressure and temperature. The stairwells and other shafts 
are modeled by a vertical series of spaces, one for each floor. Air flows through 
leakage paths from regions of high pressure to regions of low pressure. These 
leakage paths are doors and windows which may be opened or closed. Leakage can also 
occur through partitions, floors, exterior walls and roofs. The air flow through a 
leakage path is a function of the pressure difference across the leakage path. 

In this computer model air from outside the building can be introduced by a 
pressurization system into any level of a shaft or even into other building spaces. 
This allows simulation of stairwell pressurization, elevator shaft pressurization, 
stairwell vestibule pressurization, and pressurization of any other building space. 
In addition, any building space can be exhausted. This allows analysis of zone 
smoke control systems where the fire zone is exhausted and other zones are pressurized. 
The pressures throughout the building and flow rates through all the flow paths are 
obtained by solving the air flow network including the driving forces such as the 
wind, the pressurization system or an inside to outside temperature difference. 

2 
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5. 

3 .  ASSUMPTIONS 

Each space is considered to be at one 
temperature. 

AND LIMITATIONS 

specific pressure and one specific 

The flows and leakage paths are assumed to occur at mid-height of each level. 

The net air supplied by the air handling system or by the pressurization 
system is assumed to be constant and independent of building pressure. 

The outside air temperature is assumed to be constant. 

The barometer pressure at ground level is assumed to be standard atmospheric 
pressure (101325 Pa) . 3 

4 .  EQUATIONS 

A. Flow equation 

F = C A m  

where : 
F = mass flow rate 
C = flow coefficient 
A = flow area 
p = density of air in flow path 

AP = pressure difference across flow path 

The flow coefficient is dimensionless and for smoke control analysis it is 
generally taken to be in the range of 0.6 to 0.7. 
flow calculations performed during the computer analysis the flow equation is 
rewritten in the program as F = C' 
coefficientr C', can be expressed as 

Because of the large number of 

m. Using the ideal gas law, the adjusted flow 

where : 
= absolute barometric pressure at ground level 'atm 

R = gas constant of air 
T = absolute temperature of air in flow path 

3The results of the program are not very sensitive to changes in atmospheric 
pressure. For altitudes considerably different from sea level the more accurate 
value can be substituted by changing an assign statement in the subroutine INPUT 
and one in the subroutine CORR. 
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B. Mass Balance Eauations 

For building compartment4 i 

j=1 

and for shafts 

where : 

k= 1 

NC NO 

j-1 k= 1 
= o  

( 3 . 3 )  

( 3 . 4 )  

= mass flow rate from space j to space i. For building 
compartments this flow can be either horizontal or vertical, 
however for shafts this flow can only be horizontal. 

j) 

= mass flow rate from direction k outside of the building 
Fo(i,k) to space i. 

= net mass flow rate of air due to the air handling system Ff(i) or due to a pressurization system. 

Nc = number of building spaces connected to space i. 

No = number of connections to the outside from space i. 

N1 is the space number at the bottom level of the shaft and the spaces in the 
shaft are numbered consecutively up to N2 which is the space number at the top of 
the shaft. 

C. Shaft Pressures 

at (i) The following relationship is used to calculate the gage pressure, P 
at floor i - 1. (i-1) floor i of a shaft in terms of P 

(3.5) 

where: 
Pz = hydrostatic pressure difference 
Pf = pressure loss due to friction 

The following equation is used to calculate the hydrostatic pressure difference. 
L 

41n this paper the term building compartment refers to a space in a building other 
than in a shaft. 
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(3.6) 

... 

T 

where : 
= he igh t  of p o i n t  i 

= he igh t  of p o i n t  i-1 
h(i) 

h(i-l) 
g = g r a v i t a t i o n a l  a c c e l e r a t i o n  

R = gas  cons tan t  

Pb i s  a cons tan t  used t o  conver t  an average gage p ressure  t o  t h e  average - 
a b s o l u t e  p ressure ,  P. 

The following equat ion i s  used t o  c a l c u l a t e  t h e  p ressure  loss due t o  f r i c t i o n .  

2 

pf = +-) 
where: 

mu = upward flow from i - l . t o  i i n  s h a f t  
Cs = s h a f t  f low c o e f f i c i e n t  

S = s i g n  of mu 

(3 .7 )  

D. Outside Pressures  

Outside p ressures  can e i t h e r  be en te red  by t h e  user  or can be calculated by the 
following method. 

where : 
= o u t s i d e  gage p ressure  a t  he igh t  h ( i )  above abso lu te  p ressure  

= h y d r o s t a t i c  p ressure  d i f f e r e n c e  between h ( i )  and ground l e v e l  

= v e l o c i t y  p ressure  due t o  t h e  wind a t  he igh t  h ( i )  

a t  ground l e v e l  

h ( i )  
' v ( i )  

P 

Cw = pressure  c o e f f i c i e n t  

Because t h e  o u t s i d e  temperature is cons tan t  

- g h ( i )  - - Pam exp - 
' h ( i )  ( ..out) pb 

(3.9) 
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where : 
= absolute barometric prc,:.ire at ground level 
= outside absolute temperature 

'atm 
Tout 

When the outside pressures are calculated by the computer the wind velocities 
are assumed to be described by the power law. 

v =  vo (&)n 

where : 
Vo = wind velocity at height ho 
n = wind exponent 

This relationship has been extensively used to describe the boundary-layer 
velocity profile of the wind near the surface of the earth. It assumes that the 
terrain surrounding the building is homogeneous. That is, that there are no large 
obstructions near the building which could produce local wind effects. A value of 
0.16 for the wind exponent is appropriate for flat terrain. The wind exponent 
increases with rougher terrain. For very rough terrain such as urban areas a value 
of 0.40  would be appropriate. 

The equation for the velocity pressure at height h(i) is obtained by substituting 
the velocity from the power law into the usual relation for ve1ocit:y pressure (Pv = 

2 L pv2L 

( 3  . 10) 

where p is the outside air density. 

The pressure coefficients are in the range of -0.8 to 0.8 where positive 
values are for windward walls and negative values are for leeward walls. The z 
pressure coefficient depends upon building geometry and varies locally over the wall 
surface. Numerical values for Cw and n as well as practical engineering information 
are available from a number of sources [lo-131. 

5. PROGRAM DESCRIPTION 

This program is written in ANSI FORTRAN on the UNIVAC 1100/82 and a program 
listing is provided in appendix D. 
main program and the major subroutines. 

The following is a detailed description of the 

T .  
> 
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5.1 Main Program 

The main program calls the subroutines which read the data, calculate the 
adjusted flow coefficients, calculates the initial values of pressures and inter- 
akively solves for the pressures according to the logic illustrated in the flow 
chart of figure 1. 

- _  
5.2 INPUT Subroutine 

. -  
This routine reads the data that are necessary for a flow analysis of the 

stairwell or elevator, including an analysis of the rest of the building. These 
data consist of the following: 

1. Outside temperature. 

2 .  Temperature throughout the building, 

3 .  Outside pressures. 
earlier , 

These can be entered or calculated as described 

4 .  Description of the flow network including flow coefficients and flow areas 
for all connections and the net air flows to each space due to the air 
conditioning system or due to a pressurization system. 

The data above can be entered in either SI units or in engineering units. 
Appendix A contains a detailed description of the data input method. 

In addition to reading data, this subroutine provides temperature and pressure 

When data is 
data as well as a complete description of the flow network. 
calculates initial estimates of the hydrostatic pressure differences. 
entered in engineering units the subroutine UNITS is called which converts all units 
to the SI system. 

This routine also 

5.3 CORR Subroutine 

This routine calculates adjusted flow coefficients for all flow paths using eq. 
(3.2). 
for flow in either direction. 

Two sets of these coefficients are calculated for each flow path to allow 

5 . 4  INIT Subroutine 

‘ h i s  routine calculates initial estimates of the building pressures by a technique 
used by Sander [l]. 
of differential pressure and therefore the flow equations can be expressed and 
solved in matrix form. 
The resulting pressures form a starting point for the iterative solution which 
follows . 

In this technique, mass flows are considered linear functions 

In this estimate, shaft pressures are considered hydrostatic. 

7 



n 
L 
c A I N P U ”  Subroutine 

Read and P r i n t  Data 
I n i t i a l i z e  Pr, T e r m s  

t 
ICORR Subroutine 

Calcula te  Adjusted Flow C o e f f i c i e n t s  
Corrected f o r  Temperature 

s 

t 

*BLDGP Subroutine 
Solve Pressures  i n  Building Spaces 

SHAFTP Subroutine 
Solve Pressures  i n  Shaf t s  

I 

PZAD Subroutine 
Calcula te  Pz Terms  I- 
1 WRITE DIAGNOSTIC 

t I 

OUT Subroutine 
P r i n t  Outtmt 

- -  

Figure  1. Flow c h a r t  f o r  main program 
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5.5 BLDGP Subroutine 

The i t e r a t i v e  s o l u t i o n  f o r  t h e  bu i ld ing  p res su res  and flows c o n s i s t s  of t h e  

t h r e e  subrout ines  BLDGP, SHAFTP and PZAD. The subrout ine  BLDGP opera tes  on t h e  
bu i ld ing  compartments sequen t i a l ly .  The sum of a l l  t h e  mass flows i n t o  compartment 
i is  ca lcu la t ed .  I f  t h e  abso lu te  va lue  of t h i s  sum is less than a convergence l i m i t  
then eq. ( 3 . 3 )  i s  considered sat isf ied and the  computer proceeds t o  t h e  next  com- 
partment o r  r e t u r n s  t o  t h e  main program. However, i f  t h e  abso lu te  va lue  of t h e  sum 
i s  greater than t h e  convergence l i m i t ,  then an improved estimate of the p res su re  a t  
compartment i i s  obtained by t h e  regula  f a l s i  method [14]. When none of t h e  pres-  
s u r e s  need t o  be modified t h i s  rou t ine  passes  a convergence s i g n a l  t o  t h e  main 
program. 

5.6 SHAFTP Subroutine 

The s t r u c t u r e  of t h i s  r o u t i n e  is  very similar t o  t h a t  of BLDGP except  t h a t  it 
ope ra t e s  on shafts sequen t i a l ly .  
ca l cu la t ed .  I f  the  abso lu te  va lue  of t h i s  sum i s  less than t h e  convergence l i m i t  
then  eq. ( 3 . 4 )  i s  a l s o  considered s a t i s f i e d  and t h e  computer proceeds t o  t h e  next  
shaft  o r  r e t u r n s  t o  t h e  main program. 
g r e a t e r  than the  convergence l i m i t ,  then improved estimates of the s h a f t  p re s su re  
are ca l cu la t ed .  
and then r e c a l c u l a t i n g  t h e  s h a f t  p re s su re  by eq. (3.5). 
method is  used, and i f  none of t h e  s h a f t  p re s su res  r e q u i r e  modif ica t ion  a convergence 
s i g n a l  is  passed t o  t h e  main program. 
gence i s  achieved i n  both BLDGP and SHAE'TP, then t h e  subrout ine  OUT w i l l  p r i n t  t h e  
so lu t ion .  Otherwise, t h e  h y d r o s t a t i c  p re s su re  d i f f e r e n c e s  are adjus ted  i n  t h e  
subrout ine  PZAD. 

T h e  sum of a l l  t h e  m a s s  f lows i n t o  s h a f t  i is  

However, i f  t h e  abso lu te  va lue  of t h e  sum is 

T h i s  i s  done by changing t h e  p res su res  a t  the  bottom of t h e  s h a f t  
Again t h e  regula  f a l s i  

I t  can be seen from f i g u r e  1 t h a t  i f  conver- 

5.7 PZAD Subroutine 

T h i s  r o u t i n e  c a l c u l a t e s  h y d r o s t a t i c  p re s su re  d i f f e r e n c e s  by eq. (3.6) using t h e  
most r e c e n t  p re s su re  estimates. 

5.8 OUT Subroutine 

This r o u t i n e  outputs  mass flows and p res su res  f o r  the  flow network as w e l l  as 
t h e  d i f f e r e n t i a l  p re s su res  ac ross  each s h a f t .  
u n i t s  then appropr i a t e  v a r i a b l e s  are converted t o  t h e  engineering system before 
output .  

I f  t h e  d a t a  inpu t  was i n  engineering 

6.  FUTURE DIRECTION 

I t  i s  planned t o  use t h i s  computer program i n  a p r o j e c t  a t  NBS to study t h e  
f e a s i b i l i t y  of p ro tec t ed  e l e v a t o r s  as a means of f i r e  escape for handicapped 
ind iv idua l s .  Considerat ion i s  being given t o  f u r t h e r  development of the  program for 
use as a design t o o l .  Also, a program may be developed for microcomputers which can 
be used i n t e r a c t i v e l y .  

9 
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APPENDIX A.  DATA INPUT DESCRIPTION FOR 
COMPUTER PROGRAM 

. -  

Data input consists of the following elements: 

1. Initial data 

2. Building heights 

3 .  Temperature profiles 

4 .  Outside pressure profiles 

5. Building data 

6. Shaft data 

Each of these input elements is described in detail in the following sections. 

Elements 1 through 6 are always required. 

required for each of the six data elements is described in detail. 

group of blocks below represent an input card. 

are unformatted; that is, the numbers do not have to be placed in specific columns 

and integers can be written with or without decimal points. However, separate 

pieces of numerical data must be separated by one or more spaces. Examples of 

input data are provided in Appendix B. 

In the following sections the input 

Each block or 

Unless otherwise stated these cards 

1. Initial data 

project title, (col. 1-72) 

outside unit indication summary 'output 1 temperature (OC, O F )  (1 for SI, 2 for Eng) (0 for none, or file number) 

'The user must assign this file before program execution. 



2 .  Building he igh t s  

Nh, no. of bui ld ing  
l e v e l s  

inpu t  parameter 
(either 0 o r  1) 

If inpu t  parameter = 0 ,  then  he igh t s  f o r  each bu i ld ing  l e v e l  are t o  be ind iv idua l ly  

entered  a s  fol lows:  

h(l) h ( 2 )  

1-1 . o  0 0 n O o 0  0 
where h is the  he igh t  of t h e  cen te r  of l e v e l  i above t h e  ground (m,  f t ) .  (i) 

I f  inpu t  parameter = 1, then t h e  fol lowing card must be entered .  

d i s t a n c e  between 
f l o o r s  (m,  f t)  

3 .  Temperature p r o f i l e s  

no. of temperature p r o f i l e s  

For each temperature p r o f i l e  t h e  following d a t a  must be supplied.  

no. of temp. l e v e l  temperature l e v e l  
p o i n t s  no . (OC, O F )  no . temperature 

(OCtOF) 
l e v e l  temperature 
no . ( O C t O F )  

1 2  



4 .  Outside pressure profiles 

N PO 
no. of outside input parameter 
pressure profiles (either 0 or 1) 

If the input parameter = 0, each outside pressure profile is entered as follows: 

1-1 II I 1  O o 0  n O o 0  I I  
is the outside pressure at the center of level i. 

O W  
where P 

If the input parameter = 1, the outside pressures are calculated and the following 

data are required. 

vO 

(mph) 
wind velocity 

hO 
height at which 

velocity is measured 

pressure coefficients for each pressure profile 

o o o o  U 
5. Building data 

Nf 
no. of levels 
(or floors) 

U 

n 
wind 

exponent 

1 3  



All of the following data in this input element are supplied for each level, or 

consecutive groups of similar levels. 

I1 I2 
Starting floor Ending floor 

Ncom 
No. of compartments per floor 

E z z l a -  
(Floor data is entered in ascending order of levels or floors. When data 

is for only one level then I1 = 12, and the same number is supplied for 

both . ) 

For 

No. 

each compartment on a level the following data are supplied: 

NCS NCA NCO Ff 
of connections No. of connections No. of connections Net flow’ Temperature 

to other compart- to compartments on to.the outside (l/s, cfm) profile 
ments on the same the level above number 
level 

For each connection between this compartment and another on the same floor the 

following data are required. 

Other compartment 
number on the same 
level 

C 
flow coefficient 

A 
flow area 
(m2, ft2) 

. For each connection between this compartment and one on the level above the following 

data are required. 

~~ 

2A11 net flows are at standard conditions of 21OC (7O0F) and one atmosphere. 
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Other compartment 
number on floor 
above 

C A 
flow coefficient flow area 

(m2, ft2) 

For each connection to the outside the following data are required. 

outside pressure 
profile number 

6. Shaft data 

C A 
flow coefficient flow area 

(m2, ft2) 

no. of shafts 

All of the following data in this input element are required for each shaft. 

shaft title (col 1-20) 

cS 
shaft flow bottom top level 
coefficient level of shaft of shaft 

temperature 
profile number 

Enter the following typical data which applies to each level of the shaft. 

Exceptions can be entered later. 

15 



no. of connections 
between typical 
level of shaft and 
outside 

Ff 
net flow into 
typical level 
of shaft 
W s ,  cfm) 

The connection data to the building for a typical level are required. 

compartment no. 
to which shaft is 
connected 

C 
flow coefficient 

A 
flow area 
(m2, ft2) 

For each connection to the outside, the connection data for a typical floor are 

required. 

outside pressure 
profile 

C 
flow coefficient 

A 
flow area 
(m2, ft2) 

The number of exceptions to the typical data is required. 

no. of exceptions 

All of the following data in this input element are required for each exception. 

exception type 
(1, 2 or 3)  

level of shaft 

16 



The next card depends on the exception type. 

to the net flow into the floor of the shaft is defined. 

For exception type = I e 

Ff 
net flow 
W S ,  cfm) 

For exception type = 2 ,  an exception to an outside connection for this shaft is 

defined . 

outside pressure 
profile number 

C 
flow coefficient 

A 
flow area 
(m2, ft2) 

For exception type = 3 ,  an exception to the connection between the shaft and the 

building is defined. 

compartment no. 
to which shaft 
is connected 

C 
flow coefficient 

A 
flow area 
(m2, ft2) 

17 



A P P E V D T X  B. INPUT EXAMPLES 

1. Example 1 

A ten story building with a pressurized stairwell and no vertical leakage 

within the building is heated to 7OoF when the outside temperature is -20'F. The 

stairwell temperature is 60°F at the tenth floor and 50°F at the bottom floor. The 
1 stairwell is pressurized by a net 550 cfm per floor. The wind is 30 mph at a 

height of 30 ft and the wind exponent is 0.14. This building has connections to 

the outside in two directions. The wind pressure coefficients are 0.7 for the 

windward wall and -0.7 for the leaward wall. The flow areas are the same vertically 

and are listed in Table B1. The flow coefficient is taken to be 0.65 for all 

connections. 

Table B1. Flow areas for example 1 

Connection location Area (ft2) 

Between stairwell & building 

Between building 61 outside into 
the wind 

Between building & outside away 
from the wind 

0.42 

0.75 

0.75 

1.1 Data for Computer Input 

i n i t i a l  
d a t a  

TEN STORY BUILDING WITHOUT VERTICAL LEAKAGE { -20 20 

1 
10 

building 
h e i g h t s  

temp e p a  t u r  e 
p r o f i l e s  1 70 

1 50 10 

o u t s i d e  2 1 

-0.7 
p r e s s u r e  
p r o f i  Zes 

30 -15 

60 .. 

- 

'At standard conditions of 21OC (70OF) and one atmosphere. 
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b u i l d i n g  
d a t a  

s h a f t  
d a t a  

10 
0 

.65 P -65 

1 
STAIRWELL 

80000 1 
0 550  
1 . 65 
0 

1 
2 

0.75 
0.75 

10 

. 42 

0 

2 

1 

2. Example 2 

This is a 10 story building which is 70°F inside. Outside the air temperature 

is -5OF and there is no wind. This building has a stairwell and an elevator. The 

flow areas which are generally the same vertically are listed in tqble B2 and the 

flow exponents are taken to be 0.5. 

per floor. 

floors 2 through 10 the elevator lobby separated from the building by doors that 

automatically close in the event of a fire. 

in all connections. 

The stairwell is pressurized by a net 550 cfm 

The elevator shaft has a 4 ft2 vent to the outside at the top. On 

The flow coefficient is taken as 0.65 

Table B2. Flow areas for example 2 

Connection location Area (ft2) 

0.42 Between stairwell & building 

Between building & outside 1.5 

Between elevator & elevator lobby 0.65 

Between elevator lobby & building 0.55 

2.1 Data for Computer Input 

i n i t i a l  
data 

bui  l d i n g  
h e i g h t s  

t e m p e r a t u r e  
p r o f i Z e  

TEN STORY BUILDING WITH ELEVATOR 
2 0 

1 
10 

{ :  1 70 

o u t s i d e  
p r e s s u r e  
d a t a  
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b u i  Zding 
d a t a  

1st 
f Zoor 

i lo 

1 1 
1 0 1 

1 0.65 0.75 

2 10 2 
1 0 1 0 1 
2 0.65 0.55 
1 0.65 0.75 I 0 0 0 0 1 

2nd 
t h r o u g h  
1 0 t h  f l o o r s  

s h a f t  P d a t a  

s h a f t  Z 

s h a f t  2 

STAIRWELL 
80000 1 10 

0 550 
1 -65 - 4 2  l o  

1 

ELEVATOR 

0 0 
2 .65 -65 
2 
2 10 
1 -65 4 . 0  
3 1 
1 -65 -65 

2 . 7E6 1 10 1 

2 . 2  Example 2 Output 

The  output fo r  example 2 case  1 ( the  data above not  including modif icat ions 

for Cases 2 and 3)  i s  given i n  appendix C .  
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APPENDIX C. EXAMPLE OUTPUT 
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- .  

2 
U 
v c 

3 a c 
3 n 
I- 
3 
0 

a 
0 I- 

a 
> 
W -I 

W 

(3 w 
n 

u) 

w a 

IL 
U 

- 
c 
3 
0 E 

4 

r 

IL 

0 
m 

8 

v 

ul w -I W -I 

I 4 
X 

a 
B 
n n 

a z 
I I- 

3 
U 

U 
u, 
0 K a 

W 

3 u) 
a 

u) z 

c a 
E! 

W 
1L 

0 z 

.A 

3 

t K 

0 c 
ul 

z w 
c 

U n 

m 
U 

u) w 
a a 

W 

3 
a 
c 

w 
a a w 

u) 
c 
3 
0 

a- 
U . . . . . . . . .  . m  

crc-c . -  0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0  
bl-bbbbbbf-b 

. . . . . . . . . .  au 
c I w  u z w  

0 cy 
I- 
3 
0 c 

I 
OI- uu, 
W 
I 

0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  . . . . . . . . .  
m in in m m IC) m m in m 

r C Y O O m ( D b Q ) O  

L 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  r 

a c  U L L  
W 
I 

. . . . . . . . . .  
m l n l n l n m l n m m l n m  - ( Y c ) o m o b Q ) O  

W 
I I- 

22 



. . . . . . . .  * . . . . . . . . . . . . . . . . . . . . . .  

t- 
W z 

m s ) -  
03 ' 
coco o m  

. . .  

I 

-0 m h? 
?'9 

. .  
vcz 
3 m  v w  
c -  

00 
(-Lo 
0 9  

1 

c 

c 
z W 

B e a 
U a 
z 
0 
V 

c y a  

a a  
e 

0,Y 
0 )  

L L W  

0 

e 
!!! 
L 

000 

ma) 
U P  o m  

. . .  

L 

8-0 m m  
9 9  

. .  
oct 
m G  
0 3  
r r -  

mcy 
InP 
0 9  

0 

c 

e 
z W 

r c a 
a a 
E 
0 
V 

ma 

a a  
2 

5Y 
0) 

k W  

0 

c 
2! 

0 m C Y o  
P O @ '  - P) - 
mmcy 

. . . .  

, I  

-00 
u> (Y m 
??'I 

. . .  
rt In L! 
m a u l  
900 
V - F -  

C O I n ~  
o m  
ocyo 

c 
W z 

??: 
o m  
o m  
- v -  

I 

'0 m m  
9'9 

. .  
P 'f 

\di 
m m  
v-v 

C O I n  
W t o  
9 9  

0 

c 

t- 
z W 

5 c 
K 

a r 
0 
0 

a 

u a  
0 e 

a-a 
0 )  

LLW 
32 

0 

c 
W z 

0 - 0  

0- ' 
mCO C Y C Y  

. . .  

I 

-0 
l n m  
9'9 

. .  
F C t  

G Q  
r, j, 
c r  

COCD mcy 

9 9  
0 

c 

I- 
z W 

B c 
K 
U n 
4 
0 
0 

m a  
0 t- 

o L 4  
0) 

LLW 
3 

0 

t 
w 
z 

=It--- 
m l n  @ 

P o  N c y  

. . .  

I 

-0 m m  
00 . .  

. .  
7 v  
m UJ 
U O  - v  

O r  
cycy 
99  

O 

r 

c 
2 W 

3E t- 
a 
U a 
P 0 
u 
@a 

aoa 
0 

o w  

LLW 

t- 

25 

0 

3 
0 A 
LL 

c 
z rrl 

3 0  
c( 

? z  
ILL 

W 
0 u 

J 

u w  
23 
W v )  
Kv) w w  

LLP.  

a 
+ a  

& a  

n 
w 

0 c 

z 
0 
c 
V W 
z z 
0 
0 

CI 

0 
W 3  
X O  M A  
L L L  

W -I 
n o  zu. 
w o  b- a 
a 

a W 

3 
u) 
Cn W 

a n 

c 
t w 

E 

3 
a 
a 
P 

0 

E 
4 
u. 

0 

cy 

c 
Z W 

E: c 
a 
U a 
E 
0 V 

O 

cy 

c 
z W 

K 
a. s 
0 
V 

E 
a 

. I 

N 

e 
z W 

z c 
a 
a a 
5 
0 
V 

. .  
0 

.c 

z 
0 
e 
u W 

Y 

a 
Y 

O 

cy 

I- 
z W 

I c 
0: 
4 a 
t 0 
V 

. .  
0 

c 

L 
0 
I- 
o W 

o 

. .  
I 

- 
z 

t- 
u W 
a 

I 

cy 

c 
z W 

I c 
a 
4 a. 
I 
0 0 

z 
0 
Y 
I- o 
a 
W 

cy -J  
w w  

0 0 

c c 

c x a 
? '9 
c P 

0, 
CD 
0 

QD 

(Y 0 
2 d )  

.- c c c 

cy c cy c cs c CI cy .c 

cy cy (3 * I  0 m m (0 (P 
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30 
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0 0  
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I 

c 
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0 
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2Y 
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n u  
Err. 
W O  e a  a 

a 
W 
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MAIN PGOGRAM 

ZNBSSPLI  88 oSkOL A. MAIN  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

COMPCTER PROGRAM FaR AIR FLOW ANALYSIS IIJ BUILDINGS 
S P E C I F I C A L L Y  FOR ANALYSIS OF SMOKE CGNTROL SYSTEMS 

P R OC RAM VARIABLES 
A I  LEAKAGE AREA OF INTERNAL CaNNECTION 
A 0  L E A K A G E  AERA OF CCNNECTICN TO OUTSIDE 
C FLOW COEFFIC IENT BETWEeN B U I L D I N G  POINTS 
co FLOW COEFFIC IENT TO OUTSIOE 
cs FLOW COEFFIC IENT OF SHAFT 
f L I M I T  W I T H I N  WHICh CCNVERGEHCE I S  ACCEPTABLE 
F NET FLOW I N T O  P O I N T  I 
FC FLOW BETWEEK 1hTEF;NAL FOINTS 
FF F I X E D  F L O W  INTO P C I N T  I 
FO FLOW TO aUTSIOE 
FSS NET FLOW I N T O  SHAFT I S  
t- )-EIGHT FROM GROUND TO MIDPOINT O F  FLOOR 
IBUG OUTPUT VARIABLE 
ICONV INTEGER USED I N  SQBROUTINES BLDGP AND SHAFTP 

IFLCCR FLOOR LEVEL WFERE POINT I S  LOCATED 
I F  ICONV = 0 THEN TbE PRESSURES WERE UNCHANGED 

I T  
I T  s 
JC 
30 C 
N 
NC 
NCO 
N F S l  
NFS2 
KH 
NP 0 
NS 
NS 1 
NS2 
NT 
NTP 
P 
FFO 
FO 
PS 
PZ 
7 

POIHTER TO TEMP PROFILE  FOR POINT I 
POINTER TO TEMPERATURE PROFILE OF SHAFT 

D IRECT I O N  OF OUTSIOE CONNECTIOk 
POINT Nao CCNNECTED TO POINT I 

NCo OF B U I L O I N G  CCMPARTMENTS 
NO. OF INTERNAL POINTS CCNNECTED TO POINT I 
NO. OF OUTSIDE CONNECTICNS 
BOTTOM FLOOR OF bFAFT 
TOP FLOOR O F  SHAFT 
NO. OF FLOORS 
NO. OF OUTSIDE FRESSURE PROFILES 
N O 0  OF SHAFTS 
I VALUE FOR START OF SHAFT 
I VALUE FOR END O F  SHAFT 
TOTAL NO. OF POINTS (BLDG AND SHAFT) 
ha. OF TEMPERATURE PROFILES 
PRESSURE A T  POINT I 
OUTSIDE FRESSURE PROFILES 
OUTSIDE PRESSURE 
PRESSURE P R O F I L E  OF SHAFT - WORKSPACE 
PRESSURE DUE TO ECEVATlCN DIFFERENCE 
TEMPERATURE FROFILE  ARRAY 

T I T L E  PROJECT T I T L E  
T I f S k  SHAFT T I T L E  

F R O G 6 A M  PARAMETERS 
MB MAX NO0 OF B U I L D I N G  CaVPAATMENTS 
YM MAX kO0 OF POINTS 
MS MAX NO0 CF SHAFTS 
MC MAX NO0 OF CONNECTIONS FOR ANY POINT 
MPO MAX )uOo OF OUTSIDE PRESSURE PRCFILES 
MT P M A X  NO. C F  TEMPERATURE PROFILES 
MFL MAX NO0 OF FLCjORS 
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M A I N  PfiOGRAM 

C 
c 

C 
C 
C 

C A L L  INPUT TO R E A D  C A T A  

CALL INPUT 
C 

2 0  
C 
C 
C 
C 

e 

9 
10 
C 
C 
C 

12 

14 
15 
< 
C 
C 
25 

E=0.5 
I C s =  1 

SPVE A I ( I 9 J )  I N  81(1,3) AND F I N O  
MAX VALUE OF A I ( I , J )  

AZZ=C 
A M A X = O  
GO 10  1=1,NT 
CO 8 J = l s M C  
61 (I r J  ) = A I (  I s  31  
I F ( A I ( 1 . J )  oGTo AMAX)AMAX=AI( I .J)  
CONTINLE 
DO 9 J=t.MPQ 
E2 ( I 9 J )=AO( I r J) 
I F ( A C ( I r 3 )  .GTo AMAX)AHAW=AO(I.J) 
CONTINUE 
COFT I N U E  

ACJbST FOR LARGE VALUES OF FLOW AREA 

IF (AMAX o L T o  0 0 3 ) G O  TO 25 
A Z Z =  1 
AM=Q .B/(AMAX-Ool) 
6B=O.l*( 1.0-AM) 
GO It I S l r N T  
GO 15  J=l,MC 
I F ( A I ( 1 . J )  OCTO O o 1 ) G O  TO 12 
A I  4 I J )=AM*AI I sJ) +88 
COhT INUE 
00 14 J = l , Y P O  
I F ( A C ( 1 . J )  OLTO 0 o l ) G O  TO 14 
A 0  ( f 9 J )=AM*AO< I r J  2 +E8 
CONT INUE 
CONT INbE 

T E  NPERATURE CORRECT ICN 

C A L L  CCRR 
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M A I N  PROGRAM 

. 

C 
C 
C 
22 
C 
C 
C 
C 
24 
C 
C 
C 

C 
C 
c 

C 
C 
C 

30 
C 
C 
C 
C 

4 0  

so 

5 5  
€ 0  

C 
C 
C 
C 
C 
4 2  
C 

C 
c 
C 
C 
eo0  

CALL  I N I T  TO I N I T I A L I Z E  PRESSURE ARRAY 9 P 

CALL I h I T  

D a  LCOP TO 30 I S  I T E R A T I V E  SOLUTIaN T O  PRESSURE ARRAY 

CO 3 C  ITER=l ,NITER 

C A L L  BLDGP TO SOLVE FOR B U I L D I N G  PRESSURES 

C A L L  BLDGP 
I C E =  ICQNV 
I F t I C B  0 E Q o  0 .AND0 I C S  o E Q o  0 ) G O  TO 40 

C A L L  SHAFTP TO SCLVE FCf i  SkA fT  PRESSURES 

CACL SHAFTP 
I C s =  XCCNV 
I F ( 1 C B  oEQo 0 .AND. I C S  OEQO 0 )GO TO 40 

CALL  PZAD TO CALCULATE PZ TERMS 

CALL FZAD 
CONT INUE 

IF ROUTINE F A I L S  TO CONVERGE I N  N ITER 
ITERATIONS P R I N T  ERKOR MESSAGE 

Mt? I TE ( 6 9 800 1 
CONT I N L E  
kR I T €  ( e 980 1) I T E R  
I F ( A I Z  .EO. O o J C G  TO 42 
AZZ = 00 
CO 6 C  f = l r N T  
DO 5 C  J = l r M C  
A I ( I , J ) = B l ( I 9 J )  
DO 5 5  J=lrMPO 
A 0  ( I 9 J )=e2 ( 1 9  J 1 
CONT I N b E  
CALL CCRR 
GO TC 24 

CALL OUT 

CALL OUT 

TO UUTPGT SOLbTION 

FORBAT STATEMENTS 

FORMAT(/ / / / /SXsJS< 1 H 1 ) / / 5 X 1  
+ 3 S H f  AlLURE OF M A 1  N PROGRAM TO CCNVERGE 1 / 5 X 9  35( 1 H1 ) I /  1 
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M A Z N  PC;OGRAM 

e 0 1  F O R M A T (  1 0 X s f S s  S X , l l H X T E R A T I a N S  1 
€ 0 5  FORYLT t l t - 1 )  

EN0 

t h O G s P  SUBROliT'INE INPUT L s  1 
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SUBROUTINE INPUT 

aNBS*PLIBSoSkOW A. INPUT 
SUEGCUTINE INPUT 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

c 
C 
C 
C 
C 

€ 9  

5 7  

T h I S  ROUTINE HEADS AND P R I N T S  OATA 
ANC I N I T I A L I Z E S  PZ ARRPY 

FARABVETE R ( M M = 1 4  0 9 MS=8 9 MC=9 s M F O = 2  9 MT P=2 MFL= 2 5 s  M 8 = 5 0  1 
COMMCN /PZZ/ PGZ 
COMMCN / I U / T I T L E (  18) ,IOUTIIUNIT.NCOMP(MFL) rSNCOMP(MFL1 
COMMCN NT, P(MM)~C(MMIMC) , N C ( M M ) r 3 C ( M M , M C ) , I T S ( M S ) r  

1 
2 
3 
4 
5 

FC<LM r M C )  .PZ(  MM. MC) .PO( C N J .  MPC 1 .CO( MM, MPO 1 rF(  MM)  PFO(MFLsMP0 1, 
F F  ( Y M  1, FO(MM ,MPO 1 .CS( YS) .PS( M F L )  eNS1 ( M S )  ,NS2< M S )  9 

F S S ( (v 2 1 .N. NS .NPO 9 ICOkV I E 9 I RU C 9 A I  (MM. MC ) 9 AO( MM, MPO 1 9 T I  TSH ( M S  9 5  1 r 

NH, k (  M F L )  I I F L O M t  Y M )  9 T (  MTPIMFL 1 r N F S l (  MS)  rNFS2(MS 1 s  I T ( M B  1 sNTP 
9 N CC ( M M 1 9 J OC ( M M 9 MP 0 ) 9 TO C T 

COLELE PRECIS ICN P rP0,PS 
CHARPCTER PAR 86 
DIMEhSfON 
CATA FAR/' M h r l ' s '  M S @ . '  MC'r'M~O'.'MTP'.'MFL'.' M E ' /  

I I ( M F L )  r T T ( M F L )  ,PAR ( 7  rCW(MP0) ,PH(MFL) ,NZZ(MM) 

IBUG=O 

RECO AND WRITE PROJECT T I T L E  

REAC GENERAL OATA 

TOCT = OUTSIDE TEMPEfiATURE 
I U h I T  = 1 FOR S I  U N I 7 S  

= 2 FOR ENG U N I T S  
I C C T  = 0 FOR NO SUMYARY OUTPUT 
OTkEPWISE IOUT  IS FILE NO0 TO 
h k I C h  SUMMARY OUTPUT IS MRITTEN 

R E A C ~ 5 ~ 7 0 0 ) T O U T ~ I U N I T s I O U T  
WHXTE(t5.411)TOUT. I U N I T e I O U T  
I F t I C N I T  OGTI 2 .OR. I U F ( I T  eCT0 1)GD TO 105 

R E P C  kE IGHTS 
Nh=O FOK INPUT OF A L L  ) . E I G H T S  
NN=l FOR CALCULATICN O F  I-EIGHTS 
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SUBROUTINE INPUT 

R E 4 0  TEMPERATURE PROFILES 

5 8  
C 
C 
C 
s 9  

SO 

1 

2 

E l  
c 
C 
C 

e 

C 
C 
C 
C 
€ 1  

REAC ( 5 r 7 0 0 ) N T P  
WRITE ( 6 1 41 5 )  NTP 
I F ( N 1 P  O L E O  MTPIGO TO SO 
1PAR=5 
GO TC 1 1 0  
DO 2 I F = l s N T P  
REAC ( 5  r700 )NNN. ( I  I (J) 1 TT(  3) rJ=1 rNNN) 
WRITE( 6 1 4 1 6  8VNN.t I I ( J  1 s T T (  3) e J = l  vNNN) 
I F t h l r N  OCT O 1 ) C O  TC 2 
CO 1 I F F = l s N H  
T(  I P  9 I F F  )=TT(  1) 
GO TC 3 
J= 1 
J P l = Z  
CO 4 I F F = l s N H  
T (  I P .  I F F  )=TT(J )+ (TT(JPl ) -TT(  J) I*(  I F F ~ I X ~ J ) ) / ~ I I ( J P l  )-II( J)) 
I F ( 1 f F  ONE. f I ( J P 1 ) ) G C  TC 4 
I F ( J F 1  OEQO NNhICO TO 4 
J=JP 1 
J P l = J + l  
CONT INUE 
CONT INUE 

READ OUTSIDE PRESSURE PROFILES 
NN=O FOR INPUT OF A L L  PRESSURES 
N k = l  FOR CALCULATION B Y  POWER LAW 

REAC 459700 INPOsNN 
h R I T E ( 6 r 4 1 7 ) N P C s N N  
I F ( N F 0  OLEO YP0)GO TO S1 
I P A R = 4  
CO f C  110 
I F ( N h  OEQO 11CO T O  e l  

READ A L L  OUTSIDE PRESSURES 

CALCLLATE OUTS1 DE PRESSURES 
PATMCS I S  ATMOSPI-ERIC PRESSURE (PA)  

REA C 45 1 7 0 0  
W ~ I T E ( ~ . ~ ~ ~ ) V W S ~ W . X W ~ ( C ~ ( I )  ef=l .NPO) 
IF 4 I L N I T  OEQO l ) V W = V W * O o 2 7 7 8  
I F (  I L N I T  OEQO 21VW=VW*Oo4470 
PATMCS=lO 13250 
T 0 0 = 1 0 L T + 2 7 3 0  
IF  ( I U N  I T  OEQO 2)TO0=4 TOUT+460 ) / I  08 
P V A =  1760 4*VW*VI/TOC 

VW 1 hlrv X W 9 ( C  W ( I 1 9 I =l,NPO 1 
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SUBROIJTXNE INPUT 

. . .  
2 1 1  
2 1 2  

5 1 0  

€ 2  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 5  

7 

111 

112 

C 
C 
C 

B C I L D I N G  D A T A  INPUT 
NFLS = NO. O F  FLOORS I N  B U I L D I N G  
I F 1  = LOWER FLOOR I N  SERIES O F  S I M I L A R  FLOORS 
I F 2  = UPPER FLOOR I N  SERIES O F  S I M I L A R  FLOORS 
NCC = NO. O F  COMPARTMENTS PER FLOOR 
NZ = NO. OF CONNECf IOhS T O  COMPARTMENTS ON SAME FLOOR 
NA = NU. OF CCNNECTICNS TO CaMPARTMENTS ON FLOOR ABOVE 

1 = 0  
SNCCNP ( 1 ) = 0 0  
REAC ( 5  r 7 0 0 ) N F L S  
WRITE(69420)NFLS 
I F t N F L S  oGTo NHIGO TO 106 
REAC ( S 9 7 0 0 )  IF1  s IF29NOC 
k R I T E ( 6 9 4 0 0 )  I F l . I F 2 s N O C  
I F ( I F 1  OCTO I F Z j G O  TO 1 0 7  
NCOMF( I F i ) = N O C  
I F P = l F  1+1 
SNCUCP ( I F P  1 =SNCOHP< I F  1 ) +NOC 
CO 1 C  I Z = l r N O C  
I= I +  1 
READ ( 5  9700  1 NZ 9 NA9 NhOsFF ( I) 9 I T  4 11 
W R I T E ~ € s 4 0 1 ~ N Z s N A ~ N N O ~ F F ~ I ~ ~ I T ( I ~  
N t Z (  I ) = N Z  
hN=h2+NA 
IFLOCR(X )=IF1 

I P A R = 3  
GO TC 110 
I F ( N h U  OLEO M P O I C O  TO 112 
I P A # = 4  
GO T C  1 1 0  
I F ( I l ( 1 )  o G T o  NTP .OR. I T ( 1 )  oLTo 1)GO TO 102 
NC( I ) = h N  

I F t N h  OLEO MC)Ga f ( 3  111 

I F ( N 2  .EO. 0 )GU TO 0 3  

I l v F U t  CONNECTIONS TO COMPARTMENTS ON SAME FLOOR 
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SUBROUTINE INPUT 

€2 
e 3  
C 
C 
C 

€ 6  
e 

C 
C 
C 

c 
10 

C 
C 
C 
11 

23 

12 
14 

CO C Z  J=l.NZ 
JC ( I , J 1 = JC ( I ,  J 1 +SNCOMF ( IF 1 1 
I F ( N P  .ECo 0 ) C O  T O  e 

INFUT CONNECTIUNS TO CCMPARTMENTS GN FLOOR ABOVE 

NP=N2+ 1 
R E A C ( S r l O O ) (  J C (  1, J)  r C ( 1  r J )  s A I ( 1 s J ) r  J=NPsNIJ) 
bR I T  E ( 6 9 404 1 
WR I T E  (6. 403 ) (  J C  ( I  9 J ) r C  ( f r J)  * A I  4 I r J) rJ=NPs NN) 
DC b e  J z h P r N N  
JC(I~J)=JC(I,J)+NCCMP(IFl)+SNCOMP(IFl) 
NCC 4 1) =NNO 
IF(Nh(3 o E Q .  0 ) G O  TO 10 

I N F U T  CONNECTION TO OLTSIOE 

REAC ( 5 , 7 0 0  ) 4 J O C  (1  s J J) r C 0  ( I  s J J )  rAO(  I s 3 J  1 e JJ=lw NNO) 
hR I 7 E  (6 r 405) 
k R I T E ( t r 4 0 3 )  (JCC( I r JJ) &a4 1933 1 rAO(  I r  JJ)  r JJS lwNNO)  
CO 9 J J = l r N N O  
J = J O C ( I r J J )  
F O ( I a J J ) = P F O (  IF1, J) 
CONTINUE 
I F ( 1 F l  ONE. I F 2 ) C O  TO 11 
I F ( I F 1  o E Q o  N F L S I G O  TO 20 
GO T C  19 

ASIGN CATA FOR FLOORS S I M I L A R  TO FLOOR IF1 

I F P = I F l + l  

NCOMFt IFF)=NOC 
I F F P = I F F + l  
SNCaCP(IFFP)=SNCOMP(IFF)+NOC 
CO l e  I Z t l r N O C  
I= I+ 1 
I 1 = I 2 + ON COMP( I F 1 1 
IFLOCR 4 I I=  IFF 
F F ( I ) = F F ( I l )  
I T (  I )= I T (  11) 
hN=NC( 11) 
hNQ=)rCC( 11) 
NC ( I )INN 
NCC ( I )  =NNO 

NN=NZZ( 11) 
NC ( I )=hN 

00 17  IFF= IFPr IF2  

I F ( I F F  ONE. NFLSIGO TO 23 

IF( IUh .EGO OIGC T O  14 
DO 12 J = l r N N  
C< I . - ) = C ( I l . J )  
A I  ( I  ,J ) = A I  ( I1 ,J  1 
JC ( I 9 J 
COhT INUE 
IF(NI \O o E Q o  0 ) G O  TO 16 
DO 1 E  J J = l r N N O  
J O C ( l . J J ) = J O C ( I l , J J )  
J=JOC( I. JJ) 

JC ( I1 9 J )+ SNCOMP ( I F F  1-SNCOMP ( I F 1 I 
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SUBRQLTINE INPUT 

15 
16 
17 
18 
19 

20 

C 
C 
C 
1 1 4  

113 

21 

26 

22 

25 

24  
C 

CO ( I e J J 1 =CO ( I 1 9 J J 1 
AO(IrJJ)=AO(Il~JJ) 
FO ( I 9 J J )=PFO( IFF 9 J 
CONTINLE 
CONT INUE 
IF(IF2 o E Q o  NFCSIGC TO 20 
CONT INL'E 
GO T C  7 
N= I 
N2=N 

IPAR=7 
IF(N OLE. MBIGO T O  1 1 4  

Ga TC 110 

SthF? LATA INPUT 

REAC(Se?OO)NS 
IF(hS OLEO M S I G C  TC 113 
IPAfi =2 
GO TC 110 
DO 1CO IS=leNS 
R E A C  (5.603) ( T I T S H (  ISII )rI=lrS) 
bwR IT€( e , 406 1 ( TI I S H (  IS I 1 9 f = l  S S  1 
REAO ( 5 9 7 0 0 ) C S t  Id) sNFS1 (.IS) rNFS2(XS)  ,ITS( IS) 
CRITE(br407)CS( IS)rNFS1(IS)rNFS2(1S), ITS( IS) 
hl=Nf+l 
N2=Nl+hFS24 IS)-NFSl( IS) 
NSl( IS )=N1 
NS2( IS 1=N2 
IFF=hFbl (IS)-1 * 

REAC ( 5  97 0 0 )  NuNO 9 FF F 9 JCP 9 CC sAA 
WR IT E ( 6 
IF(Nh0 O E O O  0 ) G C  TO 21 
R ~ A C ( S , 7 C O ) ( J O C ( N l r 3 ) , C a ( N l , 3 )  eAO(N1.J) ,J=lrNNO) 
kR IT€ ( 6 9 403 1 ( JOC( N1, J 1 9 Ca (N1, J 1 9 AO( N19 3 
DO 24 IzNlrN2 

40 8 )NNG eF FF s J CP e CC r AA 

9 Jtlr NNO) 

NC( I l=l 
NCG( I) =NNO 
IFF= I F F +  1 
IFLOCR(1 )=IFF 
I F t I F F  o C T .  N F L S I G O  TO 25 
FF(1 )=FFF 
IF (JCP o G T o  NCOMP( IFF 1 )GO TO 25 
JC(I,l)=JCP+SNCOMP(IFF) 
C (  I, 1 )=CC 
AI (I a 1  )=AA 
IF(Nh0 o E Q o  0 ) G a  TC 24 
CO 2 5  J=lrNNO 
JJ=JCC(Nl,J) 
FO(IrJ)=PFO(IFF,JJ) 
JOC( 11 J ) = J J  
CO ( 1 9  J )=CO(Nl e J 1 
A 0  ( I 9 J )= A 0  ( N 1 s J 
GO TC 24  
NC( I ) = O  
CO T C  26 
COhTINUE 
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SUBRGUTINE INPUT 

4 1  

4 2  

4 3  
4 4  

4 7  

4 6  

4 9  

2 1  

EXCEPTIONS TO GEhERAL SHAFT INPUT 

K E  = 1 FOR FF EXCEPTICN 
K E  = 2 FOR OUTSIDE CONNECTION 
KE = 3 FOR INTERNAL CCNNJECTIGN 

NAN = NO. O F  EXCEPTIONS 

REAC(5 r 700 )NNN 
I F ( N h N  OEQO 0 ) G O  TO 100 
00 6 C  I K z l r N N N  
R E A C ( S r 7 0 0 ) K E r  I F F  
InR I TE 4 6 r 409 ) KE a IFF 
b N Z 1  ( I S ) + I F F - N F S l  ( I S )  
XF(KE oEQo 1 ) G O  TO 41 
I F ( K E  .EO. 2160 TO 42 
I F t K E  .EGO 3)CC TO 51 
GO TC 1 0 4  
R E A C ( S r 7 0 0 ) F F ( I )  
WR I T €  ( 6 .410  IFF ( I )  
GO TC 6 9  
REAC (5.7 00 1 J r CCC, AAO 
WR I T  E ( 6r 405) 
%R I T  E( 6 r 403 ) J r CCO r AAO 
NNC=hCO( I) 
I F t N h C  OEQO 0 ) G O  TO 44 
GO 4 2  K Z l r N N C  
I F ( J C C ( 1 . K )  .EO.  J I G 0  TO 46 
CONT INUE 
hiJC=hNC+ 1 
h C O ( I ) = N J G  
P O ( I r N J O ) = P F O ( I F F r J )  
JOC( I r N J O ) = J  
C O ~ I r h J O ) = C C O  
A 0  ( I rlV JO )=AAO 
GO TC 6s 
NJO =K 
K K = K i l  
I F ( C C 0  ONE. OIGO TO 47 
kJO=l rNC- l  
NCC( I )=NJO 
IF(NJC1 OEQO 0 ) G O  T O  69 
00 45 K=KKrNNC 
KM=K-1 
FCI ( I r K M  1 =PO ( I K 1 
JOC( I rKM)=JOC( I eK) 
CO ( I r K M  1 =CO ( I e K 1 
A 0 4 1  r K P ) = A O < I r K )  
Et3 TC 69 
RE AD ( 5 9 7 0 0 ) JCP r CC r A A 
WR I T E ( ( 5 r 4 0 2  1 
% R I T E ( € r 4 0 3 )  JCPrCCrAA  
J= JCF+SNCOMP( I F F )  
NN=NC( I) 
I F ( N h  O E C O  0 ) G O  TO 53 
DO 5 2  I <= I rNN 
I F ( J C ( 1 . K )  OEQO J I G 0  TO 55  
CONT INUE 
I F ( C C  ONE. 0 0 ) G C  TO 53 
kR I T €  ( € s 520 ) I S  r KE r IFF 

- .  
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SUBROUTINE INPUT 

53 

5 4  

5 5  

E 1  
€9 
100 

C 
C 
C 
160 

C 
C 
C 

2 0  
C 
C 
C 

3 3  
C 
c 
C 

7 7  

GO TC t 9  
hJ=Nh+l  
N C ( I ) = N J  
JC (I r h J  )=J  
C(  I r h J  )=CC 
A I  ( I r N J  1 =AA 
GO TC 69 
NJ=U 
K K = K + l  
I F ( A h  ONE. 0 0 ) G O  TO 54 
hJ=kh- 1 
NC ( I )=hJ 
I F ( N J  o E Q o  0 ) G O  TO 65 
CO 6 1  K=KKrNN 
UM=K- 1 
J C  ( I rKIJ )=3C ( I .  K )  
C(  I ,KM)=C(. 1.K) 
A I  ( I r KM 1 =A I ( I r K 1 
CQNTINLE 
COhT I N b E  
NT=NS 

I P A R = l  
GCI TC 110 

I F ( N 7  .LEO M M I G O  TO 1 6 0  

PR I N 1  CIUTSIOE TEMPERATURE 

krR I T  E ( 6 9 60 1 ) ( T I T L E  ( I 1 r I= 1 s 12 
I F  ( I LN I T  1 )WRITE( 6 r 8 0 0  ) TOUT 
I F ( 1 L N I T  e E Q o  2)WRITE(€sSCO)TOUT 
I F ( I L N 1 T  o E Q o  2)TOUT=(TObT-32o ) / l o 8  
TOL l=TCUT +273 

EQo 

PR INT  kEIGHT AND TEMFERATURE PROFILES 

I F  ( I C N  I T  OEQO 1 )WRITE(  6 ~ 8 1 1 )  ( I P r I P = l r N T P )  
IF( I C N I T  oEQ. 2 ) W R I T E ( 6 , 5 l l )  ( I P r  I P = l r N T P )  
bR I T  E ( € 9 8 13 
CU 3 C  / F F = l r N H  
h R I T E ( € r 8 1 2 ) H ( I F F )  r ( T (  f F r I F F ) . I P = l r N T P )  

CChVERT TEMPERATURES T O  DEG K 

DO 3 2  I F F = l r N H  
CO 32 I F = l w N T P  
IF( I L N I T  o E Q o  2 ) T (  I P r I F F ) = ( T <  1 P . I F F 1 - 3 2 0 ) / 1 0 8  
T (  f P  r I F F  )=T( I P .  IFF )+273 0 

P1T; I N T  OUTSIDE PRESSURE FROFILES 
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SUBROUTINE INPUT 

7 0  
7 6  

79  

21  
C 
C 
C 
E 3  

t 9  

5 8  
€0 
C 
C 
t 

C 
C 
C 
€ 7  

30 
4 0  
C 
C 
C 

P F C ( I F F s J ) = P F O l f F F s 3 ) * 2 4 ~ o 8  
CONT INUE 
GO 1c e 3  
NR I T E ( 6 , 8 1 4 ) (  I P s I P = l r N P O )  
llvR I T  E ( 
00 2 1  I F F = l s N H  
WRITE( € e  815)HC I F F  ) s (PFO( IFFs3 1 s J = l s N P O )  
CONT I N L E  

9 e 13 ) 

CCfiRECT FOR CONNECTICNS CINLV INPUTED ONCE 

00 b C  I = l .NT  
CIN=NC< I )  
I F < h b  oECo 0 ) G O  TO 60 
CO 5E J J Z l s N N  
J = J C (  I s  J J )  
I F ( 3  o E Q o  0 ) G O  TO 58 
NN J=bC ( J 1 
I F d k b J  o E Q o  0 ) G O  TO 57 
DO S €  I A = l r N N J  
I F ( J C ( J s 1 A )  OEQO XIGO T O  58 
CON7 INLE  
hhJ=)rN J+ 1 

I P A # = 3  
GO TC 110 
hC 4 J )=hN J 
JC < J rNk J ) = I  
C (  J 
A I  ( J  r N h J  ) = A I  ( I s JJ) 
I F ( J  O C T O  N O O R O  I 0 G T o  N)CO TO 58 
P Z ( J s N B J ) = - P Z ( I r J J )  
CONT INUE 
C O N 1  I N L E  

I F ( N h J  O L E O  MCIGO TO 5s 

h)u J )=C( I r  J J 1 

CCRRECT U N I T S  

I F t I L N I T  o E Q o  Z I C A L L  U N I T S  

IN I T  XALIZE P Z  F O R  B U I L D  COMPARTMENTS 

GO 4 C  I = l s N  
MN=NC< I) 

I A = I l (  I) 
I F  I =  IFLOOR( I) 

I F ( N h  .ECe OJGO TO 40 

CO 3E J J = l s N N  
J = J C ( I r J J )  
I F J = I F L O C R (  3 )  
I F ( I F I  .EQ. XFJJGO TO 3 e  
I B = I T <  J) 
TEMPb=OoS*(T( I A s I F I ) + T ( I B s I F J )  1 
P Z ( I s J J ) = 3 4 6 2 . + ( H < I F ~ ) - ~ ( I F I ) ) ~ T E M P A  
c a w  INUE 
CGNT INLE 

I N I T I A L I Z E  PZ F O R  SHAFTS 
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SUBRCUTINE INPUT 

. 

OC 5C I S = l e N S  

N 2 = N E 2 ( I S ) - 1  
N l = R : S l ( I S )  

I T T =  I T S (  I S )  

IF  I= IFLOOR( I )  
I F  J= 1F I+ 1 

oa 4 5  I=M~NB 

T E M P A = O o 5 S ( T (  I TT I  I F I ) + T (  I T T e I F J ) )  
PZ ( I I 1 )=Z462- * ( H( I F J ) - H <  I F 1  ) ) ITEMPA 

4 5  CONT I N L E  
E O  CONT INLE 
< 
C CHECK SHAFT CCNNECTIOhS 
< 

GO 2 4 0  XS=lsF(S 
hl=NS1 ( I S )  
h 2 = N E 2 ( 1 S )  

NN=NC( I )  
CO 250  I = N l r N 2  

I F ( N b  . E Q o  0 ) G O  TO 23s 
CO 226 J=l .NN 
JJ=JC( 1.J) 

I I F ( I f L C O R ( 1 )  .NE. I F L O O R ( J J ) I G O  TO 103 
236 
239 
240 

C 
C 
C 
C 
102 

103 

A 04 

105 

106 

1 C 7  

110 
C 
C 
C 
A 09 

180 

I 

182 

C O N l  I N L E  
COhT INUE 
CONl  lN l rE  
RETlrFN 

0 IbGhOST I C  OUTPUT 

WRITE(  b 9 0 2 ) I  I T ( :  I) 
G@ TC 1 0 9  
kR I 1 E 4 e 9 9 03 1 
GO TC 109 
WRITE(  6 .904)  
ca TC io9 
llrR I 1 E ( e w 90 5 1 
Ca TC 109 
k R 1  TE< e 9 906) 
GO TC 109 
MRITE(  6 . S 0 1 )  
CO TC 109  
WURI I€( (5 9s 10 ) P A R (  I PAR)  

P R I N T  CORRECTED B U I L D I N G  OATA 
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SUBROUTINE INPUT 

7 0  
C 
C 
C 

7 2  

7 4  

7 5  
€ 0  

C 
C 
C 
4 0 0  
4 0 1  

4 02 
4 03 
4 0 4  
4 0 5  
4 0 6  
4 0 7  
4 0 8  

4 0 9  
4 1 0  
4 1 1  
4 1 2  
4 1 3  
4 14 
4 1 5  
4 1 6  
4 1 7  
4 1 0  
4 1 9  

4 2 0  
zoo 
5 1 1  

5 1 4  

2 1 5  

PRlNT CORRECTED SHAFT INPUT OATA 

GO 8 C  I S = l r N S  
~ I T € ~ 6 r 8 1 6 ~ ~ T I T S H ~ I S s I ~ s I ~ l ~ S ~  
CR I T € (  €reO6')  ISsCS ( IS) s I T S (  I S )  
hi1 = h E l  (I SI 
h 2 = N 1 2 ( I S )  
k R I T E ( € , 8 0 7 )  
CO 70, I = N l , N 2  
NN=NC( I) 
I F ( N h  oGTo 0 ) G U  TO 7 2  
kR I T € (  e ,801 1 IFLCi3R4 I) s FF4 11 
GO TC 74 
CRITE(  6 r 8 O d )  IFLOOR(  I) rFF ( I) sJC(  I s  1) * C (  I 1 1 r A I  ( I s  1 1 
I F ( N b  .EO. 1)GO TO 74 
WR I T E  ( € 9 809 ) ( J C  ( I 9 J 1 ,C ( I 9 J 1 S A  I ( I 9 3 1 9 J = 2 r N N )  
hNC=hCG( I) 
IF4NhO o E Q o  0 ) G O  TO 75 
kR I T E (  t ,810 1 (JOC( I s 3 )  sCQ( I s J )  s A 0 4  I r J)  s J=l.NNO 1 
CONT l N L E  
CONT INLE 
STOP 

FORMAT STATEMENTS 

FORMAT(SX,SHIFA =, 1397Hs IF2 =:,f3,7Hr NOC ~ ~ 1 3 )  
FOKPPT(SXr4HNZ = e  1396H NA = r I 3 , 7 H .  NNO = r 1 3 9 6 H r  FF t r F 8 . 1  e 

FORMAT (5x9 25HCONNECTION ON SAME FLOOR ) 
FORVAT(SXs3HJ = r I 3 r 5 H r  C = ,F1003sSHs A = : r F 9 0 4 )  
F O R M C T ( S X I ~ ~ H C O ~ N E C T I O N  TO FLOOR ABOVE ) 
FORMCT (5x9 22HCONNECTION TO OUTSIOE 1 
FORMAT(5Xs5A4) 
FORMAT(5XwQHCS =.F9.1*8H. N F S l  = : r I 3 r 8 H .  NFS2 =vI3 ,7He I T S  = 9  13) 
F U R M C T ( 5 X ~ S H " O  =,1397H. F F F  = , F 8 o l * 5 H 1  3 =r13.5H. C = 9  F10.3, 

+ 7 k r  I T  =,I31 

+ E H *  A = rF9.4) 
FORMAT (5X.4HKE 13, 7h9 IFF ~ 9 1 3 )  
FOAMCT ( 5 X  r4HFF 
FORMLT (SX,6hTOUT =rF6oO,SHs I U N I T  = r I 3 , 8 H .  IOUT = r I 3 )  
FORMAT(SXr4HNH = s  1396H. NN = , I 3 1  
FORMAT(SXr7HHEIGHTS / ( l O F e 0 2 )  1 
FORMIT ( 5 > ( 9 6 h H ( l )  =,F802,6Hr OH = s F 8 0 2 )  
FORMAT (6X95HNTP =, 13) 
FORM~T(SXn20HTEVPERATURE PROFILE  /I!%( 10(14,F701))) 
FORMAT(SXrSkNP0 =91396h, NN = . f 3 )  
FORMIT(SX,SHPGZ =rF1201/17HPRESSURE PROFILE  /(lOF12.1) 
FORMAT(SXs4HVW =.F€o1.6H9 HW = r F 6 o l r 6 H s  XW = * F 4 0 2 r b H ,  CW =S 

5 ,  F 8 o  1) 

+ ( l O F 4 . 2 ) )  
FORMAT</SXs6HNFLS = e  13) 
FCFiMPT (/ / lOX.2OHOUTSIDE TEMPERATURE w F 6 0 1 ~ 2 H  F )  
FORMLT( / / /SX,6HkEIGhT eSX929HTEMPERATURE PROFILES (DEG F) / 

+ 7 X  9 SkFT 9 3x9 1 9 1 6 )  
FOFiMAT ( / / / / 5 X  r6HHEIGHT ,SXs26HaUTSIDE PRESSURE PROFILES 

1 l l k  ( I N  H2O) / 7x9 2 h F L 3 X  9 8 I 1  0 )  
FORM AT (F 11 02 ,3X  s 8 F  1003 1 
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SUBROUTINE INPUT 

t 2 0  F O R M A T ( / / / S X r l S ~ E R R O R  I N  SHAFT ~ 1 2 ~ l S t I E X C E P T I O N  KE = r I 2 r  
+ 2 X r f H F L a O R  r 13//) 

€00 F O R Y A T ( l 8 A 4 )  
€ 0 1  
e03 F O R M C T ( S A 4 )  
7 0 0  FORMAT( 1 
€00  FQRMAT( / /1OXr20HOUlSIDE TEMPERATURE r F 6 o l r 2 H  C )  
€01 F O R M A T ( I 1 3 r F l l o l )  
€ 0 6  F O R M L T (  1 0 X r  12HSbAFT NUMBER r I 4 / 1 O X r l 7 H S H A F T  C O E F F I C I E N T  r F l O o 1 /  

FORMI1T (1 k l / / / l O X r  1 8 A 4 / / / )  

1 1 0 X  r20HTEHPERATURE P R O F I L E  r 14) 
8 0 7  F O R M ~ T ~ / 2 1 X ~ 5 H F f X E D r 2 5 X ~ 4 H F L O W r l 2 X r 4 H F L O U / l O X r 5 H F L O O ~ r 6 X ~  

1 4 ~ F L O ~ r ~ X r 1 2 H C a N N E C T E D  TO e 6 X r l l H C O E F F I C I E N T  r 6 X r 8 H  AREA 
2 1 )  

e 0 8  
E C O  F O R M A T ~ ~ O X ~ S H P O I N T ~ I S ~ F ~ O O ~ ~ F ~ ~ O ~ ~  
E 10 
e l  1 FORMAT ( /1 /5Xrd~~EIGHTrZXr29HTEMPERATURE PROFILES (DEG C) 

FOEMAT( I 13rF11 1 r b X  r S H P a I N T r  I 5  rF  16 1 9  F150 4) 

FORMPT ( 3 0 X  r7HCIUtS I D €  r 13rF16 1 rF15.4) 

+ 7 X r 5 H M  r 3 X r 1 9 1 € )  
E 1 2  
€ 1 3  FOAM41 ( /  2 
e14 FORMAT(/ / / /SXr6HHEIGHT r S X r 2 6 H O b T S I D E  PRESSURE PROFILES 

FORMAT (F 11 0 2 r 3 X  r l 9F60  1 )  

1 11k ( F A I C A L S )  /7Xr2HM . J X r b f l O )  
E 1 5  F O R M A T ~ F 1 1 o 2 r 3 X ~ 8 F 1 0 . 1 )  
& 1 6  
e 1 7  FORMAT( 10Xr45HFLOW COEFFICIENTS CORRECTED FOR TEMPREATURE 
SO2 FORMAT( lO( / )  r 10x1 11HCCMPARTMENT ,141 

FORMAT ( / / / l o x  r SA4 1 

1 10Xr20bTEHPERA7URE P R O F I L E  r I 4 r l l H  DOES NOT E X I S T  / 
+ 10Xr l t iHPROGRAM STOPPED .10( / ) )  

S O 3  FORMAT ( l o ( / )  r S X r 2 3 H S H A F T  CONNECTION ERROR r 

1 / lO>r l6+PROGRAM STOPPED .10</ ) )  
S O 4  FORMAT( lO( / )  r l O X r 4 0 H I N P U T  ERROR I N  EXCEPTIONS TO SHAFT DATA 

1 / 1 0 % r l 6 k P R O G R A Y  STOPPED . l o ( / ) )  
4 0 5  FORMPT( lO( / )  r 1 0 X r 3 7 H I h P U T  ERROR I N  U N I T  TYPE DESIGNATION 1 

C C 6  FORMIT (10( / ) r  l O X r 3 7 H I N P U T  ERROR NO. OF FLOORS EXCEEDS NH 1 

s a 7  F @ ~ ~ I T < l O ( / ~ r l O X r 2 ~ H f N P U T  ERROR I F 1  oGTo IF2 / 

S 1 0  FORYAT(lO(/)rlOXr36HINPUT EXCEEDS DIMENSION PARAMETER r A 3 /  

1 1 O X  r 16bPROGRAC STOPPED r l o ( / )  1 

1 1OXrlBHFROGRAM STCPPED r 1 0 ( / ) )  

1 10Xs16HFROGRAY STCFPEO r l O ( 0 ) )  

+ lOXal€kPROGRAM STOPPEO . l o ( / ) )  
S30 FORMAT (1 OX 93Ab)  
C35 FORMAT(// LOXr26HFLOW COEFFICIENTS AS READ 1 
S 4 0  F O R M A T ( l O X r 1 S H ~ U f L O I N G  DATA / /34Xr l lHTENPERATURE r 4 X r S H F I X E O r  

1 1 2 X r 2 ( 1 1 X r 4 H F L O W ) / l O X ~ l l H C ~ M P A ~ 7 M € ~ T  r 4 X r S H F L O O R r 6 X r I H P R O F I ~ € .  
2 6 X r 4 ~ F L O W r S X r l Z H C C N N E C T f O N  TO 94x9 11hCOEFFICIENT r 4 X r  
3 8 k  AREA 1 

S 4 1  F O R M A T ( / $ X r J I  12 rF140 1) 
S 4 2  
C 4 3  
S44 

F O R M I T  ( / 4 X r 3 1 1 2 r F 1 4 0  1 r Q X r S H F O I h 7 s I T ~ F  1102 rF15.4) 
FOkMlrT ( 5 8 X  r5HPC I N T  9 17 rF11.2 r F 1504) 
FORMAT ( 5 8 X  r9HOUTS I DE r 13 r F 1 1 S r F  150 4) 
EN C 

f k D G r P  SUEROUTINE CORRoLs1 
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sL;ERauT INE CORR 

ZNBS*PCI es OSI-CW A. C a m  
SUERCUT I N €  CORR 

C 
C 
C 
C 

C 
C 
C 

1 

2 

a " 
4 

f 

e 

? 
e 

s 
C 
C 
C 
1 0  

THIS RCUTINE CALCULATES ADJUSTED maw COEFFICIENTS 
~ c ~ ~ c ~ ~ c o A ~ c o ~ )  

COFRECT C 

P A T M C S = 1 0 1 3 2 S o  
e B = l  C O O .  *SQRT (2o*PATMOS/287 ) / l o 2  
&N=NC( I) 
I F ( 1  O C T O  NBGO 70 1 
I P = I l (  I) 
GO TC 4 
CO 2 I S = I r N S  
I F ( 1  OLEO N S 2 ( I S )  o A N C o  I o G E o  t V S l ( I S ) ) G O  TO 3 
COhT INCE 
kR f T E ( e .  100 1 
STOP 
I P =  I 1  s (I S )  
I F F =  IFLOOR(  I) 
T 1  =f ( I F  r IFF 1 
I F ( N l r  o E Q o  0 ) G O  TO 10 
GO 9 J z l r h N  
JJ=JC( I r  J )  
C1 (I r J  )=HB*C( I s  J )  * A I (  I r  J ) / S O R T ( T l )  
f F 4 J J  O C T O  N)GO TO 5 
I P = I T (  JJ 1 
GO TC 8 
CO € I S = l r N S  
I F t J J  OLE. N S 2 ( 1 S )  oANUo JJ .CEO N S l ( 1 S ) ) G O  1 3  7 
CGNT INLE 
'kR I T € (  € 9  700) 
STOP 
I P =  I T S  I S )  
I F F =  IFLOOR( JJ)  
T2=T(IP. IFF) 
C 2 (  I r J  )=BB*C( I 9J) * A I (  I r  J ) / S Q R T ( T 2 )  
CONT INCE 

CCRAECT CO 

PINC=hCC( I) 
I F ( k l r C  0EQ. 0 ) C C  TO 12 
CO 11 J = l r N N C  
CU1( I .  J)=BB*CO< 1. J ) * A O (  I s  J ) / S G R T ( T l  1 
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SUBROUTIF(€ CORR 

CO 2 ( 1 s J 1 =68 -0 4 1- J 8 *AC ( i 5 3 1 05qr T TOUT 1 
11 CON1 I N L E  
12 CON1 INbE 

fiETCI6N 

EN 0 
7 0 0  FORMAT(/ / / lOXs36HPROGRAM STOPPED I N  SUBROUTINE COR8 / / I  

3kDG.P SUBROUTINE I N I T o C I ~  
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SUERCU7INE I N I T  

C 
C 
C 

CALCULATE AVERAGE OUTSIDE PRESSURE 

SUM=C 
CO 1 C  J= leNPO 
CO 1 C  I = l s N H  

F A =  0 L M/ ( h PO *N H 1 
10 SUM=EUM+PFO( I s J )  

C 
C 
C 
C 
C 
C 

C 
C 
C 

T t E  CO LOOP TO STATEMENT 30 E S t i H A T E S  
$HAFT PRESSURES 

00 30 I S = l r N S  

CALCULATE SHAFT PRESSURE CIFFERENCE 9 3 P  

SUY=C. 
SUMN=O 
N1  =lu I 1  ( I SI 
N2=N$2 ( IS 1 

SUM=$UM+FF( I )  
hN=NC( I) 

EO l e  I z N l e N 2  

I F ( N b  .EGO O 0 ) G O  TO 16 
DO L E  J t l r N h  
SUMN=SbMh+Cl{ X r J )  

15 CONT INLE 

16 hNC=)rCC(: I )  
SC ( IS )=SUMN 

IF(Nh0 o E Q o  0 ) G O  T O  18 
DO 17 J=l ,NNO 
SUMN=SUMN+COl ( I .J 1 

SCO( IS )=SUMN-SC(IS) 
I? CONT I N L E  

18 CONT I N L E  
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SUBROUTINE I N I T  

C 
C 
C 

2 0  

c 
C 
< 

C 
C 
C 

24  
2 0  
C 
C 
C 
c 
C 

40  
42 

4 5  
4 6  

t O  
C 

CP2= IUIV/SUMN 
S I G h s l o  
I F ( C F 2  o L f o  O o ~ S I G K = - 1 0  
OP=S IGh*(SIGN*OP2)**2  

C A Q C L L A T E  AVERAGE TEMP CF SHAFT 

SUH=C. 
I P =  I ’ IS  (I S )  
00 2 0  I z N l r N 2  
IFF= I F L O C R (  I) 
SUM=EUM+T( I P S  I F F )  
T A = S C M / (  N 2 - N l + l )  

ES ’ I IYATE PRESSURE AT BCTTOM OF SHAFT r PBOT 

ES’I I MA TE OTHER SHAFT PRESSURES 

P ( N 1  )=PBOT 
hM=NZ-1 
00 2 4  I = h l r k U  
I P l = l + l  
P 4 I P  1 1 =P ( I 1-PZ 4 I r 1 ) 
CONT INUE 

ENC OF SHAFT PRESSURE ESTIMATES 

S E T  UP M A T R I X  FOR B U I L D I N G  CCMPARTMENTS 

NP 1=b+ 1 

hN=NC( 1) 
00 5 C  I = l , N  

S U M I  1 ~ 0 0  
SUMNf=Oo 
I F ( N h  OECO O 0 ) G C  TO 4 2  
CO 4 C  JJ= l rW 
J = J C ( I  r J J )  
I F ( J  OCTO NICO TO 34 
A( I r d ) = C l (  I e J J )  
SUM I I= S U M I  I- C  1 I r J J 1 
SUMNF=SUMNP-Cl(I* J J ) * P Z ( I r J J )  
GO TC 40 
SUMI I=SUMI f -C lC  I r  JJ) 
SUMNF=IUMNP-Cl( I s  J J )  *P ( J  1 
CONT INUE 
hNC=hCC< I )  
I F  (NhO o E Q .  0 ) G O  T O  46 
DO 4 5  K= l rNNO 
SUM1 I=SUMf I-CO 1 ( I  r K 1 
SLMNF=SUMNP-COl(I ,K)*FO( 1.K) 
A ( 1 ,  I ) = S U M I I  
A( I .hFl)=SUMNP--FF( I) 
CONT lNUE 
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SUBROUTINE I N I T  

C 
C 

e 2  
< 
C 
C 
C 
e 4  
C 
C 
C 

C 
C 
c 
C 
€ 9  
so 

b R I T E  M A T R I X  

CALL R O U T I N E  TO SOLVE FOR I N I T I A L  B U I L D I N G  PRESSURES 

CALL SIMEQ 

OUTPUT I N I T I A L  PRESSURES 

A S S  1CN EU I L O I N G  PRESSURES 

DO S C  I = l r N  
P ( I ) = X X ( I )  
RETURN 

800 F O R M P 1 ( / / / 8 ( 6 X . l H 1  s 4 X s J H P  1 1 )  
€ 0 1  F O A M A T ( 8 ( 1 7 s F 7 o l )  1 
€02 FORYAT( / / / lOX .20HWATRIX  C O E F F I C I E N T S  1 )  
€ C 3  FGRMAT(lOXs1AFl1ol) 

EN C 

SkDGsP SUBROUTINE BLDGPoLs 1 
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SLBRaUTINE BLDGP 

fhBS*PLIESoSWOw AoBLDGP 
SUERCUT IN€ BLDGP 

C 
C 
C 
c 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
c 
s 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

THIE RObTINE CALCULATES STEAOY STATE PRESSURES 
FOR B U f L O I N C  COMPARTMENTS 

CALCLLATE NET F L O W  9 F I s  I & T O  P O I N T  I 
F I = P f L C L  (I *P( I) 1 

ChECk YAGNITUDE OF F I  

I C C N  L= ICCNV+l  
I F ( A E S ( F 1 )  0LT. E)GO TO 15 

SET CP PARAMETERS FOR I T E R A T I O N  
CP=l .O 
l P t i A t E = l  
CP I = C  0 

EEzO o2*A@S(  F I  ) 
I F ( € €  o L 7 0  € ) € E = €  
EIGk=l  

IK=O 
I F  (F I & t o  00 1 SIGN=- l  

I F ( 1 E U C  OGTO O ) W R f T E ( 6 r e 0 2 )  

I T€RLTfON TO RECUICE MAGNITUDE OF FN 
I K = I W + l  

NEh ESTIMATE O F  PRESSURE *P I .  AT POINT I 
P I = F  (I )+SIGN*OP 

C A C C C L I T E  NET F L O Y  .Fh, I N T O  P O I N T  I USING P I  
FN=Ff LCW ( I . P I  1 
I F (  IEUG. C T o O )  YRITE{6 ,804)  I 1K.F I * F N s F P * D P I  ,OP*OPP*Pfa IPHASE 

ChECK YAGNITUDE O F  FN 
f F ( A L S ( F N )  oLTe € € ) G O  TO 10 

CkECK hUM6ER OF I T E R A T I O N S  
I F ( I K  O C T O  I T M B G O  TO 25 

CHEClc FhASE 
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C 
C 

C 
C 

C 
c 
4 

€ 
C 
C 
s 

C 
C 
E 

10 
15 
C 

5 5  

C 
C 
C 
eo0  

e 0 2  

e 04 
€ 0 6  

SUBROUT I N €  ELDGP 

I F ( 1 F k A S E  o E Q o  2 ) G O  TO 6 

C k E C K  FOR TRANSIT ION FROM PHASE 1 TO PHASE 2 
I F ( F I * F N  o L T o  0 0 ) G G  TO 4 

PHASE 1 
CPI=CF  
CP=5  00 r(DP 
F I = F h  
CO TC 2 

F k A S E  2 
IPt -AEEs2 , 

GO T C  9 
I F ( F I * F N  o G T o  0 o ) C O  TO 8 

NEIk t P  EEThEEN O P I  AND DP 
CPB=CP 
FP=Fb 
C P = O F  I + ( CPP-OP I )*F I/( FI-FN ) 

GO TC 2 

hEh t P  EETWEEN CP AND CFF 
F I = F h  
CP I=CP 
CF=DFI+(CPP-DP I )*FN/(FN-FP) 
GO T C  S 
P ( ! ) = P I  
CONT INUE 

FiEfbKN 
W? I T E ( 6 s 800 J 
STOF 

FORPAT STATEMENTS 

FORMAT ( / / / 1 0 X s 2 0 (  ~ H * ) / / / ~ O X S ~ ~ H E X C E S S I V E  ITERATIONS / 
+ 1 0 X 9 8 k I N  BLDGP / / / l O X 9 2 0 < 1 H * ) / / / / / / )  

FORMAT ( / I 1  1 X 9 1H I 9 2x9  2H1 T s 12x1 2HFI s 1 3 X  e2HFNt 13x9 2HFP s 1 2 X  s 3HDP IS 

+ 1 3 X  s Z ). CP s 1 2 X  s 3kOPP 9 1 3 X .  2 H P I  9 3 X  9 SHPHASE 1)  
FORM AT (8x9 2 I 4  9 3 E 1 5  04 9 4F 15 6 9 I 5  1 
FORMAT( / / / l O X , 6 H B L D C P  
Eh 0 

EI-0C.P SUBRaCiTINE S H A F T P o L s l  
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SUBROUTINE SHAFTP 

C 
C 

c 
C 

C 
C 

C 
c 

. t  

C 
C 

C 
C 

C 
C 

CALCLLATE NET FLOW w F f r  I N T C  PCINT X 
h l = K I l ( I  1 
f I t S F L C W  (I e P (  N l  1 )  

CHECK HAGNITUDE OF F I  
I F ( A E S ( F 1 )  O L T O  € ) G O  TO 15 
ICGN\= ICCNV+l  

SET LP PARAMETERS FOR ITERATICN 
cP=1 40 
I P b A  2E = 1 
CPI=Co 
€E=Oo2*ABS(F f )  
I F < € €  OCTO E)EE=E 
S I G N = l  

IK=O 
I F ( f  I oLTo 00 ) S I C N = - l  

I F  (IEUG e G T o  O ) W R I T E ( 6 r e O 2 )  

I T E R C T I C h  TO RECUICE MAGNITUDE OF FN 
f K = I I < + l  

NE& ESTIMATE OF PRESSURE . P I .  A T  BOTTOM OF SHAFT I 
P I = F ( h l ) + S I C N * O P  

CALCULATE NET FLOW s F h 9  I N T O  SHAFT I USIF(G P I  
FN=SFLOW ( I r P I  1 
IF(  I E U G o  G T o O  1 IwRITE(69804  1 I 9 I K  9 F ISFNIFPI D P I  ,DP sDPP, P I  9 XPHASE 

CHECk YAGNITUDE O F  FN 
I F ( A E S ( F N 1  o L T o  € € ) G O  TO 10 

ChECK hUMBEf? OF I T E R A T I O N S  
I F t I K  OCTO I T M I G O  TO 25 

CHECH FHASE 
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SUBROUTINE SHAFTP 

I F ( 1 F k A S E  o E Q o  2 ) G O  TO 6 
C 
C 

C 
C 

C 
c 
4 

e 
C 
C 
s 

C 
c 
E 

10 

11 
15 
C 

2 5  

C 
C 
C 

CkECK FOR TRANSIT ICN FROM PHASE 1 TO PHASE 2 
I F t F I S F N  o L T o  0 o ) G O  TO 4 

FhASE 1 
CPI=CP 

F I = F h  
GO TC 2 

CP=S .OSDP 

F l - A S €  2 
IPHA 5E=2 
ca TC s 
I F ( F I * F N  o G 7 .  0 o ) G a  TO 8 

hEW CP BETWEEN C P I  AND O P  
CPP=CP 
FP=Fh 
D P = O F I + ~ C P ~ D P f ~ * F f / ~ F I ~ ~ N ~  
CO TC 2 

NElnr CP BETWEEN DP AND DPP 
F I = F h  
CP 1=CP 
DP=C F I +( OPP-DPI I* FN/<FN-FP 1 
CO T C  2 
h2=hE2(1) 
CO 11 I F = N l s N 2  
I X = I f + l - N 1  
F (  I F  ) = P S ( : I I )  
C O h t  INUE 

kETLFN 
NR I T €  ( e s  800 ) 
STOP 

FORYAT STATEMENTS 

e 0 0  FORMAT( / / / lOXs20(  LH* ) / / / lOXs22HEXCESSIV€  ITERATIONS / 
+ 1 0 X r 9 k I N  SHAFTP / / / ~ O X s 2 0 ( 1 H * ) / / / / / / )  

E 0 2  FORM AT ( / / I  L X  9 1 H f r 2 X  9 2 H I  T 9 1 2 X  9 2 H F I  9 1 3 X  s 2HFN s 1 3 X  s2HFP s 1 2 X  s 3kDP I s 

+ 13 X s  ZhCP s 12x1 3hDPP s13X92HFf  93X s5HPHASE 
€04 
€06 F O R M C T <  / / / lox ,  6HSHAFTP) 

FORMAT(8Xs214.3E1504s 4F 150 C 9 1 5 )  

END 

QFDGsP SUBROUTINE PZAO o L s 1  
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SLBFOUTINE PZAO 

ENBS*PLI  E$ .Shah A. PZAO 
Sl iEECbTINE PZAD 

C 
C 
C 

2 

1 

E 
10 

15 
S O  

e o 0  
€ 0 1  
€02  
e 0 3  

T k l S  R@UTINE CORRECTS P Z  TERMS FOR PRESSURE 
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SLBROUTINE OUT 

C 
C 
C 
C 
C 
c 

C 
c 
C 
C 

C 
c 
C 
1 

2 

3 

z 
e 

l k  IS ROUTINE OUTPUTS FLOkS AND OIFFERENTIAL PaESSURES 
FoF; a u  SHAFTS AND BUILDING CUMPARTMEWS 

I U h I T  = 1 FOR S I  U N I T S  
I L h I 1  = 2 FOR ENG U N I T S  
W ~ E N  I~NIT = 2 GO fa  100 

I F ( I L N I 1  OEQO 2 ) G O  TO 100 

eU I L C I h G  COMPARTMENT OUTPUT 

I=O 
I L = O  
WRITE(6 r8OO) (  T I T L E (  I )  r I = l s l e )  
CO Z C  I F F = l r N H  
RNk=hCCMP< IFF J 
I F ( N h N  O E Q O  O I G O  TO 30 
DO 2s I C = l r N N N  
I= I+ 1 
KN=NC( 1) 
h N O = h C C (  I )  
IL = I L + )rh+NNO+2 
I F < I C  O L T O  51)GO TO 2 
CUR I T €  ( e.800 1 ( TI tLE( I 1 r I t 1  r l e  ) 
IL= h h +hN0+2 
I F t N h  .GTo O ) G a  T O  3 
WR I T €  ( e. 80 1 1 IFF IC r P (  1) r 114 I J 9 FF4 I ) 
GO T C  21 
CO 2 C  J = l r N N  
J J = J C ( I r J )  
OP=F ( J  J ) - P (  I )+PZ( f r  J )  
C C = C Z (  1. J )  
I F ( D F  O L T O  O.)CC=Cl(I,J) 
I F ( J J  .LEO N)CO T O  1 0  
GO 5 IE=l.F(S 
I F ( 3 J  oCE.  N S l ( 1 S )  .AND. 3 J  OLEO N S 2 < I S ) ) G O  T O  6 
COh T f N L €  
I F ( J  O C T O  1 ) G O  TO 7 
WR I T € (  € 9  e021 IFF. IC rP ( I ) r IT( I )  rFF( I )  r (  TITSH4 IS r K )  r K = l r S )  

+ r DF rCC r AI ( I r 1 3 r F C  ( 1.1 
CO TC SO 
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7 

10 

12 
2 0  
5 1  

23 
5 9  
2 0  

C 
C 
C 

22 

35 

2 C  
4 0  
4 1  

4 6  
t O  

€ 0  

C 

WR 17E ( e ,  € 0 3 )  ( T I I S H (  I S r K  1 rK=lr5 1 rDP rCC .A I (  I r 3) r F C (  1 s  J) 
ca T C  20 
I F J =  I F L O O H ( J J )  
COC=JJ-SNCOMP( I F 3  1 
I F ( J  OCTO 1)GO TO 12 
kR I T € (  € r 804 1 IFF SI C r P(  I 1 r I T  ( I ) r F F  ( I) SI F 3. COMr DPr CC ,A I ( I 
40 TC 9 0  
WR I T €  ( 6 s  805 ) I F J r C O M r D P  r CCr  A I  ( I r J) r F C (  I r 3)  
CONTINUE 
I F ( N h O  o E Q o  0 ) G O  TO 29 
GO 23 J Z l r N k O  
J J = J C C ( I r J )  
CP=PC( I r  J)--P( I )  
CC=CC2 (I rJ 1 
I F ( 0 F  O C T O  O o ) C C = C O l ( I r J )  
WW I T €  ( € r 806 1 J J r DP r CC r AO ( I ,  J ) r F O (  I r J) 
MR I T  E ( € r 807 IF ( I 1 
COkTINUE 
bR I T €  (e.900 1 

S k L F 7  OUTPUT 

l ) r F C ( I  

CO 4C I S = l r N S  
h l  =N 5 1 ( I S  1 
h2=N $2 ( I S 1 
W R I T E ( € r @ l 4 ) t  T I T L E 4  I )  r I = l . l e )  
kR I T € (  €9808) (TITSH(1S.K 1 r K = l s Z )  , ITS(  I S )  rCS( IS) 
cc 5 c  I = h i , l u 2  
hN=NC( I )  
IF (N) r  O C T O  0 ) G O  TO 35 
WR I T €  ( e .  e 0 9 ) I F L O O R  ( I  ) ,P (1)  rFF( I )  
GO T C  4 1  
CO 4 C  J Z l r N N  
J J = J C (  I, J )  
CP=P ( J J ) - P ( I )  
CC=C5( I r  J) 
f F ( 0 F  A T 0  O o ) C C = C l ( I r J )  
I F J = l F L O C R (  JJ) 
COY= JJ-SNCOMP( I F J  1 
I F ( J  O C T O  1 ) G O  TO 36 
WR I T  E ( 6 r 8 10 1 IFLOOR 
GO T C  4 0  
hR I T E  ( € r 81 1 1 IF J .CC M rDP rCCr  
COh7 INUE 
hhC=)rCC( I) 
I F ( N h 0  o E Q o  0 ) G O  TQ 50 
GO 4 €  J = l r N N O  
JJ=JCC (I r J  1 
CP=FC ( I ,  J )-P( 1 2  
CC=CC2  (I r J) 
I F ( C F  .LTo O o ) C C = C O l ( I r J )  
~ R I T E < 6 r 8 1 2 ) J J r O P r C C r A a ( ~ ~ J ) r F a ( I ~ ~ )  

I 1 r P ( I 1 FF ( I 1 r I F J r COM r DP rCC r A I ( I r 1 1 r F C (  I r 1 1 

A I  ( I r J ) r  FC ( I r  J ) 

COhT I N L E  
hR I T € (  C ,813 ) F S S (  I S 1 
WR I 7  E ( € 9  S O 0  1 
COhT  I N L E  
GO TC 165 
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SUEROUTINE OUT 

e U I L C I N G  CATA OUTPLT FOR I U N I T  = 2 C 
C 
1 0 0  

102 

103 

105 
1 0 6  

1 C 7  

110 

112 
120 
121 

123 
129 

I= 0 
IC=O 
WR I T E ( 6 1 8 0 0  ) ( T I T L E (  I) 1=1 l e )  
CO 1 2 0  IFF= l ,NH 
hNh=hCC!MF ( IFF 1 
I F ( N h N  OEQO 0)GG TO 1 3 0  
CO 129  IC=l.NNN 
I = I + 1  
FF I = F  I ) / 0 0 4 7 1 9  
P I  I I =P( I )/2480 8 
F F F = F F ( I  ) / 0 0 4 7 1 S  
hN=NC( I) 
hNG=lrC@( I) 
I L  = I I. + bN +NNO+ 2 
I F ( I L  OCTO S 1 ) C O  TO 102 
hrR I T € (  6 9 800 14 T I  TLE( I ) s I=l. l e  ) 
fL=h b +hN0+2 
I F ( N b  O G T O  0)GC T O  103 
WR I T € (  €960 1 ) IFF. 1 C . P I I I  s I T (  I 1 s F F F  
GC TC 1 2 1  
CO 1 2 0  J = l r N N  
FCCC=FC ( 1. J ) / O  0 4 7  19 
JJ=JC( I, J )  
DP=( F (JJ 1-P ( I )+PZ ( I .  3 1 ) I 2 4 8 0  e 
AA I = P  I ( I 9 J ) /O  O S 2 9  
C C = C Z (  1.J) 
I F  ( O F  oLTo 
c c = c c * ~ J  0 4 3  
I F ( J ,  OLEO NIGO TO 110 
CO 1C5 I S Z l s N S  

CON1 l N L E  

0 0 ) CC=C 1 ( 1 s  J ) 

fF (JJ  .GEe N S l ( 1 S )  OANDO 33 OLEO N S 2 ( I S ) ) C O  TO 106 

I F t J  O Q T O  1)GO TO 1 0 7  
k R I T E (  6 . 6 0 2 )  I F F ~ I C ~ P I I I  s I T (  I) .FFF .( T I T S H t  I S  r K ) r K = l  

+ 9 CP rCC,  A A  I r  FCCC 
GO TC 120 

CO TC 1 2 0  
I F J =  SFLOOH(JJ) 
CO Ir= J J-SNCOMP 4 I F J 1 
I F ( J  O C T O  1)GO TO 112 
hR I T E (  € 9  6 0 4 )  IFF S I C  .PI I I a I T  ( I  ) r FFF 
co 7 C  120 
C R I ~ E ( ~ . € O ~ ) I F J . C O C . O P ~ C C A A I S F C C C  
COhT INL'E 
I F ( N h 0  OEQO 0)GC TO 12s 
CO 1 5 3  J = l r " O  

l r v A I T E ( t r 6 0 t ) ( T I T S H ( : I S . K ) ~ K = l r S ) , D P r C C r A A I  sFCCC 

9 I F  J,COM.OPsCC.AAI FCCC 

Fac=Fo ( I  . J w o o  4 7 1  9 
J J = J C C  I r J )  
DP=(F(3 ( I + J ) - P ( 1 ) ) / 2 4 8 0 8  
AAO=AC 4 I 9 J 110 0 9 2 9  
CC=CC2( I v J 1 
I F d D F  . t T o  O o ) C C = C O l ( I , J )  
c c = c c * ~ ? o 4 3  
L R I  T E t  € rn E06 1 J J CP sCC ,AAC 9FOO 
kkR I T  E ( e 9 80 7 1 F F I 
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130 

SUBROUTINE OUT 

C O h T f N L E  
CUR I T € (  e 9901 1 

C 
C 
C 

132 

135 

136 
140 
141 

146 
150 

l e 0  
C 
C 
C 
C 
I t  5 

I kAF7  OUTPUT FOR I U N I T  = 2 

00 I C 0  I S Z l r N S  
css=cs t I s 1 /o. 02992 
F F  I = F S I (  I S ) / 0 0 4 7 1 9  
h l= l r i I l  (I SI 
h 2 = h I 2 ( I S )  
kR I T E  ( e d 1 4 M  T I  ?LE( I 1 . IS1  r 18) 
WFZ I T  E ( e 9 808 ) ( T I l S H  < I S  r K  J r K = l  r 5 1 r I T S <  I S)  rC SS 
00 1 C O  I = N l r N E  
F F F = f F ( f ) / 0 0 4 7 1 9  
P f I I = P ( f ) / 2 4 8 0 8  
hN=NC( I )  
I F < h : h  O C T O  0 ) G O  T O  135 
CRlTE~tr609)IFLOOR(I~~PIIIrFFF 
ca TC 141 
GO 1 4 0  J= l rNN 
fCCC=FC( f r J ) / O e 4 ? 1 S  
J J = J C (  I s  J )  
O P = ( F (  J J ) - P ( 1 ) ) / 2 4 8 0 8  
AA I = C I  4 I rJ ) /O 00929 
CC=CS( I r J )  
I F ( C F  oLTo O o ) C C = C l ( I 9 3 )  
cc=cc*33 0 4 2  
1F3= I F L O C R t  JJ) 
COP=JJ-SNCOMP( IFJ 1 
I F ( J  OCTO 1)GO TO 136 
WR I T  E ( € r 6 10 1 IFLOOR ( I 1 r PI I I FFF 
CC TC 140 
1R I T  E ( C r  61 1 ) IF J rCOH 
CONT INLE 
NNC=hCO ( I) 

r I F  3 r COH r OP r CC r A A I  r FCCC 

DP rCC 9 AA I sFCCC 

IF(NhU O E Q O  0 ) G U  TO 150 
CO 1 4 6  J = l r N N O  
F O C I f 0  4 I r J ) / O  0471 9 
J J = J C C (  I 9J) 

C P = ( F O ( I  r J ) -P ( I ) ) / 24808  
A A a = n a ( I r J ) / 0 0 0 s 2 9  
CC=CC2(1.3) 
I F ( C F  oLTo O o ) C C = C O l ( I r J )  
CC=CC*Z3 .43  
WRITE( C r  €12 1 JJrDP rCCrAAOrFO0 
COhT INCE 
kR I T €  ( €  r 813 IFF I 
kR I1 E ( e r so 1 1 
COhT I N L E  

SUCMARY OUTPUT 
LSER INSERTS W I T E  STATEMENTS TO F I L E  I O U 1  

CONT INLE 
RETUGN 

C 
C 
C FCFMCT STATEMENTS 
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SbBROUTINE OUT 

C 
t o 1  FORMLT(/QX,13, I l O ~ F 1 3 0 3 ~ I 8 ~ F 1 2 0 0 ~  
€02 
€ 0 3  
e 0 4  FORMhT(/QX, 13. I10  ~ F 1 3 0 3 ~ I ~ ~ F 1 2 0 0 1 3 X ~ S H F L ~ ~ ~ 1 3 ~ 1 2 H  COMPARTMENTwI3r 

FORMAT(/4X I 3  9 I 1 0  9 F l 3 o 3  s 18 .F 1 5 0 0  9 3X 9 SA4 ,F 1403 9 F l S  o O s F 1 0  03-F 11 0 1 1 
FOKY PT ( 5  3X , 5 A 4  r F14 -3 9 F 1 Z C g F 10 0 2 9 F 1 1 0 1 ) 

1 F 11 03 ,F 15.09 F 1 0 0 3  ,F 11 0 1 ) 
FORM AT ( 5  JX , SHFLOOR , I 3  9 1 2 H  C <I 5 13 ,F11 3 ,F 1 5 0 9 F 1 0 03 

106 F O R ~ P T ( S 3 X i l 7 H C U T S I D E  DIRECTION,  13rF14.3, F 1 S o O ~ F 1 0 0 3 ~ F 1 1  1) 
€09 
€ 1 0 

COMFAR TMENT 9 F11 1 ) 

FORMAT (4x9 13, F 100 3 e F 1 1 0  0 )  
FORM LT 4 4 X 9 I 3  9 F A 0 3 9 F 1 1 0 9 3 X 9 SHFLOOR 9 I 3 9 12 H CO W A R T  MENT 9 I 3 9 F 1 1 3 9 

1 F 1 5 o O ~ F 1 0 0 3 ~ F l 1 0 1 ~  
€ 1 1 
C 12 
€ 00  

FORMAT (3  1X 9 5HFLOOR 9 13 9 1 2 H  
FORMAT (3 1X 9 I'IHOUTS I D E  
F a  R Y PT ( 1 H1 20X  9 18 A 4 9 / 94X  9 8H A 0 J L STED/35X 9 4 HTEM P 9 7 X  9 5HF I XED *2 8x1 

1 l 2 h C I F F E R E N T I A L ~ S X ~ 4 H F L ~ W ~ 8 X ~ 4 H ~ L O W / 4 X ~ 5 H F L ~ O R ~ 2 X ~ 1 l H C O M P A R T M ~ N T  
2 , ~ X , ~ ~ P R E S S U R E . ~ X I ~ H P R O F ~ C E , S X I Q H F L O W . ~ X . ~ ~ H C O N ~ € C T I O N  TO 9 

312X,EkPRESSUREs4X. A ~ H C O E F F I C I E N T . ~ X I ~ H  AREA 9SX.4HFLOW / I  

COMPARTMENT 9 13. F1103r F1 5 0  01 Fl 0 0 3 9  F 11 1 1 
DIRECTION 9 I 3  .F 14.3 9F15 0 sF10 0 3. F 1 1 0 1  1 

€01  FORMPT(/4X.I3, I l O ~ F 1 3 o l ~ I 8 r F l 2 0 0 )  
e 02 
E03 
€ 0 4  FOAMhT ( /4X9 I39 I 1 0  ,F1301* 18~F1200~3X~SHFLOOC1,13 ,12H COMPARTMENT, 13, 

FORMAT ( / 4X  9 13 I 10 r F  13 1 I 8  9F12 01 3 X  95A4  ,F 140 1 s F 15.1 rF10 4 SF 1 1 0  1 1 
FOFiY PT ( 5 3 X  9 S A 4  9F14 0 1  F l 5  0 1 9F 10 04sF 11 0 1 ) 

1 F 1 1 0 1  ~ F 1 5 0 1 ~ F 1 0 0 4 r F 1 1 0 1 )  
€05 FORWAT(53X~SHFLOOR~f3~12H COMPARTMENT9 139F l l  ~ l ~ F 1 5 0 1 ~ F 1 0 0 4 ~ F 1 1 0 1 ~  
€06 
€07 FORMCT(1 1 E X , F 8 o l r 4 H  NET) 
E C e 

FOF; MCT (SJX 9 17HOUT S IO€  C I RECT I O N  9 13 9 F14 1 9 F 15 1, F 100 4 rF 1 1 1) 

FORM AT ( / / /120X s EA 4 / / 20X  9 20H TEMPEHAT URE PROF I LE 9 I 3 /  2 OX 9 

1 23FSHAFT FLOW COEFFICIENT ,F 10 00//7 2X,8HADJUSTED/24X 9 S H F I  XED, 
2 
3 S X , ~ ~ F L O ~ S ~ X ~ L ~ H C O N N E C T I ~ N  
4 9 2 3 r E k  AREA rSX94HFCOC / I  

2 e X  12HCIFFERENT I AL , S X  94HFLQW 9 ~ X I ~ H F L O W / ~ X S ~ H F L O O R S ~ X S  BHPRESSURE 9 

TO 9 1 2 X  9 8HPRESSURE 9 4 X  9 1 1 H C CEFF I C 1  ENT 

€09 F O R M A T ( 4 X ~ I 3 9 F l O o  1 r F l 1 . 0 )  
€ 1 0 FCRM AT (4 X 9 1 3 9  F 10 1 sF 11 0 93x9 5HFLOOR 9 I 3  9 1 2 H  COMPARTMENT 9 I 3  wF110 1 9 

1 F15.1 rF1004 ,F l lo l  1 
8 1 1 
e 1 2  FORMAT(31X.17HOUTSIDE D IRECTION .13,F14o1 a F 1 5 . 1  ~F1004rF1101 ) 

€13 FOf iMAT(93X9FBol  s4H  NET) 

FORP AT 4 3 1X 9 SHFLOOR 9 13 n 1 2 H  COMPARTMENT 9 I 3 9  Fi 1 1, F 150 1 9 F 1 0 04, F 11 1 1 

e 1 4  FORMAT( lH1,20X, lBA4)  
S O 0  FORMLT ( / / l S X .  'TkE FOLLOWING UNITS  ARE C S E D  FOR OUTPUT' 

l / /SXe 'FLCW I N  L I T E R S  PER SECCNO AT 21 DEG C AND 1 ATM' 
2/5X,'PRESSURE I N  PASCALS'/eXq'AREA I N  METERS SQUARED') 

SO1 FORMAT(///,SXs 'THE FOLLOWING UNITS  ARE USE0 FOR OUTPUT' 
1 //C,X.'FLOW I N  CFM AT 70 DEG F AND 1 ATM' 
2 /SX,'PRESSURE I N  INCHS h2O' /SX9 'AREA I N  FEET SQUARED') 

EIU 0 

tHDG 9P  SUERaUTINE U N I T S  o L 9 1  
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SUBROUTINE U N I T S  

8 N B S * P L I E §  .SFOW AoUNfTS  
SUERCUTIN€  U N I T S  

C 
C 
C 
C 

10 

16 

18 
SO 

22 

T h I S  RCUTIFiE CONVERTS V A R I A B L E S  H r F F r A f r A O r C S  TO SI U N I T S  

Ik.DG r P SUEROUTINE S I M E Q o L s  1 

57 



SLBROUTINE SIMEQ 

EhBS*PLIE$oSkOW AOSIMEQ 
SCEECUTINE SIMEC 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

CtCLEbKY 'S  METHOD C F  SOLUTICN OF 
SIWCCTANEOUS L I N E A R  ALGEBRIC EQljATfOlvS 

PARAYETER ( M M = ~ ~ ~ . M S = ~ , M C = ~ ~ M F ~ = ~ ~ M ~ P = ~ ~ M ~ ~ = ~ S T M ~ = S O )  
PARAFETER (MEF=MB+l)  
GOUELE P R E C I S l C h  A ex 
CONMCN /MAT/ A(HBIMBP)TX<MB),N 
hP 1 =h+ 1 
ZEt?O=l oOE-35 
H = O  

SEE IF A ( l r 1 )  I S  ZERO 
I F  SC ADC ANOTl-iER RCW TO ROW 1 
I F ( A E S ( A ( l r 1 ) )  o G T .  2ERO)GO TO 40 
DO 3 1  I = l , N  
I F ( A ( I s 1 )  ONE. O 0 ) C O  TO 32 

31 CONTINUE 
12 k R I l E ( 6 r 8 0 4 ) K  

STCF 

A ( 1 9 J )=A ( 1 r J ) +A ( I 9 J 1 
32 CU 23 J = l , N P l  
33 

CALCl, 'LAT€ UPPER AND COWER 
TRIAhGULAR MATRICES OVEG O R I G  
MATRIX A 

40 h A z A ( 1  r l  1 
CO 2 J = ~ T N P I  

2 h ( l r d ) = A < l ~ J ) / A A  
DO 1 C  I = 2 e N  
u= 0 

STORE A ( 1 , l )  0 0 0  A ( I r 1 )  I N  X ARRAY 
IN CCSE NEW ~ (1 .1)  IS zma 
AOIk I CAN BE RECALCULATED 

4 CO 5 J t l r I  
5 X ( J ) = A ( I T J )  

K=K+ 1 
CO 10  JI29NP1 
I F ( J  oCT. I I G O  TO 8 
JM1=. . -1  
AA=O 0 

GO 3 I R = l * J Y l  

A (  1 9 -  ) = A t 1  r J ) - A A  
3 AA=AP+A( I I I R ) * A ( I R ~ J )  

CHECU I F  A ( I e 1 )  IS ZEfiO 
IF sc YULTIPLY OLD RON I w 2. 
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SUBROLTINE S I M E Q  

7 A (  I * 4 ) = 2 m * A (  11 J 1 
I F ( K  O C T O  3)GO TO 12 
GO TC  4 

8 I M l = I - l  
AA=O 
CCI 9 I R = l * I Y l  

P ( I 
9 AA=AA+A( I s I R ) * A ( I R , J )  

J )= 4 A (  It J )-AA 1 /A ( I s  I 1 
10 C O h T I N U E  

C ENC CF C A L C U L A T I O N  O F  TRIANGULAR MATR I C E S  
C 
C 
C EACKkAEO S U B S T I T U T I G N  
C 

X (  N 1 = A < N  sNP1) 
00 2 C  I I = 2 r N  
PA=O 0 

I = N F  1- I I 
I P l = I + l  
00 l e  J=IPl,FS 

15 AA=AII+A( I , J ) * X (  J )  
20  X ( I ) = A C I , N P l ) - A A  

C 
804 F O R Y L f  ( / / / / / / l ox .  1eHPROGRAM F A I L U R E  . I 3 / / / / / )  

EN 0 

Q k C C s P  F U N C t I O N  FLOW .L, 1 

59 



FUNCT I G N  FLOW 

PN@S*PCI E 8  o S k O I  AoFLCW 
FUPICl ICN F L O W ( P I r P J r P 2 m C )  
COUELE PfiECISICN PIrPJ 

C 
C ThIS FLNCTXON CALCULATES FLOWS EETWEEN TWO P31NTS 
C 

I F t C  o L T o  0oOOl)GO TO 10 
CP =P 4- F I  +PZ 
SfCN=l .O 
f F ( D F  o L T o  o O ) S I G N P - ~ O  
FLC k =S IG h*C*SQFZ T ( S ICN*OP 
RETU6N 

GETUFN 
EN C 

10 FLOb=O 00 

SiHOGrP FUNCTION PFLOW o L  1 
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FUNCTION PFLOW 

hhDG ,P F U N C T I O N  SFLOW OL r 1 
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FUNCTION SFLOW 

CNHS*PLIESoSkOW AoSFLLJW 

C 
C 
c T h I S  f i@UTfNE CALCUCAT€S NET FLOW I N T O  A SHAFT AND 
c S k A f T  PRESSURE PROFILE  
C 
C 

FbhCTICN SFLOY( I S s P I )  

PARALETER 
CQMMCN Nf .  P(WM),C(MYINC)~NC(MM)~ JC(MMaMC)r ITS(MS) ,  

( M M = 1 4 0  Y S s 8 9  MC=9.MP0=2,MTP=2. MFL=2S.M8=§0 1 

1 
2 

FC 4 YM 9 M C )  9 PZ ( MM, M C )  
F F  ( CM ) FO(  M M  

PO ( HM 9 MPO ) .CO ( MM 9 MPO) e F( MM) 9 PFO( MFLa MPO 1 
MPO 1 rCS( & S  ) 9 PS ( M F L  ) r N S l (  MS) wNS2 ( MS s 

3 FSI (MS .N ,NS .NPO . 1ca)uv .E. ieuc ,AI (MM. HC) , AO( M M ~  MPO) . T ITSH~MS ,S ) + 
4 
5 

Nk a ). (lvFL) 9 IFLGOR ( Y M )  ,T(MTP r M F L )  .NFS1( MS) .NFS2( MS)  9 I T (  M 8 )  rNTP 
9 NCC C YM 1 s JGC( B C ,  MFC) 9 TOUT 

c o u e L E  PRECISIOIV P.PO.PS.PI 
I F (  I EUC 
SUM=C. 
N1 =h I 1  ( I s 1 
N2=h I 2  ( I S 1 
f S (  l ) = P I  
FUF=C 
CSS=CS( IS) 

I I = I + 1-N 1 
F L O = F F C O W ( I s P S ( I I  1 )  

eGT .1 )  WRI TE(6 .800)  I S  

ca i c  I=NI.NZ 

FUP= FLC+f  UP 
SU W = I U M+ FLO 
I F ( I  .EO. N 2 ) G G  TO 5 
I I P  1= I I+ 1 
S I C k = l  
fF (FLP  .GTe O e ) S I G h = - l o  
FS 
I F  ( I EUG 

10 CONT ]NU€ 

I 1P 1 ) =PS( I I 1 -PZ ( I. 1) +SICN*FUP*FUP/(  CSS*CSS 1 
5 GT e 1 1 hR I TE( 6 9 80 1 ) I s I I r PS ( I I ) 9 FLO 9 FUP. SUM 

F S S <  XS)=SUM 
SFL@C=SUM 
RETLFN 

C 
C FC R b A 7 STATE MEN1 S 
C 
€00 FORMAT(///SXelTHFLOW SHAFT NO *IS/) 
€ 0 1  FO8MAT(5X,3Hf = r 1 3 , 5 X ~ 4 H I I  = r I J s S X ~ Q H P S  = S  

+ El5.7.5Xe5HFLO =eEIO.QrSXeSHFUP =.ELOOQISXISHSUM =rE1004/)  
EN C 

OeRKPT F R I h T S  
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