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FORTRAN IV PROGRAM TO CALCULATE
AIR INFILTRATION IN BUILDINGS,

by
D. M, Sander

Air leakage through the exterior envelope of a building is an
important factor in calculating heating and cooling loads and in
considering moisture problems, The purpose of this program is
to calculate the air flows and pressure differentials that will occur
in a building as a result of a combination of wind effect, stack
action and operation of air handling systems.

MATHEMATICAL MODEL OF BUILDING

The building model has previously been described by Tamura
(1). Itis represented by a set of compartments stacked one on top
of another and by a set of shafts that pass through all the compart-
ments, Leakage openings are present in each outside wall of each
compartment and in all the floors and shaft walls so that air can
pass from every compartment to adjacent compartments and to
each of the vertical shafts. Each compartment may represent a ¢
number of building storeys in order to save computation time.
Each shaft may have two vents to outside. Vent openings are desig-
nated ''top' and "bottom, " but they may be located at any level..
The effects of the air handling systems are accounted for by
specifying the net quantity of air supplied to each vertical shaft
and to each compartment. Stack effect is calculated for the given
outdoor temperature,

The flow equation used is
F = EA (AP)” | (1)
where F = flow rate through a leakage opening {cfm)
EA = flow coefficient (cfm/in. o=
AP = pressure differential (in.)

x = flow exponent (0.5 < x < 1,0)

I

In order to account for the effects of wind, the pressures
due to wind on each face of the building at each level must be de-
termined. This may be done by specifying a matrix of wind pressure

* inch = 5.2 1b/£t2, which is the pressure of
one inch head of water



coefficients that relate the wind pressures at each level to the
ambient wind velocity pressure, based on the wind speed at a
height' of 30 ft as measured by a meteorological station. These
wind pressure coefficients account for wind velocity profile,
ground effect, and shading effect by other buildings. (They would
generally be obtained from wind tunnel tests on a model of the
building.) Wind pressure coefficients for each level and for
sixteen directions must be specified along with the other data,

ASSUMPTIONS AND LIMITATIONS !
1) Frictional resistance of vertical shafts is neglected,
2) Net air supplied by the air handling system is assumed to be

constant and independent of building pressures.

3) The building has an open floor plan with no provision for
separate rooms or vestibules,

4) Pressures, flows, and leakage openings are assumed to occur
at mid-height of each level.

5) Temperature inside compartments and shafts is assumed to
be 75°F,

DESCRIPTION OF PROGRAM

ke

Flow balance equations for each compartment and for each
shaft are:

for the ith compartment,

4 33 2
F o F .-F  , .- F , . =
Yok T e T Fa) T Bt ) T Facy =0
k=1 j=1
and for the jth shaft,
NN
z oo+ F L+ F LA+F ..=0
o1 sthg) o T bv(]) tv(j) ~ "~ sh{j) (3)
where Fo(i K) = flow from outside through side (k) to compartment (i)
Fb(i) = flow from compartment below to compartment (i)
Fa(i) = flow from compartment (i) to compartment above

FS(. ) flow from compartment (i) to shaft (j)
i,
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= net flow of air supplied to compartment (i) by air

acti) handling system
Fbv(j) = flow into shaft (j) through bottom vent
fl . .
Ftv(j) ow into shaft (j) through top vent
F .., = net flow of outside air supplied into shaft (j) by air
sh(j) .
. handling system
NN = number of compartments
JJ- = number of shafts

The flows. appearing in equations (2) and (3) are indicated in Figure l.
Combination of mass balance equations (2 and 3) with flow equation
(1) results in a set of simultaneous non-linear equations. The out-
side pressures and the pressure differences due to column weight
may be calculated from the input data.

These simultaneous non-linear equations are solved by a
method of successive linear approximations. The non-linear function
described by equation (1) is shown in Figure 2. In the region near
point (A Pt’ F ) this function may be approximated by a straight line
which is tangent to the curve at this point. The equation of this
linear function is

F=K'[AP - APi] . (42)
x=1
where K= Kx AP¢ (4b)
Ft
and APi = APt "Rt ' (4c)

Each leakage flow in equations (2 and 3) may be expressed by this
type of linear approximation. The resulting set of NN + JJ linear
equations for the pressures can then be solved by standard methods.

The iteration procedure is as follows: an initial linear ap-
proximation is made for each flow and the resulting equations are
solved for space and shaft pressures. The flows corresponding to
these pressures are then calculated, and the flow through each
element is compared with the flow used for linearization of that
element, If the difference is greater than the convergence cri-
terion, ¥ that element is re-linearized about the most recently

" determined flow and the linear simultaneous equations are solved

again. This procedure is repeated until the flow through every
element satisfies the convergence criterion. A block diagram of
the program is given in Figure 3.

* The convergence criterion is specified by variable "error"
in subroutine INFILT. The value used is 0.1 cfm.
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In order to facilitate use in a load calculation package, this
infiltration program has been divided into subroutines, Subroutine
INPUT reads building leakage characteristics from fortran device
number IIN into common block INPX, Before calling calculations
subroutine INFILT the main program must specify outdoor tem-
perature, wind pressures and, if desired, change air-conditioning
pressurization flows, These values are in common block INARG.

Subroutine INFILT will return with air flow arrays in common
block BKARG.
i

This program was written for IBM 360 model 67, Execution
time is approximately 0.9 sec for a building with 10 compartments
and two shafts. The program is dimensioned for a maximum of 25
compartments and eight shafts.

INPUT/(See Figure 3)
Input is from punched cards as follows:

CARD 1 NN - number of compartments {maximum 25)

JJ - number of shafts {maximum eight, minimum
one) (format 214)

CARDS 2 one card per compartment beginning with com-

to NN+1 partment No. 1
- height (thickness) of compartment, ft, | H(i)] -
- net quantity of air supplied to compartment, cfm,
[ ACPF(I)] (format 2F8,1)

CARD NN+%2 - values of flow exponent (sides 1,2, 3,4, between
levels, and from compartments to shafts ONE to JJ)
[ X(k)] (format 13F6. 5)

CARDS NN+3 one card per level beginning with level No, 1

to 2NN+3 - values of leakage coefficient (sides 1, 2,3, and 4,
from compartment to compartment above, and from
compartment to shafts ONE to JJ, [ EA(i,j)]

units: thousand of cfm
X

in.
(format 13F6, 2)
CARDS 2NN+4 one card per shaft beginning with shaft No. 1

to 2NN+JJ+4 - net air supplied to shaft, cfm (FANSH(j)]

- leakage coefficient of bottom vent, thousands cfm
X

in,



[BV()]

- level at which bottom vent located [ IBV(j)]

- side of building on which bottom vent located
(1,2,3 or 4) [ IBV(j)]

- leakage coefficient of top vent, thousands cfim
p:e

in,
v
[TV()]
- level at which top vent located [ITV(j)]
- side of building on which top vent located (1, 2, 3
or 4) [JTV(j)] (format F12,2, 2(F8.4, 214))

CARDS 2NN+  wind pressure coefficients for four sides of building

JJ+5 to - 16 sets of cards; one set for each wind direction

18NN+JJ+5 each set is NN cards with one card per compartment
beginning at compartment No. 1 (format 4F6. 3)

CARDS 18NN+ - Outdoor temperature, °F, wind speed, mph,
JJ+6 to END wind direction (1 to 16) (format 2F8,1,18)
OF DATA :

EXAMPLE

Calculate infiltration and exfiltration rates for a 19-storey
building, 120 by 120 by 250 ft high (schematically shown in Figure 4).
This building has five elevators and two stairwells. The elevator
machine room is in a penthouse and the mechanical equipment room
is the top storey. The air supplied to the first storey exceeds the
return air by 2000 cfm to produce some positive pressurization of
the building. The air supplied to each remaining storey exceeds
the return by 200 cfm. The four sides of the building face the
cardinal directions.

It is assumed that representation of the building by nine
compartments each representing two storeys is adequate for
reasonably accurate results without excessive requirement of
computer time. Level 10 is the mechanical floor; level 11 is the
elevator room penthouse. The stairwells and service shafts are
represented by one vertical shaft (shaft 1) and all elevators are
represented by one other vertical shaft (shaft 2).
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Building Leakage Input Data

The building leakage input data used in this exarhple are
based on the information of leakage characteristics of buildings
given in References 1 and 2, '

The following are the assumed leakage data:
- flow exponents for the outside walls are 0. 66
- all other flow exponents are 0,5

: 2. 0.66
- outside wall = 0.7 cfm/ft in.

2100 cfm/in. 0. 66/side of compartment

- mechanical room
(i.e., compartment No, 10)

10,000 cfm/in. °* 66/side

0.
- elevator penthouse = 10,000 cfm/in. 66/side
0.
- stairwell door , = 600 cfm/in. 66/door
0.5
- service shafts at each level = 2400 cfm/in. >
- stairwell and service = 4800 cfm/in. 0- 5/compartrnent
shafts - total
. ' . 0.5
- stairway to elevator = 600 cfm/in.
penthouse
: : . 0.5
- one elevator door = 2400 cfm/in.
- total elevator door leakage
per compartment for 0.5
compartments 1 to 9 = 24,000 cfm/in. :
- compartment No. 10, one 0.5
elevator door = 2400 cfm/in. °
- elevator shaft to elevator 0.5
penthouse, per elevator = 7200 cfm/in. °
- elevator shaft to elevator = 5x 7200 0.5
penthouse, total = 36,000 cfm/in. ~
- net air supplied by air
handling system to
compartments 2 to 9 = 400 cfm/compartment

- net air supplied by air
handling system to com- .
partment 1 = 2200 cim
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Wind Pressure Coefficients

The wind pressure coefficients for the 10 levels, four out-

side building surface orientations, and 16 wind directions are listed
on the sample input data sheets. The values of the coefficients
are based on the information given in References 3 and 4.
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Subroutine INPUT
Read input data
List input data
Calculate pressures that are independent of flow

N

Read wind pressure coefficients
List wind pressure coefficients

- .

Read O. A. temperature,
wind speed & direction
List O.A. temperature,
wind speed & direction

YES

NO

END STOP

O

Calculate wind pressures on building

\ List wind pressures and A/C pressurization flo

W,

X

Y

Subroutine INFILT
Calculate air flow rates

4

Subroutine OUT
List air flow rates

]

FIG 3a BLOCK DIAGRAM OF MAIN PROGRAM



Initial linear approximation for each leakage
element is a straight line passing through (0, 0).
Assign arbitrary value to K! )

F.=0
i

P, =0
i
NOTE: This initial approximation is not a
tangent to the curve of Equation (1)

N

\

Calculate matrix elements of [A] and [C] using
values of K' and Pi for each leakage element

f

Subroutine SIMQ
Solve matrix equation
(a1 lp) = [C]

for floor and shaft pressures

\

Solve Equation (4a) for F, the flow through each
leakage element

\

SET COUNTER f
TERM = 0

A
%

e = error criterion

e
e ]

Subroutine LINIZE

F = F
t

TERM = TERM +1
Solve Equations 4b and 4c
new values of K' and P_1

For the next
element

a4

FIG 3b BLOCK DIAGRAM OF SUBROUTINE INFILT
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APPENDIX A

EXAMPLE INPUT DATA




[erauywy

11

250
2540
25+0
250
2540
250
2590
2540
25+0
2540
0

o
jole )
o e

e ®© ®© © ®» ®w & o

L] - @

(oo VN VIR VIR VRN AVIN AV AR A VRN VIR Y )
O O = = e

+9239
+039
+339
+o45
+e52
+¢58
+e¢65
+271
++78
+:58

0.0
++36
++36
+036
+e43
++50
+¢H55
++60
+eb66
+¢60
+:585

0.0

’
2200
400
400
400
400
400+
400
400
400~
Qs
(o)

e e @ O

O O = 1 =

® & o e

QO OMNMPMMNMNVMMNMNNNNMN e

o
e

0.0

| B |
e o
e © o o = T™NO
a o

® @ - @ L]

OO0 000000 COO0OC

OO0 QOO0 COO0OO0O0OCO

EXAMPLE INPUT DATA

e o O

OO0OMMNMNMNDMNMNMNDN NN -
e 8 O O = o e e D

—
OO ® © » & s & o & o

]
.
[y
W

=+13
=013
~e13
=e13
=26
=26
=026
=e26
=226

0.0
=173
~e13
=13
=13
=+13
=026
=26
=26
=26
=e26

0.0

0"

e » » o o e & a 0O
O O = o > = 4 = e N

fo XN e I VIRV I VIR VIR VRNV RN VIR VROV IR

2 © ®

(SN

=939
=e52
=52
=052
=065
=e65
—065
=65

O-OV

-s13.

-e13 |

=13
513 -
=13
=s 26
=s726
=226
=226
~'26
0«0~

. +H0
4.8

4.8
48
4.8
4.8
448
408
4o 8
468
448
06
0.0
0.0

250
2440
240
2440
2440
240
240
24+0
24+0
240

2+ 4
360

11

11

DIRECTION 1

DIRECTIBN 2

p




gandd

+t13.

+013
+e726
+9226
+epPb
+e26
+239
+:39
+:39
+e26

OO0OO0OO0COO0OO0OCO
@ ®© e & ® » © 8 o

laNeNeNeoRoNoNoNoNoNoNeo)

o
®

]

s O
W o
v C

=39
=639
=52
=s52
=52
=965
=65
=+65
=65

0.0
=s13
=913
wel3
=+13
=913

=026

L)
=e D6
-.26
-e26

0.0
-+13
-'13
-+13
-+13
-.13
- 26
-+26
- 26

=e13
=¢13 |
“=s13
=+13
=13
=026
=e26
=026
=e26
=26
0.0~
=13,
-.13
=e13
=013
-,13
=426
=26
=e26
=s26 i
=726 l
0.0 -
=o13\
=.13
=s13
=e13
=e13

-e26

=26
=e26
=26
=026
00
LEBRCE
=.13
=s13
=013
=.13
=26
=26
=26
=e26
=e26
0.0
=513
=«13
=.13
=a13

Cee13

=26
w.?é
=26 |

DIRECTIBN 3

DIRECTION 4

DIRECTIBN 5

DIRECTIBN 6

DIRECTION 7



=226
=26

0.0
=e13
=e13
=13
=313
=13
=26
=026
=26
-6
=26

0.0
e ] 3
=13
~e13
13
=¢13
=e26
=e26
=226
wma2h
-s26

0.0
=613
=013
=13
=213
-'13
=e 26
=026
- 26
=26
=26

0.0
=+13
-e13
=513
=213
=013
walb
=226
meZ26
=26
=26

0«0
w313
w913
=e13
=313
wal3
=26

® @ ® © ® ®

OO o0CocooOoCo

[eNeNeoNeolNoNeoReRoReNe]
®* e o
[eNe)

1
o
W
(']

=+39
~=+39
=52
=e52
=52
=065
=065
=e65
=65
00
wel3
=13
=013
=13
-e13
=026
=e26
=e26
-e26
=226
0.0
=13
=913
~+13
=913
=213
~e26
=e26
=26
=6
=026
0.0
-.13
=013
=13
=13
wei3
we 26

+¢39
+¢26

Qe
++36
+¢36
+e36
+0473
+¢50
+¢55
+¢60
+e66
+260
+e55

0.0
+¢39
+¢39
+¢39
++45
+e572
+058
+e65
+e71
+¢783
+e¢58

0«0
+236
++36

+.36_

+e43
+¢50
+855
+e60
+e66
+¢60
++55

0+0
413

+v13
+e26

+e26
+e726
+e26
+39
+¢39
+¢39
+e26
0.0
0.0
0.0
0.0
0«0
0.0
0.0

=.52
=52
=65
=65
=365
=45
0.0-
0.0,
0.0 |
0.0 .
0.0
Q.0

0.0 .

0.0
0.0
0.0
00
0.0
+013 N\
+213
+e26
+e26

4+ 026

+026
+39
+039
++39
+026
0+0.7
+¢36
+-'36
+036 °
+043
+50
+.55,7

~.

DIRECTIEBN 8

DIRECTIBN 9

DIRECTIBN 10

DIRECTIOBN 11

DIRECTION 12

) T
’ A%




=226
=026
=226
-.26
0.0
=+39
=¢39
-'39
mae b2
=052
=e52
=¢65
=s65
- 55
-ehH
0«0

o
o

OO0 O0OCcCOCQCOCOQ0
®
OO0 COO0ODOOD0

* @ & 9 ® L3

+
)

-

W

+013
+e26
+026
+e726
+e26
+¢39
+439
+¢39
+9226

0.0
+36
+036
+e¢36
+e43
++50
+¢55
+e60
+ebHb
+eH60
+e585

0.0

20'

we2b
~e26
o6
“e26
0.0
=¢13
=13
=413
-.13
=913
=e26
=26
o226
-.26
=26
0.0
-.13
-el13
-.13
-¢13
n.13
=226
=26
=26
~.26
=026
0.0
=13
=e13
=13
=13
=913
=26
=26
o726
=226
-aDb
0.0
=e13
=013
=213
=e13
=213
= e P 6
=226
=226
=26
=826
0.0

0.0
0.0
0«0
0.0
0.0

=939
=439
=433
=52
=52
-.52
=65
=65
= H5
=65

0«0

~e13
=313
=13
=qs13
-l 3
=26
=226
=726
=326
=e2h

0.0

=413
=e13
=013
=+13
=s13
=26
w2 b
weZ6b
=e26
=s26

0.0

=213
=+13
=913
=13
-»13
=226
=26
=26
=026
=26

20

0.0

DIRECTION 13

DIRECTIEBN 14

DIRECTIBN 15

DIRECTION 16




APPENDIX B

EXAMPLE PROGRAM OUTPUT




BUTSIOE
SIDE 1
0s660

EXAMPLE BUTPUT

SOLUTIABN FEBR 11 LEVELS, 2 SHAFTS

e ¥xxx¥ ¥ INPUT PARAMETERS*¥»wy¥x¥¥
FLEW EQUATION ISeesF=COEFX(DELTA P)xxX

WHERE S
F =FLOW RATE (CFM)
CAEF =LEAKAGE COEFICIENT (1000 CFM/INCH
DELTA P =PRESSURE DIFFERENTIAL (INCHES 8F WATER),
X =FLOW EXPONENT ‘

*x¥x¥x VALUES BF X w»x»xx»

tUTSTIDE BUTSIDE AUTSIDE LEVEL SHAFT SHAFT SHAFT SHAFT
SIDE 2 SIDE 3 SIDE 4 ABBOVE 1 2 3 4
Q660 0660 0660 0+500 0500 0+500

VALUE BF X FBR SHAFT VENTS IS 05

SHAFT

1-g



LEVEL

= O W NN E W e

[EPSE

SHAFT

ha VN

BUTSI
SIDE
7100
2100
2100
2100
2:100
2100
2100
2+100
2100
10000
10000

DE AUTSIDE

1 SIDE 2
2+100
2100
2100
2100
2100
2.100
2100
2100
2+100
10000
10000

PRESS FLBOW
(CFM)
0.00
0.00

¥»x¥¥ | EAKAGE COEFICIENTS=(1000 SCFM/INCH) ¥xxx

BUTSIDE OUTSIDE LEVEL SHAFT SHAFT SHAFT

SIDE 3 SIDE 4 ABBVE 1 2 3
7100 2100 3.000 4800 24000
2+100 2100 3+000 4+800 24000
22100 2100 3.000 4+800 24000
2.100 2100 35000 4800 24000
2100 2¢100 3000 44800 24000
2100 2100 3000 4800 24.000
22100 2100 3.000 4800 24.000
2100 2100 3000 4+800 24000
2100 2+100 3.000 4+800 24.000
10000 10000 0000 4800 2+400
10000 10000 0000 0600 36000

#x¥¥¥SHAFT VENTS AND PRESSURIZATIONx¥¥»xx«

»x¥¥BOTTAOM VENT¥¥xx #x¥¥xTOP VENT »¥x¥

COEF LEVEL SIDE COEF LEVEL
0«00 -1 1 0.00 11
0.00 1 1 000 11

SHAFT

SIDE

4

SHAFT
&
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WIND PRESSURE CAEFICIENTS

SIDE 1

033800
0.3900
0.3900
04500
05200
065800
06500
0«7100
0.7800
05800
0.0000

03600
03600
0+3600
04300
0.5000
05500
06000
06600
06000
0+«5500
0.0000

0.1300
0.1300
02600
02600
0+2600
0+2600
0+3900
033900
0+33900

SIDE 2 SIDE 3
wWIND DIRECTION= 1
«0¢3900 =041300
=(0+3900 =0+1300
«0+3900 =0¢1300
05200 =0+1300
05200 =041300
=0+5200 042600
=0+6500 =0¢2600
=0s6500 «042600
«0¢6500 =0+2600
~0+6500 =«0+2600
0+0000 0+0000
WIND DIRECTIBN= 2
0+0000 «0¢1300
0+0000 =0+1300
00000 =0+1300
0+0000 =0+1300
0+0000 =04+1300
00000 =0+2600
00000 =0+2600
00000 =0s+2600
0+0000 «0¢2600
0+0000 042600
00000 0.0000
WIND DIRECTION= 3
0+1300 =0+1300
0+1300 =0+1300
02600 =0+1300
02600 «0+1300
02600 =0+1300
D+2600 =0e2600
03900 =0¢2600
03300 ~0+2600
0+3900

=0+2600

SIDE 4

»0+33900
=03900
®#0«3900
05200
w0¢5200
#0«¢5200
06500
#0¢6500
©06500
v0«6500

00000

»0¢1300
»0+1300
w0¢1300
01300
»0+1300
»02600
#0¢2600
»02600
w0:2600
w0¢2600

00000

w1300
=0e¢1300
=0¢1300
01300
=0«1300
»0«2600
02600
02600
«0¢2600

e RIS




= CWXONDCOE W

-

02600
00000

0.0000
0.0000
0.0000
00000
0.0000
0+.0000
0.0000
0.0000
00000
0.0000
0.0000

=0+3500
=0.3900
=0.+3900
=0¢5200
=0+5200
=(¢5200
=0.6500
=0«6500
=0+6500
=0.6500

0.0000

=0+1300
‘0-1300
=0.1300
=0+1300
=0.1300
-0-2600
=0+2600
=02600
=0+2600
=()s2600

0.0000

02600 =0¢2600
00000 0+0000
WIND DIRECTIOBN= 4
03600 =0+1300
03600 =0+1300
03600 =04+1300
0+4300 =»0¢1300
05000 =0,1300
0e5500 =0.2600
06000 =0.2600
06600 =0:2600
06000 =0+2600
0+5500 =0.2600
00000 0«0000
WIND DIRECTIBN= 5§
033900 =0+33900
03900 =0,3900
0+3900 =0.3900
04500 =0.5200
05200 =0.5200
05800 =0+5200
06500 =«0¢6500
07100 =“0¢6500
07800 =0¢6500
05800 =0e6500
00000 00000
WIND DIRECTIOBN= 6
03600 00000
03600 0.0000
0e4300 0.0000
0+5000 0+.0000
05000 0+0000
05500 0+«0000
06000 0.0000Q
06600 0.0000
06000 0.0000
05500 00000
0+0000

00000

=0¢2600
00000

=»0:1300
=0+130Q
=0+1300
»0¢1300
=0¢1300
=0e2600
=0:2600
20+2600
02600
»02600

00000

»0+¢1300
=0+1300
=0:1300
w0¢1300
=0+1300
»0«2600
w2600
?Oc2600
®w0+2600
»0¢2600

00000

»0+1300
=0+1300
=01300
=0+1300
=»0¢1300
w0+2600
w(0¢2600
wQe2600
02600
#02600

00000




=0.1300
'001300
=0.1300
=0¢1300
=0:1300
=02600
=0.2600
=0:2600
«0¢2600
=0.2600

0.0000

=0+1300
=0«1300

»-0!1300

=0:1300
=0e¢1300
=02600
=«0.2600
=0:2600
=0e¢2600
«0:2600

0.0000

=0.1300
=0.1300
«0.1300
=0s1300
=0+1300
'0G2600
=0+2600
=«0.2600
=02600
«0+2600

00000

=0«1300

WIND DIRECTION= 7

01300 0+1300
01300 0+1300
02600 02600
02600 0:2600
0«¢2600 02600
02600 02600
03900 03900
03300 03900
03900 03900
0+2600 0+2600
00000 0.0000
WIND DIRECTIBN= 8
00000 03600
0«0000 0.3600
00000 03600
00000 0+4300
00000 0+¢5000
00000 05500
0+0000 06000
0«0000 . 06600
00000 0+.6000
00000 0+5500
00000 0.,0000
WIND DIRECTIBN= S
=03900 03300
=0¢3300 0.3900
=0¢3900 043900
=0e5200 04500
=()e5200 05200
(05200 0.5800
«0+¢6500 06500
=0«6500 07100
=0+6500 0.7800
«0e6500 05800
00000 0.0000

WIND DIRECTIBN= 10

=0+1300

03600

=0¢1300
=0+1300
=0+1300
01300
01300
02600
#0¢2600
w0e2600
w2600
02600

00000

#0¢1300
#0+1300
=0+1300
=#0+1300
#0:1300
=0+2600
¢#0+2600
«0:2600
=«02600
«0«2600

00000
03900
#03900
»0¢3300
v0¢5200
=05200
05200
«0+6500
=06500
*0¢6500
=0:6500

00000

00000




—
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11
LEVEL

— .
~ OWo NOU FWNh =

LFVEL

W N e

-0.1300
'0-1300
=01300
=0.1300
=0.2600
=0.2600
=0¢2600
‘002600
=0:2600

0.0000

=0Q0e¢1300
=0+1300
=0.1300
=0+.1300
=0+.1300
=0.2600
=0.2600
-002600
=0:2600
=0+2600

0.0000

=0+1300
=0.1300
-001300
=0+1300
'0-1300
=0¢2600
=0+2600
=02600
=0¢2600
=“02600

0.0000

-0-3900
=0+3900
=0+3900

=0+1300 043600
=0:1300 043600
=0¢1300 04300
=041300 0+5000
=0¢2600 0.5500
=0¢2600 0+6000
=0+¢2600 0+6600
«0e2600 06000
=042600 05500
0+0000 0.0000
"WIND DIRECTIBN= 11
=0+1300 0+1300
=0+1300 0+1300
=0¢1300 0.2600
=0+1300 0.2600
=0+1300 042600
=0e2600 0.2600
=0+2600 0+3900
=0¢2600 03300
02600 0+3300
=042600 02600
0+0000 00000
WIND DIRECTIOBN= 12
=0+1300 0+0000
=0+¢1300 040000
=0+¢1300 0+0000
=0+1300 0.0000
=0+1300 0+0000
=0s2600 040000
=0e2600 0.0000
-0+2600 0+0000
«“0e2600 0.0000
=0«2600 0+0000
040000 0.0000
WIND DIRECTIBN= 13
=0+1300 =0+3900
=(1300 =0+3900
«0+1300 =0¢3900

0+0000
00000
00000
0+0000
0+0000
00000
00000
00000
00000
00000

01300
01300
02600
Q2600
02600
02600
03900
03900
003900
02600
00000

03600
03600
03600
0+4300
05000
05500
06000
0+6600
06000
05500
00000

03900
0+3900
033900

e P

-‘;:g:::su_";’:ﬁ"%‘—}"ﬁ"ﬁw \



— —

— . ™M = = [aa B

O LN TWNNFE, 2 OCHONCTUEFEFWNUEL, <=0 WXNOOO &
™ m
— —

LEVEL

U+ WM+

=0+5200
=Qe5200
«05200
=0e6500
'016500
=0+6500
=0e6500

00000

00000
0.0000
0.0000
0.0000
00000
0.0000
0:0000
0.0000
0.0000
0.0000
0.0000

0.1300
0.1300
02600
0.2600
0+2600
0.2600
0.3900
03900
0.3900
02600
0.0000

03600
03600
03600
04300
05000

=0+«1300 «0:5200
=01300 =0.5200
=0e¢2600 =05200
»()e2600 =0:6500
=0¢2600 =0:.6500
=0)«2600 =0:6500
=0¢2600 =0+,6500
00000 0.0000
WIND DIRECTIOBN= 14
=0¢1300 =0+.1300
=0+1300 =0+1300
=0e¢1300 =0+1300
=0¢1300 «0¢1300:
=0e¢1300 =0+1300
=0+2600 =0:2600
=0¢2600 =0.2600
=0s2600 =0+2600
=0+2600 =0¢2600
=0e¢260C0 =0+2600
00000 0.0000
WIND DIRECTIBN= {5
=0¢1300 =0+1300
=0«1300 =0¢1300
=0+1300 01300
=0+1300 =0¢1300
=0+1300 =0+1300
=0e¢2600 =0+2600
=0e2600 =0:2600
=«0+2600 =0.2600
=0¢2600 =0e¢2600
=0e2600 =0+2600
00000 0s0000
WIND DIRECTIAON= 16
=0+1300 =0«1300
»0e¢1300 =0.1300
=0¢1300 =0¢1300
=0+1300 =0+1300
=0«1300 =0+1300

0+4500
05200
05800
06500
07100
07800
05300
00000

03600
03600
03600
04300
05000
05500
06000
06600
06000
05500
00000

01300
01300
02600
02600
02600
02600
03900
0:3300
03900
02600
00000

0+0000
00000
00000
00000
00000

s AT ER LTI I
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LEVEL

- .
OW X NN F W =

[y
—

AUTSIDE

SIDE 1
01127
0.1097
0.0739
0.0116

=0.0267
=0:0664
=0¢1320
~0.1720
=0e¢2085
=0s1191
=0.1008

auUTSIDE

SIDE 2
0.2631
02601
02243
N«1986
0.1738
01456
0.1186
0.0907
0.0672
0.1181

«0.1008

R A DT A B o B st s &
K ISR B AR N 5435 > 3

¥¥¥¥¥PRESSURE DIFFERENCES (INCHES 6F WATER,REFERENCED 78 FLBOR PRESSURE)x¥x¥x

BUTSIDE

SIDE 3
0.1127
01097
00739
0:0116

«0s0267
=Q0:0664
=0.1320
=«=0e¢1720
«0s2085
=0¢1191
=0.1008

..-.-.TOP VENTIOOOQQ
cs000esBRATTAM VENTeoee s

BUTSIDE
SIDE 4
" 0el1l628

01599
01241
0.0868
00485
=-0:0163
'000568
=0¢0968
«001333
=0+0439
=0+s1008

Oe16
«0e¢16

LEVEL
ABOVE
=0.0380
=0.0051
=0.0037
=0.0026
=0.0012
=0.0004%
=0.0010
=0s0044
«0.1304
00078“
00000

Oe¢ib
=0e¢16

SHAFT
1
=0, 0506
=0.0126
=0.0075
=0.0039
=0.0012
=0,0001
0.0003
0.0013
0.,0057
0.1361

0.0577 .,

SHAFT
2
=«0.,0506
=0:0126
=0.0075
-000039
=0.0012
«0.0000
00004
0.0013
0. 0057
01361
00577

SHAFT
3

SHAFT
4

vse s VENT PRESSURE DIFFERENCES ARE RELATIVE T6 OQUTSIDE AT THAT LEVELeevwe

-

SHAFT

5

o1-d




A A A T B b i L N B S .

*¥»¥x¥VOLUME FLBW RATE (SCFM)x»xx

LEVEL BUTSIDE AUTSIDE BUTSIDE BUTSIDE LEVEL SHAFT SHAFT SHAFT SHAFT SHAFT
SIDE 1 SIDE 2 SIDE 3 SIDE & ABBVE 1 2 3 4 5
(1) (1) (1) (1) (2) (3) (3) (3) (3) (3
1 168140 8705 168140 6338 584 ¢ 8 10798 54000
2 4886 2631 48846 62649 21445 53942 26973
3 37645 7825 37645 5297 18146 41645 2080+9
4 1108 722.5 1108 41843 153.8 299.5 14917
5 ~192.3 66140 =192+3 28540 10349 16946 8431
6 «35048 5881 =350+8 =-1384+9 60:3. 35.1 157 o4
7 «552.0 5134 =55240 =3164¢5 93,1 “884+8 “4508
8 =65801 L2R o4 =65801 “449.8 20042 =173 “868¢9
9 =747 1 353.3 =747 41 =55545 108346 w362+¢8 =18154
10 =2455 61 2441 01 «245541 «1270+7 0+0 =1770+8 =885 ¢4
11 =21989 =2198.9 «2198¢9 «2198.9 020 ®{44e2 =8651 3
sevseae JOP VENToeo(4)e 00 " 0e0
eoeo o BATTOM VENTeo(4)e 00 00
sses SUM OF FLOWSesoee '
+VE 2657 2224 2657 2494, 2540 12670
=VE w7154 »2199. =7154 =4930. ‘ =2540 =12672

*x¥¥¥SIGN CANVENTIONS#xxxx :
(1) + INDICATES FLBW FROBM ABUTSIDE Td FLEBBR AREA

(e} + INDICATES FLBW FROM FLOBR SPACE T8 FLOBR ABOVE
(3) + INDICATES FLOBW FROM FLOBBR SPACE T8O SHAFT
(&) + INDICATES FLOBW FRGOGM BUTSIDE TO SHAFT(THROBUGH VENT BPENING)

11-d
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LEVEL ' INFILTRATION
THRBUGH
WALLS

4866 ¢
2467
2065+
1362
946
588
513
428
353
2441

Oe

P OWNDOO & WM e

— s

TATAL= 16031 .

»s 0 s NUMBER 6F ITERATIONS = boocone

s o0 s« NUMBER OF UNCBNVERGED TERMS= 0

21-49



APPENDIX C

PROGRAM LISTING




OO0 0O0O0n

v+

MAIN PRAGRAM (INFILTRATION)

TO CALCULATE INFILTRATION FLAW RATES FOR .
GIVEN BUTNOAR TEMPERATURES AND WIND SPEEDS AND
DIRECTIGNG

IMPLICIT REAL¥8(A-H:6-Z);INTEGER*#(I-N)
COMMEN/ INARG/TEMP»WP (2524 ) ACPF (25)sFANSH(8)
COAMMON/BKARG/NNs»JJs ITERMsKBUNT, F(25213)sFTVI(8),FBV(8),CI(33)
CGNHON/INPX/H(ESJ:EA(25:13):X(13)nTV(8):BV(8):PRESX(?5:13);ITV(8)
sJTV(8) 1BV (8),JBVIR)
DIMENSION WPCOEF(1622524) B
easeeASSIGN INPUT/BUTPUT DEVICE NUMBERSees s
IIN=1
[8UT=3
CALL INPUTI(IIN,IBUT)
READ wWIND PRESSURE COBEFFICIENTS
DB 5 K=1ls16
DB 4 I=1,NN
READ (IIN, 100)(WPC6EF(K:I J);J-l;#)
CONTINUE )
CONTINUE
WRITE WIND PRESSURE CBEFICIENTS
WRITE (IDBUT»199)
WRITE (IBUT»200)
CB 7 K=1s16
WRITE (IBUT»201) K
D 6 I=1,NN
WRITE (lOUT»202) 1, (WPCOEF(KsIsd)ad=ls4)
CaONTINUE
CBNTINUE
READ TEMPERATURE AND WIND
FEAD (IIN»101,FND=99) TEMP,WV,IDIR
CALCULATE WIND VELOCITY PRESSURE
VP=s000482%WVsWV
CALCULATE WIND PRESSURES 6N BUILDING
LB 12 J=1,4




DB 11 I=1,NN
MP(Ild)’VP#NPCGEF(IDIRJI)J)
11 CeBNTINUE
12 CEBNTINUE
WRITE TEMPERATURE, WIND» AND PRESSURES
WRITE (IBUT»207) TEMP
WRITE (l1BUT»208) WVsIDIR
WRITE (I1BUT»204)
WRITE(16UT,205)
e 20 I=1,NN
WRITE (1BUTs206) IJH(I)’WP(IJI)IWP(IJE)JWP(Ila)IWP(Il“)JACPF(I)
20 CEANTINUE '
CALCULATE INFILTRATION
CALL INFILT (IBUuT)
BUTPUT INFILTRATION
CALL BUT1 (IBUuT)
CALL 8BuTz (leauT) '
TOTAL INFILTRATION THRBUGH WALLS
TFLT=0.
WRITE (IBUT»209)
D8 S50 I=1,NN
FLT=0>
08 40 J=1s4
IF (F(1lasd)) 40,4030
30 FLY=FLT+F(I12d)
40 CONTINUE
WRITE (IBUT»210) I,FLT
TFLT=TFLT+FLT
50 CONTINUE
WRITE (Iauts211) TFLT
WRITE {18UT»3001) KE@UNT
WRITE(IBUT,3002) ITERM

Go T6 9
99 S16P
100 FORMAT (4F6¢3)
101 FORMAT (2FB«1,I8)

199 FORMAT ('11'3520%s ' WIND PRESSURE CBEFICIENTS')
2006 FOKMAT (1'0's15X,'SIDE 1',6Xs'SIDE 2'» 6Xs 'SIDE 3's56Xs'SIDE 4'/)




201
202
204

205
206
207
208
209
210
211
3001
3002

N =

FERMAT (1Xs'LEVEL'222Xs'WIND DIRECTION='!,13)
FHERMAT (1X213,6X024F12e4)
FORMAT (///21Xs 'FLBOR',8Xs'FLOBR HEIGHT'»8Xs tWIND SIDE 11,
5Xs "WINC SIDE 2'27Xs'WIND SIDE 3's7XsIWIND SIDE 4!
27X YA/C/PRESS. FLOW!)
FORMAT (17X " (FT)'21Xs4 (10X " (INCHES) ") 215X ) (SCFM) ')
FORMAT (33X, I2511X2F6e1s4(11Xs,F8¢5),11XsF80) .
FBRMAT ('1',40X»'BeAs TEMPERATURE='sF54¢0s! (DEGREES Fe) ')
FORMAT (///7/3525X2'WIND SPEED='sF 440,5Xs'DIRECTION=!,13)
FORMAT('1';'LEVEL':15X:‘INFILTRATION'/E#X;'THRGUGH'/ES}:' WALLS!t/)
FORMAT (2X,12,14XsF12+0)
FORMAT ('O','TaATAL='"3F1240)
FORMAT ('01'»20Xs"'eee s NUMBER BF ITERATIONS =!',I4s'scs0ee!)
FORMAT (///7/720Xs'eea s NUMBER OF UNCONVERGED TERMS=1',14)
END :

R N e T T TR S



4 ‘ T e T R R A R

SUBROBUTINE INPUT(IIN,IBUT)
INPUT RBUTINE FOBR AIR INFILTRATIBN PROBGRAM

INPUTS FROM FORTRAN DEVICE NUMBER IIN INTO® COMMON
LISTS INPUT INFORMATIABN ON FORTRAN DEVICE NUMBER IBUT

INPUTS ARE AS FBLLOWSse
NN =NUMBER OF LEVELS
JJ =NUMBER BF VERTICAL SHAFTS
H =LEVEL HEIGHTS (FT)
ACPF =NET AIR SUPPLIED BY A/C SYSTEM (SUPPLY=RETURN)
FBOR PRESSURIZATION (SCFM)
EA =LEAKAGE CBEFICIENTS (1000 SCFM/INCH)
X =FLBW EXPONENT
BV = EAKAGE COEFICIENT OF BB8TTBM VENT BPENING
TV =L EAKAGE COEFICIENT B8F TOP VENT BPENING
ITV «LEVEL AT WHICH T8P VENT BPENING BCCURS
IRV =LEVEL AT WHICH BATTOM VENT BPENING BCCURS
JBYV =SIDE OF BUILDING AT WHICH BBTTOM VENT 8CCURS
JTV =SIDE 6F BUILDING AT WHICH TBP VENT BCCURS
FANSH =NET AIR SUPPLIED T8 SHAFT FBR PRESSURIZATIEN

**»¥DIMENSIANS ARE FBAR MAXIMUM O8F 25 LEVELS AND 8 SHAFTS#xx

ODOODOOOOOOO D000 OO OOn0n

IMPLICIT REAL¥8(A=H»O=Z ), INTEGER*4(I=N)
COMMON/ INARG/TEMPsWP (2554 ) s ACPF(25)sFANSH(8)
COMMON/BKARG/NN» JJs» ITERMsKOUNT,F(25513)sFTV(R)sFBV(8)sC(33)
COMMON/INPX/H(25)sEA(25213)eX(13)sTV(8)sBVI8)sPRESX(25,13),ITV(8)
1 s JTV(8)2IBV(8),JBV(8) Q!
C N . S

READ (IINs100) NNs»JJ




noDooOoOoOon

00

iz

NNJ=NN+J
JJdb=JJ+5

READ(IIN,101)

READ(IIN,105)

bt 12

READ(IIN,103)

I=1,NN

CONTINUE

READ

WRITE

WRITE

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

WRITE
WRITE
WRITE

(H{I)2ACPF(I)s»I=15NN)

(X(Jd)sdmsl,Jds)

(EA(T2d)sd=1,dd5)

(TINs104)(FANSH(J)Y2BVIJ)»IBVIJ)sJBVIJ)2TVIJ)pITVIJ)

JTVI(J)sd=1a2JdJ)

INPUT INFBORMATIGN

(16UT»200)

(18UT»,201)
(I8UT»190)
(18UT»191)
(I18UT»192)
(IBUT»193)
(168UT»195)
{10UT»196)
(I8UT»230)
(10UT»222)
(10UT»213)
(I16UT2223)
(1BUT»224%)

(18UT:211)
(IBUTs212)
(I1BUT»213)

NNsJdJ

(X{J)

ed=12JJ5)




DB 18 I=1sNN
WRITE (I8UTs214) Is(EA(I,J)sd=12dU5)
18 CONTINUE

WRITE (IBUT»215)
WRITE (IBUT»216)
WRITE (IBuUT»217)
DB 20 J=1,JJ
WRITE(IBUT,219) JJFANSH(J):BV(J)JIBV(J):JBV(J)JTV(J):ITV(J)
1 »,dTVd)
20 CONTINUE

AVKS= «1920%«074367/2+
AVKJ==01920%074367
MNNi{=NN=1
C CALCULATE RHB¥H BETWEEN LEVELS
DB 31 I=1,NN1
PRESX(1s5)=(H(I)+H(I+1))*AVKS
31 CONTINUE
C CALCULATE MID=LEVEL HEIGHT ABOVE GROUND
HX=H(1)/2
H(1l)=HX
DB 32 I=2sNN
HT=H(I=1)+HX
HX=H(1)/2
H{I)=HT+HX
32 CONTINUE
C CALCULATE RHB¥H IN SHAFTS
Do 34 J=1,JJ '
J5=J+5
DB 33 I=1,NN
"PRESX(1s,J5)=H(T)*AVKJ
33 CAONTINUE
34 CONTINUE

RETURN N

100 FORMAT (214)



101
103
104
105

190
191
192
193
195
196
200
201
211
212

213

214
215
216

217
219
2ae

223
224
230

FBRMAT
FORMAT
FORMAT
FORMAT

FORMAT
FBRMAT
FBRMAT
FORMAT
FURMAT

FORMAT

(FRe4sF40e1)

(13F6e2)
(F12¢2sF8e 4,21 4sF8e4s214)
(13F6:5)

(101 235X, 'FLOW EQUATION ISeesF=CUEF*(DELTA P)xxX?)
('0'530Xs 'WHERE: 1)

(35Xs'F =FLAW RATE (CFM)1') :

(35Xs 'CAEF =LEAKAGE CBEFICIENT (1000 CFM/INCH!')

(35Xs 'DELTA P =PRESSURE DIFFERENTIAL (INCHES BF WATER) ')
(35X2'X =FLOBW EXPONENT?!)

FORMAT('1¢,40X, "SOLUTIEBN FOR 'sI4," LEVELSs 1214, SHAFTS!')

FBRMAT
FORMAT
FORMAT

FORMAT

FORMAT
FORMAT
FORMAT

FORMAT
FORMAT
FORMAT

FORMAT
FORMAT
FORMAT
END

(11 240Xs ' vexxxxx¥xINPUT PARAMETERS¥¥x¥yxxx¥!)
(P17 240Xs " #»x¥¥ LEAKAGE COEFICIENTS=(1000 SCFM/INCH)x»¥x1)
(70Y s '"LEVEL"22X24{('OUTSIDE',3X )

"LEVEL'»8(5Xs 'SHAFT ') )

{8Xs "SIDE 1',4X, 'SIDE 2'54X,'SIDE 3',4X,'SIDE 454X,
VABRAVE ' 37X s 111 59Xs "2V 59Xs 131 ,,9Xs "4 159X t51 39X, '61,9XsV71,
9X, 181
(1X,12:,13(2%X2F8+3))
{11 0540Xs " xx%®¥SHAFT VENTS AND PRESSURIZATIGN¥¥¥4¥')
(1HO»1 X, "SHAFT '»10X, 'PRESS FLOWT 216X, ' x¥x*xxBOTTEM VENTxxxx!
22X ' xxxxTOP VENTx¥xxxf)
(19Xs ' (SCFM) "2 11Xs2(6Xs'COEF'23Xs'LEVEL'»8X, 'SIDE'))
(1XsI457XsF1202510XsF12:e252(BX214)sF12e252(8%Xs14))

('0' 27X, 4 'OUTSIDE"Y»3X) s

VLEVEL'»8(8Xs 'SHAFT'))

{3X:13(2Xs,FB83))

(/7/77774CXs "WALUE 8BF X FOR SHAFT VENTS IS Q¢%5 ')
(/777750Xs " ¥%¥xx¥% VALUES OF X x»xxxxt)

o ,s- Vi e o i

SRS



L R e R L S e e T R P BT 2

SUBROUTINE INFILT (IDIAG)
FR¥FXXFFRXENNRRF XXX RRPENRFYIX YRR XPURPOSEX XX ¥ X X ¥ XXX ¥ XXX F YN YR XX F LN RE RN XY
PROGRAM TA COMPUTE AIR FLBWS AND PRESSURES FB8R A BUILDING

FLOWS AND PRESSURES MAY BE DUE T8 ANY COGMBINATIOGN OF
STACK EFFECT
WIND EFFECT
NET AIR SUPPLIED BY A/C SYSTEM FBR PRESSURIZATION

R I I I I I I I I I T I I I T ITI L

CALLING SEQUENCE: :
FNTER WITH INPUT VALUES IN COMMON BLOCKS /INPX/ AND
IDIAG =« FORTRAN DEVICE NUMBER FBR ERROR MESSAGE 6UT

XEF XX ¥ ¥ xxx¥2x¥¥YASSUMPTIONS AND LIMITATIONSYX¥ XY XX ¥¥ XX XY EXNEXUXKXEXRNY

AIR FLOW EGUATIBN USED IS FaKx(DELTA P)xxX
WHE RF F= VOLUME FLOW RATE
K= LEAKAGE COEFFICIENT
X= LEAKAGE EXPBONENT
DELTA P= PRESSURE DIFFERENTIAL

FRICTIBNAL RESISTANCE OF VERTICAL SHAFTS IS NEGLECTED

NET AIR FLEW SUPPLIED BY A/C SYSTEM FOR PRESSURIZATION_.IS ASSUMED
CONSTANT (INDEPENDANT OF THE LEVEL PRESSURES)

PRESSURES ARE ASSUMED UNIFBRM THRAOUGHBUT THE LEVEL AREA (N6
PREGEVISIHBN IS MADE FOR VESTIBULES O6R CBMPARTMENTIZATIBN OF LEVELS) QO

OO0 ONOOOO0O0ODDOO0O0O0O0O0DO0O0O0O0OODOO0O000 000000

PRAGRAM IS DIMENSIBNED FHOR A MAXIMUM BF 25 LEVELS AND 8 SHAFTS



INIA dAl HONGHHL M 14VHS BINI M@ d= (FrYALS

IN3A WOL1108 HONOMHL I 14VHS BINI MO 3= (rrag4

P 14VHS A1 I 13A37 WHOM¥A4 MO d= (G+re]) 4
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ACPF (1)
F ANSH

LEAKAGE COBNSTANTS
EA(I,1)
EA(I,2)
EA(I,3)
EA(I,4)
EA(I,D)
EA(I,J+5)
TV(d)

BV(J)
X{d)

INTEGERS:

NN
JdJ
IBv
ITV
JBY
JTV

FERXXFFXNXX AR X LN XX NN XY

ODOOODODO0OO0OO0OOO0O0ODOO0O0O0ODO OO0 00O0O0O0Do00

IMPLICIT REAL*8(A
CUMMBN/ INARG/ TEMP
CEMMBN/BK ARG/ NN J
CEMMEN/ INPX/H(25)
1 s TV
DIMENSIBN G(25,1
DIMENSIBN A(33,33
EQUIVALENCE (PL(1
EQUIVALENCE (A(1,
EQUIVALENCE (P(1)

IR RN IR M A (e e | -mjnx_w,,‘ﬂ"g'w'm Sy

=FLOW SUPPLIED BY A/C SYSTEM T8 LEVEL I
=FLOW SUPPLIED T8 SHAFT J BY A/C SYSTEM

=COEFICIENT WALL #1 AT ITH LEVEL
~COEFICIENT WALL #2 AT ITH LEVEL
=CHEFICIENT WALL 3 AT ITH LEVEL ~
«CBEFICIENT WALL 4 AT ITH LEVEL
=CBEFICIENT FROBM LEVEL I TO LEVEL I+1
=CHEFICIENT FRBM LEVEL I T8 SHAFT J
=CABEFICIENT TBP VENT SHAFT J
=CHEFICIENT BBTTABM VENT SHAFT J
=EXPONENT

=NUMBER OF LEVELS

=NUMBER 8F SHAFTS _

~LBCATIBN BF BHTTEM VENT (LEVEL)

-LBCATIBN BF THBP VENT (LEVEL) ,

-SIDE AT WHICH BOTTOBM VENT BCCURS (12,3 BR &)
=SIDE AT WHICH TBP VENT BCCURS (1,2,3 BR 4)

ERPHRERFRFLRNR R AN X R LR RN AN X F AR N RN RN AN XN KR RN NN

=Hs0=Z)s INTEGER*4 (I=N)

JWP(2524),ACPF (25)2FANSHI(8)

Js ITERM)KAUNT,F(25,13)2FTV(8)1sFBV(8)2C(33)
JEA(25213)sX(13),TV(8)sBV(8)sPRESX(25,13),1TVI(&)
8)12,1BV(8),JBV(8)
3)1sPL(25,13)sGTV(8),PTVLI(8),GBVI(8),PBVLI(8)

)2 AAL1083),PLLI325),P(33)

2105 PLLC(L1))
112AA(1))
2C(1)) “

01-DO



10
20

30

40

DATA POLIEND/«500:0/

ERK8BR=.0001

eos e ZERB MATRIX A
DB 1 K=1,1089
AA(K)=0s00
CONTINUE

CBNTINUE

CALCULATE BUTSIDE PRESSURES
RHB=39:.76578000/( TEMP+459.7200)
AVKR==.1920%RHEA
DO 5 J=1ls4
DO 4 I=1,NN .
PRESX(I2J)=AVKR*¥H(I)+WP(1sJ)
CONTINUE
CONTINUE

ees e INITIAL LINEAR APPRUXIMATIBNeaqe
eesesSTRAIGHT LINE THRU ZERG® AND POINT
NNJJ=NN+JJ

NNJJ2=NNJJ«NNJJ

JJd5=dJ+5

PPI=PBxx(=«0500)

PO 20 Jd=1,J4d5

DB 10 I=1,NN

GllsJ)= (EAlI,J))¥PPI

CONTINUE

CBNTINUE

0B 30 J=1,JJ

GTVIJ)=(TV(J))*PPI
GBV(J)=(BV(J))»PPI

CONTINUE

"O'SET PL EQUAL TG ZEH@O..:.

DB 40 K=1,325

PLL{K}=0«0Q

CONTINUE .

DB S50 K=1,8

CORRESPONDING T6 PINJTeoeee

I11-D




R R R R R

PTVL(K)=0.00

PBVL(K)=0.00 - ¢
50 CBNTINUE '
C
60 CONTINUE
KBUNT =0
C
(of
70 CANTINUE
C
C +2¢s CALCULATION 8F ELEMENTS OF MATRIX A AND VECTOR Coeoesee
C
JJS5=JJd+5
_ NNJJ=NN+JJ
C N
Cc eos e ELEMENTS BF MATRIX Asssee
c
C se00e]ST ROWeo oo

A(1s1)=0.0

N 11 J=1,Jd5

Alls1l) = A(ls1) = G(1lsd)
11 CONTINUE '

A(ls,2) = G(1,5)

DB 21 Jd=1,JJ

NNJ=NN+J

J5=J+5

AT1sNNJ) =G(1,J5)
21 CONTINUE

C 20 0sROWS 2 TB NNwisaseesoe
NN1=NNe1{
DB 51 1=2,NN1 .
AlI,I=1) = G(I=1,5)
AlTs»I+1) = G(I,5)

AlI»I) = =G(I=1,5)
DB 31 JU=1,0J5 =
A(I»I) = A(IsI) = G(lsd)

31 CUNTINUE

21-D




41
51

61

71

81

91

i01

D8 41 J=1,JJ
NNJ=NN+J

J5=J+5 :
A(IsNNJ)=G(I,J5)
CONTINUE
CBNTINUE

eoe0e ROW NNeeoso

A(NNsNN=1) = G(NN=1,5)
A(NNJNN) = =G(NN=1,5)

DB 61 JU=1,4

AINNsNN) = A(NNsNN) = G(NNsJ)
CAONTINUE

DB 71 J=6,JJ5

A(NNsNN) = A (NNyNN) = G(NNsdJ)
CONTINUE '

Do 81 J=1,JJ

NNJ=NN+J

Jo=J+5

A(NNsNNJ)Y=G (NN, J5)

CBNTINUE

ceos s ROW NN+Jeo oo

DB 101 J=1,4d

NNJ=NN+J

J5=J+5

A(NNJsNNJ)=0e0

DB 91 I=1,NN

AINNJsII=G(]1,U5)

AINNJIINNJ )=A(NNJsNNJ)=G(I,J5)
CONTINUE
A(NNJINNJ)=A(NNJIsNNJ) =GBVI(J)
CONTINUE

ses s ELEMENTS OF VECTGR Creon

DB 111 K=1,NN
C(K)==+s001%ACPF (K)

«“GTV(J)

€1-D



111 CONTINUE

c “"1ST RBWe o o

DB 121 Jd=1,4

C(1) = C(1) = G(1sJI)*(PRESX(1sJ) + PL(1:sd))
121 CONTINUE

DB 131 J=5,445 A

Ci1) = Ct1) = G{1sJ) % (PRESX(1sd) = PL(1sJ))

131 CONTINUE
(o}
. C ces s ROWS 2 T8 NN=1sse0

DB 161 I=2,NN1
DB 141 J=1s4
CiI)= C(I) = G(I,J) *(PRESX(IsJd) + PL(Isd)})

141 CONTINUE
D8 151 J=5,J4J5 -
C(I) = C(I) =G(I,J)*¥(PRESX(Is,J) = PL(Isd))

151 CONTINUE
C(I)=C(I)+G(I=1,5)%(PRESX(I=1,5)=PL{I=1,5))

161 ~ CONTINUE

c

C seeo o REW NNoso oo

DO 171 dJd=1,4

CI(NN) =C(NN) = G(NN»J)X(PRESX(NNsJ) +PL(NNs»J))
171 CONTINUE

bB 181 J=6,Jd5

CINN) = C(NN) = G(NNsJ)*¥(PRESX(NNsJ) = PL(NNsJ))

- 181 CONTINUE

CINN) = C(NN) +G(NN=1,5) » (PRESX(NN=1,5) =« PL(NN=1,5))

(@}

ses REW NN+ Je oo

DB 201 J=1,Jd

NNJ=NN+J

IB=IBV{J)

JB=JBVI(J)

J5=J+5 *

C(NNJ)=GBV(J) *»(PRESX(IBsJ5)=PRESX(IBsJB)=PBVL(J))=e001¥FANSH(J)
IT=1TVv(J)

¥1-O



191
201

211

221

sNeNe Ne]

@}

ie
2e

JT=JdTV(J)
C(NNJ)=C(NNJ)+GTV(J)¥(PRESX(IT:JS)-PRESX(IT;JT)-PTVL(J))
DB 191 I=1,NN

C(NNJ)=C(NNJ!+G(IJJS)*(PRESX(IJJ5)-PL(I J5))

CONTINUE

CONTINUE

+e« COMPRESS MATRIX A INTO® AA STORED BY COLUMNSeees
DB 211 J=1,NNUJ

JAArJ =1

TAA=JAA¥NNUJ

DO 211 I=1,NNJyJ

IIAA=I+1AA

AA(TITIAA)=A(TI,])
CONTINUE

CALL SIMQ@ (AA,CsNNJJ2KS)

» s PRESSURES P (1) ARE RETURNED IN Ceeo
IF (KS) 1000,221,1100

CONTINUE

*e0eeCALCULATE FLOW FUNCTIONS FBR LINEAR MODELeeoe
ITERM = 0

DB 22 J=1,4

DB 12 I=1,NN

FX = G(I»Jd) ¥ (PRESX(IsJ)=P(I) + PL(I,J))

IF (DABS(FX=F(I,J))=~ERROR) 12,1252

F(lsJ) =FX

CALL LINIZF (FX,EA(I»Jd)2GlIsd)sPL(Iad)sX(d))
ITERM =ITERM +1

CONTINUE

CONTINUE

N1 =NN=1

S1-D




32

42

52

62
72

a8z

92

DB 42 I=1,NN1

FX= G(I:S)¥(P(I)-P(I+1) +PL(I1s5) =PRESX(I,5))
IF (DABS(FX=F (1,5))=ERROR) 42,42,32

FIIs5) =FX

CALL LINIZE (FXsEA(Is5)2G(Is5)sPL(I+5)sX(5))

ITERM =ITERM +1 '

CONTINUE

DB 72 J=1,4J

NNJ=NN+J

J5=J+5

DB 62 I=1,NN )
FX= G(IsJdB)*¥(P(I)«PRESX(I1sJS)=P(NNJ) +PL(I,J5))
IF (DABS(Fx-F(I:JS))-ERRuR) 62:62:52

F(lsJdB) = FX 4 .
CALL LINIZE (FX;EA(I:Jb):G(I:JS);PL(I:JS):X(JS))
ITERM =ITERM +1

CONTINUE

CONTINUE

XVENT=O-500

DB 122 J=1,JJ

NNJ=NN+J

IB=IBV(J)

JB=JBV(J)

IT=1TV(J)

JT=JdTV(d)

JS=J+5

FX= GBV(J)¥(PRESX(IB,JB) =P(NNJ)=PRESX(IB»JS)+PBVLI(J))
IF (DABS(FX=FRV(J))=ERRAR) 92,92,82

FBV(J) = FX

CALL LINIZE (FXsBV(J)2GBV(J)sPBVL(J)sXVENT)

ITERM =ITERM +1

CONTINUE ‘

FX = GTV(J)¥(PP&SX(IT:JT)-P(NNJ)-PRESX(IT:J5)+PTVL(J))
1F (DABS(FX=FTV(J))=ERRUR) 112,112,102

91-D



102

12
122

800
900
S50

1000

1010

1020

1100
1999
300¢C

FTV(J) = FX

CALL LINIZE (FXsTV(J)2aGTV(J)sPTVL(J)sXVENT)

ITERM = ITERM + 1
CONTINUE
CONTINUE

KOUNT =KOUNT +1

IF (KBUNT=50) 800,800:,1000
IF(ITERM) 900,1000,900

D& 950 K=1,NNJJ2
AA(K)=000
CONTINUE

G8 T8 70

CONTINUE

eoe o FLEWS IN CFMessoo

DO 1010 J=1,JU5

DB 1010 I=1sNN
FII»d)=F(I,J1%1000¢
CONTINUE

D& 1020 J=1,JU5
FTIVIJ)=FTV(J) %1000,
FBY(J)=FBV(J) %1000
CBNTINUE

RETURN

WRITE (IDIAG,3C00)
sTaP

FBRMAT({1X, 'SINGUL AR
END

MATRIX=NO SOLUTIOGN GIVEN BY SIMQ')

L1-D



sNeEesNeNe]

IF(BIGA) 4035540

SUBRBUTINE SIMQ( AsBsNsKS)

THIS SUBRAUTINE IS FOR USE WITH THE AIR FLOW BUILDING MBDEL PRAGR
THIS SUBROUTINE SOLVES THE LINEAR SIMULTANEBUS EQUATIOBNS

IMPLICIT REAL*8(A=Hs0=Z), INTEGER*4(I=N)
DIMENSION A(1)sB(1)

FORWARD SHBLUTIBN

KS8=0

- Jd==N

DB 65 J=1sN
JYsJ+1
JU=JJ+N+1
BIGA=0.:00
[T=dd=y
DB 30 I=JsN .
SEARCH FHR MAXIMUM COEFFICIENT IN COLUMN
IJ=1T+]
IF(ACIJ)) 2230:4
ABSA==A (1)
GA T8 5 ’
ABSA=A(1J)
IF(BIGA) 6,20,8
BIGA==BIGA -
DIF=BIGA=ARSA
IF(DIF) 20,30,30
IMAX=1
BIGA=ABSA
CONTINUE
ITIM=IT+IMAX
RIGA=A(ITIM)
TEST FBR SINGULAR MATRIX
KS=1
RETURN
INTERCHANGF RBWS IF NECESSARY

81-D




Py

40

50

55

60
65

70

80

I1=J+N¥ (d=2)
IT=IMAX=J

DB S0 K=JdsN
I1=11+N
12=11+1T7
SAVE =A(I1)
AlIL)=A(12)
A(12)=SAVE

DIVIDE EQUATIAN BY LEADING CBEFFICIENT

A(T1)=A(I1)/BIGA
SAVE=R(IMAX)
B(IMAX)=B(J)
B(J)=SAVE/BIGA
ELIMINATE NEXT VARIABLE
IF(J=N) 55,70,55
IQS=Nx(J=1)

DB 65 IX=JYsN
IXJd=1WS+1IX

IT=J=1IX

DB 60 JX=JY:sN
IXUX=N*¥(JX=1)+1IX
JIX=IXIX+]IT
ACIXUX)=A(IXIX)=(A(IXJ)*A(JIX))
BIIX)=B(IX)=(B(J)*xA(IXJ))
BACK S6LUTION

NY=N=1

IT=aN¥N

DO 80 J=1,NY

IA=]T=)

IB=N=J

IC=N

DB 80 K=1,d

B(IB)=B(IRI=A(TA)¥B(IC)

- TA=]A=N

IC=1IC=1
RETURN
END
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11
20

SUBROUTINE LINIZE(FINIT,CONS,SLOPE,PXsXX)

IMPLICIT REAL+8(A=H»B0=2Z),INTEGER*¥4(I=N)
FMIN=.00005

IF(XX=:050) 20,5251

IF(XX=1+00) 2,9,20

IF (CBNS) 20,8,3

IF (FINIT=FMIN) 55724

PINIT=(FINIT/CAONS)**%(1+00/XX)

SLOPE=XX*¥COANS*PINIT*%(XX=1400)
PX=FINIT/SLBPE«PINIT

G8 T6 11 ,

IF (FINIT+FMIN) 62727
PINIT==(=FINIT/CONS)*%(1.00/XX)
SLAPE=XX¥CONSx (=P INIT)¥¥(XX=1+00)
PX=FINIT/SLOPE=«PINIT ’

GO T8 11
PMIN=(FMIN/CONS)*¥(1:00/XX)
SLBPE=FMIN/PMIN

G8 Te 10

SLBPE=0+00

G8 T8 10

SLUPE=COBNS

PX=0.00

RETURN

STOP

END

02-2
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o000

31
30

40

SUBROUTINE BUTL1(IBUT)

THIS SUBRAUTINE CALCULATES AND BUTPUTS PRESSURE DIFFERENCES
BN FORTRAN DEVICE NUMBER I8UT

¥*¥¥DIMENSIBNS ARE FOR MAXIMUM BF 25 FLOOBRS AND 8 SHAFTSx*x¥

IMPLICIT REAL%8({A=H»0=Z)»INTEGERX*4(I=N)

COMMON/BKARG/NN»JJs ITERMIKOUNT,F(25,13)»FTV(8)s,FBV(8)sC(33)

COMMON/ INPX/H(25)2EA(25213)sX(13),TV(B)sBV(B)sPRESX(25,13),1ITV(8)
1 sJTV(8)21BV(8),JBV(8)

DIMENSION PPX(8),DELP(25,13)sDELPTV(8)sDELPBV(8)sP(33)

EQUIVALENCE (P(1)sC(1))

JJb=JJ+5
NNi=NNe=1}

¢+eo CALCULATE PRESSURE DIFFERENCESsee

DB 30 J=1,4 -~
DB 31 I=1,NN

DELP(I,Jd)=PRESX(Iad)=P(1])

CONTINUE '

CONTINUE

DB 40 I=1,NN1
DELP(I,5)=P(I+1)=P(I)+PRESX(I»5)
CONTINUE

seseNO FLAPR ABRBVE, SO SET DELP EQUAL TO ZERBeeee
DELP(NNsS)=0e

C8 50 Jd=1,JJ
J9=J+5
NNU=NN+J

1¢2-D



51

50

60

101
2000

2001
2002
2004

2005
2006

DB 51 I=1,NN
DELP(I,J5)=P(NNJ)+PRESX(1sJ5)=P (1)

CBNTINUE

ITVU=ITV(J)

JTVJI=JTV(J)

IBVU=IBV(J)

JBVJ=JBV(J)

DELPTV(J) =P (NNJ)+PRESX(ITVJsJ5)=PRESX(ITVJsJTVJ)
DELPBV (J) =P (NNJ)+PRESX(IBVJsJ5) =PRESX (IBVJ, JBVJ)
CENTINUE

+ee WRITE PRESSURE -DIFFERENCESess

WRITE (IBUT»2000)

WRITE (IBUT»2001)

WRITE (IBUT»2002)

DB 60 I=1,NN

WRITE (IBUT5101) Is(DELP(IsJ)sd=1,sJU5)
CONTINUE

WRITE (IBUTs2004) (DELPTV(J)sJd=1lsdJ)
WRITE (IBUT»2005) (DELPBV(J)sdslsJd)
WRITE (1BUT»2006)

RETURN

FORMAT (1X, 12 513(2XsF8e4))
FORMAT (11':25Xs ' #¥ %% *¥PRESSURE DIFFERENCES (INCHES 8F WATER!
s "JREFERENCED T8 FLOBOBR PRESSURE ) ¥xxxxt)
FORMAT ('0O'»"LEVEL'"52Xs4('OUTSIDE",3X)s
"WEVEL'"28(5Xs "SHAFT ') )
FORMAT (8X, 'SIDE 11s4Xs 'SIDE 2'54Xs 'SIDE 39,4X,'SIDE 4',4%,
VABBVE " 7Xs "1 159X 121 9Xs 131 59X0 141 ,9XsV'51,9X,t61,9Xs171,9X, 181
FORMAT ( / 13Xst'soeoesTOP VENTeceosos!310F10:2)
FORMAT | 11Xstee00eeBOTTOM VENTeeooe! s10FL0e2)

FORMAT (/////720Xs'ese s VENT PRESSURE DIFFERENCES ARE',

! RELATIVE T8 BUTSIDE AT THAT LEVELeseso!) -
END »

22-D
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40
5C
60
7C

80

SUBRBUTINE 8UT2(16UT)
THIS SUBRABUTINE IS FBR USE WITH THE AIR INFILTRATIBON PROBGRAM

THIS SUBRABUTINE AUTPUTS VOLUME FLBW RATES
BN FORTRAN DEVICE NUMBER IBUT

*x¥DIMENSIBONS ARE FBR MAXIMUM 8F 25 LEVELS AND 8 SHAFTSxxx

IMPLICIT REAL*¥8(AwH»0=Z), INTEGER*4(I=N)

COMMON/BKARG/NNy»JJs ITERMsKOUNT,F(252,13)sFTV(8),FBV(8),C(33)

COMMUON/ INPX/H(25)2EA(25213)2X(13)5TV(8)»BVI(8)sPRESX(25,13),1ITV(8)
1 2JTVI(8)21IBV(8),JBV(8)

DIMENSION SUMPBS(13)s, SUMNEG(13)

JJS=JJ+5

DB 30 J=1,J45
SUMPBS(J)=0+00

SUMNEG(J) =000

DB 20 I=1,NN

IF (F(IsJ)) 10,15515
SUMNEG(J)=SUMNEG(J)+F(IsdJ)
GA8 18 20

SUMPBS(J) =SUMPES(J)+F(I+J)
CONTINUE

CONTINUE

L8 90 J=i,JJ

J5=J+5

IF (FTV(J)) 40,50,50
SUMNEG(JS5)=SUMNEG(JS)+FTV(J)
GO T 60
SUMPBS(J5)=SUMPBS(JD)+FTV(J)
IF (FBVI(J)) 70,80:80
SUMNEG(JS)=SUMNEG(JS) +FBV(J)
GB TH 90
SUMPBS(J5)=SUMPBS(JS)+FBV(J)

€2-D



90
c
c

100

1101

11072

1105
1106
1107
1108
1109
1110
1111

CONTINUE

es o GUTPUT VOBLUME FLOWe e e

WRITE (IBUT»1200)

WRITE (IBUT»1101)

WRITE (IBUT»1102)

WRITE (IBUT»1106)

0B 100 I=1i,NN .

WRITE (18UT»1203) Is(F(lsad)sd=1,dU5)

CONTINUE -
WRITE (IBUT»1204) (FTVIJ)ad=1,JJ)

WRITE (IBUT»1205) (FBV(J)ad=12JJ)

ee e WRITE SUM BF +VE AND =VE FLBWS FOBR EACH COLUMNjs e
WRITE (IBUT»1107)

WRITE (IOUT»1105) (SUMPBOS(J)sJd=1s4)s(SUMPBS(J)sJ=6sJJ5)
WRITE (I0BUT»1108) (SUMNEG(J)sJ=1s4)s (SUMNEG(J)2Jd=6sJJ5)

WRITE (IBUT»1109)
WRITE (IBUT»1110)
WRITE (16UT»1111)
WRITE (IBUT»1112)
WRITE (I8UT»1113)

RETURN
FORMAT ('0's'LEVEL'22Xs4('OUTSIDE ',3X),
'LEVEL'»8(5X» 'SHAFT "))

FORMAT (8Xs,'SIDE 11,5Xs'SIDE 2's3X,'SIDE 3',4X,'SIDE 4',4X,
VABOVE ', 7Xa V11 09Xs 12V, 9Xa'3109Xs "4V ,9X0 151 39X 161,9X171,
IX, 181"

FORMAT (1X,'"+VE'"sF9¢0s3F10¢0,10X»,8F10+0) )

FORMAT (10X ' (1)'5s3(7X2' (1) )26Xs0(2)',8(7Xs4(3)1))

FORMAT (/ 1Xs'eoeeSUM BF FLOWSsssel)

FORMAT ('0's'=VE')F9e0s3F10+¢0s10Xs8F10.0)

FORMAT (///710X, 'x»3¥¥SIGN CONVENTIONS*x¥»xxx1)

FORMAT (10X»'(1) + INDICATES FLOBW FROM BUTSIDE T8 LEVEL AREA?')

FARMAT (10Xs'(2) + INDICATES FLBW FROM LEVEL SPACE TO LEVEL'!
» ' ABBGVE!')

¥Z-D



L1112

1113

izo00
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