
NATIONAL RESEARCH COUNCIL OF CANADA 
DIVISION OF BUILDING RESEARCH 

FORTRAN IV PROGRAM TO CALCULATE 
AIR INFILTRATION IN BUILDINGS 

by 

D. M. Sander 

Computer Program No. 37 
of the 

Division of Building Research 

OTTAWA 
May 1974 



I 

1 
J , 
~ 

FORTRAN IV PROGRAM TO CALCULATE 
AIR INFILTRATION IN BUILDINGS. 

by 

D. M. Sander 

Air leakage throug4 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 hand~ing systems. 

MATHEMATICAL MODEL OF BUILDING 

The building model has previously been described by Tamura 
(1). It is 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 rp.ay repres ent 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 (~P)x 

where F = flow rate through a leakage opening (dm) 

EA = flow coefficient (cfm/ in. x) ::: 

~P = pres sure differential {in. } 

x = flow exponent (0. 5 ~ x ~ 1.0) 

In order to account for the effects of wind, the pressures 

(1) 

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 l"b/ft 2 , which is the pressureof 
one inch head of water 
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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 pres sure 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. 

DES CRIPTION OF PROGRAM 

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

for the ith compartment, 

4 JJ 

~k_-1 F o{i, k} + F b{i} - F a(i} - ~ F sCi, j} + F ac(i) = 0 
j=1 

and for the jth shaft, 

NN 
~ 

i=l 
F .. +F .+F .+F .=0 
. S(l, J) bV(J} tV(J) sh(J} 

(2l 

(3) 

where F = flow from outside through side (k) to compartment (i) 
o{i, k) 

F b(i) ,flow from compartment below to compartment (i) 

F a(i) = flow from compartment (i) to compartment above 

F (. .) = flow from compartment (i) to shaft (j) 
s 1, J 



F ac(i) 

Fbv(j) 
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= net flow of air supplied to compartment (i) by air 
handling system 

= flow into shaft (j) through botto~ vent 

= flow into shaft (j) through top vent F tv(j) 

FSh(j) = net flow of outside air supplied into shaft U) by air 
handling system 

NN = number of compartments 

JJ . = number of shafts 

The flows. appearing in equations (2) and (3) are indicated in Figure 1. 
Combination of mass balance equations (2 and 3) with flow equation 
(I) 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 
des cribed by equation (1) is shown in Figure 2. In the region near 
point (A P, F) this function may be approximated by a straight line 
which is t~ngetnt to the curve at this point. The equation of this 
linear function is 

F = K t [AP - AP. ] • 
1 

where K'= Kx APt 
x-I 

F 
and AP. = AP 

t 
1 t KI 

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 
ele ment is compared with the flow used for linearization of that 
element. If the difference is greater than the conver gence cri­
terion, * that element is re-linearized about the most recently 
determined flow and the linear simultaneous equations are solved 
ag;:tin. 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 !lerror" 
in subroutine INFILT. The value used is O. 1 cfm. 

(4a} 

(4b) 

(4c) 
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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 lIN 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. 

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 

CARDS 2 
to NN+l 

CARD NN+2 

CARDS NN+3 
to 2NN+3 

NN - number of compartments (maximum 25) 
JJ - number of shafts (maximum eight, minimum 
one) (format 214) 

one card per compartment beginning with com­
partment No. 1 
- height (thickness) of compartment, ft, [H(i}] 
- net quantity of air supplied to compartment, cfm, 
[ACPF(I)] (format 2F8. 1) 

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

one card per level beginning with level No. 1 
- 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+J J+4 - net air supplied to shaft, cfm {F ANSH(j}] 

- leakage coefficient of bottom vent, thousands cfm 
in. x 



CARDS2NN+ 
JJ+5 to 
18NN+JJ+5 

CARDS 18NN+ 
JJ+6 to END 
OF DATA 

EXAMPLE 
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[BVU)] 
- level at which b0ttom vent located [IB V(j)] 
- side of building on which bottom vent located 
(1,2,3 or 4) [JBV(j)] 
- leakage coefficient of top vent, thousands cfm 

. x 
In. 

[ TV(j}] 
- 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» 

wind pressure coefficients for four sides of building 
- 16 sets of cards; one set for each wind direction 
each set is NN cards with one card per compartment 
beginning at compartment No. 1 (format 4F6. 3) 

- Outdoor temperature, of, wind speed, mph, 
wind direction (1 to 16) (format 2F8.1,I8) 

Calculate infiltration and exfiltration rates for a 19-storey 
building, 120 by 120 by 250 ft high (s chematically 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 e~cessive requirement of 
computer time. Levell a 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 us ed in this example 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 O. 5 
2. 0.66 

- outside wall = 0.7 cfm/ft In. 

= 2100 cfm/in. O. 66; side of compartment 

mechanical room 
(i. e., compartment No. 10) = O 0 m/ . 0.66/. 1 , 00 cf In. slde 

elevator penthous e 

- stairwell door 

- service shafts at each level 

- stairwell and service 
shafts - total 

- stairway to elevator 
penthouse 

- one elevator door 

total elevator door leakage 
per compartment for 
compartments 1 to 9 

- compartment No. 10, one 
elevator door 

- elevator shaft to elevator 
penthouse, per elevator 

elevator shaft to elevator 
penthouse, total 

- net air supplied by air 
handling system to 
compartments 2 to 9 

- net air supplied by air 
handling system to com­
partment 1 

= 10,000 cfm/in. 0.66/side 

= 600 cfm/in. 0.66/door 

j 0.5 
= 2400 cfm in. 

4800 j 0.5/ = cfm in. compartment 

6 / . 0.5 
= 00 cfm In. 

= 2400 cfm/in. O. 5 

j . O. 5 = 24,000 cfm In. 

/ 0.5 = 2400 cfm in. 

/ 0.5 = 7200 cfm in. 

= 5 x 7200 0 5 
= 36,000 cfm/in. . 

= 400 cfm/ compartment 

= 2200 cfm 
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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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3. M. Jensen and N. Frauck. Model-Scale Tests in Turbulent 
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on the National Building Code, National Research Council of 
Canada, Ottawa. 



. ...., 
Fa ( i) 

FO(i, k) ~ Fac(i) 
l-

F s (i, j)--? ~ 

OUTSIDE 

COMPARTMENT(i) 

Fb'( L) 

FIGURE 1 

:c 
V') 

* OUTSI DE 

<E- F bv ( j) ( FRO M 0 U T 5 IDE) 

AIR FLOWS FOR A TYPICAL COMPARTMENT AND TYPICAL 
S HA FT 



F 

FIGURE 2 

LINEAR APPROXIMATION OF FLOW EQUATION 



Subroutine INPUT 
Read input data 
List input data 

Calculate pre s sure s that are independent of flow 

Read wind pressure coefficients 
List wind pressure coefficients 

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

YES 

NO 

Calculate wind pressures on building 

List wind pressures and Alc pressurization flow 

Subroutine INFILT 
Calculate air flow rate s 

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 approxitnation is not a 
tangent to the curve of Equation (1) 

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

Subroutine SIMQ 
Solve matrix equation 

[A] [P] = [C] 
for floor and shaft pressures 

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

For the next 
eleInent 

NO 

'------------NO 

SET COUNTER 
TERM = 0 

YES 

NO 

*e = error criterion 

Subroutine LINIZE 
F = F 

t 
TERM = TERM + I 

Solve Equations 4b and 4c 
new value s of K' and P 

FIG 3b BLOCK DIAGRAM OF SUBROUTINE INFILT 
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EXAMPLE INPUT DATA 



A-I 

EXAMPLE INPUT DATA 

11 ? 
25·0 2200· 
25.0 400· 
25.0 400· 
25.0 400. 
25.0 400· 
25·0 400· 
25·0 400· 
25-0 400· 
25·0 400· 
25·0 O. 
10.0 O. 
·66 .66 -66 ·66 .50 .50 ·50 
7. 1 2. 1 7. 1 2.1 3.0 4.8 24·0 
2.1 2. 1 2. 1 2.1 3·0 4.8 24·0 
2. 1 2. 1 2.1 2. 1 3.0 4.8 24·0 
2. 1 2. 1 2·1 2. 1 3.0 4.8 24·0 
2.1 2. 1 2·1 2. 1 3.0 4.8 24·0 
2. 1 2. 1 2, 1 2.1 3.0 4.8 24·0 
2.1 2. 1 2. 1 2.1 3.0 4.8 24·0 
2.1 2. 1 2. 1 201 3.0 4.8 21+·0 
201 2. 1 2. 1 2. 1 3.0 4.8 24.0 

10.0 10.0 10.0 10.0 0.0 4.8 2.4 
10.0 10.0 10.0 10.0 0.0 0.6 36·0 

0.0 0.0 1 1 0.0 11 1 
0.0 0.0' 1 1 0.0 11 1 

+.39 "·39 -013 .... 39,,, 
+·39 "·39 -. 13 "·39 
+·39 .... 39 "·13 .... 39 
+.45 ".52 "·13 ".52 
+·52 ".52 ... ·13 ".52 
+.58 ... ·52 -·26 "·52 DIRECTltiN 1 
+065 -·65 .... 26 ".65 
+ • 71 -.65 "·26 "·65 
+-78 .... b5 ~·26 "·65 
+·58 -·65 -·26 .... 1S5 
0.0 0.0 0.0 O. 0·' 

+·36 0.0 - • 13 "·13 
+·36 0.0 .. - 13 -·13 \ 
+·36 0.0 - • 13 - • 13 

I 

+·43 0.0 -·13 ... 1 3 

+'00 0.0 "·13 .. • 13 DIRECTlfjN 2 
+.55 0.0 ".26 -·26 
+·60 0.0 ... 26 "·26 
+066 0.0 ".26 .... 26 
+.£,0 0.0 ... 26 ... ·26 
+·55 0.0 "·26 "·26 
0.0 0.0 0·0 0.0-



A-2 

.. 
- ~~.: ., + • 13 +·13 "·13 ... 8 13 1 

- . +013 +·13 .... 13 .. • 13 . , 
+°26 +026 -'13 -·13 
+°26 +·26 -·13 "·13 
+·26 +·26 -·13 .. • 13 
+°26 +·26 -·26 -·26 '-... DIRE.CTIeN 3 
+039 +.:39 -.26 -.26 
+039 +-39 "·26 "026 
+·39 +.39 -.26 "·26 
+°26 +026 ·-26 -·26 
0.0 0.0 0·0 o. 0./ 
0.0 +·36 - 013 .. • 13 '" 
0.0 +-36 -·13 -·13 
0.0 +·36 - • 13 .. • 1 3 
0.0 +043 -·13 ".13 
0.0 +.50 ··13 -·13 
0.0 +.55 ··26 -·26 DIRECT leN 4 

0.0 +.60 "·26 -·26 
0.0 +066 ··26 ... ·26 
0.0 +.60 -.26 "·26 
0.0 +·55 -·26 "·26 
0.0 0.0 0.0 0.0 ' 

··39 +039 "·39 ... 13 '. 
-·39 +.39 \ 

-·39 "·13 
.... 39 +.39 .... 39 "·13 
"·52 +'45 ... 5? "·13 
·.52 +.52 -·52 ... ·13 
".52 +.58 -.52 "·26 " DIRECTleN 5 
-065 +'65 ... ·65 "·26 
".65 +·71 ... ·65 -·26 
-·65 +·78 "·65 -·26 
"·65 +058 "·65 -·26 

0.0 0.0 0.0 0.0· 
"·13 +°:36 0.0 ".13 
... ·13 +·36 0.0 -.13 
... ·13 +.43 0.0 .. • 13 
-'13 +.:'0 0.0 -·13 
"·13 +·50 0.0 .... 13 
.. ··26 +·55 0.0 "·26 DIRECTleN 6 
"·26 +060 0.0 -·26 
... ·26 +·66 o.n "·26 
"·26 +·60 0.0 -·26 
"·26 +·55 o.n -.26 

0.0 0.0 0.0 0.0 
-·13 +·13 +'13 ... • 1 3 
- • 13 +·13 +·13 - • 13 
"·13 +·c6 +·26 "·13 
.. • 1 3 +.26 +.26 .... 13 
-·13 +·26 +·26 "·13 
"·26 +·26 +·26 -·26 DIR!:.CTIfjN 7 
.... '26 +·39 +.39 ... ·26 
"'''26 +.39 +.39 ... ·26 J 



A-3 

utE i'f.rAT1NG Ail;) '~ ~.~';[!?,;:~::~;j .~·~~J~J~rjf~N /ISSf Zi} n~~J 
Ei!":·\C:·~;j"~ ~!..L, 8'::':-=-, :~;. ~;~;:;.;. E 

"·26 +.39 +.39 "·26 LJ J:1 F(_j~.t7. ·~/t 
"·26 +.?6 +.26 -·26 

0.0 0.0 0.0 O.O/! 

.. • 13 0.0 +·36 .. • 13 ' 
·'13 0.0 +·36 .. • 13 
- • 13 0.0 +.36 ... • 1 3 
.... 13 0.0 +.43 "·13 
.. • 13 0.0 +.50 -.13 
-°26 0.0 +.55 "·26 DIRECTIeIN 8 

"·26 0.0 +.60 "·26 
"·26 0.0 +.6{, "·26 
"·26 0.0 +.60 .... 26 
"·26 0.0 +·55 "·26 

0.0 0.0 0.0 0.0 
go • 13 ".39 +·39 .... 39 -, 
... 13 "·39 +.39 "·39 
... 13 -.39 +.39 -.39 
"·13 -·52 +.45 ".52 
... • 1 3 -·52 +.52 ".52 
-·26 "·52 +.58 ".~2 DIRECTlelN 9 

"'?6 ... ·65 +·65 -.65 
"·26 "'65 +.71 ".65 
"·26 "'65 +.78 "·65 
"·26 ",65 +.58 ".nS 

0.0 0.0 0.0 0.0 
"·13 "·13 +·36 0.0' 
... • 13 .. • 13 +·36 0.0 
-. 13 -013 +·36 0.0 
... 13 ... • 13 +.43 0.0 
.. • 13 "·13 +.50 0.0 
... ·26 ".26 +·55 0.0 DIRECTlelN 10 
"·26 ... ·26 +,60 0.0 
-·26 "·26 +·66 0.0 
... ·26 -·26 +·60 0.0 
... ·26 -.26 +055 0.0 
0.0 o.u 0.0 0.0 

- • 13 ... ·13 -+ ·13 + • 1 3 ,_ 
... • 13 "01] + ·13 + • 1 3 .... 13 .. • 13 +·26 +026 
... • 1 3 "'13 -+·26 +·26 
... 13 - • 13 +·26 +·26 
"·26 -·26 +·26 +.26 >. DIRECTlelN 11 
-·26 "·26 +.39 +·39 
... ·26 -·26 +·39 +·39 
... ·26 ... ·26 +.39 +.39 
"·26 -·26 +.26 +·26 

0.0 0.0 0.0 o. o . 
, 

./ 

... ·13 "·13 0·0 +-36 

.... 13 "·13 0.0 +·36 

.. • 13 00: 0 13 0.0 +·36 

.. • 13 .. • 13 0.0 +.43 

.... 13 ... ·13 0.0 +·50 DIRECTltlN 12 ... ·26 "'·26 0.0 +·55 , 



--- -------------------------------------------~~--------------------------------~~ 

A-4 

"·26 -·26 0.0 +·60 
·-c6 ... ·26 0.0 +·66 
"·26 ·.?6 0.0 +.60 
··26 -·26 0.0 +.55 

0.0 0.0 0.0 O. 0/ 
"·39 ... ·13 -.39 +.39", 
"·39 "013 -.39 +.39 
-·39 "·13 ".39 +.39 
... ·:,2 -·13 -·52 +.45 
·.52 "·13 "·52 +.52 
".52 -·26 -.52 +.58 DIR£CTltlN 13 
--65 ... ·26 ".65 +·65 
"·65 .... 26 "·65 +.71 
"·65 .... 26 "·65 +·78 
-·65 -.26 .... 65 +.58 
0.0 0.0 0.0 o. 0- .' 
0.0 "'13 .. • 13 +·36-
0.0 "·13 ".13 +·36 
0.0 -·13 -.13 +·36 
0.0 -013 -.13 +.43 
0.0 "·13 .. • 13 +·50 
0.0 =·26 ... ·26 +.55 "- DIRECTleN 14 , 

0.0 -·26 ··26 +·60 
0.0 -.26 "·26 +.66 
0.0 --26 .. ·26 +,60 
0.0 "·26 ... ·26 +·55 
0.0 0.0 0.0 O. 0_ 

+'13 ... ·13 .. • 13 +.13 
+·13 ... 13 .. • 13 +·13 
+·26 "·13 ".13 +.(?6 
+·26 ... • 1 3 "·13 +·26 
+'26 .... 13 -013 +·26 
+·26 "·26 "·26 +·26 '--- IJIRECTleN 15 , 

+.39 ".26 "·26 +·39 I 

+.39 ... ·26 ... ·26 +.39 
+·39 ".26 ".26 +·39 
+·26 "·26 -.26 +·26 
0.0 0.0 0.0 0.0 

+·36 -. 13 "·13 (l.O 
+·36 "·13 - • 13 0.0 
+·36 .. • 13 .. • 13 0.0 
+.43 - • 1 3 ... 13 0.0 
+.50 "·13 -·13 0.0 
+.~5 -·26 -·26 0.0 DIRECTleN 16 
+·60 ... ·26 "·26 0.0 
+·66 .... 26 -·26 0.0 
+·60 ... ·26 ... ·26 (J.o 
+.55 "·26 -·26 0.0 

0.0 0.0 0.0 0.0· 
20. 20. 5 
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t'lUTSIDE 
SlOE 1 
0·660 

nUTS! DE 
sIDE 2 
O·6F,O 

", 1~ r:"Jti~!rf~pf4r~~~""'~ "':l:'" '., 

EXAMPLE. fWTPUT 

SeJ LU TI eJN F 6R 11 LEVELS, 2 SHAFTS 

¥ ••••••• INPUT PARAMETERS •••••••• 

FLew EQUATlelN IS ••• FsceEF.(DELTA P) •• X 

~HERE: 

fJUTSIOE 
SIDE 3 
0·660 

F -FLew RATE (CFMI 
C~EF -LEAKAGE ceEFICIENT (1000 CFM/INCH 
DELTA P -PRESSURE DIFFERENTIAL (INCHES elF WATER); 
X -FLew ExpeNENT 

fhJTSIDE 
SIDE ~ 

0·660 

••••• VALUES elF X ••••• 

LEVEL 
ABeVE 
0.500 

SHAFT 
1 

0·500 

SHAFT 
2 

0·500 

VALUE elF X ~eR SHAFT VENTS IS 0.5 

SHAFT 
3 

f'li:l~ll;~ ___ ' 
.. hp::~~~rr:.;\':~f '-:'j'~.-""~""l":'~~ 

SHAFT 
4 

SHAFT 
5 

to 
~ 



Lf:VEL 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

SHAFT 

1 
? 

f1UTSIDE fWTSIDE 
SIDE 
7.100 
2 -100 
2 elOO 
20100 
2e100 
2.100 
2·100 
?·100 
? e1 00 

10.000 
10·000 

1 SIDE 2 
20100 
2.tOO 
2 elOO 
20100 
2.100 
2·100 
2·100 
2·100 
2-100 

10·000 
10·000 

PRESS FLf1W 
(CFM) 
0·00 
0·00 

.¥¥¥LEAKAGE CeEFICIENTS-(1000 SCFM/INCH) •••• 

eUTSIDE eUTSIDE LEV~L SHAFT SHAFT SHAFT 
SIDE 3 SIDE Jt ABtWE 1 2 3 
7,100 2-100 3-000 4.800 24.000 
2e100 2.t00 3,000 4.800 24.000 
2.100 2·100 3.000 4.800 24.000 
2·100 2.100 3.000 4.800 24.000 
2.100 2·100 3.000 4.800 24.000 
2.100 2·100 3.000 4·800 24.000 
2,100 2. 100 3·000 4.800 24.000 
2·100 2-100 3·000 4.800 24.000 
20100 2.t00 3.000 4·800 24.000 

10.000 10·000 0.000 4.800 2.400 
10-000 10·000 0.000 0·600 36.000 

¥.¥¥¥SHAFT VENTS AND PRESSURIZATlf}N ••• ¥ • 

.¥.¥BeTTeM V~NT¥¥¥. 
Ce[F LEV~L 

0.00 1 
O. 00 1 

SIDE 
1 
1 

•• lI-Jf.HlP VENTH~.'" 

C~EF LEVEL 
0.00 11 
0.00 11 

SHAFT 

SIDE 
1 
1 

4 
SHAFT 

Ii 

tJj 
I 

N 



· "~.i·W~tl",l~hm-1t.+'[ftM!t*~~~~ .- .. ",.,."", .• ," ... \~,.~L':>;~ ... .-..,_~ " ,.A- "', :', 

WYND PRESSURE CMEFICIENTS 

SIDE 1 SIDE 2 SIDE 3 SIDE 4 

LEVEL ~IND DIRECTlelN- 1 
1 0·3900 "0.3900 "0 -1 300 l!"0.3900 
2 0·3900 "'0.3900 "'0 01300 ~0.3900 

3 0.3900 "'0.3900 "001300 l!"0.3900 
4 0.4500 "0·5200 -0 d 300 ,,0.5200 
:, 0.5200 "0.5200 -0 01300 ~0.5200 

6 0.5800 "0.5200 -0.2600 eoO·5200 
7 0·6500 -0.6500 -0.2600 !'0·6500 
8 0.7100 "'0·6500 -0·2600 '!"0.6500 
9 0.7800 "'0.6500 "'0.2600 .. 0.6500 

10 0·5800 "0.6500 -0.2600 -0·6500 
1 1 0.0000 0.0000 0.0000 0.0000 

LEVEL WINO DIRECTlelN" 2 
1 0·3600 0.0000 -0.1300 ",0.1300 
2 0·3600 0.0000 -0 d 300 ",001300 
3 0·3600 0·0000 -0.1300 .. 001300 
4 0'4300 0.0000 -0 01300 ,,"0-1300 
5 0.5000 000000 -001300 ,.001300 
6 0·5500 0.0000 "0·2600 ~0.2600 

7 0·6000 000000 "0·2600 '!I"0.2600 
8 0'6600 0·0000 "0·2600 .. 0·2600 
9 0.6000 0.0000 "0·2600 ",0·2600 

10 0·5500 O.OOUO "'0.2600 '!"0.2600 
1 1 0·0000 0.0000 0·0000 0.0000 

LE- VF L WIND DIRECTlelN .. 3 
1 001300 Od300 -0.1300 "'001300 
2 0.1 300 001300 -0.1300 -001300 
3 0·2600 0·2600 -0 01300 ",001300 
4 0·2600 0·2600 "0 -1300 ",0.1300 
5 0.2600 0.2600 -0.1300 -0·1300 
6 0·2600 0·2600 "'0.2600 ... 0·2600 IJj 

7 0·3900 0·3:::100 "0·2600 ",,0.2600 I 
VJ 

8 0.3900 0·3900 .. 0. 2 6~00 "0·2600 
9 0.3900 0.3900 "0·2600 ",0.2600 



10 0'2600 0.2600 -0.2600 '!"0·2600 
1 1 0·0000 0.0000 0.0000 0.0000 

LE"VEL WIND DIRECTHm. ~ 

1 0·0000 0·3600 -0 e1300 !"'0.1300 
2 0·0000 0·3600 -0 -1300 -0 tl300 
3 0.0000 0.3600 -001300 -0 -1300 
4 0.0000 0.4300 -0.1300 .. 0 .1300 
5 0.0000 0·5000 -0 t1300 ilia -1300 
6 0.0000 0.5500 -0.2600 ,.0.2600 
7 0.0000 0.6000 "0.2600 ""0·2600 
8 0·0000 0.6600 .. 0.2600 ,,0.2600 
9 0·0000 0.6000 -0,2600 .0·2600 

10 0.0000 0.5500 -0.2600 ,.0·2600 
1 1 0.0000 0.0000 0.0000 0·0000 

LEVEL WIND DIRECTleJN- 5 
1 -0.3900 0.3900 -0.3900 ,.0.1300 
2 -0.3900 0.3900 -0,3900 -0,1300 
3 -0.3900 0.3900 -0.3900 -0.1300 
4 -0.5200 0.4500 -0·5200 ",0.1300 
5 -0.5200 0.5200 -0.5200 !"'O tl300 
6 -0·5200 0·5800 -0.5200 -0·2600 
7 -0'6500 0·6500 -0.6500 -0·2600 
8 -0.6500 0·7100 -0.6600 '!"0.2600 
9 -006500 0.7800 -0.6500 l1li0.2600 

10 -006500 0·5800 -0.6500 ",0.2600 
11 o.ooon 0·0000 0·0000 0.0000 

L~. VF L wIND DIRECTItjN. 6 
1 -001300 0.3600 0.0000 eoO -1300 
2 -0.1300 0.3600 0·0000 ",0 -1300 
3 -0.1300 0·43UO 0.0000 !"'O .1300 
4 -001300 0.5000 0.0000 1""0 -1300 
5 -0·1300 0.5000 0.0000 :-0.1300 
6 -0·2600 0.5500 0.0000 .0·2600 
7 -0·2600 0·6000 0·0000 .. 0·2600 
8 -0.2600 0.6600 0.0000 -0·2600 lJj 

9 -0·2600 0·6000 0.0000 ",0.2600 I 

*"-
1 a -O.?600 O·5!j00 0.0000 .. ",0.2600 
1 1 0.0000 0.0000 0·0000 0.0000 



LFVEL wIND DIRE'CTlflN'" 7 
1 -a 01300 a el300 a el300 ,.0.1300 
2 -0 .1300 o el300 o el300 1"'0 el300 
3 -0·1300 0,2600 0·2600 ,..Od300 
1+ -0.1300 0.2600 0.2600 !l'0.1300 
5 "'0·1300 0.2600 0.2600 1"0 el300 
6 -0·2600 0.2600 0.2600 ~0.2600 

7 -0.2600 0.3900 0.3900 .0-2600 
8 -0.2600 0·3900 0.3900 ,,0.2600 
9 "0.2600 0.3900 0.3900 "0.2600 

10 "0.2600 0.2600 0,2600 ,,0.2600 
1 1 0.0000 0.0000 0.0000 0 .• 0000 

LE.VEL wIND DIRECTIf'JN- 8 
1 -0.1300 0.0000 0.3600 I!'Od300 
2 "0.1300 0.0000 0.3600 !l'0 d300 
3 -0 d300 0.0000 0.3600 ",,0 d300 
4 -001300 0·0000 0.4300 .0 d300 
5 -0 d300 0·0000 0_5000 ,..0 el300 
6 -0.2600 0.0000 0.5500 -0·2600 
7 -0.2600 0.0000 0.6000 ,,0.2600 :z; 

M~ 

8 -0·2600 0.0000, 0,6600 ,,0·2600 -r-

9 -0·2600 0·0000 0.6000 -0'·2600 
h~ 
:t. .. ...• ~ 

~0.2600 10 -0·2600 0.0000 0.5500 -".. 

11 o.nOOo 0.0000 0.0000 0-0000 
c-; 

LEVEL WIND DIR£CTlf'JN- 9 
D;I l>. 

'" :l'" 

1 -001300 -0.3900 0.3900 111'0.3900 
» 0:;.1 

n '" 
2 -0 .1300 -0.3900 0·3900 1!'0.3900 r=' ;." rc. 

~~: ': ..... 

3 -0·1300 "0.3900 0.3900 .. 0.3900 
CIC: ,Oil ....... 

t- ~~.-

4 -0.130n -0.5200 0.4500 .. 0·5200 ;0 r ~:~ » .. 
-001300 -0.5200 0.5200 .. 0·5200 

"C!I' .... 

5 _, OJ c'· 

6 -0.2600 -0.5200 0.5800 .. 0.5200 "-" /'1 _ a.( .\; ,.t.' 
:' ,-:-

7 -0.2600 -0.6500 0.6500 '!'0.6500 ,.-;: r ..... ' 
~.! 1'-" 

8 -0·2600 -0·6500 0.7100 '!"0.6500 ~ m 
9 -0·2600 -0·6500 0·7800 ",0.b500 

10 -0·2600 -0·6500 0.5800 -0·6500 x;. lJj v', 

1 1 0·0000 0·0000 0.0000 0.0000 C,,~ I 
4t~. U1 

U'VFl wINO DIRE.CTION- 10 " 
!:1 
2-

1 -0.1300 -0 01 JOO 0.3600 0·0000 '--. 
~;-.) 
''';': 



"l .. :!'~~~~-1~:;\I::rrtP~.' ... 1·r1-·1?~ , 

2 "'0.1300 "0 d 300 0·3600 0.0000 
3 -0·1300 -0·1300 0.3600 0·0000 
4 -001300 "0·13UO 0.4300 000000 
5 "0.1300 -001300 0·5000 0.0000 
6 "0·2600 -0.2600 0.5500 0·0000 
7 "0·2600 -0.2600 0.6000 0.0000 
8 "'0·2600 -0·2600 0.6600 0·0000 
9 -0·2600 -0.2600 0.6000 0·0000 

10 "'0·2600 -0.c600 0.5500 0·0000 
11 0·0000 0.0000 0.0000 0·0000 

LE VE L WIND DIRECTI~N'" 11 
1 "0.1300 -0·1300 001300 001300 
2 .. 0.1300 "'0 d 300 o t1300 001300 
3 "0·1300 -0·1300 0.2600 0·2600 
4 "0 d 300 -0 a1300 0.2600 0-2600 
5 "'0·1300 -0 a1300 0.2600 0.2600 
6 "'0·2600 "0-2600 0·2600 0·2600 
7 -0·2600 -0.2600 0.3900 0·3900 
8 "0·2600 -0.2600 0.3900 0.3900 
9 "0·2600 "0.2600 0.3900 0·3900 

10 "0·2600 -0.2600 0·2600 0-2600 
11 0.0000 0.0000 0.0000 0.0000 

LEVEL WIND DIRECTION ... 12 
1 "001300 -0·1300 0.0000 0·3600 

·2 -001300 -0 t1300 0·0000 0.3600 
3 -0.1300 -0.1300 0.0000 0·3600 
4 -001300 "0·1300 0.0000 0·4300 
5 -0 e1 300 -0.1300 0.0000 0·5000 
6 "0·2600 -0·26UO 0·0000 0·5500 
7 "0·2600 "0·2600 0.0000 0·6000 
8 "0·2600 "'0·2600 0.0000 0-6600 
9 "0·2600 -0·2600 0·0000 0-6000 

10 "0·2600 -0·2600 0·0000 O-b500 
1 1 0·0000 0·0000 0.0000 000000 

LF VEL WINO DIRECTION- 13 tJj 

1 "0·3900 -001300 "0.3900 0-3900 I 

0' 

2 "0.3900 '"'U.1300 "0.3900 $ 003900 
3 "'0.3900 -0-1300 -0.3900 003900 



r I "1; ''',{,.L~·~~~I~ ~l~"'<): ." ., 

4 -0.5200 -001300 -0.5200 0.4500 
5 -0.5200 -0·1300 -0.5200 0.5200 
6 -0.~200 -0.2600 -0·5200 0·5800 ',' 
7 -0.6500 "'0·2600 -0.6500 0-6500 
8 -0'6500 -0.2600 -0.6500 0·7100 
9 -0.6500 -0.2600 -0·6500 0·7800 

10 -0.6500 -0.2600 -0·6500 0·5800 
1 1 0·0000 0·0000 0·0000 0.0000 

LFVEL WIND DIRECTI~N" 14 
1 0.0000 "'0 t1300 -0.1300 0·3600 
2 0.0000 -0 d 300 -0.1300 0·3600 
3 0.0000 -0.1300 -0 01300 0.3600 
4 0.0000 -0.1300 -0.1300. 0.tt-300 
5 0.0000 -0 d 300 -a t1300 0·5000 
6 0·0000 -0.2600 -0·2600 0·5500 
7 0.0000 -0.2600 -0.260'0 0.6000 
8 0.0000 -0.2600 -0.2600 0-6600 
9 0.0000 -0·2600 -0.2600 0.6000 

10 0.0000 -0·2600 -0.2600 0·5500 
11 0.0000 0·0000 0.0000 0·0000 

LrVEL WIND DIRECTr~N" \5 
1 a • 1 300 -0 -1300 -o.t 300 0-1300 
2 a t1300 -0 -1300 -0 .1300 0-1300 
3 0·2600 -0·1300 -0·1300 0·2600 

.4 0.2600 -001300 -0 -1300 0·2600 
5 0.2600 -0-1300 -0.1300 0·2600 
6 0.2600 -0·2bOQ -0'2600 0·2600 
7 0.3900 -0·2600 -0·2600 0·3900 
~ 0.3900 -0.2600 -0.2600 0·3900 
9 0.3900 "0·2600 -0·2600 003900 

10 0·2600 -0.2600 -0.2600 0·2600 
1 1 0.0000 o.oouo 0.0000 0.0000 

LEVE.L ~INO OIRECTleN- 16 
1 0·3600 -0-1300 "001300 0.0000 
2 0·360n -0.1300 -0 -1300 0·0000 tJj 

3 0.3600 "0·1300 000-1300 .. 000000 I 
..J 

4 0.4300 00001300 -0.1300 0·0000 
5 0·5000 "001300 -0 -1300 0·0000 



••••• PRESSURE DIFFERENCES (INCHES eF WATERIREFERENCED Te FLeeR PRESSUREI¥~~¥¥ 

LFVEL flUTSIDE flUTSIDE eUTSIDE eUTSIDE LEV~L SHAFT SHAFT SHAFT S'HAFT SHAFT 
SIDE 1 SIDE 2 SIDE. 3 SIDE It ABfWE 1 2 3 Jt 5 

001127 0.2631 001127 0,1628 -0.0380 -0.0506 -0.0506 
2 0·1097 0.2601 0.1097 0.1599 -0.0051 -0.0126 -0.0126 
3 0.0739 0.2243 0.0739 0.1241 -0.0037 -0.0075 -0.0075 
4 0.0116 0.1986 0.0116 0.0868 -0.0026 -0.0039 -0.0039 

.f) .. 0.0267 0.1738 -0.0267 0.0485 -0.0012 -0.0012 -0.0012 
6 -0.0664 O. 1456 -0.0664 -0.0163 -0,0004 -0,0001 -0.0000 
7 -0.1320 O. 1186 -0.1320 -0.0568 -0·0010 0.0003 0.0004 
R "'001720 0.0902 -0.1720 -0.0968 -0.0044 0.0013 0.0013 
9 -0.2085 0.0672 .. 0.2085 -0.1333 -0.130~ 0,0057 0 .• 0057 

10 "001191 001181 -0t1191 -0,0439 0.0784 0.1361 0.1361 
11 -0.1008 -0.1008 -0.1008 -0,1008 0.0000 0.0577 ,. 0.0577 

•••••• Tep VENT •••••• 0.16 0·16 
' ••••• AeTTeM VENT ••••• -0·16 -0·16 

•••• VENT PRESSURE DIFFERENCES ARE RELATIVE Te eUTSIDE AT THAT L~VEL •••• 

tJ:1 
I-' 

o 



.~ •. F:'t.' "'1f".':':·f:!''1r'""''fl .. ·ll'ltr'~'1"~~'"'i~.~f''r"·r·~ .. :~ ... ,.:.. ., " '0 

~¥¥¥veLUME FLew RATE (SCFM) ¥-'P"'" 

Lt"VFL E'lUTSIOE. flUTSIDE ClUTSIDE eUTSIDE LEVIj:L SrlAFT SHAFT 
SIDE 1 SIDE 2 SIDE 3 SIDE it ABflVE 1 2 

( 1 ) ( 1 ) ( 1 ) (1) ( 2 I ( 3 ) (3 ) 

1 1681·0 g70.5 1681.0 633.8 584.8 1079.8 5400·0 
2 488.6 1l!63·1 488,6 626,9 214,5 539-2 2697.3 
3 376.5 782.5 376.5 529.7 181,6 416.5 2080.9 
4 110·H 722.5 110.8 418,3 1531'B 299.5 1491·7 
5 "192.3 661 .0 "192,3 285.0 103.9 169·6 843·1 
6 "'350.8 5 8R • 1 -350.8 "138,9 60!3 35 e1 157.4 
7 "'55?O 513.4 "'552.0 -316.5 93-1 .. 88.8 ... 450·8 
8 "658·1 428.4 -658.1 "'449.8 200.2 "173 8 1 "'868·9 
9 "747e1 353-3 -747.1 "555.5 1083.6 -362.8 -1815.4 

10 .. 2455-1 24H .1 ... 2455.1 "1270.7 0.0 "1770.8 -885.4 
11 "'2198.9 -2198.9 -2198.9 "2198.9 0 .. 0 "'144·2 -8651·3 

•••••• Tep VENT'.o(4). 0.0 0.0 
••••• B~TTeH VENT •• (4) • 0.0 0.0 

•••• SUM eF FLewS •••• 
+vE 2657. g224. 2657. 2494. 2540. 12670. 

-v E -71b4. "2199. -7154. '"'4930. "2540. -12672. 

¥-¥¥¥¥SIGN C~NVENTleNS"'¥¥"'''' 
(1) + INDICATES FLe~ FRUM UUTSIDE Td FLeeR AREA 
(2) + INDICATES FLew FReM FLeeR SPACE Te FLeeR ABevE 
(3) + INDICATES FLew FReM FLueR SPACE Te SHAFT 
(4) + INDICATES FLew FR5M eUTSIDETU SHAFTtTHReUGH VENT ePENING) 

f~",· ;i;-'f~~1f;"t:l~%!#l~it¥.WiRi 

SHAFT SHAFT 
3 it 

( 31 ( 3 1 

SI-IAFT 
!5 

( 3 ) 

tp 

...... 

...... 



LfVEL 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 

TBTAL" 16031 • 

INFILTRATItjN 
THRtlUGH 

WALLS 

4866-
246-,. 
2065. 
1362~ 

946. 
588. 
513. 
428. 
353· 

2441· 
U. 

•••• NUMBER ~F ITERATltlNS • 6 •• • • • 

•••• NUMB~R dF UNCtlNVERGED TERMSa 0 

,-, ',,!~ ... !.n ;-~~<~ -~~,-r.f~"'T;f7~I1~ 

tJj 

...... 
N 



APPENDIX C 

PROGRAM LISTING 

AUi 2 



C MAIN pRBGRAM (INFILTRATI6N) 
C 
C TO CALCULATE INFILTRATleN FLew RATES FeR, 
C GIVEN eLJTne~R TEMPERATURES AND WIND SPEEDS AND 
C DIRECTleNS 
C 

IMPLICIT REAL.R(A~HJe-Z)JINTEGER.4(I-NI 
ceMMeN/INARG/TEMPJWP(25J~)JACPF (251,FANSH(8) 
CHMM~N/BKARG/NN,JJ,ITERM,KeUNT,F(25'13IJFTV(8'JFBV(8IJ(133) 
CHMMON/INPX/H(25)JEAI25,13"XI131.TV(8'JBV(8',PRESXI?5,13)JITV(8) 

,JTV(8I,lBVIS'JJBVI8) 
DIMENSION WPC~EF(16J25J~) 

C ••••• ASSIGN INPUT/BUTPUT DEVICE NUMBERS ••••• 
IIN=1 
reUT=3 
CALL INPUTIIIN,IfWTJ 

C READ ~IND PRESSURE ceEFFICIENTS 
D.e 5 K = 1, 16 
oe ~ I=l,Nt'-, 
READ (IIN,100)IWPCeEF(K,I,J),J-1J4) 

4 CONTINUE 
5 CUNTINUE 

C WRITE WINO PRESSURE ceEFICIENTS 

c 

C 

c 

wRIT£ I IfHJT,199) 
\<,RlrE (ltlUTJ200) 
tHJ "7 K=l,16 
~RITE (leUT,2011 K 
[)tl 6 I-l,NI\ 
wRITE. (lElUT.2021 I, (wPCeEFIK,I,JI.J-1,4) 

6 Cef\,TINut: 
7 UlNTINlIE 

9 
READ TEMPERATURE AND WIND 

READ (IIN,101,FND-99) TEMP,wv,IOIR 
CALCULATE WIND VELUCITY PRESSURE 

vp=.OOO~82.wV.wV 

CALCULATE WIND PRES,pURES eN BUILDING 
[lt1 12 -.)"'1,4 

() 

...... 



ne 11 I:a11f';N 
\olF"l IJJI-VP",WPCflEF t IDIRIIJJI 

11 ceNTINUE 
12 ceNTINUE 

C WRITE TEMPERATURE, WIND, AND PRESSURES 
WRITE IIOUTJ2071 TEMP 
wRITE IIOUTJ2081 WV,IDIR 
wRITE (IfWTI2041 
wRITEtIOUT,2051 
DO 20 I-l,NN 
WR I TE (leUT, 206 I I, H t 1 II WP 1111 I, WP I 1,2 I J WP ( 1131, WP ( I. 4 II ACPF (I I 

20 ceNTINUE 
C CALCULATE INFILTRATION 

CALL INFILT IleUT) 
C OUTPUT INFILTRATleN 

CALL eUT1 (lOUT I 
CALL OUT2 IIOUTI 

C TOTAL INFILTRATION THR6UGH WALLS . 

30 
40 

50 

99 
100 
101 
199 
?OC,i 

TFLT=O. 
wRIH. 1I6UTI2091 
Del 50 I-l.N N 
FLT=O. 
DO 40 J-1,4 
IF IFIl.JII 40,40,30 
FLT-FLT+FI y,JI 
ceNTINUE 
wRITE IIeUTI210) IJFLT 
TFLT=TFLT+FLT 
CONTINlJE 
WRITE IIHUT,2111 TFLT 
WRITE IIelUTI30011 KelUNT 
~RITElltlUTI30021 ITERM 
GB Ttl 9 

S1 E:lP 
FeRMAT 14Fb13) 
FeRMAT 12~H.IIIRI 

FORMAT ('1',20X,'wIND PRE~SURE ceEFICIcNTS' 1 
FORMAT l'O',15X,'SlOE l'J6X,'5IDE 2', 6X,'5ID£ 3',6X,'5ID£ 4'/1 

() 

• 
N 



I!!r:!?t ItttrttltfZm m" _rl::1 It (j SN'PS' 77& M1?trHN7$ 'MSmtt'57ruetat Jt5 r "'15'11 or P') 'lTtJiIII'S*' " 
. ,,»,', ;,., ~'j ,·)~·{~"!lr~·'" l1·ft;\!!' -;."'h:~-I' .. r" 

201 
202 
204 

2 
?05 
206 
207 
208 
209 
210 
211 

3001 
3002 

FBRMAT (lX,'LEVEL',22X,'WIND DIRECTltlN-'JI3) 
FHRMAT I1X,I3,6XJ4F12,41 

HWMAT 1III,lX,'FUHJR'/8X,'FLetlR t-1EIGHT',8X~,'WIND SIDE 1', 
5X,'WINC SIDE 2'J7X, 'WINO SIDE 3',7X 1 !WIND SIDE 4' 
J7X,'A/C/PRESS. FUJW') 

FtlRMAT (17X,'IFTI'J1X,4(10X,'(INCHESI'),15X,IISCFMI'1 
F-elRMAT (3X/I2,11XJF6.1,4111XJFS.5),11X/FH.OI 
FeRMAT ('l',40X,'El.A. TEMPERATURE*',F5.01' (otGREES F.I'I 
FeRMAT (/////,25XJIWIND SPEEDz'/F4.0,5X,'DIRECTIBN-',I3) 

Fe RM A T ( I 1 ' I ' LE VE L I , 15X" , I NF 1 L T R A TI eN 1/24 X, 'T HR eu GH • /25)<,,' WA LL S I I) 
F~RMAT (2X,I2,14X,F12.01 
FeRMAT ('0'1 'TtHAL:a',F12~UI 

FeRMAT ('()'120X,' .... NUMf:3ER eF ITERATIONS ·'/14,' ••••• '1 
FeRMAT (/1/120X, ••••• NUMBER eF UNCeNVERGED TERMSs',I4) 
END 

() 
I 

W 



· ·"+'>'!fil!;"'t~""~:;;;;~;<''''~''~ 

SUBReUTINE INPUTIIIN,IeUT) 
C 
C INPUT ReUTINE FaR AIR INFILTRATI5N PRaGRAM 
C 
C INPUTS FRaM FeRTRAN DEVICE NUMBER lIN INTe ceMMaN 
C LISTS INPUT INF6RMATI6N aN FeRTRAN DEVICE NUMBER I~UT 
C 
C 
C 
C INPUTS ARE AS FaLLDWS ••• 
C NN -NUMBER OF LEVELS 
C JJ -NUMBER eF VERTICAL SHAFTS 
C H -LEVEL HEIGHTS 1FT) 
C ACPF -NET AIR SUPPLIED BY A/C SYSTEM (SUPPLY-RETURN) 
C FeR PRESSURIZATleN (SCFM) 
C EA -LEAKAGE ceEFICIENTS (1000 SCFM/INCH) 
C x ~FLew ExpeNENT 
C AV -LEAKAGE ceEFICIENT eF BeTTaH VENT ePENING 
C TV -LEAKAGE ceEFICIENT eF Tep VENT ePENING 
C TTV -LEVEL AT WHICH Tep VENT ePENING ~CCURS 
C lAV -LEVEL AT WHICH BeTTeH VENT ePENING aCCURS 
C JBV -SIDE eF BUILDING AT WHICH BeTTeM VENT eCCURS 
C JTV -SIDE eF BUILDING AT WHICH Tep VENT eCCURS 
C FANSH -NET AIR SUPPLIED Ta SHAFT FeR PRESSURIZATI6N 
C 
C 
C 
C ••• DIMENSI~NS ARE FeR MAXIMUM eF 25 LEVELS AND 8 SHAFTS ••• 
[ 

C 
C 

IMPLICIT RFAL.R(A-H/~-Z),INTEGER.4(I-N) 
ceMMeN/INARG/TEMP,WP(25,4),ACPFI25),FANSH(8) 
ceMMON/B~ARG/NN,JJ/ITERM,KeUNT,FI25'13)/FTVI8)/FBV(8),[(33) 

ceMMON/INPX/H(25)/EA(25,13),X(13),TVI8),BV(8),PRESX(25,13),ITV(8) 
IJTV(8),IBV(8),JBV(8) 

~EAO (IINJ100) NN/JJ 

() 
I 
~ 



r 
c 

c 

c 

C 

12 
C 

C 
C 
C 
C 
C 

C 
C 

c 

--------------------------__ iII'r_Ili&III·iliO: .... · __ ' .. ' .... _ ................. ,_.J.~""'~.,.J.-.....-"":.d--...-~~~M.."'~~ 

NNJ=NN+J 
JJ5=JJ+5 

READ( IIN/iOil (HI II,ACPF( II,I-l,1NNI 

READ( lIN, 105 I (XIJI,J-1JJJ51 

Dfj 12 J"'lJNN 
READ( IIN,d031 (EAII.lJI"J-L.JJ51 
C~NTINUE 

READ (IIN"1041(FANSH(JI,BVIJl.lIBVIJI"JBVIJI,ITVIJI,,ITVIJl, 
1 JTVIJIJJ-l,JJI 

WRIT!:. INPUT INFeRHATlf?N 

wRITE ( IBUT,2001 NN"JJ 

wRITE (I~UT/2011 

WRITE (I~UTJi901 

WRITE (IeUT,19il 
wRITE (IeUT/19?1 
v.RITE (IeUTJ1931 
wR 1 TE ( reUTJ1951 
wRITE (IOUT..d961 
WRITE ( IeUT, 230 I 
WRITE (IElUr,,2221 
WRITE. ( H.lUT,213) 
WRITE ( !(1UT J 223 I I X (J I IJ-l,JJ51 
VI R In:. (IeUT,2241 

hRITE (!elUT,211 I 
WRITE (!f:WT,21?I 
wl-n TE ( reUT,2131 

i j'f<-:o .. ·,;: .,~~ ",·.",00/1;';f>,f~~fl .. ,',_tt--~ -_of' '. -;~~ 

() 
I 

U1 



C 

C 

De 18 I=lJNN 
wRITE IIeUTI214) IJIEA(IJJI/J-1/JJ51 

18 CeNTINUE 

WRITE l!eUTJ?15) 
~RITE (IeUTJ216) 
WRITE (IeUT/2171 
DE! 20 J:al,JJ 
wRITE(!eUT,2191 JJFANSHIJIJBVIJIJIBVIJI,JBVIJIJTVIJ)JITV(J) 

1 ~JTV(JI 

20 ceNTINUE 

AVKSs .1920¥.074367/2. 
AVKJ=-.1920~·0743Q7 

NN1=NN .. 1 
C CALCULATE RHE!¥H BETWEEN LEVELS 

De 31' I:orl,NNl , 
PRE SX I I J 5 I" ( H ( I ) + H ( 1+1 I ) *' AV KS 

31 ceNTINUE 
C CALCULATE MID-LEVEL HEIGHT ABeVE GReUND 

HX c H(11/2. 
H(l)"'HX 
De 32 I"'2 .. NN 
HT=HII"l)+HX 
HX:a:H(I)/2. 
HII )::HT+HX 

32 CtlNTINUE 
C CALCULATE RHe.H IN SHAFTS 

C 

c 

ve 34 J .. l,JJ 
J5'"'J+5 
De 33 I=l/NN 
PRESX(!,J5I a HI!I.AVKJ 

33 CBNTINLJE 
34 C/jI\:TINUE 

RETURN 
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--
101 
103 
104 
105 

C 
190 
191 
192 
193 
195 
196 
200 
201 
211 
212 

1 
213 

1 
1 

214 
215 
216 

1 
217 
219 
222 

1 
22::l 
?24 
23(J 

FeRMAT IF8.4JF40.11 
FeRMAT 113F6.2) 
FeRMAT IF12.2JF8.4J2I~JF8,4J2I41 

FeRMAT (13F6.5) 

FeRMAT ('0'J35xJ'FLew EQUATION IS.,.F-CtlEF.(DELTA PI •• X' I 
FORMAT ('O',30XJ'WHERE:'l 
FMRMAT (35X,'F -FLeW RATE (CFM) ') 
F~RMAT (35XJ'C~EF -LEAKAGE COEFICIENT (1000 CFM/INCH') 
FURMAT 135XJ'DELTA P -PReSSURE DIFFERENTIAL (INCHES OF WATER) I) 

FORMAT (35X,'X -FLOW ExpeNENT') 
FeRMATI'1'.I40X,'SOLlJTItlN FeR ',14,' LEVELS, I.d4,' SHAFTS') 
FeRMAT 1'1"40X,' •••••••• INPUT PARAMETERS •••••••• ') 
FORMAT ('1"40X,' •••• LEAKAGE ceEFICIENTS-(lQOO SCFM/INCH) •••• ') 
FeRMAT I '0' I 'LEVEL',2X,4( IfWTSIDE',3XI, 

'LEVEL'J8(5X, 'SHAFT')) 
FORMAT 18X,'SIDE l',4XJ 'SIDE 2'J4X, 'SIDE 3',4XJ 'SIDE 'joIJ4XJ 

, A Be VE ' I 7X I I 1 , , 9 X,·, 2 ' J 9X, , 3' , 9XJ I It' , 9X, • 5 ' 19 X" '6' J 9X J , 7 I J 
9X, '8' I 

FeRMAT IIX,I2.t1312XJF8.3)) 
FeRMAT I 'l',40XJ' ••••• SHAFT VENTS AND PRESSURIZATleN ••••• ') 
FORMAT I1HO,1X,'SHAFT'JI0X,'PRESS FLfH~',,16X/' •••• BeTTeM VENT •••• ' 

22X,' •••• TOP VENT ••••• ·) 
FeRMAT (19X,' ISCFM) 'JllXJ216X, ICOEF',9X, 'LEVEL',8X,'SIDE') I 
FeRMAT (lXJI4,7X,F12.2"10X"F12.2"2(aX,,I4),F12.2,2(8X,,I4)1 
FeRMAT ('O',7X,41 IfWTSIDE',3X)J 

'LEVEL',815X,,'SHAFT') 1 
FeRMAT 13X,1312X,FS.311 
FeRMAT (/1///4CX, 'VALUE tlF X FeR SHAFT VENTS IS 0.5 ') 
FORMAT 1///1/50X, ' ••••• VALUES eF x ••••• '1 
END 

() , 
-J 



SUBReUTINF. INFILT (IDIAG) 
C 
C~~~¥~¥¥¥¥¥~¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥PURP~SE¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 

C 
C PROGRAM Tft COMPUTE AIR FL~WS AND PRESSURES FeR A BUILDING 
C 
C FL~wS AND PRESSURES MAY BE DUE TO ANY COMBINATIaN eF 
C STACK EFFECT 
C WIND EFFECT 
C NET AIR SUPPLIED BY AIC SYSTEM FOR PRESSURIZATION 
C 
C 
C¥~¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 

C 
C 
C 
C 
( 

C 

CALLING SEQUENCE: 
FNTER WITH INPUT VALUES IN (aMMaN BLOCKS IINPXI AND 
JDIAG - FORTRAN DEVICE NUMBER FaR ERRaR MESSAGE aUT 

C¥¥~¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ASSUMPTlaNS AND LIMITATIONS¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥.¥¥ •• ¥¥¥ 
C 
C 
C 
C 
C 
C 
C 

AIR FLUW EQUATI~N USED IS FaK¥(DELTA P)¥.X 
WHERF F- VOLUME FLaw RATE 

K~ LEAKAGE C~EFFICIENT 

x- LEAKAGE EXPONENT 
DELTA P- PRESSURE DIFFERENTIAL 

C ~RICTIONAL RESISTANCE OF VERTICAL SHAFTS IS NEGLECTED 
C 
C NET AIR FLfW SUPPLIED BY A/C SYSTEM FaR PRESSURIZATIeN~IS ASSUMED 
c C~NSTANT (INDEPENDANT aF THE LEVEL PRESSURES) 
c 
( 

c 
C 

PRESSURES ARE ASSUMED UNIFORM THR~UGHeUT THE LEVEL AREA (NA. 
PRBVISI~N IS MADE FaR VESTIBULES DR CDMPARTMENTIZATIeN OF LEVELS) 

C PRMGRA~ IS DIMENSIHNED FUR A MAXIMUM ~F 25 LEVELS AND 8 SHAFTS 
C 

l' ~ ••. ,,} ,,, '·."-:~'f$·t!th"'~"""~i""'-o\'''i·':;Jr'J'~~ 

() 
I 

(1:) 
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********************************* NOr1YIQN ***************************J 
J 
J 
J 

***********************************************************************J 

l')WIS-
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J 
J 
J 
J 
J 

*****************S3NIlnQ~8nS ONIMg110~ 3Hl HIIM 3sn********************J 
J 
J 
J 
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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 

ACPF(II 
FANSH 

.FL~W SUPPLIED BY A/C SYSTEM T~ LEVEL I 
-FL~w SUPPLIED T~ SHAFT J BY A/C SYST[M 

LEAKAGE CANSTANTS: 
EAII,l) 
EA(I,21 
EAII,31 
EAIl.l4) 
EAII,5) 
EA(I,J+5) 
TVIJ) 
BVIJI 
X (J I 

INTEGERS: 

NN 
..JJ 
IBV 
lTV 
JBV 
JTV 

-ceEFICIENT WALL '1 AT ITH LEVEL 
-ceE.FICIENT WALL ,2 AT ITH LEVEL 
-ceEFICIENT WALL 3 AT ITH LEVEL 
-ceEFICIENT WALL ~ AT ITH LEVEL 
~ceEFICIENT FReM LEVEL I Te LEVEL 1+1 
-ceEFICIENT FReM LEVEL I Te SHAFT J 
-ceEFICIENT Tep VENT SHAFT J 
-C~EFICIENT BeTTeM VENT SHAFT J 
"EXPflNENT 

-NUMBER ~F LEVELS 
-NUMBER eF SHAFTS 
-L~CATleN ~F B~TTeM VENT (LEVEL) 
-LeCATleN eF Tep VENT (LEV~L) 

-SIDE AT WHICH BeTTeM VENT flCCURS (1,2,3 eR 4) 
-SIDE AT WHICH Tep VENT flCCURS (1,2,3 eR ~) 

C •• • ••••••• ¥ •••••• •• ••• • •• ···¥·····················.·~ ................. . 
C 

c 

IMPLICIT REAL.8(A-H'~-ZIIINTEGER.4(I-NI 
ceMMeN/INARG/TEMP,WP(25,4),ACPF(25),FANSH(8) 
ceMMeN/BKARG/NN,JJ,ITERM,K5UNT,F(25,13),FTV(S),FBV(8),C(33) 
ceMMeN/INPX/H(251.[A(25,13),X(13),TVI8),BV(8).PRESX(2S,13I,ITV(8) 

1 IJTV(B),IBV(8).JBV(81 
DIMENSleN G(25,13),PL(25,13),GTVI8),PTVL(8),GBV(8),PBVL(81 
OIMENSleN A(33/33),AA(10891.PLL(3251,P(33) 
EQUIVALENCE (PU1,1), PLL(l)) 
EQUIVALENCE (A( 1111 JAA( 1) I 

c.~LJIVALENCF (P(ll"C(ll) 

() 

..... 
o 



DATA P~,IE~D/.500,OI 

c 
ERFd:2R-. 0001 

C •••• ZERe MATRIX A 

C 

Del 1 K-1Jl089 
AA(K)-O·OO 

1 CElr-.TINUE 

3 CElNTINUE 
C CALCULATE ElUTSIDE PRESSURES 

C 

RHea39.76578000/ITEMP+~o9.7200) 

AVKR-·.1920.lf.RHEl 
Df:1 5 J-1,4 
Del 4 I-l,NN 
PRESX(I,JI .. AVKR.lf.H(I)+WP(I,J) 

4 CElfliTINUE 
5 Cm"TINuE 

C •••• INITIAL LINEAR APPRtlXIMATIElN •••• 
C •••• STRAIGHT LINE THRU ZERe AND PElINT CElRRESPElNDING T~ PINIT ••• • 

NNJJIINN+JJ 

10 
?O 

30 
C 

40 

NNJJ2=NNJJ.lf.NNJJ 
JJ5=JJ+5 
PPlaPf:1.1f..y.(-O.500) 
()El 20 J=l hJJ5 
Del 10 I-1JNN 
GII,J)· (EAII,J»).PPI 
CEl~TINUE 

CElNTINUE 
Pel 30 J-l,JJ 
GTVIJI=(TVIJ) ).If.PPI 
GBV(JI-IBVIJII.PPI 
CElNTINUE 

• ••• ·SET PL EQUAL 
D~ 40 K=l,325 
PLL(K)z:Q.OO 
Cf1NTINUE 

Te ZEKth, ••• 

.. 
[)l:l 50 K-l,.sl 

---

\' -.,< ~i"'A ·~~.-;;·.l 

() 

...... 

...... 



C 

C 
C 

C 

PTVL/K)-O.OO 
PBVLIK)zO.OO 

50 Ct1NTINUE 

60 C6NTINUE 
KeUNT-O 

70 C~NTINUE 

C •••• CALCULATI~N ~F ELEMENTS ~F MATRIX A AND VECT~R C ••••• 
C 

c 

JJS-JJ+S 
NNJJ=NN+JJ 

C •••• ELEME~TS eF MATRIX A ••••• 
C 
C •••• 1ST R~W.' •• 

C 
C 

All/11·0.0 
DEl 11 J-l,tJJ5 
A(1d) .. Alld) .. Gll/J) 

11 CCjNTINUE 
A(l,21 '" GIl,t5) 
[)~ 21 J=l,JJ 
NNJ-NN+J 
JS=J+5 
Al1,NNJI -011/J51 

21 CCjNTINUE 

]1 

•• ~.Rews 2 T~ NN-l •••• •• 
NN1-NN·1 
D (' 5 1 I = 2 INN 1 
AIId-11 '" GII-1/51 
A(I,I+11. GII,SI 
A ( I 1 I I '" -G ( I -1,5 ) 
D(1 31 J=lIJJ5 
AlIdl zz AII..tI1 - GIIIJI 
C [jl'; T I t~UE 

() 

..... 
N 



C 

DEl 41 J-1JJJ 
NNJ-NN+J 
J5=J+5 
A (IJNNJ )""G( IJ J5) 

41 CElNTINUE 
51 U'NTINUE 

C •••• RElW NN ••••• 

c 

A(NNJNN-l) • GINN-1/51 
A(NNJNNI .. -GINN-1J5) 
DEl 61J=lJ4 
AINN ... NNI '" AINN,NN) - G(NNJJI 

61 CElNTINUE 
DEl 71 J"'6,JJ5 
AINNJNNI - A (NNJNN) • G(NN/J) 

71 CflNTINUE 
De 81 J"'lJ JJ 
NNJ""NN+J 
J5"'J+5 
AINNJNNJr-G(NNJJ5) 

81 ceNTINUE 

C •••• Rew NN+J •••• 

91 

101 
C 
C 
C 

DEl 101 J=l ... JJ 
NNJ-NN+J 
J5=J+5 
A(NNJJNNJ)a:O.O 
DEl 91 r=l,NN 
AINNJJI I-G( I,J5) 
AINNJ,NNJ)-A(NNJ,NNJ)-GII,J5) 
CeNTINUE 
A(NNJJNNJI-A(NNJJNNJI -GBV(J) -GTV(JI 
cet--TII'WE 

•••• ELEME~TS MF VECTeR c •••• 

De 111 K"l,NN 
CIKI s u.001¥ACPFIK) 

(J 

...... 
VJ 



111 
C 
C 

121 

131 
C 
C 

141 

151 

161 
C 
C 

ceNTINUE 

•••• 1ST RflW •••• 
De 121 J-1/4 
Cll) • Clll - Gll,JI¥(PRESX(l,JI + PL(l,JI) 
CeNTINUE 
De 131 J-S,JJ5 
Cll) • Clll - G(l,J) ¥ (PRESX(l,J) • PL(l,JII 
ceNTINUE 

• ••• RewS 2 Te NN-1 •••• 
Dfj 161 1-2"NNl 
Drj 141 J=1I4 
CI I ).. C I I I - G ( I" J I ¥ ( PRE SX I I, J I + PL 1 I, J I I 
CfjNTINUE 
DO 151 J-S,JJS 
CIII = CIII "'GII,JI"'IPRESX(I,JI - P.LlI,JI) 
cer-.TINUE 
C I I ) = C I I ) +G I 1"'1,5)'" I PRE SX 1 1-1 J 5) - PL ( 1-1,5 I I 
CeNTINUE 

••••• Rew NN •••• 
Dfj 171 ..1-1,4 
CINN) -CINN) - GINNJJI¥'PRESXINN,J) +PLINN,JI) 

171 ceNTINUE 
LJfj 181 J-6JJJ5 
CI~N) - CINNI GINNJJI.(PRESXINN,J) - PLCNN,JI I 

181 ceNTINU£ 
CINN) '"' CINN) +GINN-1J5) .,. IPRcSX(NN-l,5) - PLINN-l,51' 

C 
C •••• Rew NN+Jo ••• 

De 201 J-1,JJ 
NNJ=NN+J 
IB-IBVIJI 
JB-JBVIJI 
J5"J+5 
CINNJ)-GBVIJI.IPRESXIIB,J5)-PRESXCIHJJB)-PHVLIJII-.001.FANSHIJI 
rr .. !TvIJ) 

() 
I ..... 
~ 



JT=JTVIJ) 
CINNJ)~C(NNJI+GTV(J)¥(PRESX(IT,J5)-PRESX(rT,JT)-PTVL(JI) 

De 191 I-1JNN 
C(NNJ)"'C(NNJI+GIIJJ51¥(PRESXIIJJ5)-PL(I,J51 I 

191 C6NTINUE 
201 ceNTINUE 
c 
c 
c ••• ceMPRESS MATRIX A INTe AA STeREO BY ceLUHNS •••• 

De 211 J a l,NNJJ 
JAA"J-1 
IAA=JAA.NNJJ 
De 211 r"1.,NNJJ 
IIAA~I+IAA 

AA( IIAA )=A( I,JI 
211 CfjNTINUE 
C 

CALL SIMQ IAA,C,NNJJ,KS) 
C •• PRESSURES PI!) ARE RETURNED IN c ••• 

IF IKS) 1000J221,1100 
221 C~NTINUE 

C 
C 
C ••••• CALCULATE FL~W FUNCTIeNS FeR LINEAR MeOiL •••• 
c 

c 

c 

2 

12 
22 

ITFRM II: 0 

De 22 Je1.,,4 

De 12 I-l,NN 
FX :: G(I,J) :II- (PRESXIIJJ)"PII) + PL!!.IJ» 
IF (DABS(FX"'F( IIJ) )"ERR~R) 12.112.12 
FI!,J) "FX 
C~LL LIN!ZF IFX,EA!I,J),G(!",J),PL(I,J),XIJ)) 
ITERM "!TERM +1 
ce~TINUE 

C(j~TINUE 

1\~J1=NN"l 

'-:;-~l;;~-;;'f"?"T 

(") 

...... 
111 



C 

C 

C 

C 

Del 42 I=l"NNl 
FX= GII,5)¥IPII)-PII+11 +PLlI.l5) "PRESX(I.l5)) 
IF (DABS(FX-FII.l5)I~ERRaR) 42.142,32 

32 F(I,5) -FX 
CALL LINIZE IFX.EA( I,5"G(I.l5"PL(I,!:>lJX(51 I 
ITERM -ITERM +1 

42 CelNTINUE 

Dfl 72 J:al,JJ 
NNJ=NN+J 
J5u:J+5 
De 62 I"l,NN 
FX= GII;J5)¥IP(II"'PRESX(IJJ51-P(NNJ) +PL(I,J5)) 
IF (DABS(FX-F(I,J5))-ERRORI 62,62,52 

52 F(!,J5)" FX 
CALL LINIZE IFX,EAI I"J51..G( I,J51,PLI IJJ5),X(J5)) 
ITERM "ITERM +1 

62 CelNTINUE 
72 CeNT!NUE 

R2 

92 

XVENT=O.500 

De 122 J=l,JJ 
NNJ=NN+J 
IB"'IBVIJI 
JB=JBV(JI 
IT=ITV(JI 
JT=JTV(JI 
J5=J+5 
FX- GBVIJ).(PRESX(IB,JBI -PINNJI-PRESX( IB"J5)+PBVLIJI) 
IF (DABS(FX-F~V(JI)-ERRelRI 92,,92,82 
FBVIJI '" FX 
CALL LINIZF IFX,BVIJI.lGBVIJI,PBVLIJI,XVENTI 
!TERM "'!TERM +1 
Ctlt--.TINUE 
FX = GTV(JIJf.(PRESX( IT,JT)-P(NNJI-PRESX( IT,J5)+PTVLlJ») 
I F (D A B S ( F X .. F TV I ~J ) ) ... £ R R d R) 11 2" 11 2 J 1 0 t! 



102 FTV(JI. FX 
CALL LINIZE (FXJTV(JlpGTV(JI,PTVLIJlpXVENTI 
ITERM • ITERM + 1 

112 ceNTINUE 
122 ceNTINUE 
C 

KelUNT "KeUNT +1 
IF (KeUNT-501 800J800Jl000 

800 IF(ITERM) 900JI000,900 
900 De 950 K=l,NNJJ2 

AA(K)-O.OO 
950 CtjNTINUE 

Gel Tel 70 
C 
1000 CONTINUE 
C •••• FLews IN CFM ... , 

Del 1010 J"'1 .. JJ5 
Dfj 1010 I-l,NN 
F (I .. J )=F( I,JI -¥l000. 

1010 CeNTINUE 
Del 1020 J-IJJJ5 
FTV(J)BFTV(J)~1000. 

FHV(J)=FBV(J)~1000. 

1020 CfjNTINUE 
RETURN 

C 
1100 wRITE (IDIAGJ3000) 
199~ STeW 
300e FORMATI lX .. 'SINGULAR MATRIX-NO SelLUTlf1N GIVEN BY SIt1G') 

E. ND 

() 

...... 
-.] 



C 
C 

SUBR~UTINE SIMQ( A/B/N/KS) 

C THIS SUBR~UTINE IS FeR USE wITH THE AIR Flew BUILDING MeDEL PReGR 
C THIS SUBReUTINE selVES THE lINEAR SIMULTANEOUS EQUATIeNS 
C 

IMPLICIT REAl.8(A-~/e·Z)/INTEGER.'(I~N) 
DIMENSleN A(I),B(l) 

C FBRwARD S~LUTIeN 

C 

C 

C 

2 

4-
5 
6 
8 

20 
25 
30 

35 

KS"O 
JJ=-N 
De 65 J-l,N 
JY=J+l 
JJeJJ+N+l 
BIGA=O.OO 
IT"JJ-..J 
De 30 I=J,N 
SEARCH FHR MAXIMUM ceEFFICIENT IN celUMN 
JJ=IT+I 
IFIA(IJ)) 2 .. 30,4 
~BSAII!-AIIJ) 
GfJ TH 5 . 
AI)SA=A(IJI 
IF(SIGA) 6 / 20,8 
BIGA=-BIGA 
DIF=BIGA-ARSA 
IFIDIF) 20,30,30 
IMAX=! 
BIGA-ABSA 
CBNTINUE 
ITIM-IT+IMAX 
AIGA=A(ITIM) 

TEST FeR SINGULAR MATRIX 
IFIBIGA) 4C,35,40 
I< s= 1 
RETURN 

" 

INTERCHANGF RewS IF NECESSARY 

() 

I-' 

co 



c 

c 

c 

~o Il=J+N.(J-2) 
IT=IMAX-J 
De 50 K-JJ/II 
I1- I 1 +N 
12=11+1T 
SAVE "'All!) 
Alll):sAII2) 
A(12)"'SAVE 

50 
DIVIDE EQUATIMN BY LEADING C~EFFICIENT 
A I r 1) =A I 11 I /B I G A 

55 

SAVEcAIIMAXI 
BIIMAXI=BIJI 
BIJ)=SAVE/BIGA 
ELIMINATE NEXT VARIABLE 
IFIJ-N) 55J70J5~ 
IQS=N.IJ-1) 
De 65 IX-JYJN 
IXJ=lWS+IX 
IT=J-IX 
De 60 JX=JY,N 
IXJX=N.IJX .. 1)+JX 

60 
65 

JJX-IXJX+IT 
AIIXJX)-AIIXJXI-(AIIXJ).AIJJX)1 
BIIX)-BIIXI-IAIJI.AIIXJII 
HACK seLUTHlN 

70 NY=N-l 
IT-N.N 
DO 80 J-l,"'Y 
IA"'IT-J 
IB=N-J 
IC=N 
De 80 K=l,J 
BIIBI"'BIJAI-AIJAI.BIIC) 

. lA-lAwN 
80 IC=IC-l 

RETURN 
eND 

.. 
() 

>-
-.0 



c 

, 
, 

SUBReUTINE LINIZEIFINIT,CeNS,SLePE,PX,XXI 

IMPLICIT REAL.8IA-H,~-Z),INTEGER.4(I-NI 
FMIN-·00005 
IFIXX-.0501 20,2,1 

1 IFIXX-l.001 2,9,20 
2 IF (CeNS) 20,8,3 
3 IF (FINIT-FMIN) 5,7,4 
4 PINIT-(FINIT/CeNSI •• 11.00/XX) 

SLOPE=XX.Cr.NS.PINIT •• IXX~1.001 
PX-FINIT/SLePE-PINIT 
Ge TO 11 

5 IF IFINIT+FMINI 6,7,7 
6 PINIT--(-FINIT/CONS) •• ll.OQ/XXI 

SLePE=XX·CONS¥I-PINIT)¥.IXX-1.001 
PX-FINIT/SLOPE-PINIT . 
Ge TO 11 

7 PMIN-(FMIN/CONSI •• ,1.00/XXI 
SLElPE=FMIN/PMIN 
Ge TO 10 

8 SLePE"O.OO 
Ge TO 10 

9 SLC:lPE-CONS 
10 PX=O.OO 
11 RETURN 
20 STOP 

END 

" 

.~ ~i'-;; r"; ;:<. ~;;"-;;;jf:'~-?-"ft.t4;~":!<~iff*i'~f~TIf' 

~~.;) 

-.-
Ni 
> 
:::::! 
:;!: 
C; 

,.~. m 
~ ;.sI 

> 
1"1 -., ,.,.,.. 
i"'t ;:? 2 ........ 
I"i1 "'~-l ~ r r-'" ;;0 r :. ..... 

.... '1 » :.~: .... ., •. , 
GO; 

;t:i OJ 
f" P?' -< :..~ 

X •.• ·1 

'" ..... ., 
X !\'.,. 
::u f.>S m ::.: 

"7->-' 
l. ..... 

() 
(...o~ 

I.t~ 

C 1 
>- N -. 
~,. 

0 
';; 



SUBReUTINE ~UT1(I~UT) 

C 
C THIS SUBR~UTINE CALCULATES AND aUTPUTS PRESSURE DIFFERENCES 
C eN FBRTRAN DEVICE NUMBER IaUT 
C 
c 
C ¥¥¥DIM£NSI5NS ARE F~R MAXIMUM ~F 25 FL~eRS AND 8 SHAFTS¥¥. 
c 

C 

c 
C 

IMPLICIT REAL¥8(A-H,e-Z)4INTEGER¥~II-NI 
COMMDN/BKAPG/NN,JJ,ITERM,KDUNT,FI25,13),FTV(8),FBV(81,C(331 
ceMMON/INPX/H(25),EA(25,131,X(131,TV(B),BV(8),PRESXI25,13),ITVIB) 

1 JJTV(8),IBVI8),JBV(8) 
DIMENSION PPXIR),DELP(25/131,DELPTV(8),DELPBV(8IJP(33) 
fQUIVALENCE (P(1),C(1)) 

JJ5"'JJ+5 
NN1=NN"1 

C ••• CALCULATE PRESSURE DIFFERENCES ••• 
C 

C 

C 

Do 30 J=1,4 
Dfj 31 I=l,NN 
DELP( IJJI .. PRESX( I,J)-P( I) 

31 CfjNTINUE 
30 CONTINUE 

De 40 I:alINNt 
DELP( I,5)·P (I+ll"PI II +PRESX 11,5) 

40 CtlNTINUE 

C •••• NS FLBFR ABaVEI S~ SET DELP EQUAL TO ZERO •••• 
DELPINN,5) .. O. 

c 
Cd !SO J=lJJJ 
J5=J+5 
NN..J"'NN+J 

() 
I 

N ..... 



Del 51 I-lINN 
DELPIIIJ51·P(NNJI+PRESX(IIJ5)-PIII 

51 CelNTINUE 
ITVJ=ITV(JI 
JTVJ"JTV(JI 
IBVJ=IBVIJ) 
JBVJ=JBV(JI 
DELPTV(J)·P(NNJI+PRESX( ITVJ,J51-PRESX(ITVJJJTVJ) 
DELPBV(JI-P(NNJI+PRESX(IBVJJJSI-PRESX(IBVJJJBVJI 

50 CelNTINUE 
C 
C 
C 

C 

60 

101 
2000 

2001 

2002 

2004 
200!) 
2006 

1 

1 

••• WRITE PRESSURE -DIFFERENCES ••• 

WRITE IIelUT,2000) 
WRITE (IeUT120011 
WRITE (IElUT120021 
Dfj 60 I=l,NN 
WRITE (IeUTdOl I 1.1 (DELP( I,J)JJ-IJJJ51 
CeNTINUE 
WRITE IIelUTJ2004) (DELPTV(JI,J-IJJJ) 
WRITE (IeUr,2005) (OELPBV(J)IJ-IIJJI 
wRITE (IeUT,2006) 
RETURN 

FeRMAT (IX, 12 ,13(2X,F8~4)1 
FtlRMAT ('1'J25XI'¥¥ ••• PRESSURE DIFFERENCES (INCHES elF WATER' 

J ',REFERENCED Te FLeeR PRESSURE) ••••• ') 
FeRMAT ('O',,'LEVEL',,2X,4( 'eUTSIDE',3XI" 

'LEVEL'"8(5X,, 'SHAFT'») 
FeRMAT (8X.I'SIDE l' ,4X,,'S1DE 2',,4XJ 'SIDE 3 t ,4XI'SIDE 4'J4X, 

, A Be VE ' I 7X I , 1 , .I 9 X I '2 I .I 9X .I '3' .I 9 XI '4 ' J 9X, '5 f J 9 X, '6 , , 9X .I '7' ,9 X J '8 ' I 
FeRMAT ( / 13x,' ••••• -TOP VENT •••••• ',10Fl0.21 
FURMAT ( l1X, 1.· .. ··BeTTOM VENT ••••• ',,10F~0.2) 
FeRMAT (/////20X,,' •••• VENT PRESSURE DIFFERENCES ARE', 

1 I RELATIVE Tfj eUTSIDE AT THAT LEVEL •••• I) 

END 

,~.{~ '"4 

() 
I 

N 
N 



SUBROUTINE eUT2(!OUTI 
c 
C THIS SUBHeUTINE IS F6R USE WITH THE AIR INFILTRATION PR6GRAM 
C 
C THIS SUBReUTINE ftUTPUTS V6LUME FLeW RATES 
C HN F6RTRAN DEVICE NUMBER leUT 
C 
C ••• DIMENsreNS AR£ FeR MAXIMUM 6F 25 LEVELS AND 8 SHAFTS ••• 
C 

C 

C 

IMPLICIT REAL.8IA~HJ6-ZIJINTEGER.4( I-NI 
C6MM5N/BKARG/NNJJJ,ITERM,KeUNT,F(25,13),FTV(SI,FBVI8),(331 
C5MMUN/INPX/H(251,EAI25J131,X(131,TV(8),BVI8)JPRESX(25J131,ITV(81 

1 ,JTVI8I,IBV(81,JBVI8) 
DIMENSIeN SUMPeS(131, SUMNEG(131 

JJ5=JJ+5 

06 30 J=1,JJ5 
SUMPUS(J),.O·OO 
SUMNE:.GIJI,.O·OO 
De 20 I"l,NN 
IF IF(I,JI) 10,15,15 

10 SUMNEGIJI-SUMNEGIJI+F(I,J) 
Ge TO 20 

15 su~peS(JI.SUMPeS(JI+F(I,J) 

20 CUJ\TINUE 
30 CONTINUE 

D 0 90 J = 1 I ~J J 
J5=J+5 
IF IFTV(J)) 40,50,50 

40 SUMNEG(J51=SUMNEGIJ51+FTVIJI 

50 
60 
7C 

80 

GO Te hO 
SUMPDS(J5)=SUMP6SIJ51+FTV(J) 
IF (FAV(JI) 70,80,80 
SUMNEG(J5).~UMNEGIJ51+F8V(JI 
(lOT E.J 90 
sUI-,pes (J5) .,SUMPOS I J51 +FHV (J I 

-

() 
I 

N 
VJ 



90 C6NTINUE 
C 
C ••• 6U1PUT VtlLUME FLeW •• " 

WRITE 1I6UT,1200) 
WRITE (I6UT;1101) 
wRITE (I6UT;1102) 
wRITE (ItlUT,1106) 
D6 100 I-l,NN 
WRITE (IeUTI1203) I;IF(IJJ)JJ s iJJJ51 

100 C6NTINUE 

C 

WRITE IIeUT,120~) (FTVIJ),J-l,JJ) 
WRITE (IBUT,12051 (FBV(J),J-l,JJ) 

C ••• WRITE SUM 6F +VE AND aVE FLews F6R EACH C6LUMN, •• 
WRITE (IeUT,1107) 

C 

C 

1101 
1 

110(' 
1 
1 

11 Ob 
1106 
1107 
11 08 
1109 
1110 
1111 

1 

WRITE IIeUT,1105) (SUMPeS(J),JE1,~),(SUMPeS(JI,J·6,JJ5) 

wRITE I 16lJT,11081 (SUMNEG(JI,J.ll~I.P(SUMNEG(JI,J.6"JJ51 

WRITE (IeUTIII09) 
wRITE (IeUTll110) 
WRITE (leUT,1111) 
WRIT~ (IeUT,,1112) 
WRITE (ItlUT,1113) 

RETURN 
FtlRMAT 

FeRMAT 

F fjRMA T 
F6RMAT 
FeRMAT 
FeRMAT 
FeRMAT 
f- tlR MA T 
FelRMAT 

('0', 'LEVEL',2XI~( IfWTSIDE',3XI" 
'LEVEL',815X" 'SHAFT')) 

(8X,'5IDE 1',5X, 'SIDE 2',,3X, 'SIDE 3'"4X,, 'SIDE 4'1~)(' 

I ABe v E ' J 7 X" I 1 I I 9 X J 12 I , 9X" I 3 I , ~ X J 14 ' I 9)( I I 5' 19 X J '6 I J 9X J , 7 I " 

9XI 18 ' ) 
(IX, '+VE' .• Fg.O,,3FI0.0J10XJl8FlO.O) 
(1 OX.f ' (1 I ',,3 (7X" I ( 1) , I J 6X, , (2 1'18 (7X, I (3) I) I 
(/ lX,' •••• SUM 6F FLMWS •••• I ) 

( 'O','qVE',F9.013Fl0·0,10X,8F10.01 
(///10X, '",,,,,,,,,,,,,SIGN ,cBNVENTleNSH·",."'.' I 
(10)(,' (1 I + INDICATES FLew FR6M 6UTSIDE TEl LEVEL AREAl) 
(10X,'/21 + INDICATES FL6W FReM LEVEL SPACE T6 LEVEL' 
I' A8eJVE') 

(') , 
N 
~ 



1112 
1113 

1200 
1203 
1204 
1205 

1 

FeRMAT (IOX,1 (3) + INDICATES FLew FReM LEVEL SPACE Te SHAFT') 
FeRMAT (lOx,1 (4) + INDICATES FLew FReM eUTSIDE Te SHAFT', 

'(THReUGH VENT elPENING)') 
FeRMAT (ll'J45X,'~~¥¥veLUME FLew RATE (SCFM)~¥¥¥') 

FeRMAT (1X,I2,13/2X,F8,1)) 
FeRMAT ( / 13Xi 1 •••••• Tep VENT.·(4),',20X,8Fl0.1) 
FeRMAT ( llx,tq ••• BeTTelM VENT .. (4).1,20X,,8Fl0.U 
END 

." 

() 
I 

N 
U1 
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