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A FORTRAN IV PROGRAM TO SIMULATE 

AIR MOVEMENT IN MULTI-STOREY BUILDINGS 

by 

D. M. Sander and G. T. Tamura 

Air leakage through the exterior envelope of a building is an 
important factor in the calculation of heating and cooling loads, and 
in connection with humidity and moisture transfer problems. The 
computations of air flow patterns and rates within a building are im
portant also in relation to the movement of contaminants, such as 
smoke or odours, and the design of control measure s. The purpose 
of this program is to calculate the air flows and pressure differentials 
that will occur in a multi-storey building as a result of a combination 
of wind effect, stack effect and operation of air handling systems. 

MATHEMATICAL MODEL OF BUILDING 

The building model is an extension of the model previously 
described by Tamura (I), consisting of leakage openings from outside 
to each floor area, from each floor area to the floor above, and from 
each floor area to the vertical shafts. Each shaft may have two vents 
to outside. These vent openings are designated 'top' and 'bottom l but 
may be located at any floor level desired. The effects of the air 
handling systems are incorporated by specifying the net quantity of air 
supplied to each vertical shaft and each floor area. Stack effect is 
calculated from the air temperature given at each location. Wind 
effects are introduced by specifying the pressures due to wind on the 
left and right sides of the building. 

The flow equation used by this program is 

F = K6p x 

where: 

F = flow rate (scfm) 

K = flow coefficient (scfm/inch w. g.x) 

x = flow exponent (0.5 :5: X :5: 1. 0) 

6P = pressure differential (inches w. g. ) 

( 1 ) 
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The flow coefficient, K, is evaluated at standard conditions of 
pressure and temperature. If the entering air is not at standard tem
perature a correction is made within the program to account for the 
effect of viscosity and density. This correction factor is 

(2) 

where: 

P = density of entering air 

Po = density of air at standard temperature 

!-L = viscosity of entering air 

!-Lo = viscosity of air at standard temperature 

Viscosity and density are calculated from the input temperature. 

ASSUMPTIONS AND LIMITATIONS 

I} Frictional resistance in vertical shafts is neglected. 

2} Net air supplied by air handling system is assumed to be constant 
and independent of building pressures. 

3) The building has an open floor plan with no compartments or vestibules. 

4) Pres sures, flows and leakage openings are as sumed to oc.cur at rpid
height of each storey. 

DESCRIPTION OF PROGRAM 

The set of equations describing the building are obtained by writing 
mas s balance equations for each floor spac e and each shaft. 

For the ith floor, 

F o( i, L} + F 0 (i, R) + F b ( i) 

and for the jth shaft, 

NN 

JJ 
-F -t: F 

a (i) . I s 
J = 

( .. )+F (.)=0 
1, J ac 1 

z:: F (. .) + F b ( .) + F (.) + F h (.) 
i = lSI, J v J tv J s J 

= 0 

(3a) 

(3b) 
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F 0 (i, L) 
= flow from outside left to floor (i) 

F = flow from outside right to floor (i) 
o ( i, R) 

F b (i) = flow from floor below to floor (i) 

F ac (i) 

NN 

JJ 

= flow from floor (i) to floor above 

= flow from floor ( i) to shaft (j ) 

= flow of air supplied to floor (i) by air 
handling system 

= flow into shaft (j) through bottom vent 

= flow into shaft (j) through top vent 

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

= number of floor s 

= number of shafts 

The flows appearing in equations 3a and 3b are indicated in Figure l. 
Combining mass balance equations (3a and 3b) with flow equation (1) 
results in a set of simultaneous non-linear equations. The outside 
pressures and the pressure differences due to column weight may be 
calculated from the input data; the unknown variables are then the floor 
and shaft pressures. For NN floors and JJ shafts there are NN + JJ 
equations. 

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 the point, (6P, 
F), this function may be approximated by a straight line that is tangen\ 
tot the curve at this point. The equation of this linear function is 

F = K' [6P - 6P. ] ( 4a) 
1 
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where 

Kt K b,p x-I 
= x 

t 
(4b) 

and F 
tJPt b,p. = - t 

1 KJ 
( 4c) 

Each leakage element in equations (3a and 3b) may be replaced by this 
linear approximation. The resulting set of linear equations can then be 
solved by matrix methods. 

The iteration procedure is as follows: an initial linear approxi
mation is made for each element and the resulting equations solved for 
floor 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 criterion* 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. A sample input sheet 
is given in Figure 4. 

This program was written for IBM 360 model 67. Execution 
time using this computer is approximately 9 seconds for a 20 -storey 
building with two shafts, and 90 seconds for a 60 -storey building with 
7 shafts. The program is dimensioned for a maximum of 100 floors and 
10 shafts. 

INPUT 

Two input routines are provided. The standard input routine 
expresses leakage coefficients in units of thousands of sefm/(inch w. g. )x. 

If input in terms of equivalent orifice areas (sq ft) is desired the optional 
input routine should be compiled and loaded in place of the standard input 
routine. 

Input is from punched cards as follows: 

CARD 1 

CARDS 2 

NN - number' of floors (maximum 100) 

JJ - number of shafts (maximum 10) 

(format 214) 

1 card per floor beginning with floor 1 

* The convergence criterion is specified by variable 2errorl in sub
routine FUNCT. The value used is .01 pounds/minute (0.13 sefm). 



1 

- 5 -

to - height from floor to floor above (ft) 

NN+l - wind pressure left (inches w. g. ) 

- wind pressure right (inches w. g.) 

- net quantity of air supplied to floor (scfm) 

(format 3F8. 4, IF8. I) 

CARD NN+2 - values of flow exponent (left wall. right wall, 

between floors, and from floor to shafts I to J J) 

(format 13F6.5) 

CARDS NN+3 I card per floor beginning with floor 1 

to - values of leakage coefficient (left wall, right 

2NN+3 wall. between floors. and from floor to shafts 

I to J J) 

units: 
thousand of scfm 
(inch w. g. )X 

(format 13F6. 2) 

CARDS 2NN+4 1 card per shaft beginning with shaft 1 

to 

2NN+JJ+4 

- net air supplied to shaft (scfm) 

thousands scfm 
- leakage coefficient of bottom vent, 

(inch w. g. )X 

- floor level at which bottom vent located 

- side of building on which bottom vent located 

( I - left side, 2 - right side) 

thousands scfm 
- leakage coefficient of top vent,· 

(inch w. g. )x 

- floor level at which top vent located 

- side of building on which top vent located 

( I - left side, 2 - right side) 
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(format F12. 2, 2 (F8. 4, 214» 

CARDS 2NN+JJ+4 1 card per floor beginning with floor 1 

to air temperatures 0 F. (outside left, outside 

3NN+JJ+4 right, floor space, shafts 1 to JJ) 

(format 13F6. 1) 

OUTPUT 

A sample of the normal output on the device assigned to lOUT 
(line printer) is given in Appendix C. In addition the mass flow rates 
are output on the device assigned to IPUN. This device may be a 
card punch, magnetic tape unit, or ma.gnetic disc storage. These 
mass flow rates are intended for later use in a program to calculate 
smoke concentration. If this output is not desired IPUN should be 
assigned to a dummy device. 

REFERENCE 

(l) Tamura, G. T., Computer Analysis of Smoke Movement in 
Buildings. ASHRAE Transactions, Vol. 75, Part II, 1969, 
NRCC 11542. 
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FIGURE 1 

AIR FLOWS FOR A TYPICAL FLOOR AND TYPICAL 
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FIGURE 2 

LINEAR APPROXIMATION OF FLOW EQUATION 
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( START 

\I 

Read input data 
List input data 

,/ 

Calculate pressures which 
are independent of flow 
(i. e., due to column weight 
of air and wind only) 

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

F. = 0 
1 

P. = 0 
1 

NOTE: This initial approximation is 
not a tangent to the curve of Equation (1) 

1 

Calculate matrix elements of [A] and 
[C] using values of K' and P. for each 
leakage element 1 

t 
Solve matrix equation 

[A J [p J = [C] 
for floor and shaft pressures 

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

I SET COUNTER 
TERM = 0 

2 

Fig. 3 (Continued on next page). 
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For the next 
element 

NO 

NO 

*e = error criterion 

F t =.F 

TERM = TERM + 1 
Solve Equations 4b and 4c 
for new values of K' and P. 
~ ____________ ~___________1 

'---------------Nv--..... 

YES 

Output pressure 
differenc es 

Calculate and output mass flow rates 
Calculate and output volume flow rates 

STOP 

Fig. 3 BLOCK DIAGRAM OF PROGRAM 
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NO. OF FLOORS c=J 
4 

HEIGHT 

LEFT 
WALL 

I 
6 

OUT-
SIDE 
LEFT 

WIND 
PRESS. 
LEFT 

8 16 
RIGHT BTWN 
WALL FLOORS 

I 
12 18 

OUT-
FLOOR 

SIDE 
RIGHT 

ABOVE 

WIND 
PRESS. 
RIGHT 

24 

I 
24 

I 

INPUT SHEET 

NO. OF SHAFTS C:=J 
8 

Alc P.F. 
S.C.F.M. 

32 
VALUE OF X 

2 3 4 5 

I I I 
30 36 42 48 

SHAFTS 
6 

I 
54 

FLOW COEFFICIENTS OR AREAS 

SHAFTS 
2 3 4 5 6 

(1 CARD) 

(NN CARDS) 

(1 CARD) 
7 8 9 10 

I I I I 
60 66 72 78 

(NN CARDS) 

7 8 9 10 

6 12 18 24 30 36 42 48 54 60 66 72 78 

SHAFT 

I 
2. 
3 
4 
5 
6 
7 
8 
9 

10 

OUT
SIDE 
LEFT 

SHAFT VENTS 

PRESS. BOTTOM VENT TOP VENT 
FLOW 
S.C .F.M. SIZE IBV JBV SIZE lTV JTV 

12 20 24 28 36 40 44 

TEMPE RA TU RES 
OUT-
SIDE FLOOR 
RIGHT SPACE 2 3 4 

6 12 18 24 30 36 42 

(JJ CARDS) 

IBV, lTV - FLOOR ON WHICH 
VE NT· IS LOCATED 

JBV, JTV- SIDE ON WHICH VENT 
IS LOCATED - 1 FOR 
LEFT, 2 FOR RIGHT 

(NN CARDS) 

5 

48 

SHAFTS 
6 

54 

7 8 9 10 

60 66 72 

FIGURE 4· Sample Input Sheet 

78 

I 
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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 
C 
C 
C 
C 
C 
C 

FL~WS: 

FI Ill) 
FII,21 
F I 1,3 I 
fII,J+3) 
FBVIJI 

FTVIJI 
ACPFIII 

·FANSH 

-FLOW FROM ~UTSIDE LEFT Te FLe~R I 
-FLOW FRaM eUTSIDE RIGHT Te FLeeR I 
-FLew FReM FLoeR I TO FLoeR 1+1 
-FLOW FROM fLeOR I Ta SHAFT J 
-FLOW INTO SHAFT J THR~UGH BeTTeM VENT 

-FLew INTe SHAFT J THROUGH TOP VENT 
-FLOW SUPPLIED BY A/C SYSTEM Te FLeeR I 
-FLew SUPPLIED Te SHAFT J BY A/C SYSTEM 

LEAKAGE ceNSTANTS: 
EAII,1) -ceEFICIENT LEFT WALL AT ITH FLeOR 
EAII,2) -ceEFICIENT RIGHT WALL AT ITH FLoeR 
EAIl,3) -ceEFIcIENT FROM FLoeR I Te FLoeR 1+1 
EAll,J+3) -ceEFICIENT FROM FLeeR I Te SHAFT J 
TVIJ) -COEFICIENT Tep VENT SHAFT J 
~V(J) -COEFICIENT BeTTeM VENT SHAFT J 
X(JI -EXPONENT 

INTEGERS: 

NN 
JJ 
IBV 
lTV 
JBV 
JTV 

-NUMBER OF FLeeRS 
-NUMB[R eF SHAFTS 
-L6CATION OF BeTTOM V[NT 
-LOCATION OF Tap VENT 
-1 FeR LEFT SIDE, 2 FeR RIGHT SIDE 
-1 F~R LEFT SIDE, 2 FeR RIGHT SIDE 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C 
C 

c 
C ••• OIMlNSIONS ARE FeR MAXIMUM ~F 100 FLeORS AND 10 SHAFTS ••• 



c 

C 

C 

C~MMON/ALL/X(13),NNJJJJITERM,IIN,IeUT,IPUN 

C~MMHN/PARM/H(100)JRHU(100J13),EA(100,13),WP(10012),ACPFll00) 

COMMBN/TOPVT/TV(101,FANSHI10),ITV(lOI,JTVI10) 
CBMMBN/SBTVT/RV(10),IHVI1O),JBVI10) 
CMMMON/PRESS/PRESX(lQO,131,PI1101 
C a 1'", M 0 r~ I LIN PAR / Gil 00 I 1 3 I , P L I 1 00 J 13 II G T V I 1 0 ) , P T V L I 1 0 I , G B V ( 1 0 ) , 

1 PBVL(10) 
ceMM~N/FLX/F(100113),FTV(101,FBVI10) 

ceMMON/MTX/AI110,110),CI110) 
DIMENSlaN AA(12100), PLL(1300) 
lQU!VALENCF (PLlll1l, PLL(l)) 
E(,JU!VALENCF (A(1,1l,AA(1)) 

1<8-0 
pe",0.50DO 

C ••••• ASSIGN INPUT/BUTPUT DEVICE NUMBERS ••••• 
c 

-~: 

~ c 
r'~' 

t~ )~1' 

r> 

D 
I' 

~r 
if~ 
,~ 

r" 

-1]') 

c 

C 
C 
C 

U'l lTl c, C 
~~;2 

:t:"-
(",n 

~~ 
t~ 

> -. F':; 
~ 

1 

3 

lIN-1 
leUT=3 
IPUN=2 

CALL INPUT 

CALL INDEP 

•••• INITIAL LINEAR APPRBxIMATleN •••• 
•••• STRAIGHT LINE THRU ZERa AND paINT caRREspeNDING Te PINIT •••• 
NNJJ=NN+JJ 
NNJJ2-NNJJ ... NNJJ 
JJ3"JJ+3 
XXE.Q750DO ...... 0·50DO 
ppI=pe ...... I·o·50DO) 
DB 20 J=1,JJ3 

De 10 l"'l,NN 
GII,J); (EA(I,JI¥XX) ... PPI 



10 C6NTINUE 
20 C6NTINUE 

De 30 J-1"JJ 
GTV(JI~ITV(JI¥XX)¥PPI 

GBVIJ)-IBVIJ).XX).PPI 
30 CeJNTINUE 

C •••• SET PL EQUAL TO ZERO •••• 

c 

c 

06 If.0 K-l,,1300 
PLLIKI-O.OO 

AtO C6'" TI NUE 
Of:) 50 K-lIiO 
PTVLlK)-O·OO 
PBVLIKI=O·OO 

50 CONTINUE 

KOUNT-O 

C •••• ZER6 MATRIX A •• , 

c 

Del 60 K=11i2100 
AAIKI-O·OO 

60 C6NTINUE 

C •• ZER6 MATRIX c ••• 

C 

C 
C 

DO 65 K-ldl0 
Clk)=O.DO 

65 CeJ"'TlNUE 

70 CONTINUE 
CALL MATRIX 

••• ceMPRESS MATRIX A INTU AA ST6REO BY CeJLUHNS ••• , 
[If} 72 J=l .. NNJJ 
JAA=J-l 
IAA=JAA¥f\;NJJ 
Df1 71 I=lINNJJ 
IIAA=I+IAA 
AAI IIAA):sA( I/JI 

71 Cf1NTlr~LJ£ 

> 
I 

\Jl 



72 
( 

( 

73 

74 
( 

( 

80 
90 

91 

100 
( 

4 
( 

b 
( 

6 

( 

l10 

3000 
3001 
3002 

CONTINUE 

CALL SIMQ IAA,C,NNJJ,KSI 
•• PRESSURES PIlI ARE RETURNED IN C ••• 
IF (KSI 100173,110 
Cf.1NTINUE 
DEl 71+ K=lINNJJ 
P(K)"'C(K) 
CtlNTINUE 

CALL FUNCT 

KOUNT =KfWNT +1 
IFIITERMI RO,100,90 
STep 
Of) 91 K-1,NNJJ2 
AAIK)-O.ODO 
cel'lTINUE 
Ge HI '10 
Ctl/\;TINUE 

(ALL OUT1 

CALL OUT2 

wRITE (IOUT130011 KUUNT 
~RITE(IeUTI30021 ITlRM 
STflP 

~RITE IIUUT,30nO) 
STOP 
F~RMATllXI'SINGULAR MATRlx-NU StlLUTIHN GIVEN BY SIMQ') 
FURMAT ('1',20X,' •••• NUMBER OF ITERATIONS ·',11+,' ••••• 1 I 
FORMAT 1////20X,I •••• NUM~ER eF UNCeNVERGED TERMS"",I4) 
END 

~ 
I 
0' 



---------------------------------..,.,------------------.... -------------------------------------~~-' ..•.•.. -'-----.., 

222 F eRMA T 
1 

223 ~eRMAT 

224 FtH<MA T 
230 F eRMA T 
300 FEHmAT 

END 

( 10 1 ,7 X I '(WT S I DE I I 3X I I eu TS IDE I 13 x" 
'FLeeRI,10(5x"tS~AFT') ) 

(3X,13(2X"F8·3) ) 
(/////40X,'VALUE tlF x FeR SHAFT VENTS IS 0.5 I) 

(/////50X, I~¥~.¥ VALUES eF x ¥¥¥ •• ') 

('1 1 ,,35X,,'(CeNTINUED FReM PREVIUUS PAGE)') 

>-
I-' 

N 



SURR~UTI~E INDfP 
C 
C THIS SUBROUTINE IS FeR USE wITH THE AIR FLew B~ILDING MODEL PR~GR 

C 
C THIS SuBR~uTINE CALCULATES ALL INDEPENDANT PRESSURES (THAT IS, TH 
C DUE TO rlEIGHTJfOENSITY) 
C 
C 

IMPLICIT REALJf8IA-H,e-ZI,INTEGER Jf 4(I-NI 
C 
C Jf¥.l'I~E~SIa~s ARE FeR MAXIMUM ~F 100 FLe~RS AND 10 SHAFTS ••• 
C 

c 

c 

C 

c 

C 

c 

Cft~MeN/ALL/XI13I,NN,JJ,ITERM,IIN/IeUT,IPUN 
caMMeN/PAR~/H(100)/RHe(100/131/EAI100,131IWP(10OI2I,ACPF(1001 
CdMMDN/TCPVT/TV(10I,FANSH(10I,[TV(lOI,JTV(lO) 
(e~MeN/BeTvT/BVII0),IBVI10)/JBV(lO) 

ca~MeN/PRESS/PRESX(lOO,13IJPI110) 

AV~=.192DO/2.0DO 

~Nl=NN·l 

De J 1=1,1\11\1 
PR~SX( 1,31:IHII )JfRHDI 1,3) +HI I+1l.RHf:l(!+lJ311.AVK 

3 (flh T 1 r-JLJE 

PRfSX!1,ll-O.ODO 
f'RI:.SXI1/2)-O.ODO 

lilj 6 .J=l,JJ 
J3=J+3 
f-k~SXll/J31-0.000 

6 UH.TINLJE 

r-,-) '+ I=2,'11\; 
f' ,(I:. S X ( I , 1 I,. PR E S X ( I .. 1, 1 ) ... ( (H ( I ). RH (j ( I, 1 ) +H ( I -1 I. RH e ( r -1, 1 ) I. AV K I 
~ f-< l S X ( J I 2 ) = P R F S X I I .. 1 I C I - ( I H I J ) Jf R H f.) ( I J 2 1 + H ( I -1 I. RH tI ( I" 1 J 2 I I.,. A V K I 

~ 
...... 
w 
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SUBR6UTINE MATRIX 
C 
C THIS SUBR6UTINE IS FeR USE WITH THE AIR FLew BUILDING MODEL PROGR 
C 
C THIS SUBH~UTINE CREATES. THE MATRICES REQUIRED Ta S6LVE THE LINEAR 
C SIMULTANEeus EQUATIONS 
C 
C 

IMPLICIT REAL~8(A·H,6-Z',INTEGER~4(I-N' 
C 
C ~~¥DIMENSI6NS ARE FeR MAXIMUM 6F 100 FLoeRS AND 10 SHAFTS •• ~ 
C 

c 

C~MMeN/ALL/X(13"NN,JJ,ITERM,IIN,IOUT,IPUN 
ceMMeN/PAR~/H(100',RHe(100,13',EA(100,13),WP(100,2),ACPF(100) 

ceMMON/TepVT/TV(10),FANSH(10',ITV(10',JTV(10) 
ceMMeN/BUTVT/BV(10',IBV(!O"JBV(10, 
CDMMUN/PRESS/PRESX(100,13"P(110' 
ceMMeN/LINPAR/G(100,13',PL(100,13',GTV(10),PTVL(10I,GBV(10', 

1 PBVL(101 
CBMMON/FLX/F(100,13"FTV(10I,FBV(10) 
ceMHUN/HTX/A(110,110I,C(1101 

C •••• CALCULATION OF ELEMENTS OF MATRIX A AND VECTOR c .••.• 
C 

C 

JJ3=JJ+3 
NNJJ=NN+JJ 

C •••• ELEMENTS eF MATRIX A ••••• 
C 
C •••• 1ST RUW •••• 

A(l,l';o:O.OOO 
Dtj 11 J c l,JJ3 
A(ll1) • A(l,l) - G(l,J) 

1 1 C e 1\ T It~ lJ E 
A(l,21 = Gtl,3) 
GU 21 J=l,JJ 
NN.J=NN+J 

-, 

:J>-
...... 
\.J1 



J3-J+3 
AI11NNJI -Gl1,J3) 

21 ceNTINUE 
c 
c •••• Rews 2 T6 NN-1 ••• ·'. 

C 

NN1-NN-1 
De l+1 1-2,NNl 
Alld-lI • GII-1,,3) 
AII"I+11 - GII,31 
AII"II .. -GII-1,3) 
Dtl 31 J=1,JJ3 
A(I,I) - Alt..I) - G(I,J) 

31 ceNTINUE 
De! 51 J-1,JJ 
NNJ-NN+J 
J3-J+3 
AIl,NNJlzGll,,,131 

51 ceNTINUE 
41 C~NTINUE 

C •••• Rew NN ••••• 

c 

AINNINN-11 - GINN-1,31 
AINN,NN) • -GINN-l,31 
De 61 J-l,2 
AINN,NNI - A(NN,NNI - G(NNIJI 

61 CeJNTINUE 
De 71 J-4,JJ3 
A(NN"NNI - A INN,NNI - G(NN,JI 

71 CeNTlNUE 
Dfj 81 J-l,JJ 
NNJ=NN+J 
J3"J+3 
AINN}NNJ)·G(NN,J31 

Xl ceNTINUE 

C •••• Rew NN+J •••• 
()El 101 J-1,JJ 
NNJIONN+J 

> 
...... 
C1' 



J3"J+3 
A(NNJ.lNNJI-O.ODO 
De! 91 I-1.,NN 
A(NNJ,d )=G( I.lJ3) 
A(NNJ.lNNJ)-A(NNJ.lNNJ)-G(I.lJ3) 

91 C6NTINUE 
A(NNJ.lNNJ).AINNJ.lNNJ) -GBV(JI .GTVIJ) 

101 CeJNTINUE 
C 
C •••• ELEMENTS eJF VECTeJR C •••• 
C 

DeJ 111 K=l.1NN 
C(K)=-IACPF(K)Jt..00007500DO) 

111 CeJNTINUE 
C 
C •••• 1ST RelW •••• 

DeJ 121 J-l.12 
CIl) - C(11 - G(l.lJ)Jt.(PRESXIl.lJ) + PLI1,J)) 

121 ceNTINUE 
Del 131 J""3,JJ3 
C(l) ... C(l) - GIl.lJ) Jt. (PRESXll,J) - PL(l.1J)) 

131 ceNTINUE 
C 
C •••• RewS 2 re NN-1 •••• 

DeJ 161 1-2, NNl 
Dtl 141 J-l.12 
C(l)= C(I) - G(I.lJ) Jt.IPRESX(I,J) + PLII.lJ)) 

141 ceNTINUE 
De 151 J-3,JJ3 
C(I) ,. CIII "G(I,J)Jt.IPRESX(I,JI - PLlI.lJIl 

151 C(jNTINUE 
C(I)=C(II+G(I-113)4(PRESXII-l,3)-PLlI-l.13) ) 

161 CfJNTINUE 
C 
C ••••• RfJW NN •••• 

De 171 J=-l,2 
C(~N) ·C(N~) - G(NN,JIJt.(PRESX(NN.lJ) +PLINN,J)) 

171 UlNTINUE 

>-
...... 
-J 



Del 181 J-4,JJ3 
CINNI • CINNI • G(NN,JI.IPRESX(NN,JI • PLINN/J)) 

181 CeNT!NUE 
CINNI • CINNI +G(NN-l,31 • (PRESXINN-l,31 - PL(NN-1,311 

C 
C •••• Re W NN +J •••• 

De 201 J-1,JJ 
NNJ-NN+J 
IB-IBV(JI 
J8-JBV(JI 
J3-J+3 
C(NNJI=GBV(JI.(PRE5X(IB,J31-PRE5XIIB,JBI-PBVL(JI t-(FANSH(JI. 

1 .0000750001 
IT-ITV(JI 
JT-JTV(JI 
C(NNJI=C(NNJI+GTVIJI.(PRE5X(IT,J31-PRE5X(IT,JTI-PTVL(JII 
De 191 I-l,NN 
C(NNJI=C(NNJ)+G(I,J3).(PRE5X(I,J31-PLII,J31) 

191 ceNTINUE . 
201 ceNTINUE 
c 

RETURN 
END 

:P-
..... 
00 



C 
C 

SUBReUTINE SIMQI A,B,NJKS) 

C THIS SUBReUTINE IS FeR USE WITH THE AIR Flew BUILDING MeDEL PR8GR 
C THIS SUBReUTINE selVES THE LINEAR S!MUlTANEeus EQUATI8NS 
C 

IMPLICIT REAl¥8(A-H,e-Z);INTEGER¥4( I-N) 
DIMENSIeN A(l),Bll) 

C FeRwARD S8lUTIeN 
Tel-O.ODO 
KS-O 
JJ--N 
De 65 J=l,N 
Jy .. J+l 
JJ=JJ+N+l 
BIGAzO.ODO 
ITxJJ-J 
DEl 30 r-J,N 

C SEARCH FeR MAXIMUM ceEFFICIENT IN celUMN 
IJ-IT+I 
IFIDABSIBIGA)-DABS(A(IJ) I) 20,30,30 

20 BIGA=AIlJI 
IMAX=I 

30 CBr--;TINUE 
C TEST F5R PIVCT LESS THAN T5LLERANCE (SINGULAR MATRIX) 

IFIDABSIBIGA)·Tel) 35,35J~0 

35 I<S-l 
F<ETURN 

C INTERCHANGE Re~s IF NECESSARY 
40 Il"J+N¥IJ-2) 

IT"IMAX"J 
[)tj 50 K=J,I\ 
11=Il+~ 

12-11+1T 
SAVE =AII1) 
A(Il}=AI12) 
t·.II21-SAVE 

» 
>-' 

~ 



C 

c 

c 

50 

55 

60 
65 

DIVIDE EQUATI6N BY L~ADING C6EFFICIENT 
A(111 a A(IlI/BIGA 
SAVE=B( IMAXI 
8(IMAXI·B(JI 
f\IJI=SAVE/BIGA 
ELIMINATE NEXT VARIABLE 
IFIJ-Nl 55,70,55 
IQS=Nlfo(J-l1 
De 65 IX-JY.lN 
IXJaIQS+IX 
IT-J ... IX 
De 60 JX-Jy,N 
IXJX=Nlfo(JX-ll+IX 
JJX-IXJX+IT 
AIIXJXI-AIIXJXI-IAIIXJ)lfoA(JJX)1 
8(IX)-B(IXI·IBIJ)~A(IXJ)) 

RACK seLUTI6N 
70 NY-N-l 

IT-NlfoN 
De 80 J=l,NY 
lA-IT-J 
IB-N-J 
ICcN 
De 80 K=l,J 
BIIB)=BIIBI-AIJA)lfoBIIC) 
IA-IA-N 

80 IC-IC-1 
RETURN 
E.ND 

"i< 

» 
I 

I\J 
o 



SUBR~UTINE FUNCT 
C 
C THIS SUBR6UTINE IS F~R USE WITH THE AIR FLew BUILDING MeDEL PReGR 
C 
C THIS SUBReUTINE CALCULATES THE FLew FUNCTleN (FI AND CHECKS FeR 
C CeNVERGENCE 
C 
c 

IMPLICIT REAl¥R(A-HJ~-ZIJINTEGER¥~(I-N) 
C 
C ¥¥¥DIMENsreNS ARE FeR MAXIMUM eF 100 FLeeRS AND 10 SHAFTS¥¥¥ 
c 

e 

ceMMeN/ALL/X(13IJNN,JJ,lTERM,IIN'I~UTJIPUN 
ceMMeN/PAR~/H(100),RH~(100113),EA(100,13)'WP(100,2)IACPF(1001 
C~MMeN/TOPVT/TV(10)'FANSH(10I'ITV(10)IJTV(10) 
C~MM~N/BeTVT/BV(10)IIBV(10),JBV(10) 
CelMMON/PRESS/PRESX(100,13)jP(110) 
COMMeN/LINPAR/GII00,13),PL(lOO,131IGTV(10I,PTVl(10),GBV(lOI, 

1 PBVL(101 
CelMMeN/FLX/F(lOO,l31,FTV(101IFBV(101 
ceMMeN/MTX/A(110Ill01,C(llOI 

C ••••• CAlCULATE FLew FUNCTIONS F~R LINEAR MeDEL···· 
e 

C 

[RReR '" .00001 
ITERM = 0 

Dtl 22 J"'1,2 
De 12 I-l,r"N 
FX '" GIIIJI ¥ IPRE5X(I,JI-PIII + PL(I,J») 
IF (DAbS(FX-F(IJJII"'ERRelRI 1211212 

2 ~(I,JI =FX 
IF (Fxl 4,3,3 

3 DENS = RHO(IJJI 
SIGN=l. 
FXX .. FX 
GO Tel 5 

HIli. 

::t> 
I 

N ..... 



C 

C 

C 

4 DENS & RHOI!,3) 
SIGN"-l· 
FX)(=-FX 

5 CflNTINUE 
CALL LINIZr IFXX,SIGNI£AII,JIIDENS,GIIIJI,PLIIIJI,XIJII 
ITERM =ITERM +1 

12 CeNTINUE 
22 CeNTINUE 

NN1-NN-l 

De 42 I-l,NNl 
FX- GII,3).IP(II-PII+1I +PLlII31 -PRESXII,3" 
IF IDABSIFX-FIII3"-ERROR) 42142132 

32 FII,3) -FX 
IFIFX) 34,33,33 

33 DE~S· RHeII,3) 
SIGN-l. 
FXX"FX 
Ge Tel 35 

34 OENS - RHElII+l,3) 
SIGN=-1· 
FXX--FX 

35 Ce"'TINUE 
CALL LINIZE IFXX,SIGNIEAII,31,DENS,GII,31,PLII,3),XI3)I 
IH.RM -!TERM +1 

42 CElNTINLJE 

Del 72 J=l,JJ 
NNJ~NN+J 

J3-J+] 
Del 62 I-l,NN 
FXs GII,J3).IPII)-PRESXII,J3)-PINNJ) +PLII,J3)1 
IF (DA8SIFX-FI I,J31 I-ERReR) 62,62,52 

52 f-II,J3) .. FX 
IFIFX) 54153,53 

53 [JEt\;S=RHU I I I 3) 
SlGI'Ij=l. 

:P 
I 

N 
N 



C 

c 

FXX-FX 
G5 Tel 55 

54 DENS = RHElII,J3) 
SIGN=-l-
FXX ..... FX 

55 CBI';TINUE 
CALL LINIZE IFXX,SIGN,EAII,J3); DENS,GII;J3),PLII,J3),XIJ3)) 
ITERM :ITERM +1 

62 CElI\.TINUE 
72 CtJNTINlJE 

XVENT-O.50DO 

De 122 J"'i.lJJ 
hNJ=NN+J 
IS"lBVIJ) 
JB-JBVIJ) 
IT"'ITVIJI 
,,.JT"JTVIJ) 
J3-J+3 
FX- GBVIJ).IPRESXIIB,JB) -PINNJ)-PRESXIIB,J3)+PBVLIJI) 
IF IDABS(FX-FBVIJI)-ERR5RI 92,92,82 

R2 FBvlJI = FX 
IF (FX) 84,83,83 

83 DE~S=RHeIIR.lJBI 

SHiN=!. 
r- xx -F X 
G5 T(j 85 

84 DENS ~RrleITAJJ31 

SIGN=-l· 
F XX"·FX 

1:<5 C(Jr-TlNuE 

CALL LINIlE IFXX,SIGN,BVIJ);DENS,GBVIJI,PBVLIJI,XVENT) 
lTE.RM "'ITERM +1 

92 Cef\,TI~wE 

FX :: GTV(J)l/o(PRESX( ITJJTI"PINNJI-PRESX( ITJJ3)+PTVLIJ) I 
IF (OAf:\SIFX"'FTV(J))"ERR(jRI ,112,112;102 

102 FTv(J) = FX 



IF (FXI 10411031103 
103 DENS c RH8(IT,JTI 

SIGN=l. 
FX:X-FX 
G8 Tt:) 105 

104 DENS ... RHt:}(IT,J31 
SIGN--l. 
FXX--FX 

105 CeNTINUE 
CALL LINIZE (FXXISIGNITVeJI,DENS,GTVeJI,PTVLeJI,XVENTI 
ITERM = ITERM + 1 

112 CeNTINUE 
122 CtlNTINUE 
C 

RETURN 
E.ND 

» 
I 

N 
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SUBRtlUTINE LINIZE(FINIT,SIGN,CONS,DENS,SLOPE,PX,XXI 
C 
C THIS SUBRtlUTINE IS FeR USE WITH THE AIR FLOW BUILDING MODEL PROGR 
C 
C THIS SUBReUTINE LINEARIZES THE FLOW EQUATION ABOUT THE OPERATING 
C 
C 

IMPLICIT REAL~8(A·H,O·ZIJINTEGER~4(I-N) 
C 

ceNST=caNS 
IF (XX-O.50DO) 3,4,8 

C CALCULATION OF CVISC AND MODIFICATION OF CONST BY CVISC 
8 VIREL.(.0750DO/DENS)~~.730DO 

C 
C 
C 

C 

C 

C 

C 

C 

CVISC.VIREL~~(1.0DO-2.0DO~XX) 

CtlNST:C~NST~CVISC 

IF (XX-l.OO) 4J2,3 

.It CONTINUE 
FMIN=.OOOl 

IF (OABS(FINITI-FMIN) 5~5,l 

1 PINIT= (SIGN/DENS).«FINIT/CeNST) •• (l.DO/XX)) 
SLOPE .. XX.ceNST~(DENS •• XX).( (PINIT.SIGN) •• (XX-loDO)) 
I-'X .. SIG!' ... ( (FINIT/SU~PE)"(SIGN.PINIT)) 
Gf] Ttl 6 

5 CGNTINUE 
PMIN= «FMIN/CeNSTI~.(1.00/XXI)/DENS 

SL~PE=(1.00/PMrN)~ceNST~( (PMIN.DENSI~.XXI 

PX-o. 
Gf] TO 6 

2 em. TI NU[ 
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SUBRf'lUTINE eJUTt 
C 
C THIS SU8ReUTl~E IS F~R USE WITH THE AIR FL~W BUILDING MeDEL PR~GR 
C 
C THIS SUBROUTINE CALCULATES AND OUTPUTS PRESSURE DIFFERENCES 
C 
C 

IMPLICIT REAL.R(A-H,~-ZI,INTEGER.4(I-N) 
C 
C ••• OIMENSIONS ARE FeR MAXIMUM OF 100 FLOORS AND 10 SHAFTS.~. 
C 

C 

C 
C 

ceMM~N/ALL/XI13',NN,JJ,ITERM,IIN'IeJUT,IPUN 
C~MMON/PARM/Hll00),RHe(lOO,13),EA(100,13)'WP(100,2),ACPF(100) 

COMMON/TOPVT/TV(10I,FANSH(10I,ITV(10I,JTV(10) 
COMMON/BOTVT/BV(10),IBV(10t,JBV(101 
C~MMeN/PRESS/PRESX(100,13),P(1101 

C~MMeN/FLX/F(100,13)/FTVI10',FBV(101 

DIMENSION PPXll01/DELP(100/13),DELPTV(101/DELPBV(10) 
EQUIVALENCE (DELP(l,l),RHO(l,l)) 

JJ3-JJ+3 
I';Nl-NN"l 

C ••• CALCULATE PRESSURE DIFFERENCES ••• 
c 

c 

c 
c 

De 30 J=l,P 
DO 31 I=l,NN 
DELPII,JI-PRESXII,JI-PIII 

31 CeJNTPJUE 
30 CflNTINUE 

40 

De ItO I x 1,txNl 
DELPI I,31-PI 1.1 , .. PI I )+PRESX( 1,31 
ceNTINUE . 
•••• NU FLeeR AeeVE, se SET DELP EQUAL Ttl ZERO •••• 

~ 
I 

N 
....J 



C 

C 
C 
C 

C 

51 

50 

DELP(Nf'.u3)·0. 

Dtj 50 J"l,JJ 
J3"J+3 
f';NJ"NN+J 
De 51 l=l,NN 
DELPII,J3)·P(NNJ)+PRESX(I,J3)-PII) 
ceNTINUE 
ITVJ=ITVIJ) 
JTVJ=JTVIJ) 
IBVJ=IBVIJI 
JBVJ=JBVIJI 
DELPTV(J).P(NNJ)+PRESX( ITVJ,J31-PRESXIITVJ,JTVJI 
DELPBVIJ)·P(NNJ)+PRESXIIBVJ,J31-PRESXIIBVJ,JBVJ) 
CElNTINUE 

••• WRITE PRESSURE DIFFERENCES ••• 

wRITE (IeUTJ2000) 
WRITE IIeUTJ2001) 
WRIT~ (IeUTI2002) 
De 60 I=lJNN 
~RITE IIeUTJ101) I,IDELPII/JI,J-1,JJ3) 
IF II-50) 60,59,60 

59 ~RITE (IElUT,3001 
wRITE (IeUT,20011 
WRITE (IeUT,20021 

60 CONTINUE 

101 
300 

hRITE IIeUTJ20041 (DELPTV(JI,J=l,JJI 
wRITE (IeUT/20051 (DELP~V(J),J=lIJJ) 

wRITE (IeUT,20061 
RETURN 

FekMAT (lX, 12 ,13(2X,F8.41 I 
FORMAT 

2000 F Elf-( MA T 
"l',35X,'(CBNTINUED FReM PREVIOUS PAGE)') 
('1',25X,I¥¥¥¥¥PRESSURE DIFFERE~CES (INCHES eF WATER' 

1 
2001 FeRMAT 

J ',REFERENCED TO FLeeR PRESSURE)¥¥¥¥¥') 
(' 0 1 J' FLeeR' ,2X, ItjUT'SIOE ',3X,' eUTSIDE' ,3X, 

):> 
I 

['-.; 

ex 



1 
2002 

1 
2004 
2005 
2006 

1 

F (jRMA T 

FeRMAT 
FeRMAT 
FflRMAT 

FND 

'FLelflR',10(5XI 'SHAFT' I I 
( lOX I ' LE FT , I 5X I , R 1 GH T' 14 XI ' A Be VE ' I 7X.I , l' ,9 XI ' 2 I I 9X, 

13',9X.I '4',9XI 15',9XI '6'19X 17'19XI 1Sf19X, '9'19X, '10" 
( I 13X, ' •••••• Tep VENT.··· •• ',10FI0.2) 
( l1XI 1., •••• B~TTeM VENT •• ·.·III0FI0.21 
11111120X,I ••• -VENT PRESSURE DIFFERENCES ARE', 

, RELATIVE re eUTSIDE AT THAT LEVEL •••• " 



SUBReJUTINE flUT2 
C 
C THIS SUBReJUTINE IS FeR USE WITH THE AIR FLew BUILDING MeJDEL PReJGR 
C 
C THIS SUBRflUTINE CALCULATES AND eJUTPUTS MASS FLeJW RATES 
C THIS SUBReJUTINE CALCULATES AND eJUTPUTS VeJLUME FLeJW RATES 
C 

IMPLICIT REAL.8(A-H~eJ-Z),lNTEGER.~(I-N) 
C 
C ••• OIMENSleJNS ARE FeR MAXIMUM eJF 100 FLeJeRS AND 10 SHAFTS ••• 
C 

C 

C 
C 
C 

CeJMMeJN/ALL/X(13I,NN,JJ,lTERM,IIN,IeJUT,IPUN 
CeJMMeJN/PARM/H(100),RHeJ(100,13),EA(100,13I,WP(100,2),ACPF(1001 
CeJMM~N/BeTVT/BV(10I,IBV(10I,JBV(101 

COMMeJN/TelPVT/TV(10),FANSH(101,ITV(10),JTV(10) 
CeJMMeJN/FLX/F(100,13),FTVt10),FBV(10) 
DIMENSIeJN FMASS(100113I,TVMASS(13),BVMASS(131 
DIMENSION FV~L(100,13I,TvveLI13I'BVVeJL(131 
DIMENSI~N SUHPelS(13), SUMNEG(131 

JJ3-JJ+3 

C •••• CALCULATte~ elF MASS FLew ••••• 
De 130 J-1,JJ3 
SUMPeSIJI-O·ODO 
SUMNEGIJI"O'OOO 
oe 120 I-l,NN 
fMASS(I,J)·F(I,J).1000.0DO 
IF (FMASS(IIJ)) 50,60160 

50 SUMNEG(JlaSUHNEG(JI+FMASS(I,J) 
lifl Tel 120 

60 SUMPeS(JI-SUMPBS(J)+FMASS(I,J) 
120 ((j[\;TlNUE 
130 c~"'TINUE 

D~ 1~0 J"l,JJ 

»-
I 

ltv 
o 



51 

61 
135 

52 

62 

J3"J+3 
TVMASS(JI·FTV(JI~1000.0DO 

IF (TVMASS(J)) 51161.161 
5UMNEG(J3)·SUMNEGIJ3)+TVMASS(J) 
Gel TEl 135 
SUMPElS(J3}sSUMPBS(J31+TVMASS(JI 
8VMASSIJI·F8V(JI~1000.0PO 

140 
C 

IF (8VMASS(JI) 52162162 
SUMNEG(J31·SUMNEG(J3)+BVMASS(J) 
Ge TB 140 
SUMPeSIJ3)·SUMPBS(J3)+BVMASS(JI 
Cel\iTINUE 

C 
C 
C 

c 

C 

•••• WRITE MASS FLeW RATE.~ •• 
•••• wRITE HEADINGS.·.·. 
WRITE (IeUTll100) 
WRITE (IeUTI1101) 
~RITE (IeUT,1102) 
wRITE (IeUT.l1106) 

De 121 I=1"NN 
\<;RITE (IeUTd0031 II (FMASS( I,J).IJ=1IJJ3) 
IF (I-50) 121.121,121 

21 wRITE (IeUTI300) 
~RITE (IeUT111011 
WRITE (IeUT,11021 
WRITE IIeUT,11061 

121 CeNTINUE 
WKITE IIeUT.l10Q41 (TVMASSIJ),J=1IJJ) 
WRITE (HWTdOa51 (BVMASS(J}},J=1IJJ) 

C ••• wRITE SUM eF +VE AND "VE FLflWS FeR EACH ceLUMN ••• 
~RITE IIDUT,1107) 

c 

v.;RITE IIOlJTdl05} (SUMPeSIJ}JJ-1J2), (SUMPeSIJ}.IJ-4,JJ31 
~RITE (IeUT,1108) (SUMNEG(J},J=1J2),(SUMNEG(JI,J-4,JJ3) 

wRITE (IeUT,1109) 

» 
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c 

WRITE (IeUT,1110) 
WRITE (leUT,II!I) 
wRITE (IeUT,1112) 
WRITE (leUT,1113) 

C •••••• PUNCH eR STeRE MASS FLew DATA FeR LATER USE ••••• 

c 
C 

C 
C 

De 122 I-l .. NN 
WRITE IIPUN,1012) IFMASSII,J),J-l,3) 
WRITE (IPUN,1013) IFMAS5II,J),J-4,JJ3) 

122 ceNTINUE 

203 
205 
201 

200 

235 
240 
230 

WRITE IIPUN,10131 (TVMASSIJ),J=l,JJI 
WRITE (IPUN,1013) ISVMASStJ),J-l .. JJ) 

••••• CALcULATleN eF veLUME FLew RATE·.· •• 
Del 200 J-l,JJ3 
De 201 I-l .. NN 
DENS".07500DO 
FVeL( I,J)-FMASS(I,J)/DENS 
ceNTINUE 
SUMPeS(JI-SUMPeS(J)/DENS 
SUMNEG(JI-SUMNEG(J)/DENS 
ceNTINUE 
De 230 J"'l,JJ 
BVV5LIJI=BVMASS(J)/DENS 
TVV~L(J)=TVMASS(J)/DENS 

cel'<T!NuE 

••• eUTPUT V~LUMf FLew •••• 
wRITE (IeUT,1200) 
WRITE (IeUT,1101) 
wRITE (IeUT,11021 
WRITE (IeUT,11061 
De 250 I""l J NN 
wRITE I reUT,1203) IJIFVdLII,JI,J=l,JJ3) 
IF (I-50) 250,249,250 

249 ~RIT[ (IOUT,300) 
WRITE (I5UTJII01) 
wRITE (IeJUTJI102) 

if 

» 
I 

VJ 
N 



WRITE (leUT,ll06) 
250 ceNTINUE 

C 

WRITE (IeUr,1204) ITVVeL(J),J-l,JJ) 
WRITE (leUT,l205) (BVVeL(J),J=l,JJ) 

C ••• WRlTE SUM ~F +VE AND -VE FLews FeR EACH ceLUMN ••• 

c 

C 

300 
1003 
1004 
1005 
1012 
1013 
1100 
1101 

1102 

110~ 

1106 
1107 
1108 
1109 
1110 
1111 

1 

1. 

WRITE (leUT,1107) 
WRITE (leUT,l105) (SUMPeS(J),J-l,2I,(SUMPeSIJ),J-4,JJ3) 
WRITE (leUT,110B) ISUMNEGIJ),J-l,2),(SUMNEG(J),J-4,JJ3) 

wRITE (IeUT,11C9) 
WRITE (leUr,1110) 
wRITE (leUT,llll) 
hRITE (IeUT,l112) 
WRITE (leUT,11131 

RETURN 
FeRMAT ('1',35X,' (CeNTINUED FReM PREvIeus PAGE)') 
FeRMAT (lX,12,1312X,F8.2)) 
FeRMAT ( I 13X, ' •••••• rep VENT.·(41·',10Fl0.2) 
FeRMAT ( 11X,' •••••• eflTTeM VENT.(4).',10FlO·2) 
FeRMAT 13Fg.21 
FeRMAT (10F8.21 
FeRMATI'1',40X,'¥¥ ........ MASS FL6W RATE (P!3UNDS PER MINUTE)." •••• ') 
FeJRMAT ('0', 'FL6BRI,2X, 'eUTSIDE',3X, 'eJuTSlDE',3X, 

'FL.eJElR',10(5X, 'SHAFT')) 
F elR MA T (lOX,' LE FT ' , 5X, , R I GH T ' ,4 X, 'Aee VE ' , 7X, , l' , 9X, '2 I, 9X, 

'3 ' ,9X, '4',9X, '5',9X, '6',9X'7',9X, ,g',9X,'9',9X, '10') 
FeRHAT (lX, '+VE',F9·0,F10.O,lOX,10FlO·0) 
FeR MAT (lOX.I' ( 1 I ' , 7 X, , ( 1 ) , .I 6X, , I 2 ) , , 10 ( 7X, , ( 3 ) , ) ) 
FeRMAT II 1X,' •••• SUM elF FLewS •••• ') 
~eRMAT ('OI,'-VE',F9.0,FlO.O.llOX,lOF10.0) 
FeRMAT (II/lOX, I ... ¥ •• SIGN CeNVENTH1NS ............ ') 
FeRMAT (lOX,' (11 + INDICATES FLew FReM OUTSIDE Te FLeeR AREA') 
FdRMAT (lOX,' (2) + INDICATES FLew FRtlM FLe~R SPACE Te FLeMR' 

1 ,'AB/WE'I 
1112 FeRI1AT (10X,'(3) + INDICATES FLOW FReM FLeeR SPACE Te SHAFT') 

+ INDICAtES FLew FROM eJUTSIDE Te SHAFT', 1113 FljRMAT (10X.I'(1t1 

». 
I 

\JJ 
\JJ 



1200 
1203 
120tt 
1205 

1 '(THReUGH VENT ~PENING' I) 

FeRMAT (11'J~5XJI¥ ••• V6LUME FLew RATE (SCFM) •••• " 
FeRMAT (lXJI2J13(2XJF8·1" 
FeRMAT ( I 13XJ ••••••• Tep VENT.·(~)·IJ10Fl0.1) 
F6RHAT ( l1XJ •••••• B6TTeM VENT •• (4)"JI0Fl0.1) 
END 

»-
I 
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C 
C INPUT R~UTINE FOR AIR FL~w BUILDING MeDEL PROGRAM 
C 
C THIS SUBRDUTINE INTENDED FeR SHaKE MaVEMENT STUDY (INPUT IN 
C EQUIVALENT LEAKAGE AREAS) 
C 
C INPUTS ARE AS FOLL~wS", 
C NN -NUMBER ~F FLeeRS 
C JJ -NUMBER ~F VERTICAL SHAFTS 
C H -FLeeR HEIGHTS (FT) 
C WP -WIND PRESSURES (INCHES eF WATER) 
C ACPF -NET AIR SUPPLIED BY A/C SYSTEM (SUPPLY-RETURN) 
C FeR PRESSURIZATIeN (SCFM) 
C TEMP -TEMPERATURES (DEGREES F.) 
C EA -EQUIVIlENT LEAKAGE AREAS (SQ.FT.) 
C x ~FLew EXP6NENT 
C BV -AREA ~F BeTTeH VENT ePENING (SQ.FT.) 
C TV -AREA 6F Tep VENT ePENING (SQ.FT.) 
C lTV -FLe~R lEVEL AT WHICH Tep VENT ePENING eCCURS 
C IBV -FLeeR LEVEL AT WHICH BeTTeM VENT ePENING eCCURS 
C JAV -ceDE FeR BeTTDH VENT 6PENING (1 FeR LEFT SIDE eF 
C BUILDING, 2 FeR RIGHT SIDE DF BUILDING) 
C JTV wC~OE F~R Tep VENT DPENING 11 FeR LEFT SIDE eF BUILDING 
C 2 FeR RIGHT SIDE eF BUILDING) 
C FA~SH -NET AIR SUPPLIED T6 SHAFT FeR PRESSURIZATleN 
C 
C 

IMPLICIT REAL¥R(A-H,D-Z.I,INTEGER¥4II'NI 
C 
C ••• DIMENSIeNS ARE FeR MAXIMUM eF 100 FLeeRS AND 10 SHAFTS ••• 
C 

C~MMeN/ALL/XI13IJNN,JJ,ITERMJIIN,IeUT,IPUN 

C"MMeN/PAR~/Hll001,RHellOO,13)JEA(100,13)JwPll00,2),ACPFll00) 

C~MM~N/TepVT/TVll01,FANSH(10)JITV(10IJJTV(10) 

C~MMON/BDTVT/BV(10)JIHV(10),JAV(10) 

PIMENSIUN TEMP(100,131 
lQuIVALENCF ITEMP(1,1I,RHD(1,1)) 

» 
I 

VJ 
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C 
C SUBReUTINE Te READ INPUT DATA FeR DMSAIR FReM CARDS eR DATASET 
C 

C 

C 

C 

C 

READ (IIN,100) NN,JJ 

NNJ"'NN+J 
JJ3=JJ+3 

READ( I IN,lOl) (H( 1) ,\tIP( I,ll,WP( 1,2) ,ACPF( I) ,llllll,NN) 

READ! lIN, 105) (X(JI"J-l"JJ3) 

De 12 l"'l .. NN 
READ(IIN/l03) (EA(I,JI,J-l,JJ3) 

12 ceNTINUE 
C 

C 

2 
C 

100 
101 
102 
103 
104 
105 

C 
C 
C 
C 

c 

READ (IIN,104)(FANSH(JI,BV(JI,IBV(JI,JBV(J)/TV(JI,ITV(JI, 
1 JTV(JI,J-1"JJI 

De 2 r=l,NN 
READ (IINd02) (TEMP(I,JI,J-l,JJ3) 
CeNTINUE 

FeRMAT (214) 
FeRMAT (3F8.4,lF8.1) 
HlRMAT (13F6.1) 
FeRMAT (13F6.2) 
FeRMAT (F12.2,F8.4,2I4,F8.4,2I4) 
FeRMAT (131="6.51 

~RITE INPUT INFeRMATION 

~RITE ,InUT,200) NN,JJ 

~RITE (IeUT,201) 
~RITl (IHUT,204) 
~RITE'IeUTJ205) 

» 
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c 

C 

c 

DO 10 I-l,NN 
WRITE (IeUT,2061 I,H(IIJWP(IJ1',WP(IJ2I,ACPFCI) 
IF (I-50) 10J11Jl0 

11 WRITE (IeUTJ3001 
wRITE CleUT,,204) 
WRI TE:. (It'1UT ,,205) 

10 CeNTINUE 

wRITE CleUTJ1901 
WRITE (IeUT,1911 
wRITE (ltWT,192) 
WRITE (IeUTJ193) 
WRITE (lfWT,197) 
WRITE (IOUT,19lf.) 
WRITE (IeUT,1951 
WRITE (IfWT,196) 
WRITE (IeUT,2301 
WRITE (Ir;,UT,2221 
WRITE (!fWT,209) 
WRITE (IeUT,2231 (X(JI ,J-l,JJ31 
WRITE (!tWT,2241 

\oiRITE (Ir;,UT,2111 
WRITE CleUT,2121 
WRITE (IeUT,2131 
Df:'] 18 I-l,NN 
WRITE C H1UTJ2141 II ([A( I,JI,J-l,JJ31 
IF (I-50) 18,19,18 

19 WRITE CItlUT,300) 
wRITE (HIUTI2121 
WRITE IIeUT,2131 

18 Ctll'lTINUE 

l>.RITE (HWT,2151 
\-;RITE. IIeUT,216) 
INRITE. tIOUr,2171 
De 60 J-1,JJ 
lFIJ8V(J)-1) 20,20,30 

>-
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c 

c 
c 
c 

c 
c 

20 WRITE II~UT.2181 J,FANSHIJ),BVIJ),IBV(J) 
Ga re 35 

30 wRIT~ IIeUT.219) J.FANSHIJ).BV(J),IBVIJI 
3~ IF(JTVIJ)-l) 40.40.50 
40 wRITE IIOUT,220) TVIJI,!TVIJ) 

Ge Te 55 
50 wRITE IIeUT.221) TVIJ).ITVIJ) 
55 CeNTINUE 
60 r.m>jTINUE 

16 

17 

4 
5 

6 

8 

wRITE IIelUT,207) 
wRITE IIeUT.208) 
WRITE IIeUT.209) 
De 17 I-l,NN 
WRITE:. IIeUT.210) I, ITEMPI I,JI,J-l,JJ3) 
IF II-50) 17,16,17 
wRITE IIeUT,300) 
wRITE IIeUT.208) 
WRITE (IelUT,209) 
ceNTlNUE 

MULTIPLY LEAKAGE AREAS BY 659 Te GET PRePER UNITS (LB/MINI 
DIVIDE LEAKAGE AREAS BY 1000 Tel PREVENT EXCESSEVELY LARGE NUMBERS 
De 5 J-l.JJ3 
De ~ I=l,NN 
EAII,J)-EAIIJJI •• 6590DO 
C~"'TlNUE 
CtJNTINUE 
D~ 6 J=1.JJ 
BV'JI=BV(J) •• 6~90DO 
TVIJ)-TVIJ).·6590DO 
ceNTINUE 

CALCULATE:. DENSITIES FReM TEMPERATURES 
De 7 J=l,JJ3 
De 8 I-l,NN 
RHe(l,J) .. 39.76S7800DO/ITEM~(I/J)+459.720DO) 
ceNTINUE 

» 
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7 
C 

C 
70 

C 
190 

191 
192 
193 
19~ 

195 
196 
197 
200 
201 
204 

205 
206 
207 
208 

209 

210 
211 
212 

213 

214 
215 
216 

217 
218 
219 

1 

1 

1 

1 

1 

1 

1 

C6NTINUE 

RETURN 

FeRMAT (1Hl,35X,IFL6W EQUATI6N IS.~.F·b59.EA.CVISC.(RH6.', 

'DELTA PI •• X' I 
F6RHAT ('O',30X,'wHERE:' I 
FeRHAT (35X,IF -MASS FLew RATE (LB/MINI'I 
F6RMAT (35X,'EA -EQUIVALENT LEAKAGE AREA (SQ. FT.,,) 
FeRMAT (35X,'RHe -DENSITY 6F EN1ERING AIR (LB/CU,FT,) I) 
F6RMAT (35X,'DELTA P -PRESSURE DIFFERENTIAL (INCHES OF WATER) 'I 
F6RMAT (35X,'X -FLew EXP6NENT" 
FORHAT (35X,'CVISC -CORRECTleN FeR VISCOSITY CHANGE'I 
F6RMATI ' l',40X,'S6LUTI6N FeR ',14,' FLeeRS, ',14,' SHAFTS') 
F6RMAT (ll',~OX,' •••••••• lNPUT PARAMETERS •••••••• • I 
F6RHAT (//I,lX,'FLeOR',6X,'FLeeR HEIGHT',8X, 

'WIND LEFTI,9X,'WIND RIGHT',8X,IA/C PRESS. FLOW" 
F 6R MA T (1 7X, , 1FT I " 12 X, , ( 1 N CHES ) I , 11 X, , ( I NCHE S) , , 13 X, , I SCFM ) , I 
FORMAT (3X,I3,11X,FS.2,11X,F8.S,11X,F8.S,11X,FS.0) 
FeRMAT ('1"40X,' ••••• TEMPERATURES (DEGREES F.) ••••• ') 
FORMAT ('0','FLe6R',2X, 'ElUTSIDE',3X"6UTSIDE'~3X, 

'FLElElR', 101 Sx,' SHAFT' ) , .~- - .. 
FEIRMAT (10X"LEFT',5X,'RIGHT',4X, 'SPACE',7X,'1',9X, '2',9X, 

FORMAT 
FEIRMAT 
FeRMAT 

'3', 9X, '4', 9X, 'S', 9X, '6', 9X' 7', 9X, '8' ,9X, '9', 9X,' 10' I 
(lX,I2,13(2X,F8.0) I 
l'l"40X" ••••• EQUIVALENT LEAKAGE AREAS-SQ.FT •••••• ') 
l'O','FLElElR',2X,'eUTSIDE',3X,'ElUTSIDEt,3X, 

'FL6E1R',10(SX, 'SHAFT' I) 
FeRMAT (10X"LEFT',5X"RIGHT',4X"AseVE',7XI'1',9X,12',9X, 

F- eRMA T 
F6RMAT 
F ElRMA T 

F6RMAT 
FeRMAT 
FURMAT 

, 3 ' , 9 X, ,,. , , 9X, , 5 , ,9 X, , 6 ' , 9X , 7 ' , 9X, , 8 ! , 9 X, '9 ' , 9X, , 10' ) 
(lX, I2,13(2X,F8.31 I 
('1',40X,' ••••• SHAFT VENTS AND PRESSURIZATleN ••••• ' I 
11HO,1X, 'SHAFT',8X,'PRESS FLeW',18X, ' •••• BElTTElM VENT •••• ', 
22X" •••• T6P VENT ••••• ') 

1l7X,' ISCFM) ',2119X, 'SIZEt,9X, 'LeCATION')' 
I1X,I4,7X,F12.2,10X'f12.2,8X,I4,' LEFT'I 
11x,I4,7X,F12.2,10X,F12,2,8X,I4,' RIGHT') 

>-
I 

\.;V 

'" 



220 feRMAT 
221 F(jRMAT 
222 FeRMAT 

1 
223 FeRMAT 
224 FeRMAT 
230 FeRMAT 
300 FeRMAT 

END 

(I +' ,73X,F12-2,aX, 14-,' LEFT') 
('+',73X,F12.2,8X,I4,' RIGHT'I 
('O',7X, 'eUTSIDE',3X" lelUTSIDE',3X, 

'FLOeR',10(5X,'SHAFT' I) 
(3X.d3(2X,FS83) ) 
(/111140X, 'VALUE elF X FelR SHAFT VENTS IS 0.5 'I 
(1111150X,' ••••• VALUES elF X ••••• '1 
('l',35X,' (ceNTINUED FReM PREVleus PAGE)') 

,,< --~·0·,~, --
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APPENDIX B - SAMPLE INPUT DATA 

:: 
15 2 

~ 

~ 12. O. o . 200. 

f 12. o . O. 200. 
12. o . O. 200. 
12. O. o . 200. 
12. o . o . 200. 
12. O. O. 200. 
12. O. o . 200. 
12. O. O. 200. 
12. o . O. 200. 
12. O. O. ·200. 
12. o . o . 200. 
12. o . O. 200. 
12. O. O. 200. 
12. o . O. 200. 
12. O. O • 200. 
.66 . 66 .5 .5 .5 

4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9 .5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9 .5 9.5 2.5 
4.0 4.0 9.5 9 .5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 
4.0 4.0 9.5 9.5 2.5 

0.0 0.0 1 1 20.0 15 1 
0.0 o .0 1 1 .. 0 15 1 

.0 .0 75. 75. 75. 75. 75. 75 . 

.0 . 0 75. 75. 75. 75. 75. 75 . 

.0 . 0 75. 75. 75. 75. 75. 75 . 

. 0 . 0 75 . 75. 75. 75. 75. 75 . 

. 0 . 0 75 . 75. 75. 75. 75. 75 . 

.0 . 0 75. 75. 75. 75. 75. 75. 
· 0 . 0 75. 75. 75. 75. 75 . 75 . 
. 0 . 0 75 . 75. 75. 75. 75 . 75. 
. 0 . 0 75 . 75. 75. 75. 75. 75 . 
. 0 . 0 75 . 75. 75. 75. 75. 75. 
. 0 . 0 75 . 75. 75. 75. 75. 75 . 
. 0 . 0 75 . 75. 75. 75. 75. 75 . 
· 0 . 0 75 . 75. 75. 75. 75. 75. 
· 0 . 0 75 . 75. 75. 75. 75. 75 . 



APPENDIX C - SAMPLE OUTPUT 

SOLUTION FOR 15 FLOORS, 2 SHAFTS 

********INPUT PARAMETERS******** 

FLOOR FLOOR HEIGHT WIND LEFT ~IIND RIGHT 
(FT ) (INCHES) (INCHES) 

1 12.00 0.00000 0.00000 
2 12.00 0.00000 0.00000 
3 12. 00 0.00000 0.00000 
4 12.00 0.00000 0.00000 
5 12.00 0.00000 0.00000 
6 12.00 0.00000 0.00000 
7 12.00 0.00000 0.00000 
S 12.00 0.00000 0.00000 
9 12.00 0.00000 0.00000 

10 12.00 0.00000 0.00000 
l! 12.00 0.00000 0.00000 
12 12. 00 0.00000 0.00000 
13 12.00 0.00000 0.00000 
14 12.00 0.00000 0.00000 
15 12.00 0.00000 0.00000 

FLOW EQUATION IS ... F=COEF*CVISC*(RHO*DELTA P)**X 

I>'HERE: 

OUTSIDE 
LEFT 
0.660 

F - MASS FLOW RATE (LB/MIN) 
COEF - LEAKAGE COEFFICIENT (1000 LB. PER MIN/INCH) 
CVISC - CORRECTION FOR VISCOSITY CHANGE 
RHO - DENSITY OF ENTERING AIR (LB/CU. FT.) 
DELTA P - PRESSURE DIFFERENTIAL (INCHES OF WATER) 
X - FLOW EXPONENT 

OUTSIDE 
RIGHT 
0.660 

FLOOR 
SPACE 
0.500 

***** VALUES OF X ***** 

SHAFT 
1 

0.500 

SHAFT 
2 

0.500 

SHAFT 
3 

SHAFT 
4 

VALUE OF X FOR SHAFT VENTS IS 0.5 

A/C PRESS. FLOW 
(SCFM) 

SHAFT 
5 

200. 
200. 
200. 
200·. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 

SHAFT 
6 



FLOOR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SHAFT 

1 
2 

FLOOR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

c - 2 

****LEAKAGE COEFFICIENTS-(1000 SCFM/INCH)**** 

OUTSIDE OUTSIDE FLOOR SHAFT SHAFT SHAFT SHAFT 
LEFT RIGHT ABOVE 1 2 3 4 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.0.00 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 
4.000 4.000 9.500 9.500 2.500 

*****SHAFT VENTS AND PRESSURIZATION***** 

PRESS FLOW 
(SCFM) 
0.00 
0.00 

****BOTTOM 
SIZE 
0.0 
0.0 

*****TEMPERATURES 

OUTSIDE OUTSIDE FLOOR SHAFT 
LEFT RIGHT SPACE 1 

O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 
O. O. 75. 75. 

VENT**** 
LOCATION 

1 LEFT 
1 LEFT 

(DEGREES 

SHAFT 
2 

75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 
75. 

*****TOP 
SIZE 
20.00 
0.00 

F.)***** 

SHAFT SHAFT 
3 4 

SHAFT 
5 

VENT***** 
LOCATION 

15 LEFT 
15 LEFT 

SHAFT 
5 

SHAFT 
6 

SHAFT 
6 



C - 3 

*****PRESSURE DIFFERENCES (IN CHE S OF I~AT ER, REFERENCED TO FLOOR PRESSURE)***** 

FLOOR OUTSIDE OUTSIDE FLOOR SHAFT SHAFT SHAFT SHAFT SHAFT SHAFT 
LEFT RIGHT ABOVE 1 2 3 4 5 6 

1 0.1730 0.1730 -0.0022 "'0.0501 -0.0386 
2 0.1473 0.1473 -0.0050 -0.0479 -0.0363 
3 O. 1243 0.1243 -0.0066 -0.0429 -0.0313 
4 0.1029 0.1029 -0.0071 -0.0363 -0.0248 
5 0.0821 0.0821 -0.0071 -0.0292 -0.0176 
6 0.0613 0.0613 -0.0067 -0.0221 -0.0105 
7 0.0400 0.0400 -0.0060 -0.0154 -0.0038 
8 0.0181 0.0181 -0.0068 -0.0094 0.0022 
9 -0.0031 -0.0031 -0.0035 -0.0026 0.0090 

10 -0.0276 -0.0276 -0.0037 0.0009 0.0125 
11 -0.0518 -0.0518 -0.0042 0.0046 0.0162 
12 -0.0756 -0.0756 -0.0042 0.0088 0.0204 
13 -0.0993 -0.0993 -0.0034 0.0130 0.0245 
14 -0.1239 -0.1239 -0.0016 0.0164 0.0279 
15 -0.1503 -0.1503 0.0000 0.0180 0.0295 

• . . . . • TOP VENT ...... 0.17 0.18 
...•.. BOTTOM VENT ...... -6.22 -0.21 

...• VENT PRESSURE DIFFERENCES ARE RELATIVE TO OUTSIDE AT THAT LEVEL .... 

******MASS FLOW RATE (POUNDS PER MINUTE)****** 

FLOOR OUTSIDE OUTSIDE FLOOR SHAFT SHAFT SHAFT SHAFT SHAFT SHAFT 
LEFT RIGHT ABOVE 1 2 3 4 5 6 
(1 ) ( 1) (2) (3) (3) (3) ( 3 ) (3) (3) 

1 107.05 107.05 33.58 158.85 36.67 
2 96.26 96.26 50.25 155.26 35.59 
3 86.08 86.08 57.47 146.90 33.04 
4 76.00 76.00 59.89 135.20 29.38 
5 65.46 65.46 59.80 121.21 24.80 
6 53.96 53.96 58.11 105.44 19.16 
7 40.74 40.74 55.06 87.98 11.55 
8 24.12 24.12 58.40 68.63 -8.75 
9 -6.57 -6.57 41. 87 36.06 -17.69 

10 -27.83 -27.83 43.31 -21. 27 -20.83 
11 -42.20 -42.20 45.91 -48.25 -23.75 
12 -54.14 -54.14 45.88 -66.60 -26.64 
13 -64.85 -64.85 41.31 -80.88 -29.25 
14 -75.03 -75.03 28.26 -90.81 -31.21 
15 -85.22 -85.22 0.00 -95.11 -32.08 

...... TOP VENT .. (4) . -61:<'.64 0.00 
...... BOTTOM VENT.(4). 0.00 0.00 

.. . . SUM OF FLOHS ..•. 
+VE 550. 550. 1016. 190. 

-VE - 35 6. -356. -1016. -190. 

*****SIGN CONVENTIONS***** 
(1) + INDICATES fLOH FROM OUTSIDE TO FLOOR AREA 
(2) + INDICATES FLOW FROM FLOOR SPACE TO FLOOR ABOVE 
(3) + INDICATES FLOW FROM FLOOR SPACE TO SHAFT 
(4) + INDICATES FLOW FROM OUTSIDE TO SHAFT (THROUGH VENT OPENING) 



c - 4 

****VOLUME FLOW RATE (SCFM)**** 

FLOOR OUTSIDE OUTSIDE FLOOR SHAFT SHAFT SHAFT SHAFT SHAFT 
LEFT RIGHT ABOVE 1 2 3 4 5 

(3) (3) (3) (3 ) (3) 
1 1427.3 1427.3 447.7 2118.0 488.9 
2 1283.5 1283.5 670.0 2070.1 474.5 
3 1147.8 1147.8 766.3 1958.7 440.6 
4 1013.3 1013.3 798.5 1802.6 391. 7 
5 872.8 872.8 797. 3 1616.2 330.6 
6 719.4 719.4 774.8 1405.8 255.5 
7 543.1 543.1 734.1 -1173;1 154.0 
8 321. 5 321. 5 778.7 915.1 -116.7 
9 -87.6 - 87.6 558.2 480.9 -235.8 

10 -371.0 -371.0 577.4 -2a3.6 -277.8 
11 -562.7 -562.7 612.2 -643.3 -316.6 
12 -721.8. -721.8 611.7 -888.0 -355.2 
13 -864.7 -864.7 550.7 -1078.4 -390.0 
14 -1000.4 -1000.4 376.8 -1210.9 -416.1 
15 -1136.3 -1136.3 0.0 -1268.2 -427.7 

..•••. TOP VENT .. (4). -8168.5 0.0 
..... BOTTOM VENT .. (4). 0.0 0.0 

. • • • SUM OF FLOWS .... 
+VE 

-VE 

7329. 7329. 13540. 2536. 

-4745. -4745. -13541. -2536. 

*****SIGN CONVENTIONS***** 
(1) + INDICATES FLOW FROM OUTSIDE TO FLOOR AREA 
(2) + INDICATES FLOW FROM FLOOR SPACE TO FLOOR ABOVE 
-(3) + INDICATES FLOW FROM FLOOR SPACE TO SHAFT 
(4) + INDICATES FLOW FROM OUTSIDE TO SHAFT (THROUGH VENT OPENING) 

.... NUMBER OF ITERATIONS 7 ••••• 

.... NUMBER OF UNCONVERGED TERMS = 0 

SHAFT 
6 

(3) 
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