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SUMMARY

Three computerprograms calculating air pressures and air flows im

buildings have been developed.

These computer programs consist of a network of non-linear equations.

The IWIS libraryprocedure KNEWI@N is used in the iteration process

which finds the solution of the system of nonlinear equations. Rooms

in which several air flows come together are called junctions (for

instance a corridor, a central hall or a staircase).

The first program is suited for a model with one junction, the second

one for a model with one junction and a room in which a fire can be

simulated. With the third program it is possible to calculate flows

and

1.

pressures in a model with onme fireroom and nineteen junctions.

INTRODUCTTON

In order to deal with the smokeproblem in buildings in case of fire,
one has to get a better understanding of the importance of the
different factors determining the spread of smoke through the
building.
These factors are:
|. the windpressure around the building
2. the air leakage of the facade and inner walls

(i.e. windows, doors and other openings)
3. the temperature differences (i.e. caused by the fire)
4. mechanical ventilation

5. smokeproduction

These factors can serve as input data for a computerprogram as air
flows, alr pressures, pressuredifferences and air leakage coefficients
(C-values).

In the ventilation technique it is common use to approximate the air

flow through a gap or a crack with the equation:



1/n
I =¢ . (p) (1
where L = air mass flow [kg.s_!]
Cm = air mass leakage Ekg.s_l] at 1 [Pa]
Ap = pressure difference across the gap [Pal
n = exponent between ] and 2

laminar flow,n = |

turbulent flow,n = 2

The model of a building can be very extensive and complex. Often one

is not interested in each individual flow and pressure. In that case

it may be useful to simplify the model. This is possible by calculating
the substitute for serial and parallel branches.

The smoke problem is a dynamic one,

By calculating the proposed model at several thermal pressure diffe-
rences one can obtain a sufficient approximation of the dynamic process.
Because of the breaking of window panes during the fire the C-values

will have a very discontinuous course.

2. CONCLUSTON

These computer programs are a very useful tool to obtain information

:bout a large scope of proposed systems or situations of buildings in
<hich a fire may cause spread of smoke. Though buildings can be wure
complex than indicated in these programs, we think that the most important
influences on the spread of smoke can be calculated if the right

simplifications are made.

3. THE COMPUTERPROGRAMS

The programs have been written in FPRTRAN 4 for the CDC 6000 computer.
In order to use the computerprogram the following group of cards has to

be inserted in the card reader:

C41t



Example: First program.

JOBNAME, T40, I@40, CM 52000. --=. < your name
ACCQUNT, -—-————= <~ your computer account number
REWIND, @UTPUT.

FTN.

LG@

7/8/ + end of record
& PROGRAM JA (INPUT, OUTPUT) ~
C¢MMON // Y, C(10,3)

the text of

this program

8/

input data

6/7/8/9 « end of

Second and third program

JOBNAME, T .., I@..., CM.... Name
ACCQUNT,

REWIND, @UTPUT

ATTACH, FILE, ACCULIB, ID = PSL, MR = 1

LIBRARY, FILE

FTN

LG@

7/8/9

and further identical to the first program.

C 411
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~ T} =oirresisfance

EE_sz-=¢mr/kuz(Zl ex/ra)

A model with onme junction with an unknown pressure py and a maximum
of ten flows coming together in the junction. As mentioned in the

introduction one flow can be represented by a simple equation.

l/ni

I, =C.x (p,~p;) , 1 =1,

n 55 10 5 a3 (2)

The pressure p, can be calculated by the equation

1 l/ni
Ci x (p, ~ py) + EI = 0 (3)

[ o B ]

i=1

This equation is nonlinear in the pressure P, and P

EI is a flow caused by the mechanical ventilation.

If P, ~ P is negative we must write (2):

| 1/n.
i

Sign (Px - Pl) * C]_ * (abS(Px'Pi)) + EI=0 (4)

I MO

i=1
The only unknown variable is Py
A short computerprogram finds the solution of this equation

with a given tolerance EPS.

The iteration process in the program is based upon the bisection

method.



The input data are:
N - the number of flows
A0, BO - the interval in which the right value of Py lies

EPS - the tolerance.

C(i,k) -1 =1, ..., N 10 the array of C-values, pressures and
k=1, 2, 3 exponents of the branches around the
junctionm.

Example of the array C(i,k)

102N cy Py oy

The first four inputdata are read from one input card by the statement:
READ 100, N, AO, BO, EPS, EI
100 FORMAT (12, 2F6.1, F6.4, F6.1)

An example of a card is:

0.

/J 100. 100. 0.0001 10,

I2 Fh.1 F6.1 F6.4 F6.1

After this READ statement the values of the variables will be:



N =3
A0 = -100.0
BO = 100.0
EPS = 0.000t
EI = 10.0

The next N cards, in this example the next 3, are read by the

statement:
READ 102,( C (K,L), L = 1,3), K = I,N)
102 FPRMAT (3 F6.1)

Each card must be prepared in this way:

(/T-Z.I&JOO. , 1.5,
F6.1 F6.1 F6.1

For example:

c (1,1) = 2.0

C (1,2) = 100.0

c (1,3) = 1.5
3.2.4 Output

The output values are:
~ the pressure in the junction Py

- the values of the flows around the junction.

C 41l



The second problem was

inclese ¢ /Index b

Two junctions with unknown pressures Py and py and three groups

of flows:
Ii i=1, ., 10
Ib b =11, ., 20
Ic c =21, ., 30
where: l/ni
Ii = Ci * (px—pi) ;i=1, ..., 10 (5)
. 1/n
Ib = Cb * (px—pb) ; b =11, ..., 20 and Py = py (6)
l/nc
I =C_ % (p.-p,) ;¢ =21, ..., 30 (7
c c ¢ b
Py = py + Bg where BO = 0

P12 ° py * B

(8)

C 411
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Ci’ Cb’ CC, P;» Poo T n, n and the differences between Py and

Pi2,... 20 (BO,...,B9) are known.

For this problem two nonlinear equations are valid:

£ I.+ LI + EI(1)=20

. 1 b .

i b e o (9)
>:Ib+ZIC+EI(2)=0

b c

In pressure, C-values and exponents:

N 1/ni 104K
iil sign (p-p;) * C. * (abs(p -p;)) bzll 81gn(px-py—Bb_]l)*Cb*
l/nb
(abS(px-py—Bb_ll)) + EI(1) =0
10+K 1/ny 20+M (10
L sign (px-py—Bb_ll)be*(abs(px—py-Bb_]1» + T 51gn(pc-py—BC_21)*Cc*
b=11 Cc=21
1/n

(abs (p,=p, "B, ) CEI(2) =0

Again, the only unknown variables are Py and py.

The program uses the library procedure KNEWT@N of IWIS-TNO for the

iteration process. This procedure computes the solution of this

system of two nonlinear equations with two unknown variables by the

method secant.

The procedure KNEWT@N calls the other procedures:

- T (2,X,Y) which calculates the left hand side of both equations.
The first value of them is placed in Y(1) and the
second in Y(2)

- CHECK (2,X,Y,K) which uses the results in array X and Y and stops

the iteration process when the solution has been sufficiently
approximated.

N the number of flows Ii
< (3} 1t " 1"
K Ib

M " " " " 1
Cc

EPS-the tolerance

ETI (1)-the extra flow to the first junction



EI (2)-the extra flow to the second junction
C(i,1)

(=1

++y N The values of C, p and n

i’.
= 1,2 .
1 1,2,3 (equation 1) at Ii
B(i,1) i =1,..., K The values of C, B and n at I
1 = %243 o
A(i,1) 1 =1,..., M The values of C, p and n at I
1=1,2,3 ¢

The first six input data are read by the statements
READ 1000, N, K, M, EPS, EI(1), EI(2)
1000 F@RMAT (312, F10.4, 2Fi10.2)

Example.

3 4 3 0.01 -10.00 200.00
— s N )1 7\ /
12 12 12 F10.4 F10.2 F10.2

After this:
N=3, K=4, M=3, EPS = 0.01, EI (1) = -10.0, EI (2) = 200.0
The next N, K and M cards are read by:
READ 1002, (( C(I,L), L 1,3), I =1,N)
READ 1002, (( B(I,L), L 1,3), I = 1,K)
READ 1002, (( A(I,L), L 1,3), I =1,M)
1002 FPRMAT, (3 F10.3)

]

Example of one card, say the fifth card of the first group:

( 47.0 -23.1 1.7

F10.3 F10.3 F10.3
After this: C (5,1) = C5 = 47 [kg.s-]] at 1CPal
C (5,2) = pg =-23.1 [Pal
Cc (5,3) = ng = 1.7

C 411
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The output values are:

Py and py
Flow Il, ..., N.
Flow B1, ..., K.

Flow Cy, ..., M.

Y= = /D/e.sscrrepornt‘

< = @rrrresdstarnce
/V = ?fou/a o///ow.s o/ooe /'uxc‘//'an.

There are NN junctions, 2 ¢ NN ¢ 20, with NN unknown pressures p_,
py, P> s P, and (NN+1) flow groups [Il, E£I2, ..., LI(NN),
II (NN+1).

These flowgroups are described by NN nonlinear equations:
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N(1) N(2)

£ Il. + © I2.+ EI(1) =0
. i . 1

1=1 1=1
N(2) N(3)

r ~-I2. + I I3. + EI(2) = 0
A 1 . 1
1=1 1=1
N(4)

-E I4i f EI(3) - IlN(l) =0
1=1]
N(5)

'E I5 + EI(4) - IAN(A) =0
1=]
N(NN)

X I(NN) + ETL(NN-1) - I(NN-1)
i=1

N(NN+1)

1=1

where:

Exactly:

z I(NN+I)i + EI(NN) - I(NN)

N
]/ni
Ili = Ci * (px—pi)
12, = Cy * (o 7By 7P
I3q=C; ® (p*B; ,5-P
1/n3
I4i = Ci * (pz—pi)
]/I‘I‘-L
15, = C, *x (p1p))
1/n
2 = —
§ 623 C; = (pp;)

_ll_

N(NN-1)

oy =0

0

201,

(i

210

(Note: The notation of the pressure differences should be like in

equation

{(4) and (

10)).
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e

N(D-1 1 /0, 1/n
I Cix(px-pi) v CN(I)*(px_PZ) N(1) N
1=1]
N§2) . l/ni
. i *(px'Bi—ll_py) + EI(1) = 0
1=1
N(2) /n,  N(3) ]/ni
L GGy R T B G By repy) T+ ELQ) = 0
N(Z;)—] ]/ni ]/I'l ) l/n
; | Ci*(pz—pi) * CN(4)* (pz_ps) e, CN(I) *(pz_Px) N,
i=]
+ EI(3) = 0..(12)
N(NN'I‘]) l/ni l/n
N (NN
151 C,x(p -p;) * Cyam® PPy (NN) + EION) = 0

The computerprogram solves this system with the aid of some subroutines.

The job consists of:

- main program ELA
- subroutine F
- subroutine CHECK.

In the mainprogram input data are read and X! (NN) is given the value
of the maximum of the known pressures and X2(NN) the minimum of them.
X1(NN) and X2(NN) act as start vectors of the solution. They contain
the pressures Py py, P,» s P, In the main program the maximum
number of iterations is set to 500 and KNEWT@N is called, in which
KNEW does the iteration process after CHECK has been called.

In CHECK and KNEW F is used. F calculates the left hand side of the
equations  (12) in the points X1 (NN) and X2 and puts those values to
Y1 (NN) and Y2 (NN). CHECK stops the iteration process if all absolute
values of lY](i)li=l,...,NN W, L.,
than EPS. If not the program is set to KNEW for a new iteration step.

Further more KNEWT@N uses DECOMP and SOLVE for matrix operations.

are less

or those of




NN - number of junctions + 1

EPS ~ tolerance of the solution

N(NN) -~ the number of flows around each junction

EI(NN-1) - the extra flows (mech. ventilation or smoke production)
A(NN,10,3) - the values of C, p and n for all flows.

These data are read by
READ 1001, NN, EPS
1001 TF@RMAT (I3, F10.4)
READ 1002, (N(I), I + 1,NN)
1002 FORMAT (2113)
READ 1006, (EI(J), J + 1,NN)
1006 TF@RMAT (8F 10.3)
READ 10031(A(I, J, X*),KM + 1,3), J =1, NA)for I =1,NN
1003 T@RMAT (3 F10.3)

Note that array A(I, J, K) contains all known C-values, pressures
or pressure differences and exponents.

I is the number of the flowgroup (fig. 3).

J is the number of the flow in the flow group.

K= 1,3 (1 = C-value; 2 = pressure and 3 = exponent).

At the place of an unknown pressure (usually on the last card

of a group of flows) can be any value, for it will not be read.
Those values for the unknown pressures are generated in the
iteration subroutines of the program. In the second group of flows
the pressure differences between the first pressure-point of the
second group and the concerning pressure-Point are written at the

second place (K = 2) on the card.

C 411



3.4.3.

card 1

variable :

card 2

variable :

card 3

variable :

All next

variable :

card 4

card 5

(1

0.01
I3 oy EPS
(r“:;_ﬁdg__AJ.__24\__QJ\__£,5__34~__£J
I3 I3 13 I3 I3 I3 13
N(1) N(2) N(3) N(4) N(5) N(6) N(7) = N(NN)
ﬁnoo.o ,_—500.0  125.0 , 25.0 ,_ 125.0
F10.3 F10.3  Fl10.3 F10.3 F10.3
EI(1) EI(2) EI(3) EI(4) EI(5)
8 times F10.3
cards are written in F@RMAT (3 F10.3)
C-value pressure exponent
1.0 50.0 1.5 -
A(LI,K) I=1 2)
1.5 -20.0 1.7
1.2 =30.0 |y 1.7
1000.0 1 _0.0] 2.0
1000.0 0.0 2.0
1000.0 2.0 2.0 AQIK I=2
1000.0 5.0 2,0
0.0 8.0 2.0
500.0 -10.0 2.0
500.0 -10.0 20| A GIK T=3
500.0 -10.0 2.0 ]
1.5 70.0 1.57
2.0 -25.0 1.7
1.0 -25.0 1.6 A (4,3,8) .
1000.0 "0.01 2.0
200.0 75.0 2.0
1.5 -30.0 1.5
1.7 -35.0 1.5 A (5,J,K)
1000.0 {70.01 2.0
1.3 75.0 1.5]
1.5 -30.0 1.8 A (6,1.K)
1.7 -30.0 1.6
1000.0 {_0.0] 2.0
1.2 80.0 1.5] A (7,3,K)
200.0 -35.0 2.0
I3 =40, 1.5 l){gzg:!unknown pressures,
50.0 -50.0 1.8 data is not

o

necessary.
2) J and K are described 1n

K R N H : -+
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The sequence of the output is:
1) estimates of the start values of the unknown pressures
2) calculated pressures

3) calculated flows.

For further details see appendix program 3.

More informatiqn about the operation of the CDC system

(about using any program) can be found in the book: SC@PE C13].
Complete information about the language Fortran 4 is given

in the book : F@RTRAN REFERENCE MANUAL [2] . Both books are at
the IWIS terminal.
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4. NOMENCLATURE

A = array

B = thermal pressure difference [Pal

A0, BO = pressure interval

C = C-value = air leakage coefficient [kg.s_‘] at 1 CPal
EI = extra flow (mechanical ventilation/smokegasgeneration)
EPS = tolerance in the solution

I = mass flow of air ( kg/s ]

I,J,K,M,N = index

N, NN = maximum value of an index

n = exponent (see (1))

P = pressure CPal

5. REFERENCES

C1] SCOPE REFERENCE MANUAL. Models 72, 73, 74 version 3.4

6000 version 3.4. Corporate Headquarters 8100 34th Ave.
SO. Minneapolis, Miun. 55440.

(2] FORTRAN VERSION 4 REFERENCE MANUAL. Revised vision 8100
34th Ave. SO. Minneapolis, Minn. 55440.



 APPENDIX 6.1 -17-

PROGRAA JA 73/7¢ . 0PIz FTIN 4464633

] PROOGRAM JA(INPUTQUTrFUT)
COUMMUN//C(1093) o J,E]
DIMENSTION A(S0U) «R(500)
Re A 100sUsA04BOVERSET
> FEALD 102y ((C(KoL) o =193) yk=1yu)
PRINT 104
PRINT 106y ((C(RKaL)oL=193) yK=14J)
I=1
A(L)Y=AY
10 B(l)=bU
Fl=FUM(A(LY)
Fr=FuN(8(i))
Lr(F1sF2,0140) GUTO S0
5 F=rUM((A(LI+B (1)) /2) ' T
) PRINT 108 LsACL) 9B (1) HF
IF (a3sS(F),LE.cPS)IGOTU 30
IF(F0T40) WO1U 10
A(L+l)=(A(L)y+m (L)) 2
g(l+1)=81(l)
2 GUTH 20
10 A(I+1)=4a(l)
p(l+l)=(nll)+ (L)Y /8
20 1=1+}
G0Tu §
30 PARS(A(D)+o (1)) /2
PRINT J10sFAR
DU 40 L=]1su
F=C(L91)“(AHS(PAR-C(L9?)))**(l/C(LoJ))
LF(Pak . LTeL (LeF)) F=-F
20 FHRLINMT 11290, F
40 CUNTINUCL
GCTI 60
50 CUNTLNUE
PRINI 11440900
S 5 vunmTinNnDE
100 FURMAT(L298F5.1aF G b9FL0,2)
102 FORYAT (3Fro.1)
104 FORMAT (% CUNTROL DATA )
106 FURMAT (11 ¢3F5.1)
~0 108 FORMAT (1A 91543F10,4)
110 FORMAT (# VALUE UF BRESSURE L3= #4F10.4)
112 FORMAT(ZH 1y12420 =,F10,4)
114 rORCAT (% oAl INLTIAL PAAMETERS AOs#yF6eles HO=H4Fbal)
STGP
END

A\
Ji

N
5

C 411
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FUNCTION FUN 1377¢ 0PT=] FTN 4.6¢433

REAL FUNCTION FUN(PAK)

COMMUN//C(1093)4J L1

F=0.0

K=1]

V0 10 L=1sJ

IF(PARLT.C(Le2)) K==}

FeF+K#C (Lo )% (ABS (PAR=C(L9y2)))##(1/C(Ly3))
10 K=1

FUN=F+E]

RETURN

END

CONTROL DATA

2ei) 10040 1.5
1.0 =80.0 1.7
4.0'100'0 2.0
1 =10040000 100.0000 10.0770
2 =10040000 Ve0000 ~20.74306
3 =50.0000 0,0000 447971
4 =25.0000 0.0000 Rel2¢¢
5 ~25+0000 =12.,5000 -l1.011%
6 =18,7500 =12,5000 8612
7 "1807")00 -15c6(50 "00735
vALUE OF PRESSURE 1IS= ~17418375
I 1 = -47.8943
I ¢ = 11.4202
I 3 = 36.4005

C 411



* APPENDIX 6.2

PrOGRAM ELA

10

1000
1002
1001
1004
1008
1006

SUBRJIUTINE F

C 411
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73/72  OPT=) W~y FTM 4 6+433
PROGRAM ELA (INPUT,QUTPUT) T e b SR SRALRRS

COMMON//JsL(1093) 3 KaB(1093) sy AL10+3VTET(2S,ERS 7
2OMMUN/NUM/LTCZ S T e T T T

INTEGER R | T g

REAL MIN, MHX9C1(2)9XI(2)'XZ(2) - ' T

EXTERNAL RNtNTUN9KNLW9DECOWP,50LVE Fa CHLCN

NN=2 -

N=500n ' e B Ry ; S I
LIC7=0 . _ e e TR - & e
READ 10009JyKeMyEPSy (ET(R) sR=142) LUERTE i T
RZAD 1002s ((CClaby,L=193)9I=1yd) = = 7 v 0 T

READ 1602 ((B(IsL),yL=193)9I=19ik) 7" R e N
READ1002s ((A(IsL),L=193)9I=1sM) o o
PRINT JU0ledsmyryEPSy (EI(R) 9R=1,2) Cos A
PRINT 1u04s ((CULyL)ol=1y93)yI=19J)" =~ =% =
PRINT 1004y ((B(IoL)sL=1y3)s=1,K) =5 m <o
PRINT 1GC4s ((A(LaL)oL=le3)yI=lgM) =550 000

~=~MIN 1 MaX OF PRESSURE T e e
MIN=MAAX=(,0

DO 1y I=14d

IF(C(I92) LT eMINIMIN=C(I42)

[IF(C(142) 4T MAXYMAX=C(I,42)

CONTINUE

DG 20 I=1leM

IF (A(T92) LT «MINIMINZA(L42)

IF(A(T42)sGTeMAKXIMAX=A(I,42)

CONTINUE

X1(1)y=2%mIN

A1 (2)=2%MAKX

K2(1)=MIN

X2 (2)=MaXx

PRINT 10605s (X1 (KR) KK=1,42)

PRINT 10069 (A2 (KK) KK=]1,42)

CALL KNEWTUN(NNeX]9gX29F yCHECKyN)

FORMAT (31ceFlue492F1042) o '

FORMAT (3F10.3) T I Sl : =
FOKMAT (1H 93129F10,492F1062) ) ST -
FORMAT (11 93F10,3) o T "”""*Tﬁééikiggj_

FORMAT (% FIRST £STIMATIONS OF SOLUTION I: tte2F10.3) B
FORMAT (% SECUND ESTIMATIONS OF SOLUTION IS #92F10, 3),w-~~m“w

STOP e
END s~ _ ) = e =i :.:'T;.-'-:-
73772 OPT=1 ,-"‘m;"fIFTNfiiétfngt

SUBROUTINE F (Kl9X14X2)
LUMMON//J!L(IOvJ)-KvB(IU 3)vaA(1093)9EI(d)!EPS
INTEBER KR

HEAL EL(2)

KeAL X1(2)ex2(2)
Fu=o0,

N=]




APPENDIX 6.2 20~ ' A

LU 10 Il=f4J

9=1

LE (XY (1)Y= (1a2)) LTL0)N==1 o
10 FUsFUSNSC (L L) ¥ (AHS (X1 (1) =C(Ly2)))uu(1/C(I93))

wli=i, ) ; G

00 20 I=1.8

N=1 _ I

‘r((xl(l)-nl(a)-d(l,z)).LT 0)%--1' ' R

20 Fu= rU*NVH(lol)’(AHS(Xl(l)-Xl(d)'B(I 2)))**(1/5(193))-
x2(1)1=Fu+cl(2)
VG 30 I=1yi
N=) 3 B oAy e
IF (X1 (2 +ti(lag)=A(l42))OGTe0)N==] o .

G0 LUsIUNER(Ly L) (A (XL (2)+H([y2)=A(] 2)))**(1/A(I,3)F*;
xel{eg)y=tu+ct (1)
KETUAN e F—= cny
END ;5 : R e

SUBRODUTINE CHECK 73712 UPT=) TFTN 4. 8F453TE

SUBROUTINE CHECK (N19X19X2yK1)
COUMMON/Z/Z09C (10 03) yKaB(10093) oMaA(1093)9EI(2)4EPS
COMMUN/MUM/LICY
[NTEGER K RN s
ME ML K1 (2)ax2(2)aY1(2)9Y2(2) ' T T
LICz=Licz+d T B
CaLL FilgeAlqvl) o R
CALL F(24h2072) T
[F(ABS (YL 01)) aLTeERPSeANDLABS (Y1 (2))LT«EPS)SOTO S0 T
PRINT 2¢(RL{KK) sfK=192) 2 (Y1 (KK) eKA=142) s
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PRINT 1y (A1(J) sJ=142) .
A=21(1) T
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B0 CONTINUE i
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