Calculation of Smoke Movement in Building
in Case of Fire

TAKAYUKI MATSUSHITA, HIROSHI FUKAL, and TOSHIO TERAI
Department of Architecture
Kyoto University, Japan

Calculation methods of smoke movement by using graph theory are
presented. If both the routes of smoke movement and of evacuation are
to be represented by the same method, the analysis of interaction is
very simplified.

The main features of this programs are !

1. Flow circuit is expressed by incidence matrix, or loop matrix.
If the data such as the incidence matrix, the geometry of branch and
the initial conditions are given, no other modification 1is necessary
to the program.

2. In order to facilitate analysis of the interaction between
evacuation and smoke flow, methods are proposed to select the tree
which embeds the evacuation route into part of the smoke flow tree,
and to number the nodes and branches to simplify the incidence matrix.

3. The flow rate assuming method has been shown to be more
efficient than the pressure assuming method .
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1. INTRODUCTION

The safety of evacuation is usually estimated without taking into account
smoke movement. When doors of staircases are opened during evacuation, it 1is
possible that smoke flow through them may trap those evacuating. These effects
have not been considered.

In large buildings, the longer the evacuation time, the higher 1is the
chance for smoke to flow through evacuation routes. To analyze interaction
between smoke flow and evacuation, it is convenient to formulate both routes by
the same method using graph theory1 . Mathematically there are many possibility
to fix the graph, but when taking into account the safety, tree of the graph
should be coincident with the route of the evacuation, therefore the tree is
fixed.

In addition to the evacuation routes which are the main route causing the
smoke movement, other main smoke flow routes, e.g. elevator shafts and ducts,
have to be selected as a part of the tree in the incidence matrix. After routes
of evacuation and smoke movement are represented by identical mathematical
expression, the analysis of the system is very simplified. The incidence matrix
is easily transformed to the loop matrix, both matrices could be used to
calculate smoke flow. The one uses pressure as independent variables and uses
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incidence matrix, and the other loop flow rate and loop matrix. In this paper,
two methods of formulation and the advantages of latter formulation are
explained.

In order to compute smoke movement, there are some published programs based
on the same method as in ventilation which assumes uniform mixing in nodes.
Wakamatsu 2 has used regula-falsi method from node to node relaxation. This
program has to be changed with network, Klote and Fothergill 3 improved the
input of network data, but they also used regula-falsi method. Yoshida et al.
solved simultaneous linear equations by using one dimentional Newton's method
from equation to equation. The method constructing equations is not flexible to
other networks, as Wakamatsu's. In this report graph theoretical formulation is
used. To solve the system iteratively, all nodes are relaxed simultaneously by
using multi-dimensional modified Newton’s method. 5,6 The regula-falsi method
sometimes shows poor convergence for the building consisted of small and large
openings, hovever modified Newton's method showed faster and better convergence.

2. SYMBOLS
{ ) : matrix Ag . error of branch pressure (hypothetical source in branch)
{ ]} : column vector 4dp ' error of pressure around loop (hypothetical pressure
source in branch of co-tree)
Upper case letters represent variables at nodes. 4w : error of mass flov rate (hypothetical source in branch)
4w : error of mass flovw rate around loop (hypothetical
A @ floor area source in branch of co-tree)
Cp © specific heat ¥ : branch density difference
H : height to ceiling
P ! room pressure at floor level Suffix
@ . strength of heat source in node
T ! node temperature Lower case roman letters are used to specify the node,
¥ @ strength of mass flow source in node vhile lower case greek letters to branch. When the flow
Y ! smoke boundary height from floor direction specified to branch A is from i to j , then
AP : error of node pressure po=Po~ Pjougo=uf - w oand v =y~ T,
AY¥ © error of mass flux (hypothetical source in node)
AV . error of node volume s ! smoke
" ! density in node a ! oair
t o tree
Lower case letters represent variables at branches. ! @ loop {co-tree)
p © branch pressure difference [I] = (I:,[1) : reduced incidence matrix, order (n-t) x 8
: pressure source in branch - where n is total number of node and 8 is that of branch.
w,(w) @ flow rate to SPGBleled (opposite) directions L] = (L,E} : loop(tie-set) matrix, order (-n+t) x 8
w : net mass flov rate, w = W' — W From [I1[L'}=[0], we get (L) =~(I1") (I:']7,
% : mass flow rate of loop (mass flow rate of the co-tree vhere prime shows transpose of matrix.

is the same as that of the loop, while mass flow rate [E] @ unit matrix
of the branch of the tree is the sum of that of the
loops relating te this branch.)

3. FORMULATION OF GRAPH OF SMOKE MOVEMENT AND EVACUATION ROUTES

~Usually it is convenient to select open air (final egress place) as the
reference node (root).

It is better to number the nodes and branches so as to simplify the
incidence matrix. This can be done if

(1) the number of nodes should increase from the root to the end of

branches,

(2) the branches should have the flow direction from nodes with greater

number to smaller number, that is, the same direction to escape,

(3) the number of a branch of the tree should be equal to the upstream

node number,
but. the numbering of branches on the corresponding co-tree is arbitrary.

It is easy to check the incidence matrix, because for each column the sum
of elements must be zero. [I;] thus obtained is upper triangular matrix.

The difference between the method in calculating the ventilation and the
smoke flow is that the former supposes temperatures in all nodes asg uniform and
steady, and the latter as different and unsteady. When the temperature in node 1
is different from node j , a pair of fluxes in opposite direction, wj and uj,
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would exist between these nodes as shown in Fig.3.1. Because it is sufficient to
consider the net flow rate to evaluate conservation of flow in nodes, only one
specified direction between nodes would be sufficient. When the direction of
branch is from 1 to j , py = P;—P; ,uy = wj—w}. p; and w; could be positive or
negative, but derivative dw,/8p; is alvays positive.

4. COMPUTATIONAL METHOD
4.1 Steady Flow (perfect mixing flow)
1) Pressure Assuming Method (PAM)
a) mass conservation in node

(I} {w} - {W} = {0} 4.1)
b) relation between branch pressure and node pressure

{ptps} = (I"]) {P} 4.2)
¢) relation between mass flow rate and pressure in branch
= f(p,I',opening geometries) 4.3)

There are meny formulas to eq. (4.3) according to their precision. The
most simple and common formulation is shown in Appendix A .
d) relation between errors of mass conservation and of pressure in node

e [%’fpl (I35 {4P}) = {4W} . 4.4)

2) Flow rate Assuming Method (FAM)
a) tree mass flov rate, from eq. (4 1) by using the relation [I][L']= [0]
{wel = (Le") (W) + (L) 7H (W)
b) relation to zero loop pressure, from eq. (4.2)

(L) {p+ps} = {0} 4.2
¢) inverse relation to eq. (4.3)
p = g{w,I',opening geometries) 4.3)

This is usually not expressed explicity. Instead, eq.(4.3) should be
solved iteratively or be substituted by approximate relations.
d) relation between errors of loop pressure and of loop mass flow rate

(L3 [%%}) (L)) { 4w} = (4p} 4.5}
where 3g/38w = 1/(8f/8p). 4.6)

The derivative eq.(4.8) can be calculated as the reciprqcal of the
derivative of eq.{4.3), therefore it is not necessary to define eq.{4.3")
explicitly.

PAM and FAM are both iterative methods. The PAM starts from initial guess

of node pressures and iterates by solving eq. (4.4) until egs. (4.1),{4.2) and
(4.3) are satisfied within prescribed error, and the FAM takes the same process

1125




with loop flow rates and egqs.(4.1°),{4.2"),(4.3") and (4.5). In addition to PAM,
FAM is tested by using Newton’s Method in this paper. In most cases iteration by
using modified Newton's method with constant step length correction, could give
a stable result, even though the circuit consists of branches with large and
small flow coefficients.

4.2 Unsteady Flow
1) Common relations to PAM and FAM

A) in case of perfect mixing flow
a) change of temperature

dry .o T Q
(AGE) = = (1) (T 3+ () @.7)
e w (T:-T;) for (1) node
where  ul {w* (T;~T;)  for (j) node. “.8)
B) in case of two layers flow
a) change of temperature in smoke zone
(AEr2sy = - () W)+ () - e (=T @.7)
dt Co
vhere W,s 1s the flow rate from air zone to smoke zone .
b) change of smoke boundary height
{Al"agl} = = [I) {wa} = {Was} . (4.9)

dt
Considering the meaning of the net flow in branch, it is not difficult to
extend from perfect mixing to two layers.

2) Pressure Assuming Method (PAM)
a) relation of volume flow in node (By taking into account the volume
change in node, conservation of volume flow rate is relevant.)

Wy o9y oy
(D (@) = (g = 0 4.10)
where (w/") is the net volume flow rate in branch, wT) = w'/Ti-w T}
For two layers flow, w' /A = wiTi+usTa (positive total volume flow of
smoke and air) and w,/T; = w;/Ts;+up/Ta; (negative total volume flow of smoke and
air).
b) relation between branch pressure and node pressure
{p+po} = (1I") (P} 4.2)
c) relation between volume flow rate and pressure in branch

(%) = f(p,I',Y,opening geometries) 4.11)
d) relation between errors of volume conservation and of pressure in node
(rn [%g] (I') ) (4P} ={4V} . 4.12)
3) Flov rate Assuming Method (FAM)
a) from eq. (4.10)
Wy q 1, _Q :
(@) = () (= T () 4.10")

b) relation to zero loop pressure
(L} {p+po} = {0} 4.2
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¢) inverse relation to eq. 4.11)

p = 9((%),F,Y,Opening geometries), 4.11")
d) relation between errors of loop pressure and of loop volume flow
rate
ag ' Uy o (A3
(LY (54%) () (4 @) = (4B) .13)

__vwhere in the same as eq.(4.6), elements of diagonal matrix in eq. (4.13),
8g/0 (w/T') , are the reciprocal of 3f/38p .

In unsteady case, at each time step eq.(4.10) should be used instead of
eq.{(4.1) for PAM, or eq.(4.10") instead of eq.{4.1") for FAM. Procedure of
iteration is the same as that of the steady case. This implies the conservation
of volume flow should be satisfied at each time step even in the calculation of
unsteady case. After the norm of errors becomes smaller than the convergence
limit at each time step, temperatures in nodes for next time step are obtained
by solving eq.(4.7) for perfect mixing in node, In case of two layers flow,
temteratures in smoke zone and smoke boundary heights are calculated by using
eq.(4.7") and (4.9).

5. COMPARISON BETWEEN LOOP FLOW RATE ASSUMING METHOD AND
NODE PRESSURE ASSUMING METHOD

The computing times of flow rate assuming method (FAM) and of pressure
assuming method (PAM) are compared. The main computing time is used to solve the
systems of equations repeatedly. Therefore it depends mainly on the dimensions
of the variables, Dimensions of eq.{4.1) or (4.10) for PAM is (n-1) and of
eq.(4.1") or (4.10") for FAM is (8—n+1). Generally in tall building, there are
many cases that (n-1)>(B-n+1).

The conservation of flow in node is satisfied always for FAM, but has an
error for PAM. This means that FAM is more favorable in stability than PAM when
the temperature or concentration in nodes are calculated, because they are based
on the conservation of flow in nodes. In case of PAM, pressures are given by
eq.(4.2) and the flow rates of branches are calculated by eq.(4.3) or (4.11)
explicitly, while in FAM, the pressure of branch is expressed by eq.(4.3") or
(4.11"), wvhich is the inverse relation to eq.{4.3) or (4.11), and can not be
calculated explicitly. But this difference of the computing time between PAM and
FAM is not significant compared to time to solve the systems of equations.

In order to combine the evacuation to smoke flow, the change of effective
area oA of door in each time should be taken into account. This could be
implemented to PAM as well as FAM by assigning appropriate small oA for closed
door, and need not change incidence matrix and loop matrix.

Programs by PAM and FAM in steady case are shown in Appendix B.

Example of calculation in steady flow is shown in Fig.5.1 and Table 5.1.
This building has n=100 nodes and $=153 branches. Therefore numbers of loops
B-n+1=54 for FAM and numbers of reduced nodes n~1=09 for PAM. Computing time is
0.24 sec for FAM and 1.19 sec for PAM by FACOM-M382. The calculations are
carried at Kyoto Univ. Data Processing Center.

6. DISCUSSION

In order to consider interaction between smoke movement and evacuation, the
method of calculation is proposed. When graph theory is used, the formulation is
simple and no modification of program is necessary.
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Fig.5.1 Graph of building. This is underground part
of a building (B6~6F). Thick lines show the TREE.

Table B.1 Data and results of example calculation.

number of nodes n 100
number of branches [ 163
number of loops -n+i] B4
dimension of FAl B
variables PA! =S
‘computational FFA! 0.24 FAM @ flow rate assuming method
time {(sec) PA} 1.18}" PAM ! pressure assuming method

This program is written taking into account the sparse properties of [I]
and [L]. This is the more efficient than the programs proposed in
references(2,3,4] .

The advantage of flow rate assuming method over the pressure assuming
method is mainly a reduced computing times for solving of system of equations

Net flov rates have some errors in PAM, while no errors in FAM. Therefore
FAM is advantageous than PAM to calculate unsteady heat and concentration in its
stability . :

Reference
1. Busacker,R.G. and Saaty,T.L., Finite Graphs and Netwvorks, 5. Terai,T., Calculation Method of Ventilation to apply Smoke
McGraw-Hill, 1965 Exhaust, Report of Sub~Committee of Architectural Institute
2. Klote,J.H. and Fothergill,J.W.Jr., Design of Smoke Control of Japan, Kinki Branch, May 1971
System for Buildings, ASHRAE and NBS, Sep. 1983 6. Terai,T.,Matsushita,T. and Fukai,H., Effect of Pressure
3. Waksmatsu,T., Calculation of Smoke Movement in Buildings, Change with Time on Smwoke Movement and Difference between
BRI Research Paper No.34, 1968 Pressure Assuming and Flow Assuming Methods, Trans, of
4. Yoshida,H.,Shaw,C.Y, and Tamura,G.T,,A FORTRAN IV Program Architectural Institute of Japan, Kinki Branch, Vol.24,
to calculate Smoke Concentrations in a Multi-Story June 1984

Buildings, NRCC, DBR Computer Program No.45, June 1979
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Appendix A

When the direction of branch is from i to j
the relations corresponding to eq. (4.3) are

sgn. (py) abthe—hi)/200  pyt

w =

for isothermal case (=I'i=I";)
w= =RV R if 71<0,R<0 or y>0,R>1
W= —al [1=RIY 192 if v<0,h>1 or v2>0,h<0

(A-R¥-a@®@P?  if 1<0,0shst

FP—a(i-Ry?

if v00,0=5hst

w =
for non-isothermal case
where
—— v _hmh - w
VT b= P ow s %

hev2

wp = Eaby /BT TH1T (he—hi Y2 1y =

and h(,hp,h, are defined as showing in Fig.A.1,
« is flow coefficient and b is width of opening.

Appendix B
wxsxx L IST OF VARIABLES ssx¥x

£33 PREssuRE ASSUMING HETROD
+ POSITIVE NODE OF BRANCH J
KM(J) t NEGATIVE NODE OF BRANCH J
INCIDENCE MATRIX (IP(J).J) = 1.0
INCIDENCE MATRIX (IM(J).J) =-1.0
IBCJY : IDENTIFICATION OF BRANCH
ABS{IB{J)}= 0 MHORIZONTAL OPENING BRARCK
ABS(IB{J)}= 1 VERTICAL OPERING BRANCH
ABS{IB(J))= 2 FAN BRANCH
ABSTIB(JY)I= 3 FAN BRANCH
ABS{IB(U)Y= 4 WIND-PRESSURED BRANCH
ABSTIB(J))= § WIND-PRESSURED BRANC?‘

PPUI}) 3 NODE PRESSURE ( amAg }
GG(I}  t NODE AIR SPECIFIC GRAVITY [ AIR DENSITY ) { Kg/wss3 )
TT(I} : NODE ABSOLUTE AIR TEMPERATURE ( K }
TH{I) ¢ KODE AIR TEMPERATURE ( ¢ )
TH(I)ETT(!)~27! 14
: BRANCH PRESSURE DIFFERENCE ( wmAq |
PS(J) : BRANCH PRESSURE SOURCE ( wahg )
G(3}  : BRANCH AIR SPECIFIC GRAVITY DIFFERENCE ( Kg/mke3 |
@BRLJ) 1 BRANCH AIR FLOW SPECIFIC GRA¥ITY { POSI-OIRECT. )
 Kg/mz#3 )
GBM{J) + BRANCH ATR FLOW SPECIFIC GRAVITY ( NEGA~DIRECT. )
{ Kg/ms3 )
WPCJ) & BRANCH AIR MASS FLOW RATE ( POSI~DIRECT. | ( Kg/sec )
WM(J) ¢ BRANCH AIR MASS FLOW RATE ( NEGA-DIRECT. ) { Kg/sec )
VP(J) ¢ BRANCK AIR VOLUME FLOW RATE ( POSI-DIRECT. ) { CHH )
VM{J)  : BRANCH AIR VOLUME FLOW RATE ( NEGA-DIRECT. } { CMH )
WPP(J) ¢ CHANGE OF BGANCH AIR FLOW RATE WITH PRESSURE DIFFERENCE
( POSI-DIRECT.
WMPCJ) 1 CHANGE OF BRANCH AIR FLOW RATE WITH PRESSURE DIFFERENCE
( WEGA-DIRECT. )
DHOP(J) 1 CHANGE OF TOTAL BRANCK AIR FLOW RATE WITH PRESSURE

DYFFERENCE
DHOP LI 2=WPP LI ) +WMP L))

ON(J) 1 NUMBER OF OPENINGS

ALFtd) ¢ FLOW COEFFICIENT

Bty 1 BREADTH OF OPENING ( w )

HHCS) 1 TOP HEIGHT OF OPENING FROM FLOOR LEVEL ( mw )
HLGS) 3 BOTTOM H EIGHY OF OPENING FROM FLOOR LEVEL { » }
HS (L) t FLODR LEVEL DIFFERENCE ( = )

DMWCI) 1 NODE FLOW BALLANCE ERROR { Kg/sec )

DHWNAX 1 MAXIMUM OF DMWW(I) ( Xg/sec )

ERR 1 MAXIMUM OF RELATIVE ERRORS

DPP{I) 1 NODE PRESSURE CORRECTING VALUE ( mmAq }
AS{I,J) | COEFFICIENT MATRIX

PFAC + CORRECTIVE FACTOR

Vo t OUTSIDE WIND VELOCITY { m/ssc }

IMAX ¢t TOTAL RUMBER OF NODES

IMAXS ¢ NURBER OF NODES EXCEPT BASE RODE

IMAXS=IMAX-L

JHAX t TOTAL WUMBER OF BRANCRES
IFIRE i NRODE NG. OF FIRE ROOM
ISTEP  : ITERATION TIMES

CRITICAL VALUE OF RELATIVE ERROR
ALLOWABLE ITERATION TIMES
WORK SPACE
IFP(I) WORK SPACE
ML} WORX SPACE
[£3] FLON RATE ASSUMING METHOD
ALL T VALUE OF Lth ELEMERT OF LOOP MATRIX

<
£
il

S kALY i #0. OF LOOP QF Lth ELEMENT

LB{J+1)~LBLI) 1 HUMBER OF LOGP RELATED TO Jth BRANCN
Wiy BRANCH NET AIR MASS FLOW RATE { Ko/s

DPOWE S} CHANGE OF BRANCH PRESSURE DIFFERENCE HITH NET AIR

RATE

DPL(LY ¢ LOOP PRESSURE BALLANCE ERROR ( mmAg }
OPLMAX 1 MAXIMUM OF DPL(L} ( mmAg

ERR ¢ MAXIMUM OF RELATIVE ERRORS

bWL{l} : LGOP FLOW RATE CORRECTING VALUE ( Kg/sec )
AJ(L,d) ¢ COEFFICIENT MATRIX

WFAC 3 CORRECTIVE FACTOR

LMAXS + NUMBER OF INDEPENDENT LOOP

LMAXS= JMAX-TMAX4L (=JHAX-IMAXS)
VHL) 1 WORK SPACE

= T

wy - p1 = Pi—P;
he _ .
W -'—;: wy = wi—wy
h | e
Il Yy b = P2/
P; P;

Fig.A.1 Definitions of hy , hz and h, .

IPP(L} : WORK SPACE

ABSP(J) : WORK SPACE

Main Routine of Pressure Assuming Method

CALCULATION OF SMOKE MOVEMENT IN BUILDING FIRE

UNIFORMLY MIXED STEADY STATE , PRESSURE ASSUMING METHOD
USING REDUCED INCIDENCE MATRIX & NEWTON’S METHOD

P
R

CHARACTER MOM210,COM(4}=72
DATA 0, VER,MON,ID,IY,COM/1,4.1," JARUARY,’,13,1985
* +TUNTFORMLY MIXED STEADY STAVE , PRESSURE ASSUMING METHOD!
* +'USING REDUCED INCIDENCE MATRIX & NEWTOR''S METHOD®
N ERNRY
F 2t XX T ETTLELETEETTTEELEXTTEETEEELEE X
PARAMETER (HN=210,HBr380)
DIMENSION IP(NB)},IM(NB),IBINB)
SPPONNYGGONN) L TTCNR), TH(NH)
PLNBY,PS(NB).GINBY, GBPNB),GBM(NB)
SHPCHBY AWRIRB), WPP.INE ), WHP KB}, DRDPINB}, VPINB), VMINB)
SONTHB)I, ALF{NB), BINB), HHINB), HL(NB) HSENE)
PDWRCHITY, OPPCHE D, ASCNNLHN Y, VRINN D IPPLRR Y, SUNINRY
DATA EPS,PFAC, ISTEP,IX/1,E~32,0.6,230/

.o

*..4002. READ CONDITIONS & DATA FOR CALCULATION ...cvsevsccscncncsscss
CALL RCONDI{(NW, IPRD, ERRLIN, ISTLINY
CALL ROATALECOMU4},TT,TH, IP, 1M, IB, OH,ALF, B, HHL HL, HS
* « IMAX, IMAXS, JHAX, IFIRE, VO, NN, N8}

Beseerss PREPARATION FOR CALCULATION (.vuvanscvessancnncscrsssrasecas
CALL MGSET (1,6}
CALL TITLE (MO,VER.HON,ID,IY.COM, 4 HW)

%..000es INITIALIZATION OF INDOOR PRESSURES ..isceevsvacecsvessnananas
CALL RANU2 (IX,PP,IMAXS,ICON)
IF(ICON,£Q.30000) STOP *CONDIVION ERROR QCCURS IN RANU2'
PPUINAX)}=0.0

%...00.. CALCULATION OF SPECIFIC GRAVITY & PRESSURE SOURCE ..sewvuesvs
CALL CALGPS{TT,GG.GBP,GBM,G,HS,PS, 1P, IM, IB, V0, IMAX, JMAX)

£ttt PRINTOUT OF THE DATA trstrerers triztde EEREE XS

CALL WDATAL{TH,GG,IP.IM.IB, ON,ALF, B, HH KL, Go PsalHAXSrIMAX JHAX
;XFXRE’VO IPRD,NWY

strrrsrseised

EERETEESERERE) ERESEIE]

ITERATION LOQP =zrzaw

1000 COMTINVE
ISTEP=ISTEP+1

E,i.e0as CALCULATION OF DWW Looununan errriesanan
CALL CALFLOCPP. P,PS,WP:HH'HPP»HMP;VF:VWGBP,GBM»G.ON:ALF}B
fHELHL, TP, IM, T8, THAX, JMAX}
CALL CALWP {HPP,WHP, DHOP, JHAX)
CALL CALDWZ (WP, WM, DWW, OWWMAX » ERR, IP, 1M, IMAX, JMAX, SUM}

XF(ERR LT.ERRLIN} 6O TD 1100

grammaner wn

T OF DWW "rree

®...000. CORRECTION OF INDOGR PRESSURES ..vncievviccssssarvanvasscanes

CALL SETX (DWW, DPF. INAXS}
CALL JACZ (OWOP,AJ, IP,IM.HN. INAX, JHAX]
CALL LAX {AJ, NN, THAXS, DPF, EPS, 1,15, Vi, IPP, ICONY

IF(ICON, GE. 200001 STOP *CONDITION ERROR OCCURS IH LAXY
CALL CORP  (PP,DPP,PFAC, IMAXS)

T OF ISTER *TerTT
IF(ISTEP.GE.ISTLING 68 YO 1a10

*
G0 10 1000
END OF ITERATION LOOP azsmms=
%...4.0. PRINTOUT OF THE RESULT .,...... cereadine
1100 CALL WRELTI(PP.WP,WM VP, VK, ZHAXS.JHAX,ISTEPJSTLIH ERR:ERRLIN

.  DWHMAX, TPRD. 8H)
stTop
1110 CALL WMSG  (HW, IPRD,1)
R WRELT1 (PP, P, UM, VP, VM, IMAXS » JHAX, ISTEP, ISTLIM, ERR, ERRLIN
2 DHWHAX, 0, 1H)
“sTor *TINES QF STEP OVER THE HAKIHUN COUNT®
END
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Main Routine of Flow Rate Assuming Method

CALCULATION OF SMOKE MOVEMENT IN BUILDING FIRE

YHIFORMLY MIXED STEAGY SYATE , FLOW ASSUMING HETHOO
USIAG REDUCED LOOP NATRIX & NEWYON'S HMETHOD

R
XL

CHARACTER MONX1D,COM{4) 272
DATA NO,VER,MON.ID.IY.COM/2,4,1,% JARVUARY,',13,1985
T ~TUNIFORMLY MIXED STEAOY STATE , FLOW ASSUMING METHOOD'
* SYUSING REDUCED LOOP MATRIX & NEWTOH''S METHOD?
RN
frtrrrrrrerreT it iR AN R A A K K RS
PARAMETER (RHH=210.NB=388,NL.=182)
PARAMETER (HNL=NNENL}
OIMENSION IP{NB), IM{NBY.IBINB), ALINNL),LL(NNLY,LB{NS}
SGGIRNDY, TTERN Y, THONN)
«P{NB),PS{NB) G(N®),GBP(NB),GBM(NB)
SWINBI.WPLHNB), WMCHUB), DPOWCHBY, VPINB) , VMINB)
#OHRBI,ALF{NS), BUIBY, RHIRB], HLINB], HSINB)
SOPLINLY, DWLINLY  AJURL NLY, VIN(RLE, ABSPIRLY
SAWCHN RN Y, IPPORO Y
DATA EPS,WFAC,ISTEP,IX/1.E-12,1.0,2%0/

oz

IR

*,..00.s READ CONDITICNS & DATA FOR CALCULATION .iveevecnmnvonsnnunnns
CALL RCONDI{NW,IPRD,ERRLIM, ISTLIM)
CALL RDATAL(COM{4),TY,TH, IP, IM, IB, 0N, ALF, B, HH, HL, HS
 THAX, THAXS » JMAX, IFTRE, VG, HN, N8}
U(AXS IMAX-THAXS

®....... PREPARATION FOR CALCULATION ..vuvusiursonssossansssrsrassnses
CALL HGSET (1,6)
CALL LOOP21{IP,IM,AL,LL,LB,NNL, NN, LMAXS, IHAXS, JMAX, AR)
CALL TITLE (NO,VER.MON-ID,IY,COM,4,NW)

Tioreaes INITIALIZATION OF LOOP FLOW RATE vvuvucrssssconarrasasananss
CALL RANUZ {IX.W{IMAX).LHAXS, ICON}
IF(ICON.EQ. 300001 STOP ’CONDITION ERROR OCCURS IR RANUZ®

£....... CALCULATION OF SPECIFIC GRAVITY % PRESSURE SOURCE rrsseesvans
CALL CALGPS(TT,GG,GBP,GBM,G,HS,PS, IP, IN, IB, VD, INAX, JHAX)

11 PRINTOUT OF THE INPUT DATA s::
CALL WDATAL(TH,GG, 1P, IM,IB,ON, ALF,B:M";HL:G;PS XHAXS INAX JHAX
* +IFIRE, VO, IPRD, KW}

trepreiiraaTiiisieaeiiisesiy

ITERATION LOOP ==

1000 CONYINUE
ISTEP=ISTEP+1

2,..440. CALCULAYION OF PRESSURE BALLANCE ERROR .
CALL CALW21(W.AL, LL. LB, NNL, IHAXS, JHAX)
CALL CALPRE( N‘. L HM, ¥P, YN, P, DPOW, GBF, GBH, G, ON, ALF . B, Ht, HL.

B, JHAX
CALL CDPL?!(P 28, OPL.DPLNAX ERR, AL, UL, LB, NRL, LHAXS, IMAXS. JHAX
+ABSP)

T OF ERR *=eres
IFCERR,LT.ERRLIM) GO TO 1100

®..0000. CORRECTION GF LOOP FLON RATE ...uivneavsssnssisnssnvavonnnsnn
CALL SETX (DPL. DL, LRAXS)
CALL JACWZL{DPDW.AJ. AL, LL, LB, NNL, KL, LHAXS, JHAX)

CALL LAX {AJ, RL, LMAXS. DWL, EPS, 1. IS, V4, PP, ICON )
IF{ICON.GE,20000) STUP 'CONDITION ERROR OCCURS IN LAX'
CALL CORW  {W(IMAX},DWL,HFAC, LRAXS)

= T OF ISTEP *~~*""

IF{ISTEP.GE,ISTLIM) GO 7O 1110

G0 YO 1000

END OF ITERATION LOOP =susss

®..0eess PRINTOUT OF THE RESULT sououivvnans vessaeeanaa
1100 CALL WRELT2{W.WP., WM»VP»VH'JHAX,ISTEP:ISTL!H:ERR ERRL!M
+DPLMAX, IPRO-NK}
S‘IOP
1110 CALL WMSG {NW.IPRO.1}
CALL HRELT2(UW, WP, UR, ¥P, VN, JHAY, TSTEF, ISTLIR, ERR, ERRLIM
SDPLMAX, 0, HW)
S\'UP YTIMES OF STEP OVER THE MAXIMUM COUNT®
END

SUBROUTIHE RCONDL(HW,IPRO.ERRLIM.ISTLIM)

HRLTE (6,900)

READ (5. = | IANS

RRITE (6.600)

IF{IANS.EQ.1) WRITE (6,910)

READ (5, x ) KW.IPRD,ERRLIM.ISTLIM
RETURN

4§00 FORMAT(* *,TS,*INPUT (NWI, (IPRD), (ERRLIMY, (ISTLINI'Y
00 FURHAY( T *.75.700 YOU NEED EXPLARATIOR OF FOLLOWING INPUT 7 ¢
»T{1IYES OR (B¥=HO*)
910 FOR"A\'( * L TE, TIREY ¢ OUTPUT UNIT IDENTIFIER®
v, T8, P (IPRD) PRINYOUT INPUY DATA (1)=YES OR (0}=NQ*
*,78, *(ERRLIM) : LIMIT OF RELATIVE ERROR?
T, T8, 1 (XSTLIM) ¢ LIMIT OF ITERATIVE TIMES'}

2 ”
* ’”
ERO

SUBROUTINE RDATAL(COM,TY,TH,IP,IR,IB,OR,ALF,B, HH, Hi. HE, N HS. N, IF
* . N, NBY

CHARACTER#(*) COM

DIMENSION TTONNY, THONN)

b3 +IP(HB), IMINB)IB{NB), ON(NB), ALF{NB),B{XEB)
® +HHINB) HLINB) , HS(NB)

READ(50, 5001 ¥, IF, V0
READ(56,510) (THLD),. I=1, M}

READ(S1,520) CON

READ(51,530) W

READ(S1, §40) (IPCJ), IMCJ),IBCJ),ONCI ), ALFEI Y, BIJY, HHCID, HL(JSY
% U d=1,0)

00 100 Y=t
TY{II=TH(I)}4273.16
100 CONTINUE

HE=M-1
RETURN

500 FORMAT(214,F4.0)

510 FURMAT(FE.1)

520 FORMAT(A)

530 FORMAT(I4)

540 FORMAT{3II&,Fé.0,4F8.8,F8.3}

END

SUBROUTINE LOOP21{IP, IM,AL,LL, LB, XL, KH, LS, HS. N, A)
DIMENSION IP(N}, IMIND,ALCKLYLLEKL) A LBINSL1Y, ALKH, MS)

80 100 I=1,H8

0O 101 J=i,M§
101 AtI.J)=0.

MY, 1)=1,
100 CONTIRVE

DO 110 I=MS,2,~1

00 120 J=1,H8

ACIM(IY, JIZACIMLT Y, JH4ALTL I
1310 CONTIRUE

1B(13=1
LTz0
D0 120 J=i.HS
00 121 L=1,LS
B=0.
I=HS 4+
IF(IPLY).LE.HSY B=B-A(J, IPLI}}
IF(IR(II.LE.HSY B=B+A(J, IR(TDY
IF(B.EG.0.} GO TO 121
LY=LT41
LLILT)=L
AL(LT)=B
121 CONTINUE
LBLJ+L)=LT+1
120 CONTINVE

DO 130 J=HS+L.N

LaJ-Hg

LT=T+1

LLOLT )=

AL(LT) =1,

LEGJ4#1)=LT+L
130 CONTINUE

RETURN
EHO

SUBROUTINE CALWZL(W,AL,LL,LB,KL,M5,8)
OIMERSTON WON),ALIKLY,LLIKL),LB{N+1)

DO 100 J=1.MS

wJy=g.

00 100 L={B(J1,LBUI4LI-L

WEII=ROI T ALLL ARINS 4LLIL) )
100 CONTINVE

RETURN
END

SUBROUYINE CALGPS(TT,GG,GEP,GBM,G.HS,PS, IF, IM, IB, V0. R. N}
DIMENSION TT(M), GGUM),GRPINI,GBMIN),G(N), HS(H ), PSINY
* SIPURY IR(RY, IBLK)

evers CALCULATION OF RODE SPECIFIC GRAVITY ..
DO 100 I=%,M
GGLI)=353,25/77(Y)

100 CONTINVE

00 110 J=i.¥

Xieesse. CALCULATION OF BRANCH SPECIFIC GRAVITY (i.ivivesnercannn
GBPUII=GGIIPLI)}
GBM(J)=GGLIM(IY )
G{JI=GBP{J)~GBM(J)

*..ue0se CALCULATION OF PRESSYRE SOURCE OF BUOYANCY .....cuvevsas
IF(HS(II) 1,2.3
1 PS{JI=(GBHLII-GEIHI ISUSL}
60 TO 10
2 PSlJi=0.0

0 To 10
3 PS(J)=(GBP(I)I-GGIH) IZHS(J)
<« CALCULATION OF PRESSURE SOURCE OF WIND ..vvsvsvvecoraone

=,
10 IF(IB(JI.EQ.-4) PS(JI=PS(JI~0.72GGIMIsVOLVO/19. 61
IFLIB(JILER. &) PSUIF=PSTSI40. TGGIMI*V02VO/19. 61
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110

S

120

100

1

-

3

0

0

TF{I8(2).EQ,~5) PS(JI=PS(II40, 630G (H)I*VOsVE/19, 61
IFUIB(JI.EG, 5} PS{J)=PSLJI~0,4sGGIMISVOSND/19. 61

CONTINUE
RETURN
END

N, ABSP)
SUBROUTIME CDPL21(P,PS$,DPL,OPLMAX,ERR, AL,1L, LB KL, LS, S,
DIMENSION PCH) PSINI- BPLILS ), ALERL), LLIKL) A LBIN+1},ABSPLLS)
DPLHAX=0.

ERR =0,

DO 100 L=1.LS
DPLIL)
ABSP(L}=

CONTINUE

00 110 J=t,H

00 116 LaLBIS),LBLIHI-T

PPLLLLIL) 1=0PLILLILY JEALILI£(PLII4PSLIN
CONTINVE

00 120 L=1,L$

IF{ABSP{L).LE. 1.} ABSP(L)=1.
OPLMAX=AMAX L (DPLHAX, ABS(DPL(L}))
ERR=AMAX1(ERR»ABS(DPL(L))/ABSP(L))
CONTINVE

RETURN
ENg

SUBROUTINE JACW2X{DX,AJ AL LL, LB/ KL RN.LS,N)
DIMENSTION DX(N),AJOKN,LS) ALLKL)ALL(KL)/LBIN¢L)

0O 100 L1=1.LS
DO 100 t2s1,LS
AJ(L1,L2)=0.
CONTINUE

00 110 J=1,N
H-LB(J)
=LBLJ+1)-1
DB 110 Li"!l;u
00 110 L2=IL,X
AJ(LL(Ll)oLL(L?))=AJ(LL(LS)-LL(LZ)HAL(LI)SDX(J)!AL(LIY
CONTINUE

RETURN
END

SUBROUTIHE JAC2(DX AL, IP,IM.K,M.H)
DIMENSION DX(N),AJ(K, M), IP(N),INON)

0a 160 I2=1,M
0¢ 100 Ti=1,M4
ANIL,I2)=
CONTINVE
00 110 J=1,H

AJUIPCIY IPCJ) b =ASCIPLL ), TP (I3 4ORUD)
AJCEPCL), IMO) b =AJCIPLI), THEI 1) -DXCDY
AJUIMISY, IPCHI)=ASCIPCY), INCIY)
AJCIMCIY, IMCID I=ATCEM(S), THEI} 140X ()
CONTINUE

RETURN
END

SUBROUTINE CALWP (WPP.UMP, DHOP.H)
DIMENSION WPF(N),WMPIN),OWOP(N)

00 100 J=1,N
OWOP (1 )=WPP(J Y HUMPLY Y
CONTINUE

RETYRKR
£no

SUBROUTIHE CAL’RE(“-uP&"ﬂ:VFrVH:P,DPD”:GBF:GB";G»O“‘ALF’Boﬁ"lﬂl_

DIHEHSIO” Wk, HP(!‘)/HH(N) VPN T, VRN, PN}, DPORIN Y, GBP(N T, GEMINY

PN ONIH YL ALF(HI, BOH Y HHINY  HL(N S, IBCRY

B0 100 J=1.¥

VM(J):O 0
JABSIB=YARS(I8{JI}

Fooeess CALCULATION OF FAN PRESSURE ..svsvennvinecnssnsas

IF{IABSIB.EG.2) THEK

PO*QN( 43
QU=ALE(J)

IF(IBLI).LY.00 THEN
RHOS 3= )
VH{II=WM{1123600. 76BMLIY
X=yHL 33700
Y={OIFXFCTIX4CT
DYDY tCUX#C?
Pl
oPONLY )de!DYDX! 2400, /(R0 GBNII )
ELSE
L ¥ LS ]
VP{JI=WP{J}23600. /GBP(J}
X=VPLI} /G0
Y=(CIEXICRIERICT
DYDX=2, 2CL2X4C2
PUII=POSY

OPDW(J)=PO*DYDX*3600./(Q0*GBP (I}
END IF

ELSE IF{IABSIB,E£R.3) THEN
PO=ON(J)
QO=ALF(J)

IFCIB(S).LT.0) TREN
W) ) =% )
VHUJ =M (J) 23600, /GBM(J)
X=VML)1/00
IF(X.GE.0.6) THEN
1= 25./18.
=-C1

€1=-25,/18,
€e= 35./18.
C3=-2.
END IF
Y=(C1xX+C2)X4C3
DYDX=2, 3C1eX$CT
P{J=-PO2Y

DPDW(J)=POLDYDX23600./(QO*GBN(J})

YP{JI1=WP(J)x3600,/GBP{J)
X=VP(J)/00
TF(X.GE.0.6) THEN

Ci= 25.718.

Y=(C1EX4C2)2X+C3

DYDX=2, #C1xX4C2

P(JI=POEY

DPOULJ ) =POx0YOX 23600, /{Q0GBP ()]}
END IF

*,..v0es ISOTHERMAL CASE ...... teevanaan seeen
ELSE IF(IABSIB.EQ.1.0R, G(J) E(I 0 ) TNEN
CC=19. 61 (0N (JI2ALF{J 128U I = (HHCII=RL(S) ) ) 222

TF{WCII. LT, 0.0) THEN
WH(J ) =-W(J)
VH(J)=WH{J)¥3600. /GBM(J)
PCII=~WHCJ)*HH( I}/ (CCEGBMCT) )
OPOWCJY=2. +WM(J}/(CCLGBM(JY)
ELSE

WP{J)=W(J)

VP{J)=WP(I)£3600. /GBPLY)
PLI)=WPLII=P{I)/{CCGBPLIYY
DPOH{J)=2, 2WP (] ) 7{COXGBP (I} Y
END IF

NON-ISOTHERMAL CASE ..
SE

ABSG=ABS(G(J))

HRL=KHCJ ) =HL( D)

CC=ONCJIZALF L) *B(J)*SART (19, 61¢ABSE)
C=2, /3. 2CCxHHLERL, 5
WBP=CTSART(GBP(J))

WBM=CXSORT{GEAMLIY)
GMP=SQRT(GBM(JI/GBP(J T}

GPM=1, /GHP

IF(H(JIY.GT WBP} THEN

WP (S I=E )

YP{JF=WP(J) %3600, /GBPLI)

CC=9. TABSGAWP(J)/{LLCEHRL 222 /GBP(JT
PUII=CC/B, WP (I T4G I IRIHHII I 4HLII D) /2,
DPOWL I I=CCra,

ELSE IF(M(JR.LT,-HEM) THEN

ML Sy=-Hld)

VH{JI=HH( I T23600. /GBHLS )

CC=9. $ABSGLUMI I 3/ LCCRHRL I 22 /GBML I
PUII=~CO/8. UM H4GLI IR (HRTUS I4HLL 33042,
DPOMLSI=CC/4.

ELSE IF{G{JI).G7.0.) THEM
CP=CCESORT(GBPLIY}
CH=CCSSGRT{GBMIIY)

€C=3, +ABSG/LLCLSORTIGBPLISLHHLY Y
AAz2, x{1, +GMP)
PLII=(CCRULI 1 4G LI R {GHPSHH (T JAHLLJ Y FR2, 3 /AR
DPOULI E=CCsAR

WPLIY=2, /3, 3CPTASS (RLIII-PUII/GLI NI 221, 5
WHEII=2, /3, sCMeABS{HH{JI-P(J}/G1J) xS
VPLII=HP {23600, /GBFLIY

VMU UG 23600, /GBRISY

ELSE

CP=CCTrSORT{GEP{I}}

H=CCXSARTIGBM{I)}

CC=3, tABSG/ (CCFSORTIGBRIJILHHLY )

AAZZ, $(1.2GPH)

PLIIS{COZME I IHG LI I T(OPHERE (S J4ELLI 1 )82, 1/AR
OPDH{JY=CClAR

WPLJI=2. /3, sCPRABS{HR{SI-P{I}/G(II x2S
WHOJ =2, /3, 2CHRABSIHLIS I ~PLII/GLI 1oL, S
VELJIsWPLII 3600, /GBP L)

VMU I=HRTT 123600, /GBHLS

Eno IF

END IF
100 CORTINDE
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RETURN
END

SVERDUTINE CALFLOUPP, P PS, HP UM, WPP, UMP . VP, VK, GBP . GBM. G, O, ALF
+Bs HHLHL, TP, IM, 1B H N}

DIHENSIUH PP{RIAPLH)PSINI PN, WHIK ) WPPIN ), WHP D, VP LR ), VH(N)
BBPIN),GBMIN ), GINY, ONER), ALFIN), BOR)I . HHIN), HLIN)
SIPCND,XM(ND IBONY

D0 100 J=1.¥

vees CALCULATION OF BRANCH PRESSURE ..iiivesvenveresvens
PO I=PR(XP{JI)=PPLING S} }~PSTJ}

®..uvsee CALCULATION OF FLOW RATE L..uuienucnsnaencrnsncanans
WP(JY=0.0
WHLJ}=0.0
VP{Sy=g. 0
YH{S)=0,0
HPP{J)=0.0
WHMP{J)20,0
IABSIB=IABS{IB(J})

®Foieass. CALCULATION OF FAN FLOW RATE ...iivvncecsssessaenses
IF{IABSIB.EQ.2) THEN
Cc1=1./3.,
0221, 76,
3=-1.5
PozONJ}
ROTALFLIY

IFCIBCJ).LT. 0) THEN

D=AMAX1(0. 0,C22C2~4, *C1E(C3+P{JI/PO)}
$QD=SERT(D)

YME11200#(500-C23 /(2. 7C11
WE(JI1=VHII) £GBH( ) /3600,

IF(D.EG.0.) WMP(J}=2.E5

IF(D.NE.0.) WMP(J)=GBM{J)£G0/ (3600, +P02SAD)
ELSE

D=AMAX1(0.0,C26C2=4, +C12(C3-P {11 /POY)
$QU=SART(D)

YP{J 200X {SR0-C21/{2. 5Ch)

WEUJI=VP{JIRGBP (J)/3600,

IFID.EQ.0.) WPP(J}=2.E5

IF(D.NELO.) WPPLI)=GBP(J)2Q0/ (3600, sP02SAD)
END IF

ELSE IF{IABSIB.EQ.3) THEN
PO=ON(J}

Qo=ALF ()

X=p{J)/PO

IFCIBCIILLT.0) X=X

TF(X,GE,~4./3.) THEN

Ci=2§, /18,

€2=~C1

C3=-1,

D=AMAXL{0,0,C24C2-4, 2C1%{C3-X) )
§6D=SQRT(D)

ELSE

C1=-25,/18,

€2=35./18,

D=AHAX2(0.0,C2%C24, $C13(C3~X})
$G0=~5QRT(D)
€D IF

IFCIB{JI.LT.0} THEN
VM(J)=Q0x(SQD-C2)/¢2, *C1)
WH(J)=VH{JI2GBM(J) /3600,

IF(D.EQ.0.) WHP(JI=2.ES

IF{D.NEL 0. HHF(J)XGKH(JQ‘QOI(SMM 2PQ2SQ0}
§L.SE

VP{J}=00(SRD-C2)/(2, xC1}
WP{J)=YP(JIEGBP(J)/3600.

IF{(D.EQ. 0.} WPP({J}=2.ES

IF(D.HE. 0.} WPP{JI)1=GBP (J13G0/ (3600, 2PAsSQN)
END IF

ELSE

(I =2, /3, 2 CHEABS (RHN sSQHHN~HLNESQHLK)
YH(J 1 =WH(J)/GBM(J 23600,
WHPCJ)=CH/ABS TG D) FxABS LSOHRN-SQHLN)
ERD IF

ELSE IF(HN.GT.HH{J)) THEN

IF(GLL).GT,0.) THEN

WP(J)=2, /3. 2CPEABS (HHNESQHRN~HLESSQHLN)
YPLI)=UP (1) /GRP(I1%36G0. :
HPP{J1=CP/ABSIGL ) JrABS(SONHH-SQRLN}
ELSE

WM{J)=2, /3, $CMEABS (HHN s SOHHN-HLN*SQHLN )
VML) WMD) /GBM D 133600,
HMP{J)=CH/ABS{G ()]} )2 ABS( SOHUN-SOHLN )
END IF

ELSE IF(GL),LT.0.) THEN
WP(J}=2. /3. sCPHANSSOHRN
WH{J}=2, /3. sCHEHLNSSOHLN
YP(J)=WPLJ1/GBP(J) 23600,
VMO =HIC ) 7GBMCS 123600,
UPP{J}2-CP/GLI I SSQHRN
WHP{J ) ==CH/G () }*SOHLR
ELSE
NP(J1=2, /3, tCPEHLNESQHLN
WAL =2, /3. sCHRHN 2 SQHHN
YR PO /GBP (2523600,
YH(JI=HH{ I 1 /GBRII 123600,
WPPLJI=CP/GLI ) £SOHLE
WMP(J)=CH/G(J I =SOHHN
ERD IF

ERD IF

1132

100 CONTINUE
RETURN
ENOD

%....... ISOTHERMAL CASE ..,
ELSE IF(TABSIB. EQ 1 0R-G(J).EQ.0) THEN
IFPCID.LT.O.) TK
c=onu)m.runaur:(nnu)-«L(J»nsunruv.sucnuun
SEP=SORT(~P(J))}

YMLT PRUM( I /GBS 1238600,

WMP{J)}=20. S*C/SAP

ELSE IF(P(J}.GT.0.) THEN
C=OH(J)XALF(JIXBLIILCHH{SI-HL{S) }2SORT (19, 612GBPLI))
QRT(P(II)

HP LI IRCESEP

VP I=HP (I /GBPTI 123600,

WPP{J)=0,5¢C/5QP

ELSE

T,.4000. NON=ISOTHERMAL CASE ..ccesvsasinnrncacncen sosasnne
ELSE
CP=ON(JIFALF (I 2B JILSORT(19. 612GBP(J) xABS{G(.)))
CM=ON(JITALF(J)IB{J}=SART(19. 61FGBM(JIABS{G ()
KH=PLII/GLIY
HH BS{HR(SI-HN}
HLU=ABS{HL{J}-HN)
SQUHN=SQRT(HHN Y
SQRLN=SQRT(HLN)

IFCHNLLT.HLEJ}) THER

IF(GE{JI.LT. 0.3 TREN
WP(J)=2,/3.,sCPxABS (HHN *SAHHR~HLN £ SGHLN Y
VP =WP(J)/GBP 1Y) %3600,
WPP{J)=CP/ABS(G(J})=ABS(SOHHN-SQHLY Y

SUBROUTIRE CALDWZ(WP, WM, DY, DWWMAX, ERR, IP, IH. M, R, SUK)
DIMERSION WP}, WMCK) DWWIN}, IPIN), IM(N ), SUM(HY

00 100 1=1.4
QWWITY
SUBLI)=0,

100 CONVINVE
DO 110 J=1,¥
OHW{IPCJ) I=OWH(IP (L) ) +HP LI =ML}
DWHUIH(SI I=ONMCIMCI 3 TP LI 34HMES }
SUNCIPLI) I=SURTIPLI) Jolite 3}
SUMCIMGI ) p=SUHTIN(I Y ISP LL)

110 CONTIHVE
00 120 I=1,4-1
IFUSUMCI)LLE 1. ) SUMII)=1,
TUWMAX=AMAX 1 (DRUMAX, ABS(OWW(I} )
ERR=AMAXLLERR, ABS(DWMIX}/SURIT I}

120 CONTINVE

RETURM
END

SUBROUTINE SETX(Y.X,H)
DIMENSION Y(M},X(H)

DO 160 I=1.H
X{)=y(I)
180 CONTINUE

RETURK
END

SQBRUUT INE CORWIML,DWL,HFAC,LS)
DINEHSION WL(LS) DWLILS)

DO 100 L=1.LS
WLAL)SWLIL) -DWL{L) sWFAC
100 CONTINUE

RETURN
EHD

SUBROUTINE CORP(PP,DPF,PFAC.H}
DIMENSION PP(M).UPP(M)
26 100 I=1.M
PPLIIsPP{]-0PPLILPFAC

100 CONTINUE
RETURN
END

Fxter Omitted Subroutine srens

SUBROUTINE ; TITLE

-~ Subroutine to print title

SUSRQUTINE ; WDATAL

=== Sybroutine to print insut data

SUBROUTINE ; WRELYL, WRELTZ

=== Subroutine to print result

SUBROQUTINE 7 WHSG

wwm Subroutine to print error message

SUBROUTINE ; RANUZ

-==- Subroutine to create random numbar

SUBROUTINE ; LAX

=== Bubroutine to solve system of equations by
LU decemposition algerithem






