
loop matrix.
of branch and
is necessary

Calculation of Smoke Movement in Building
in Case of Fire
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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

If the data such as the incidence matrix, the geometry
the initial conditions are given, no other modification
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

KEYWORDS graph theory, incidence matrix, loop matrix, smoke
movement, evacuation, pressure assuming method, flow rate assuming
method, Newton's method

1. INTRODUCfION

The safety of evacuation is usually estimated without taking into account
smoke movement. When doors of staircases are opened during evacuation, it is
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 is 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 th eor y1 . 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. 4
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, however modified Newton's method showed faster and better convergence.

2. SYMBOI.S
() matrix
{} : col umn vector

Upper case letters represent variables at nodes.

A floor area
C, : specific heat
H : height to ceiling
P : room pressure at floor level
Q : strength of heat source in node
T : node temperature
W : strength of mass flow source in node
Y : smoke boundary height from floor
J P error of node pressure
d W error of mass flux (hypothetical source in node)
J V error of node volume
r : densi ty in node

Lower case letters represent variables at branches.

p : branch pressure difference
A" : pressure source in branch
wr , (w-) : flow rate to specified (opposite) directions
w : net mass flow rate, w = w.. - w-
iD : mass flow rate of loop (mass flow rate of the co-tree

is the same as that of the loop, while mass flow rate
of the branch of the tree is the sum of that of the
loops relating to this branch. )

.Je error of branch pressure (hypothetical source in branch)
Lip error of pressure around loop (hypothetical pressure

source in branch of co-tree)
4W : error of mass flow rate (hypothetical source in branch)
Aw : error of mass flow rate around loop (hypothetical

source in branch of co-tree)
y : branch density difference

Suffix

Lower case roman letters are used to specify the node.
while lower case greek letters to branch. When the flow
direction specified to branch A. is from i to j , then
PI. ::: Pi Pj. w~ ::: wl - wI and '0. ::: ri - rj,

s smoke
a : air
t tree
l : loop (co-tree)

[1] ::: (It .Jt I : reduced incidence matrix, order (n-t ) x {3
where n is total number of node and fl is that of branch.

[L] ::: (L t ,E} Ioopt t i.e-se t ) matrix, order W-n+l} x il
From [I] [L']=[OJ, we get (Ltl =-[I,') (ItT',
where prime shows transpose of matrix.

[E] : unit matrix

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, (Itl 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 as uniform and
steady, and the latter as different and unsteady. When the temperature in node i
is different from node j , a pair of fluxes in opposite direction, w~ and w~,
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Fig.3.l Relation between direction of branch and net
flow rate.

Pi Pi Pi

~
Direction of Branch and Net Flow

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 i to j , PI = Pi-Pi ,WI = wl-wI. PI and WI could be positive or
negative, but derivative awl/apl is always positive.

4, COMPUTATIONAL METIlOD

4.1 Steady Flow (perfect mixing flow)

1) Pressure Assuming Method (PAM)
a) mass conservation in node

(Il {w} {IV} = (OJ (4.1)
b) relation between branch pressure and node pressure

{P+Po} = (I') {P} (4.2)

c) relation between mass flow rate and pressure in branch
w = !(p,r,opening geometries) (4.3)

There are many 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

( (I) (~ ) (I') ) { Ll P} = { LlIV} (4.4)

(4.5)

(4.2' )

(4.6)
as the reciprocal of the

necessary to define eq. (4.3' )

2) Flow rate Assuming Method (FAM)
a) tree mass flow rate, from eq. (4.1) by using the relation [I] [L']=[OJ

{wtl =(Lt ' ) {w} + (Itl-1 {IV} (4.1')

b) relation to zero loop pressure, from eq. (4.2)
(L) {P+Po} = (OJ

c) inverse relation to eq. (4.3)
P = g(w,r,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

((L) (~) (L'J ) {Llw} = {Llp}

where aglow = l!(aflfJp).
The derivative eq. (4.6) can be calculated

derivative of eq. (4.3), therefore it is not
expl ici tly .

PAM and FAM are both iterative methods. The PAM starts from initial guess
of node pressures and iterates by solving eq. (4.4) until eqs. (4.1), (4.2) and
(4.3) are satisfied within prescribed error, and the FAM takes the same process
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with loop flow rates and eqs. (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

{wT } + {-§-}
p

for (i) noele
for (j) noele.

err
{AHr'dt} = - [IJ

h wT
__ {W-(T;-Tj)were

w+ (T;-Tj)

B) in case of two layers flow
a) change of temperature in smoke zone

err - - Qs .
{A (H-nfsdT) = [IJ {WsTs } + (e) - (Was(Ts-la)}

p

where Was is the flow rate from air zone to smoke zone .
b) change of smoke boundary height

elY{Afaelt } = - [I) {wa } - {1I'as }

(4.7)

(4.8)

(4.7' )

(4.9)

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. )

(I) (f!)} - (-dh) = {a} (4.10)
p

where (w;r) is the net volume flow rate in branch, (w;r) = w+;r;-W-;rj.
For two layers flow, w+;r; = w;;rs;+w~;ra; (positive total volume flow of

smoke and air) and W-;rj = W~;rsj+w~;raj (negative total volume flow of smoke and
air) .

b) relation between branch pressure and node pressure
(P+Po) = (1') {P} (4.2)

c) relation between volume flow rate and pressure in branch

(f!) = f (p,f, Y, opening geometries) (4.11 )

d) relation between errors of volume conservation and of pressure in node

UI) (!f!) (1'J) {AP} ={AV}

3) Flow rate Assuming Method (FAM)
a) from eq. (4.10)

{(f!)tl = (L t ' ) {(~)} + (Itl-1 {ifT}
p

b) relation to zero loop pressure
(L) {P+Pa} = (O)
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c) inverse relation to eq. (4.11)

p = g «f) .I", Y,opening geometries). (4.11 ' )

d) relation between errors of loop pressure and of loop volume flow
rate

«(L) (a(~?'n) (L') ){LI(~)}={LlPJ (4.13)

where in the same as eq . (4.6), elements of diagonal matrix in eq . (4.13),
ag/a (wff) ,are the reciprocal of a]/ap .

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 METIlOD AND
NODE PRESSURE ASSUMING METIlOD

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-l) and of
eq.(4.1') or (4.10') for FAM is ({~-n+1). Generally in tall building, there are
many cases that (n-} »Ci~-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'), which 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 aA of door in each time should be taken into account. This could be
implemented to PAM as well as FAM by assigning appropriate small aA 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 a=153 branches. Therefore numbers of loops
a-n+1=54 for FAM and numbers of reduced nodes n-l =99 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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(2 ) Air Supply Shaft

(3 ) Escape Stai r

(4) Lobby
---<B5>

(5 ) Hall
56

56
Room(6 )

@ Reference Node

'"
Fig.5.1 Graph of building. This is underground part
of a building (B6-6F). Thick lines shov the TREE.

Table 5.1 Data and results of example calculation.

number of nodes n 100
number of branches 13 153
number of loops 13 n+1 54
dimension of FAM 54
variables PAM 99
'computational FAM 0.24
time (sec) PAM 1.19

FAM : f'Lov rate assuming method
PAM : pressure assuming method

[I]
in

taking into account the sparse properties of
more efficient than the programs proposed

This program is written
and [L] . This is the
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 flow 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.
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for isothermal case (r=ri=rj )

Appendix A

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

lU =:

1 1 l_hI 3/ 2__ 1hI 3/ 2,

_0111_hI 3/2_lhI 3/ 2,

if y,<O,h<O or y,>O,h> t

if Yl<O,h>1 or Yl>O,h<O

)'A r.-r,

I w1 PA r.-r,
h2 wI w1-wIWA

hI hn PA/)'A
Pi Pj

w = (1_h)312_ 0(h)'/2

W = (h)'12_ 0(1_h)3/2

if n<O,O;i;h;i;1

if Yl>O,O~h~1

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

for non-isothermal case
where

- w,,w =-
uij

IPPCL) : WORK SPACE
ABSP(J l : WORK SPACE:

Main Routine of Pressure Assuming Method

uij = 3abJ29F;TYiT (hz-hi )3/2 ,PI = h,y>

and hl,h2,hn are defined as showing in Fig.A.t.
ex is f'Lov coefficient and b is width of opening.

Appendix B
*-un LIST OF VARIABLES "$U

(1) PRESSURE ASSUMING METHOD
IP(J} i POSITIVE NODE OF BRANCH J
IM(J) : NEGATIVE NODE OF BRANCH J

INCIDENCE MATRIX CIP(J),J) " 1.0
INCIDENCE MATRIX (IM(Jl,J) =-1.0

IB(Jl • IDENTIfICATION OF BRANCH
ABSIIIHJll= 0 HORIZONTAL OPENING BRANCH
ABS(IB{JII= 1 VERTICAL OPENING IlcRANCH
ABSHEHJi)= e FAN ll-RANCH
ABS(IlHJll'" 3 FAN BRAUCH
ABSIIl>(J)}=" WINIH"RESSURED BRANCH
ASS! II>! J 1)= S WInO-PRESSURED BRANCH

pf'(Ij : NODE PRESSURE: (",rnA" j
GGHl I ecce AIR SPECIfIC GRAVITY ( AIR DENSITY} ! K9/",**3 )
THIl : ecce ABSOLUTE AIR TEMPERATURE ! K )
THnl I NODE AIR TEMPERATURE (C)

nHI1"'THl1~273.16

P(J) : BRAnCH PRESSURE DIFFERENCE ! ",..A" )
PS(J) : IHtAlica PRESSURE SOURCE I ",..A" )
GCJ) : BRA/fCH AIR SPECIFIC GRAVITY DIFFERENCE (KlI/ ..n3)
GBP(JI : BRANCH AIR FLOW SPECIFIC GRAVITY { POSI-DIRECT. I

( I':g/ .."'*3 )
GB1HJ 1 : BRANCH AIR FLOW SPECIFIC GRAVITY C NEGA-DIRECT. )

( Kg/m"''''3 )
WPCJ) : BRANCH AIR MASS FLOW RATE ! POSI~DIRECT. ) C Kg/lec 1
WMIJI : BRANCH AIR MASS FLOW RATE! NEGA-DIRECT. ) C Kg/lec )
VP!J) I BRANCH AIR VOLUME FLOW RATE C POSI-DIRECT. I C CMH )
VMIJ) : BRANCH AIR VOLUME FLOW RATE I NEGA~DIRECT. I C CMH )
WPP(J) : CHANGE OF BGANCH AIR FLOW RATE WITH PRESSURE DIFFERENCE

( POSI-DIRECT. ')
WMP{J) t CHANGE OF BRANCH AIR FLOW RATE WITH PRESSURE DIFFERENCE

I NEGA~DIRECT. )
DWOPCJ) I CHANGE OF TOTAL. BRANCH AIR FLOW RATE WITH PRESSURE

DIFFERENCE
oWOP(J I=WPP(J l+WMPIJ)

ONIJ) I NUMBER OF OPENINGS
AI.FtJ) : FLOI-l COEFFICIENT
IHJ) I BREADTH OF OPENING ( .. 1
HH(J) I TOP IIEIGHT OF OPENING FROM FLOOR LEVEL. C III )
HI.(J1 : BOTTOM H EIIlHT OF OPENING FROM FLOOR LEVEL. (III)
HS(J) I FLOOR LEVEL DIFFERENCE (Ill)
DWWO) : NODE FLOW BALI.MiCE ERROR I Kg/no 1
OWWMAX I MAXIMUM OF 0101101(1) (Kg/uc I
ERR 1 MAXIMUM OF REL.ATIVE ERRORS
OPPOl I NODE PRESSURE CORRECTING VALUE (,...Aq)
AJO,J I : COEFFICIENT MATRIX
PFAC : CORRECTIVE fACTOR
'10 I OUTSIDE WIND VEl.OCITY I ",Inc)
IMAX I TOTAL NUMBER OF NODES
IMAXS r HUMBER OF NIlDES EXCEPT BASE NODE

II'lAXS.,ItlAX-1
JMAX r TOTAl. NUMBER Of BRANCHES
IFIRE ; NODE NO. Of FIRE ROOK
ISTEP : ITERATIOM TIMES
ERRLIM : CRITICAL VALUE OF RElATIVE ERROR
ISTLIM : ALLOWABLE ITERATION TIMES
VW( Il : WORK SPACE
rpP(Il ; WORK SPACE
SUMCIl r WORK SPACE

{l} FLOW RATE ASSUMING METHOD
ALiU : VAl.tlE OF l.th El.EMENT OF l.OOP MATRIX
LL(L) 1 NO. OF L.OOP OF Lth El.EMENT
l.BIJ+ll-LB(J) 1 NUMBER Of' LOOP REL.ATED TO Jth BRANCH
W{J} : BRANCH NET AIR MASS FL.OW RATE (Kg/see)
OPDWC J) : CHANGE OF BRANCH PRESStlRE DIFFEREMCE WITH NET AIR

FLOW RATE
OPI.(Ll : LOOP PRESSURE BAL.LANCE ERROR ("""A" I
OPLMAX : MAXIMUM OF DPI.(L) ( ..",A'I)
ERR : MAXIMUM OF REL.ATIVE ERRORS
DWI.(1.1 r L.OOP FLOW RATE CORRECTING VALUE I Kg/sec l
AJ(L.,JI : COEFFICIENT MATRIX
WFAC : CORRECTIVE FACTOR
LMA)(S I NUMBER OF INDEPENDENT LOOP

L.MAXS=JMAX-IMAXH I.,JMAX-IMAXSl
YW( 1.1 : WORK SPACE

CALCULATION OF SMOKE MOVEMENT It, BUILDING FIRE

UNIFORMLY MIXED STEADY STATE. PRESSURE ASSUMING METHOD
USING REDUCED ,INCIOENCE MATRIX & IIEWTON'S METHOD

:1:,... ",,,,,,,,.,,,,,,"'*.*"':1;*:1:""'''*:1:**'''''**'''''''''''''''''''1:**'''''''''''''''''*'''''''''''''''''''' ..,...,,:U,:l::l: .... ,,***1t:t
CHARACTER MOfltl0.COMI41*n
DATA NO,VER,HOtl.ID, IY ,COM/1. 4.1.' JANUARY,' ,13,198$

• 'urIIFORMLY I-lIXED STEADY STATE, PRESSURE ASSUMING METHOD'
'" , 'USING REDUCED INCIDENCE MATRIX & NEWTON' 'S HETHOD'
'" " t,"/

I: It '" '" '" :t ,. " * 'I: :I: '" '" '" '" " ", 11 " '" " :t * '" :I: '" .. It It :I: " :t '" " * ,
PARAMETER (t/N"210,f18 ..3B01
DIMENSION IPINB1,IIHNBl.IB(NBI

,PPCtlN I.GGe rw I. TTCHN r , THCNN'
,PINB), PS O/B J, GCNS' ,GBPC HBl,GSMCNSl
,WP(IlB l.wrHNB) ,WPPClt6),WMP(NBI. DWDP(NB I, VPINBl.VM(lfB)
,OlHIIB) .ALFINBl, BWBI,IfIHNB), HL!li8) ,HSOUl)
,OWWlflll J ,OPPCIIU1.AJ(NII,IlN). VWCltH).IPP(NN I.SUlHNN I

DATA EPS,f'FAC. ISTEf', lX/1. £-12. a.e , 2*01

e , to' .tt READ CoNDITIOUS &0 DATA FOR CALCULATION ••••••••••••••••••••••
CALL RCOIH>l(JIW.IPRD,ERRLIl'I. ISTLIK1
CALL Rtl'ATA1(Cm'H4 J, rr. Til'. II', IM.IB.OIf,ALF,B,HH,HL,ffS

* ,IMA)(. IMAXS,JMAX, IFIRE. VO,NN.R8l

lit ••••••• PREPARATION FOR CALCULATION ••••••••••••••••••••••••••••.•••••
CALL HGSEr {l,6t
CALL TITLE tNO,VER,MOU,IO,IY,COH,4.nWl

* ••••••• INITIALIZATION OF INDOOR PRESSURES ••••••••••••••••••••••••••
CALL RAt/U2 (IX,?P, IMAXS,ICON I
IFUCON,EG.300001 STOP 'COtIOITION ERROR OCCURS IN RAHU2'
PPUMAX):=O.O

* ••••••• CALCULATION OF SPECIFIC GRAVITY & PRESSURE SOURCE •••••••••••
CALL CAI.OPS( TT,00, 08P,OBM,G,HS, PS, Ip, 1M: re. YO, IMAX,JMAXI

e t tt t t t t PRINTOuT OF THE DATA :lllel.lllllllllllllllllllll::.l.I::lllllll

CALL WOAlAl(TH,oGG, IP, 1M, re. ON,ALF, 8.tlH.HL, G.PS. IMAXS, IMAX,JHAX
, .IFIRE.VO,IPIl.D,NW)

1It1111111: II t 11111111: Ill: I I I I:: 1111: II: 111111: 1111111111111111 :.1111111

*Il::=========:=="'======"'==="''''''''''==='''====''''''==='''==='''== ·ITERATION LOOP ........=..
1000 COt/TINUE

ISTEP",ISTEp+l

lit ••••••• CALCULATION OF OWW ••••••••••••••••••••••••••••••••••••••••••
CALL CALFLO( PP, P,PS,WP ,'11M.'liP? ,'Ill'll'. VP.VH, Gap,GBH.G. ON,ALF, 8

lit , HH, HL. IP, 1M, IB, IMAX, JMAX)
CALL CAI.WP IWPP,WHP,DWOP,JMAX)
CALL CALDW2CWP.WH,OWW,OWWMAX, ERR. re. 1M, IMAX.JMAX,SUMt

, JUDGEMENT OF OWW .

IF(ERR.LT.ERRLIHI GO TO 1100"' ..
lit ••••••• CORRECTION OF IHOOOR. PRESSURES ••••••••••••••••••••••••••••••

CALL SETX COWW.Of'P.IMAXSl
CALL JAC2 COWOP,AJ,If',IH.IfN,IHAX,JMAlt)
CALL LAX IAJ.NN.IHA}(S.OPP,EPS.l.IS,Vw.IPP,IC01U
IFUCOI1. GE. 20000 l STOP 'COtiOITION ERROR OCCURS III LAX'
CALL CORP (pP.OPP,PFAC,IMAXS)

1It~ ~ .. • • •• ~ • JUDGEMENT OF ISTEP ..

IFfISTEP.GE.ISTLUO GO TO 1110.................. ~ .. ~ ~ ~~ '"

GO TO 1000
*==== .. =.."'.. =.. ===:=......=.. "'.."'===="''''=====:===.... END OF ITERATION LOOP ........=:

*...•... PR!I(TOUT OF THE RESULT ••••••••••••••••••••••••••••••••••••••
1100 CALL WRELTl(PI'. WP,WM,YP, '1M, IMAXS,JMAX.ISTEP, ISTl.IH. ERR,ERRLIH

• DWWMAX. IpRO.HWl
STOP

1110 CALL WMSG CNw,IPRD.l1
CALL WRELTl(pP.WP.WM.V?, '1M, IMAXS.JMAX. ISTEP, ISTLIM, ERR. ERRLIM

III .OWWHAX,O.llwt
STOP • TIME:S OF STEP OVER lHE MAXIMUM COUNT'
END
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Main Routine of Flow Rate Assuming Method
..."'.""' ".* •••• "."'•••••• "' **••• ,,•• **••••••*."••"'•••"'•••. .
I: CALCULATION OF SMOKE MOVEMENT IN BUILDING FIRE "

UNIFORMLY MIXED STEA.DY STATE. FLOW ASSUMInG HETHOD
USInG REDUCED LOOP liATRIX t HEWTOU'SHETHOo

""' "'.,.a""'''''' •• ,.s•• ''' ,, or ••• s:l: •• ll' """"'C1:,.,, ••• '"
CIlARACTER MOtIUQ.COM14I:r12
DATA NO,VER,HOII.IO.!V,COHn,4.1,' JANUARY,',13.1'16S

• .'uNIFORMLY HIXED STEMY STATE. FLOW ASSUIHIlG METHOD'
,'USING REDUCED LOOP MATRIX & NEWTON"S METHOD'
,",' '/

PARAMETER ttHl=210. N8=380, NL=182 J
PARAMETER OlNL=NN*NL)
DIMENSION I?( NS I. 1Ml lIB I. tBCNS I. AL/tlNL). LLOlNL). LS(HS)

.GG (NN I. TTlllN). TH(IlN I
• PI ItS J. P${NB J ,O(NS I. GSPINS) ,GBMINS I
,WINBJ .WP(NB J .WM( UBJ. OPOW(IlB}, VP(tlBI. VM(NSl
• OfHHBI. ALFWSI. Bf ne1. HtHUB I. HL{ NSI. KS! NB)
• OPL! Nl), OWLOR}. AJ OlL.Nl). VW(NLl. ABSP! NL)
• AWOIN.tlN I. IPPlNll I

DATA EPS.WFAC. ISTEP. XXl1. E-12.1. O. ~,*Ol

* ••••••• REAO CONOITIONS & DATA FOR CALCULATION ..
CALL RCOtlOl{IIW. IPRO. ERRL!M. ISTL!HI
CALl. ROATA1{COM(41. TT. Til. IP. 1M, ra. ON.ALF .S.IlIl.fiL.HS

* • IHAX. IRAXS. JMAX. IFIRE. VC. fiN.US)
LHAXS=JMAX-IHAXS

* ••••••• PREPARATION FOR CALCULATION •••••••••••••••••••••••••••••••••
CflLL MGSET (1.61
CALL LOOP21{ IP. 1M. AL.LL. LB.tlNL.tlN. LMAXS. IMAXS.JHAX.AW)
CALL TITLE CtlO.VER.HOfl.IO.IY.COH.4.flWI

e .•••••• INITlflLIZATIOII OF LOOP FLOW RATE ~.••••••••••••
CALL R.MIU2 (IX.W{IHAX1.LMAXS.ICOlO
IF<ICOIt.EQ.300001 STOP 'CONDITION ERROR OCCURS IN RA'UI~'

*....••. CALCULATION OF SPECIFIC GRAVITY & ~RESSURE SOUkCE •••••••••••
CALL CALGPSe TT .GG.GSP .GBM.G.HS.PS. IP. IH. ra, VO, IMAX.JHAX I

e t t t r tt r PRINTOUT OF TIlEII1PUT DATA I:::::::::::::::::::::::::::::::::
CALL ImATAl(TH.GG. IP. 1M. ra. ON.ALF. S.IlH. NL.G. PS. IMAXS. IHAX. JHAX

• IF IRE. VO. IPRO.NWl

*"''''''',,''''''''''''''''''''''''..== ========..= = == ITERATION LOOP ..
lOCO CONTINUE

ISTEP=ISTEP+l

:I CALCULATION OF PRESSURE SALLANCE ERROR ••••••••••••••••••••••
CALL CALW21(W. AL. LL. LB. NNL. IHAXS. JHAX 1
CALL CALPRE! W. WP, 101M. VI'. '1M.P. 01'0101. GSP. GSM.G. ON.ALF. S. HH. Ht

,IB.JMAXl
CALL COPL21{P .PS. OPL.OPLMAX.ERR.AL.LL.LS.NNL. UlAXS. IHAXS.JHAX

• .ASSPI

.~ .. ~~ ~ ~ ~ ~ JUDGEMENT OF ERR ..

IF{ERR.LT.ERRLIM) GO TO 1100
.~ ~ .. ~ ~ ~ ~ ~ ~ ~ ~ ..
•••••••• CORRECTION OF LOOP. FLOW RATE .

CALL SElX (OPL.OWL.LHAXSl
CALl. JACWU{ 01"0101. AJ. AL, u..LS. NNL. HL.LHAXS. JKAX)
CALL LAX (AJ.NL.LMAXS.OWL.EpS~l,IS.Vw.IPP.ICOtl)

InICON.GE.200001 STOP 'CONDITION ERROR OCCURS IN LAX'
CALL CORW (W(IMAX I.OWL.WFAC. LHAXSI

.............. ~ ,. ~ JUDGEMENT OF ISTEI' ..

IFUSTEP.GE.ISTLIH) GO TO 1110
t: :- ..

GO TO lCOO
.= ",.=====.. ==="' == = "''''' = END OF ITERATION LOOP ..

:I PRINTouT OF THE RESULT .
1100 CALL WRELT2(W,WP.WM. VI'. '1M.JHAX. ISTEP. ISTLIH.ERR. ERRLIH

,OPLHAX.IPRO.NW}
STOP

1110 CALL WMSG (NW.IPRO.1J
CALL WRELT2{W. WI".WH.VI'. VHf JHAX. ISTEP. ISTL1H. ERR. ERRLIH

• ,DPLHAX.O.tlW)
STOP 'TIMES OF STEP OVER THE MAXIMUM COUNT"
END

SUBROUTINE RCON01(HW. IPRO. ERRLIH. ISTLIMI

WRITE f6.'OOl
REAO (S. * ) IANS
WRITE (6.600)
IFUANS.EQ.lI WRITE (6.'10)
READ (5. * I NW.IPRO.ERRLIH.ISTLIH
RETURN

600 FORMAT(' -, TS. 'INPUT (NW). (IPROI. (ERRLIHI. (ISTLIt'l)',
900 FORHAT(' '.T5.. 'OO YOU: HEEO EXPLANATION OF F'OLLOWING INPUT 1 '

• .'U)::YES OR (O):!tO')
910 FORHAH' '.TB.'(RWI : OUTPUT uerr IDENTIFIER'

'* /' '.T8.'lIPRO) : PRINTOUT INPUT DATA Ul .. YES OR 10l"NO'
I' '.T8,'IERRLIM) : LIMIT OF RELATIVE ERROR'
r- '.T8.'(ISTLIH) : LIMIT OF ITERATIVE TIMES')

END

SUBROUTINE RDATAI rCOM. TT. HI. IP. 1M, ra, ON.ALF, S.IlH.HL.HS.I1.HS.N. IF
* .VO.NN.NS)

CIIARACTER*( '*) COM
DIMENSION TTINNI.THINN)

'* • IPINS I. INI NBI. IBUB) .ON INSI,ALFINS). S(NBl
* .HHINBI.HL(NB).HS(NBI

REAO(50.500) thIF.VO
REAO(50.510) InUI),I=l.Hl

REAO(51.5201 CDH
R[AO(51,S301 H
READ(SI. 540 1 UP(J I. IM( J I. IBI n. ON! J I.ALF( J). BI J 1. HHIJ I. HLI J)

• .HSUI.J"l.NJ

00 100 1=1.11
TT(I )=Ttl( Il+H3.16

100 CONTINUE

I1S=I1-1
RETURN

500 FORHAT(2I4.F4.01
510 FORMAT(F'B.lI
S20 FORMAT(AI
530 FORMAT(l4)
540 FOI'l.MAT(3I4. F4. 0.4FS. 4.F8. 31

END

SUBROUTINE LOOP21( IP. IH. AL.LL.LS.KL. KH. LS.IlS. N. Al

DIMENSION IP{lU. IM(N) .ALIKL) .LL(Kl) ,LB(N+11.M KH.HS)

00 100 1=1.I1S
DO 101 J"l.HS

101 AII.J)=O.
AU.I)"l.

100 COtlTINUE
DO 110 I=MS.2.~1

00 110 J .. t.I1S
Al IHII1. Jld.(IH(Il.J I+AlI..J'

110 CONTINUE

L9U)=1
LT"o
00 120 J=1.I1S
00 121 L.. l.LS
9"'0.
I .. HS+L
IFIIPII,.lE.HSl S::S-AIJ.IP(I"
IFtIH{I).LE.HS) a"SU(J.U({Ill
IF(B.EQ.O.l 00 TO 121
LT:LT+1
LL(Lf)=L
ALILf)=S

121 CONTINUE
LBIJ+1I=LT+l

120 CONTINUE

DO 130 J=HS+t..
L"J·MS
LT"LT+1
LLILTI"L
AL(Lf) ..r,
LBIJ+11=LT+1

130 CONTINUE

RETURN
'NO

SUBROUTINE CALWH(W.AL. LL.LB. KL.MS.,. I
DIMEtlSIDN WIN ).AL( KLl.LL( KLl. LB(N+l1

DO 100 J=l.MS
WIn",/).
00 100 L:LS<J),lIHJ+t)-l
W{ J )=W( J 1tALCLI,*W{HS+LL(LI,

100 CONTItlUE

RETURN
END

SUBROUTINE CALGPS(TT .GG.GSP.GBK. G.HS. PS, II". 1M. !B.VO.M.N I
D1HENSIOlf TT(HI.GG!Hl.GBP{N).GBM(N I,G(N),HS{H ).PS(N 1

• .IP(lO.IHOO.IBOfl

........ CALCULATION OF NODE SPECIFIC GRAVITY .
DO 100 1=1.11
GG( I 1=353. 2S/TTI I I

100 CONTIIlUE

:I ••••••• CAlCUlATIOIf OF BRANCH SPECIFIC GRAVITy •••••••••••••••••
GSP( J l"'GG( IP{J II
GSMI J )"'GGUM( J I)

G{ J '''Gap{ J )-GSHI J)

:I ....... CALCULATION OF PRESSURE SOURCE OF BUOyANCy •••••••••••••
IF(HS{J)) 1.2.3

1 PS{J}:c:{GSfHJl-GGtMll.HS(J)
GO TO 10

2 PS(JI .. o.O
GO TO 10

3 PSIJI=CGBP(J)-GGIH))I:HS(Jl

1: CALCULATION OF PRESSURE SOURCE OF WINO •••• , .
10 IFUB(J r, EQ. -41 PSI J) .. PS{ J r-c. 7'*GG{Hl:lVO:lVO/19. 61

IF(IIHJI.EQ. 4) PSIJ)"PS(Jl+0.7*00(H)*VO*VO/19.61
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IF( Ial J J. EG. ~S 1 PSI J I:P$IJ HO. 4sGGt/1 I*VO*vO/19. 61
IFUB( J I. EG. 5 I PS(J I=PSIJ I~G. 4"GG(MI"VOSVO/19. 61

110 CONTINUE
RETURN
EIlD

SUBROUTIIlE COPL21 I e, PS, OPL. oPLNAX, ERR.AL.,LL.. LB, KL,LS./1S,N,ABSp I
oU"ENS!oN PIN) ,pS(N), DPLILS ).ALI):,Ll, LL():,Ll.LB(N+l) .ABSP(LS I

oPLHAX:O.
ERR =G.

00 100 L=1.L$
DPLtLl=G.

ABSPI L.I=ABS! p!/1s+Ll)
100 COIlTIIIUE

DO 110 J=l. N
00 110 L:LB(Jl.L!HJ+11~1

OPL(LLl LJ I=OPL.ILL! Ll HAL(LlS(p(J I+PStJ II

110 COIHItlUE
DO 120 L=1.LS
IF{ABSptLI.LE.1.) ABSPtLl=l.
OPL/1AX=AMAX1( OpL/1AX,ASS( OPl..tL) II
ERR:AHAX1(ERR,ABSIDpLILI J I.A.BSptL))

120 CONTINUE

RETURN
EIIO

SUBROUTINE JACW21(OX.AJ.AL,LL.LB, KL,KN. LS, III
DIMENSION OX(NI .AJ (KH. lS I. Al(KLl.lL( KLI ,LB(NH)

00 100 U=1.lS
DO 100 L2:1,L5
AJ(L1,L21:0.

100 CONTINUE
DO 110 J=l.N
I1=LB(J)
12::I..B(J+l)~1

00 110 L1:11.12
00 110 L2=I1.12
AJ(LLI L11. LLtL211"'AJ t LULl). LLtL2) I+Al( 1..1) ..OXtJ ISAl(1..2)

110 CONTINUE

RETURN
END

SUBROUTINE JAC2 (OX,AJ, II', II1.K, 11.1l)
DIMENSION OXIN).AJ I K./1J, Ip( NI. IM(N I

DO 100 12=1,/1
00 100 11=1,M
AJ(11.12J:::O.

100 COIlTIIlUE
DO 110 J=-1.N
AJ CIp(J). IPI J J IdJI Ip(J'. IP(J) I+DXeJ I
AJ (IP( J). IMI J ll=AJ( Ip(J). 1M! J) I~DX(J I
AJ (I/1<J), IP( J J I:AJt IP(J). IM( J) I
AJ(IIH J I. IM( J 11::AJ( IM(J I, IM( J' I+OX(J)

110 CONTINUE

RETURN
END

SUBROUTINE CALWP(WPP ,WMp,OWOP,NI
DIMENSION WPP{NI.WMP(,NI .0WOptN I

00 100 J=l.N
OWopU I:::WPP(J I+WMP(J I

100 CONTINUE

RETURN
EUD

SUBROUTINE CAlPREr W,WI'.WM. VI'. Vii. P, OPOW .GSP. GBM,G. ON,ALF. B, flH. Hl
" .IB,IO

DIMENSION W{Hl,WPW I .1oIM(N I ,VI'(N I ,¥H(1t I.P{N I.OPDW(lf'}.G'BP(1'I:) .GBH(H}
" .GOll, OiHIl) ,ALFtN', St N).!if! (H), HI..(N) .1!HH I

00 100 J:1.N
WPU):::O.O
WM(J):::O.O
vpu,=O.O
VH(J}:O.O
IABSI8::::IABS(ISt J J J

........ CALCULATION OF FAN PRESSURE •••••••••••••••••••••
IFUASSIB. E(L 2) THEil
Cl:::1./3.
C2=1./6.
C3:::-1.5
pO:::(lIHJJ
GO=ALFtJI

IFHBU1.LT.0) THEN
WH(Jl=-W(JJ
VIHJ )::WtHJ)"3600.IGBH(J)
X=VtHJ)/GO
Y=(Cl*X+C2 )"X+C3
tlYOX::2. "CltX+C2
P(JI:-POI"Y
DpOW(J I=PO"OYOxs3600./(GosGSH(J I)

ElSE
wP{J)=W(JI
VP( J I:WP(J Is3600./G8P( J)
X=vPUI/GO
V=(Cl*X+C2IsX+C3
[lYDX"2. *C1"X+C2
P(J) ..po*y

OPOW{ J J:::PG"OYOxs3600./tQosG8P(J II
END IF

ELSE IF(!A8SIS;EQ.31 THEN
pO"'OlttJ I
QO",ALF(J I

IFtIBUI.LT.OI THEN
WH(JI:~wtJl

VM(J l=wfHJ 1"3600./GBI1(J 1
X=VHIJ IIGO
IF(X.GE.O.61 THEN

cr- 25./18.
C2=~C1

C3=~1.

ELSE
Cl:-25./IB.
C2: 35./18.
C3:-2.

END IF
Y=(C1..,X+C21*X+C3
DYDX=2.sChX+C2
p{J l=-PO*Y

DpOW( J I.. PO*OYDX"3600.1 (GO*GSM(J II
ELSE

WP(JI:WUI
VP( J )=wpt J 1..3600./GBp( J I
X:VPU I/GO
IF(X.GE.0.61 THEN

Cl: 25./18.
C:Z:-Cl
C3::-1.

ELSE
Cl=-25./18.
C2: 35./18.
C3=-2.

END IF
Y={Cl tX+C2) "X+C3
DYDX:2...crex-ca
p(J )::PO..Y
OPOW( J )=PO"OYOXs3600./(GosGBP( J I)

ENO IF

s ••••••• ISOTHERMAL CASE •••••••••••••••••••••••••••••••
ELSE IFUABSIB.EQ.1.0R.G(JI.EQ.O.J THEN
CC::t '.I. 61"(OIl(J ISALF( J ISB( J 1"( HH(J l-HL( J) 1)"2

IF{W(J)'LT.O.OI THEN
WIHJI=~WU)

VM(J 1:J.lHtJ 1*3600./GBM( J)
P( J 1::~WH(J I"WHt J I/(CC"GBM( J) I
OPOW( J )=2. SWM(JIltCC*GSH( J»)
ELSE
WP(J):W(J)
VP{J I"'Wp( J 1"3600./GBP( J I
PU I:WP( J I:lrWP(J II(CC"GBp( J) I
Cpowt J 1=2. :tWPtJ 1/(CC"GSp( J) J
END IF

* ••••••• NOll-ISOTHERMAL CASE ••••••••••••••••• : .
ELSE
ABSG=ABStG(J)
HKL:HHtJ I~HL( Jl
CC:ON(J I:tALF( J I"Bt J I"SGRTt 1 '.I. 61*ABSGJ
C=2./3. sCC*HHLul. S
WSP=C:tSQRTtGBpt J 1)
WBM:csSQRHGBHtJ II
GMP=SGRT(G6H(JI/GSp(J) J
GPH::1./GHP

If(W(Jl.GT.WBp) THEN
W"P(JI=W(J)
VP(J I=-WNJ 1:t'36GO./GBptJ I
CC:'.I .... ABSGa-wP(J II (CC*HHL}:t':lr2/G8P( J I
P(J ):CC/S. :lrWp(J I+G(J 1:lr(HH(J J+HLt J 1112.
DPOWt J I=CC/4.

ELSE !FtW(Jl.LT.-waHI THEM
WtHJ I=-W( J)

VH(J I=WM(J }:lr3600./GBHt J I
CC='.I. SABSO"WM( J II (CC:lrHHL):lr:t'2/G8HtJ)
P{Jl=-CCIS. :lrW!'l{JJ+G(J I*(HH( J l+HUJ' 112.
OPI»HJI=CCI4.

ELSE nUHJI.GT.O.l TKEK
CP=CCsSORT(GSP(Jl J
CH=CcsSGRT(GBM{J) )

CC=3. *A8SG/(CC*SGRT( G8P( J )"HHL))
AA:c2.... (1.+GHP)
P( Jl:(CCetHJ )+G(J)*(GMP:tHH(J l+HL(J) )*2. }fAA
OPDWtJ!:CC/AA
wPtJ 1=-2./3• .,CpsASS (HL( J}~Pt J I/G(Jl) "'1. S
WM( J 1:2.13. SCH"'ABS(HH( J )-P( J 1IG( J) lul. S
VPtJ I=WP(J )"3600./GBP{JI
VH(J I=WM{J1*-3600.IGS)H J)

ELSE
CP=CC:tSGRT( GSP( J 1)
CH:CcsSGRTtGBH(J I I
CC:3. SABSG/(CcsSQRTtGSIHJlsHHLII
AA=2.*(1.+GPH)
P(J ):(CC:tW(J l+G( J ) .. tGPtlstllHJ )+tlL( J I IS2. 1/AA
OPOW(J)-=CCJAA
WP(J 1=2./3. "CPd8S0fH(J )~P( J )/G( J lInt. S
WM( J 1:2.13. "'CHsASS(HL( J I~P(J l/G(J Ilut.S
VP( J ):141"( J !"3600./GBP( J!
VIHJ I:WtH J 1*36GO./GBHtJ I
eac IF

END IF
100 COHTIIWE
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RETURN

EN"
SUBROUTINE CALFLIJ"{Pl'. e, PS. WI'. WM.WPP. 101M·? .111'. VK.GBP. GBM.G. ON. ALF

I .B,IiH.HL.IP.IM.!B.M,Hl
DIMENSION pP(Ml. PtN I. PS(N I.Wp(N I ,WMlN) ,WPP!N 1.IoIMPIN I. VPIN I. IIMIN1

I .GBPIN I ,GBM( N). Gl NI. OIUN I. ALFIN 1. BIN 1 .HHIH I.HLtN)
• • IPtN 1. IlHN I. 16(N)

DO 100 J=l.H

•••••••• CALCULATION OF FLOW RATE .
WP{J 1"0. 0
WIHJ1=O.O
VP{J)=O.O
VM{J1=(I.0
WpPIJ 1=0. 0
WMPIJ1=O.0
IASSIB=IABS{ IB! J) I

•••••••• CALCULATION OF FAN Fl.OW RATE ••••••••••••••••••••••
IFlIABSIB.EQ.l) THEN
Cl=1./3.
C2=1./6.
C3=-LS
PO=otHJI
QO=ALF(J )

IF(IB{JI.LT.OI THEN
O=AMAX1I O. O. C2.1C2-4. IC1.11C3+PI J lIPO J)
SQO=SQRTC01
VM{J 1,,0011 sao-cz rz r 2 • .IC11
WM{Jl=VHIJ).IGBM{ J 1/36(1).
IFIO.EO.0.1WMPIJI=LES
IFlD. NE. O. J WMPIJ I=GBMIJ ISQOI 13600. ,POsSQO)
ELSE
O=AMAXl(0. 0.C2"C2-4. sCls{C3-PIJ 1/1'0 I J
SQO",SQ!l.TtD1
VPI J I=QOIISQO-Cl)/{2 • .let I
W/"IJ l"'VPIJ ll<iBP{J )13600.
IF(0.EQ.0.IWPP(JJ=2.ES
IF I D.NE. O. I WPP( J J ..GBPI J )IQO/! 3600. ,PO.,SQD I
EMD IF

ELSE IFHASsIS.EQ.31 THEN
PO=i)NlJl
QO",ALFIJ)
X=PI J 1/1"0
IFIIBIJ).LT.OI x=-x

IFO:.GE.-4./3.1 THEN
Cl:2S./18.
C2=-Cl
C3=-t.
D=AMAX1!0. 0.ClSCl-4••Cl*(C3-Xll
SGll=SQRTCOI
ELSE
Cl=-~S./18.

C2:3S./18.
C3=-~.

DdMAX1( O. 0.C2ICl-4. 'C1sIC3-x11
SQO=-SQIlT{DJ
EnD IF

IFIIBCJ1.LT.Q) THEN
VM(J I=QO,ISGO-C2 )/12 • •ell
WMCJI=VM( J J:lGBMl J 1/3600.
IF(D.EQ.O.) WMP(JJ=l.ES
IFIO.IfE.O.l 14MP{J l=GBM{J ItQo/{3600.tpo.,SQOI
ELSE

VPlJ 1=00"1 SQO-Clll( e 'CII
WPI J I:VP! J 1"13BP( J 1/3600.
IFIO. EQ. O. I WPPI J )=2. ES
IFIO.IfE. O. I WPPU1=G:BP( J I :100/13600. ,POtsao)
END IF

ELSE
Iml J J=2 ./3. leM'ABS tHHN'SQHIiN-HLN.,SQHLN)
VM(J I=WIH J J/GBMI J 1*3600.
\IIMP(J ,,,eH/ABSeGIJ I ,.ABSIsaKHN-SQHLN I
EtW IF

ELSE IF(HN.GT.HH{JlJ THEN
IF(GtJl.GT.O.l TIIEN
WPI J 1=l.l3• .ICPUSS I IiIfN.SQIIHN-HLn,SQHLN I
IIPIJ 1=\~P( J I/GBP! J Is36G0.
WPP{J )=CP/A8SIG(J) ltASSl SQIUlIf-SQHLN)
ELSE
WH(J 1=2 ./3. 'CM:lABS{HHN:lSQHHN-HLNsSQHLH I
Ill'll J I:WHI J 11GBi'll J ).13600.
WMPIJ) =CHIASS I G( J 1 )sASS I SQHHH-SQHLN I
EtID IF

ELSE IFI<ilJI.LT.O.1 THEN
WP( J 1=2./3. *CP"HHIU·SQHHN
loll'llJ 1"'2./3. ICH'HLNSSQHLN
VPI J) =WP(J llGBPl J ).13600.
VMIJ I "Wtt( J) tG8M( J )"3600.
\.IPP(J 1=-CPIlH J l.,saHH"
WI1P(J l=-CIi/GI J I.SQHLH
ELSE
WPt J 1=2 ./3• .,CP.,HLN'SQHLN
WM(J )=2 .13."CM:lHHNIISQHHH
IIP( J I=~IP(J ItGSPIJ )"3600.
VM!Jl=WH(J 1/GBH{Jls3600.
WPPIJ I=CP/G(J IISQHl.H
WMPIJ I=CM/GI J I.,SQHHN
EHO IF
Eno IF
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100 CONTINUE
RETURN

EN"

:I.. ..... ISOTHERMAL CASE ••••••••••••••••••••••••••••••••••
ELSE IFIIABSIB.EQ.1.0R.GIJI.EQ.01 THEN
IFIPIJI.L.T.O.1 THEN
C=ONI J )dLFI H.,au Is{ IiHI J I-HL( J I J.,SQRHt9. 611GBMCJ) I
SGP=SORTl-PI J I)
WMIJ )=C~SQP
\/MI J I=UI'1( J !lGBM{ Jl113600.
WMPIJ 1=0. S*C/SQP
ELSE 1FIPIJI.GT.O.l THE~

c=mll J 1*ALf"( J l:la (J III HlilJ l-HLlJ II'SQRH 19. 611GBPI J) I
SQP=SORTCP{JI)
UP( J I=CsSOP
VP( J )=WP{ J JlGBPI J )113600.
WPP( J )=0. S,C/SQP
ELSE
WPP(Jl=1. ES
WMP(Jl=LES
END If

., ••••••• NON-ISOTHERMAL CASE ••••••••••••••••••••••••••••••
ELSE
CP=ON( J I dLFIJ I:lBI J )SSQRHt9. 6110GBI'I J I -=ABS{GI J I J I
Ct1=OllI J J dLF( J I .lSI J I.,SORT (19. 61'*GBMlJ IsASSIG! J III
HfI"P(J )/G{J)

HHtI=ABS{lU!!J )-HIt 1
HLII=A6S(HLI J l-IiN I
SQHHN=SQRHHHN)
SQHl.N=SQRT{Hl.N )

If'"(HILLT.Hl.{J») THEN
1fHHJl.lT.O.1 THEN
WI'I J 1=2 ./3. :lCPUBS (HHII*SQHHN-IiLhSQHLN)
VP{ J )"UPI J I/GBP{ J J:l3600.
WPPI J I:CP/ABSIGI J J lsABS( SQHHN-SQHLH 1

SUaROt,lTIflE CALDW2(WP,WM,OWW.OWWMAX.ERR,IP. 1M,M.Il, SUMI
01HENSIOH WPIN I.WMOI I. OWW! N1. IP(N I. IMIN I. StlMIMl
DWWMAX=O.
ERR =0.

00 100 I=l~H

oww1I1=0.
SUIHII:O.

100 cONTINUE
DO 110 J=1.H
Ol~W! IPI J ll=OWWlIp( J II +WP(J I -WMIJ 1
OWW(lM(J) I=OI~WIIM{J)}-WPI J HWMI J)

SUM{IFIJ 11=SUK( IPlJll+WM{ Jl
SUMIIMIJ II=SUM( IH{ J IHW?1 J)

110 CONTIflUE
00 tao 1=1.1'1-1
IFCSUM(l).LE.1.1 SUHlIl=1.
OWWMAX=AMAX1 (OWWHAX.ABSIDWWI111 I
ERR=AMAXtlERR.ABS{OWWI I )/SUM{ I J II

ll0 CONTINUE

RETURN

EN"

SUBROUTINE serxo-, X,H)
DIMENSION Y{MI.XlHI

00 100 I"t.H
X{1I=Y(l)

100 CONTIt/UE

RETURN

EN"

SUBRDUTIIIE CORWCWL.OWL.WFAC.LS)
llIHEIlSIOll WLtl.Sl~OWLlLS}

00 100 L=1. LS
Wl.( Ll :WL{ L)-DWUL)sWfAC

100 CO/ITINUE

RETURN
sno

SUBROUTINE CORPlPP.DPP.pFAC.H)
DIMENSION PPIHI.OPPIMI
110 100 1=l.M
PP( I I:PP( I I-DPP! Il.,PFAC

100 CONTINUE
RETURN

EN"

,* ••.,1 Oil'll tted Sub rout I ne ,,,,,:1*
SUBROUTINE; TITLE
--- Subroutlt'tll to print title
SUBROUTINE; WOATAl
--- Subroutine to pdnt Input data
SUBROUTINE; Wfl.ELH. WRELTl
--- Subroutine to print re.uH
SUBROUTINE; WHSG
M_~ Subroutine to print error llle••ag9
SUBROUTINE; RANU2
--- Subroutfne to create randolll nUlllbar
SUBROUTINE ; !-AX
__ M Subroutine to solve s~.telR of equatfonl by

LU decotllposftfon algorithm




